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Series Editors' preface

It is now some 17 years since the first edition of the 
Companion to Specialist Surgical Practice series was 
published. We set ourselves the task of meeting the 
educational needs of surgeons in the later years of 
specialist surgical training, as well as consultant 
surgeons in independent practice who wished for 
contemporary, evidence-based information on the 
subspecialist areas relevant to their general surgical 
practice. The series was never intended to replace the 
large reference surgical textbooks which, although 
valuable in their own way, struggle to keep pace with 
changing surgical practice. This Fifth Edition has also 
had to take due account of the  increasing specialisa-
tion in ‘general’ surgery. The rise of minimal access 
surgery and therapy, and the desire of some subspe-
cialties such as breast and vascular surgery to sepa-
rate away from ‘general surgery’, may have proved 
challenging in some countries, but has also served 
to emphasise the importance of all surgeons being 
aware of current developments in their surgical field. 
As in previous editions, there has been increasing em-
phasis on evidence-based practice and contributors 
have endeavoured to provide key recommendations 
within each chapter. The eBook versions of the text-
book have also allowed the technophile improved 
access to key data and content within each chapter.

We remain indebted to the volume editors and 
all the contributors of this Fifth Edition. We have 

 endeavoured where possible to bring in new blood to 
freshen content. We are impressed by the enthusiasm, 
commitment and hard work that our contributors 
and editorial team have shown and this has ensured 
a short turnover between editions while maintain-
ing as accurate and up-to-date content as is possible. 
We remain grateful for the support and encourage-
ment of Laurence Hunter and Lynn Watt at Elsevier 
Ltd. We trust that our original  vision of delivering 
an  up-to-date affordable text has been met and that 
readers, whether in training or  independent practice, 
will find this Fifth Edition an invaluable resource.

O. James Garden, BSc, MBChB, MD, FRCS(Glas), 
FRCS(Ed), FRCP(Ed), FRACS(Hon), FRCSC(Hon), 
FRSE
Regius Professor of Clinical Surgery, Clinical 
Surgery School of Clinical Sciences, The University 
of Edinburgh and Honorary Consultant Surgeon, 
Royal Infirmary of Edinburgh

Simon Paterson-Brown, MBBS, MPhil, MS, FRCS(Ed), 
FRCS(Engl), FCS(HK)
Honorary Senior Lecturer, Clinical Surgery School 
of Clinical Sciences, The University of Edinburgh 
and Consultant General and Upper Gastrointestinal 
Surgeon, Royal Infirmary of Edinburgh
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Editor's preface

The Fifth Edition of Oesophagogastric Surgery  includes 
the latest opinions of world experts on complicated 
and rapidly changing disciplines in surgery. Whilst 
we have not changed the number of chapters from 
the Fourth Edition, we have over half of the chapters 
written by new authors. The advances in endoscopic 
and laparoscopic investigation, management and treat-
ment of oesophagogastric disease have required us to 
re-design many of the submissions. The contribution to 
the oesophagogastric volume is now truly international 
from all around the world. In particular, I am delighted 
to welcome Professor Takeshi Sano from Tokyo, 
Professor Don Low from Seattle and Professor Mark 
Smithers from Brisbane to our team. Each edition of 
this volume has been put together within a relatively 
short timeframe in order to keep right up to date with 
current practice. The authors who provided the input 
into the Fourth Edition have been specifically asked 
to update the detail and specifically to focus on areas 
where practice has changed. All authors have incorpo-
rated the most up-to-date references for their subjects 
to highlight key points and expert opinion. We have 
continued using the strong recommendations summary 
to aid in the learning process.

I wish to thank all of our contributors for pro-
viding their expertise and experience in contempo-
rary practice and for remaining true to the criteria 
set for the series in general. I trust that this book 
truly reflects current oesophagogastric surgical 
practice and not only supplies the demand for 
trainees studying for the exit exam but also for 
established oesophagogastric specialists around 
the world.

Acknowledgements
The Fifth Edition has greatly benefited from the sig-
nificant change in authorship and I am particularly 
indebted to those from overseas who have provided 
insight into cutting-edge practice. I acknowledge 
the unstinting support of my secretary, Alison 
Hood, and my colleagues, Simon Raimes and Jon 
Shenfine. I dedicate this work to my mother, Joan 
Griffin, who died recently, without whom none of 
this would have been possible.

S. Michael Griffin
Newcastle upon Tyne
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Evidence-based practice in surgery

Critical appraisal for developing evidence-based 
practice can be obtained from a number of sources, 
the most reliable being randomised controlled clini-
cal trials, systematic literature reviews, meta-analy-
ses and observational studies. For practical purposes 
three grades of evidence can be used, analogous to 
the levels of ‘proof’ required in a court of law:

1. Beyond all reasonable doubt. Such evidence 
is likely to have arisen from high-quality 
 randomised controlled trials, systematic reviews 
or high-quality synthesised evidence such as 
decision analysis, cost-effectiveness analysis or 
large observational datasets. The studies need 
to be directly applicable to the population of 
concern and have clear results. The grade is 
analogous to burden of proof within a criminal 
court and may be thought of as corresponding  
to the usual standard of ‘proof’ within the 
 medical literature (i.e. P < 0.05).

2. On the balance of probabilities. In many cases a 
high-quality review of literature may fail to reach 
firm conclusions due to conflicting or inconclu-
sive results, trials of poor methodological quality 
or the lack of evidence in the population to 
which the guidelines apply. In such cases it may 
still be possible to make a statement as to the 
best treatment on the ‘balance of probabilities’. 
This is analogous to the decision in a civil court 
where all the available evidence will be weighed 
up and the verdict will depend upon the balance 
of probabilities.

3. Not proven. Insufficient evidence upon which to 
base a decision, or contradictory evidence.

Depending on the information available, three 
grades of recommendation can be used:

a. Strong recommendation, which should be 
 followed unless there are compelling reasons to 
act otherwise.

b. A recommendation based on evidence of 
 effectiveness, but where there may be other factors 
to take into account in decision-making, for ex-
ample the user of the guidelines may be expected 

to take into account patient preferences, local 
facilities, local audit results or available resources.

c. A recommendation made where there is no 
 adequate evidence as to the most effective 
 practice, although there may be reasons for 
making a recommendation in order to minimise 
cost or reduce the chance of error through a 
 locally agreed protocol.

Evidence which is associated with either a strong 
recommendation or expert opinion is highlighted in 
the text in panels such as those shown above, and is 
distinguished by either a double or single tick icon, 
respectively. The references associated with double-
tick evidence are highlighted in the reference lists at 
the end of each chapter along with a short summary 
of the paper's conclusions where applicable.

The reader is referred to Chapter 1, ‘Evidence-
based practice in surgery’ in the volume, Core 
Topics in General and Emergency Surgery of this 
series, for a more detailed description of this topic.

 Evidence where a conclusion can be reached 
‘beyond all reasonable doubt’ and therefore where 
a strong recommendation can be given.

This will normally be based on evidence levels:
•	Ia.	Meta-analysis	of	randomised	controlled	trials
•	Ib.	Evidence	from	at	least	one	randomised	

controlled trial
•	IIa.	Evidence	from	at	least	one	controlled	study	

without randomisation
•	IIb.	Evidence	from	at	least	one	other	type	of	 

quasi-experimental	study.

 Evidence where a conclusion might be reached 
‘on the balance of probabilities’ and where there 
may be other factors involved which influence the 
recommendation given. This will normally be based 
on	less	conclusive	evidence	than	that	represented	
by the double tick icons:
•	III.	Evidence	from	non-experimental	descriptive	

studies,	such	as	comparative	studies	and	case–
control studies

•	IV.	Evidence	from	expert	committee	reports	or	
opinions	or	clinical	experience	of	respected	
 authorities, or both.
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1
Heike I. Grabsch

Pathology of oesophageal and gastric tumours

Oesophagus

Introduction

Patients with neoplastic processes of the  oesophagus 
most commonly present clinically at an advanced 
disease stage with strictures, plaque-like or polypoid 
masses protruding into the lumen, diffuse thickening 
of the mucosa and wall or deeply penetrating ulcers. 
Oesophageal neoplasms can be broadly divided into 
epithelial and mesenchymal subtypes according to 
the cell of origin. Whilst epithelial neoplasms are 
more common and can be recognised endoscopi-
cally due to mucosal irregularities, mesenchymal 
neoplasms are usually located subepithelially with 
an intact overlying mucosa. Precursor lesions have 
been recognised for malignant epithelial tumours 
and will be discussed in this chapter together with 
the histopathological features and molecular pa-
thology of oesophageal tumours.

Epithelial tumours of the 
oesophagus and the  
gastro-oesophageal junction

Benign tumours and tumour-like lesions
Squamous cell papillomas are the most frequent be-
nign epithelial tumours of the oesophagus, with a 
distinctive endoscopic appearance. They are most 
commonly located in the middle or lower third of the 
oesophagus, are exophytic, sessile or partly peduncu-
lated, well demarcated and measure usually less than 
5 mm in diameter. Only patients with very large le-
sions become clinically symptomatic. True adenomas 

of the oesophagus are benign tumours that develop 
from the submucosal oesophageal glands and are ex-
ceedingly rare.

Developmental cysts and congenital oesophageal 
duplications are benign lesions that may clinically 
mimic a tumour because of their mass effect, caus-
ing compression of the neighbouring respiratory 
tract. Similarly, patients with giant fibrovascular 
polyps, an entirely benign neoplasm, may present 
with severe dysphagia and respiratory symptoms 
and a large pedunculated mass obliterating the oe-
sophageal lumen.

Malignant tumours
Squamous cell carcinoma
Squamous cell carcinoma is the most common ma-
lignant tumour of the oesophagus worldwide and 
affects men two to ten times more often than fe-
males, with an average age between 50 and 60 years 
at time of diagnosis. There is a marked geographic 
and ethnic variation in incidence. Incidence rates are 
highest in Iran, China, South America and Eastern 
Africa and are higher in African-Americans than 
Caucasian-Americans regardless of gender.

The intake of hot beverages has been shown 
to increase the risk of squamous cell carcinoma. 
Furthermore, dietary factors such as a lack of 

 The aetiology and predisposing factors for 
oesophageal squamous cell carcinoma vary 
significantly in different regions of the world.1 
Tobacco smoking and alcohol consumption are 
major risk factors for oesophageal squamous cell 
carcinoma.2,3
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fresh fruit and vegetables and high intake of 
barbecued meat or pickled vegetables most 
likely play a role in the aetiology of squamous 
cell carcinoma. Human papilloma virus infec-
tion has been implicated in the pathogenesis 
of oesophageal squamous cell carcinoma, but 
its precise role is still controversial at present. 
Patients with achalasia have an increased risk 
of developing cancer compared to the normal 
population.4 The risk of developing oesopha-
geal carcinoma is also increased in patients with 
coeliac disease,5 Plummer–Vinson syndrome 
(also called Paterson–Kelly syndrome),6 tylosis 
(also called focal non-epidermolytic palmoplan-
tar keratoderma),7,8 previous ingestion of corro-
sive substances,9 Zenker's diverticulum10 or after 
ionising  radiation.11 In the Asian population, 
polymorphisms in ALDH1B1 and ALDH2, both 
genes encoding aldehyde dehydrogenases, are as-
sociated with squamous cell carcinoma.12

Oesophageal squamous cell carcinomas are found 
in the upper, middle and lower third of the oesopha-
gus in a ratio of approximately 1:5:2. The macro-
scopic appearance depends on the depth of tumour 
invasion and is classified into four different types 

according to the Japanese classification for oesopha-
geal cancer,13 which is similar to the macroscopic 
classification of gastric cancer (see Fig. 1.8 below). 
Approximately 60% of squamous cell carcino-
mas show an exophytic or fungating growth pat-
tern, 25% are ulcerative and 15% are infiltrative 
(Fig. 1.1). However, the macroscopic appearance 
of all cancers can significantly change as a result of 
neoadjuvant chemotherapy or chemoradiation, with 
tumour shrinkage, extensive necrosis and fibrosis.

Squamous cell carcinomas invade both horizon-
tally and vertically. In the West, 60% of patients 
have carcinomas that have invaded beyond the mus-
cularis propria and have regional lymph node me-
tastases at the time of diagnosis, whereas in Japan 
up to 40% of all resected carcinomas are superficial 
or early carcinomas involving mucosa and submu-
cosa only.14 The frequency of lymph node metasta-
ses is related to the depth of tumour invasion and 
has been reported as less than 5% for intramucosal 
carcinomas and up to 45% for submucosal carcino-
mas. Although tumours located in the upper third 
of the oesophagus are more likely to spread to cervi-
cal and upper mediastinal nodes, a significant pro-
portion will also spread to perigastric nodes.

Figure 1.1  • Oesophageal squamous cell carcinoma located in the middle oesophagus. (a) Fresh oesophagectomy 
specimen with a polypoid exophytic tumour growth and a smaller flat (red coloured) mucosal abnormality. (b) Lack of 
(dark) iodine staining in the abnormal areas. (c) Same specimen after fixation. Courtesy of Dr Tomio Arai, Tokyo.

a b c
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Distant metastases due to haematogenous spread 
are most commonly found in liver, lung, adrenal 
gland and kidney.18

Histologically, squamous cell carcinomas are 
characterised by keratinocyte-like cells that may or 
may not have intercellular bridges and show a vari-
able degree of keratinisation (Fig. 1.2). Depending 
on the extent of mitotic activity, nuclear atypia 
and degree of squamous differentiation includ-
ing degree of keratinisation, squamous cell carci-
nomas are graded as well, moderately or poorly 
differentiated.12 The histology of squamous cell 
carcinoma can change dramatically after neoadju-
vant chemo(radio)therapy and then typically shows 
extensive necrosis, inflammation, fibrosis and for-
eign body-type granulomas around keratin pearls. 
There is currently no consensus on how to grade 
tumour regression. The regression grading accord-
ing to Mandard et al.19 considers the relative pro-
portion of residual viable tumour cells and fibrosis 
in the primary cancer and is probably currently the 
one most commonly used in the UK. Very recently, 
a grading system to assess tumour regression in 
lymph nodes has been proposed and showed prog-
nostic significance in a small series of patients.20

Three main variants of squamous cell carcinoma 
have been described:12

1. Verrucous carcinoma of the oesophagus is a 
rare, locally aggressive tumour that is more 
common in males. Macroscopically, the tumour 

has an exophytic papillary appearance and 
tumours are usually very large before they 
become clinically apparent. Microscopically, the 
tumour is very well differentiated with minimal 
atypia. Superficial biopsies are often insufficient 
to distinguish between a squamous papilloma, 
pseudoepitheliomatous hyperplasia and ver-
rucous carcinoma.21

2. Spindle cell carcinoma (also known as 
 carcinosarcoma, sarcomatoid carcinoma and 
polypoid carcinoma) is a polypoid tumour 
located in the middle or lower third of the 
oesophagus. Histologically, the tumour is a mix-
ture of a well-differentiated squamous cell carci-
noma and a high-grade spindle cell component 
that can show osseous, cartilaginous or skeletal 
muscle differentiation.22 Spindle cell carcinomas 
are highly aggressive carcinomas, with 5-year 
survival rates of 10–15%.23

3. Basaloid squamous cell carcinoma is an 
unusual variant of squamous cell carcinoma 
that needs to be distinguished from ‘pure’ 
squamous cell carcinoma, adenoid cystic 
carcinoma and  neuroendocrine tumours. It is a 
highly  aggressive carcinoma with a very poor 
 prognosis. Histologically, this tumour shows 
the characteristic basaloid cells together with 
a  mucoid hyaline-like substance, as well as 
 multiple other components.

Precursor lesions of squamous cell carcinoma
Oesophageal squamous cell carcinoma develop-
ment is believed to be a multistep process from 
normal squamous epithelium via intraepithelial 

 Tumours located in the middle and lower 
oesophagus can spread to upper mediastinal and 
perigastric nodes, and patients with lymph node 
metastases on both sides of the diaphragm have 
been shown to have a poorer prognosis.15–17

Figure 1.2  • Histological images from specimen in Fig. 1.1. (a) Histology of the nodule shows poorly differentiated 
squamous cell carcinoma with no evidence of keratin formation and necrosis (pink material) between strands of 
neoplastic cells. (b) Histology of the flat lesion shows early infiltrative squamous cell carcinoma. Courtesy of Dr Tomio 
Arai, Tokyo.

a b
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neoplasia (synonym: dysplasia) to invasive carci-
noma based on findings in high-risk populations 
where dysplasia predates the development of car-
cinoma by approximately 5 years.24,25 In general, 
dysplasia is defined as the presence of unequivocal 
neoplastic cells within the epithelium. Squamous 
cell dysplasia is classified as ‘low grade’ when 
architectural and cytological abnormalities are 
seen in the basal half of the squamous epithelium 
with preserved maturation of the upper half, and 
as ‘high grade’ when more than the bottom half 
shows architectural and cytological abnormalities. 
Full-thickness dysplasia of the squamous epithe-
lium is referred to as ‘carcinoma in situ’ by some 
authors.

Molecular pathology of squamous cell carcinoma
Up to 80% of squamous cell carcinomas show 
mutation with consecutive loss or inactivation of 
the tumour suppressor gene p53 (the ‘guardian’ of 
the genome located on the short arm of chromo-
some 17), of the retinoblastoma gene RB and of 
p16.26 Amplification (e.g. an increase in gene copy 
number) and subsequent protein overexpression of 
cyclin D1, a cell cycle regulating gene, occurs in 
20–40% of squamous cell carcinomas. Inactivation 
of FHIT (fragile histidine triad gene, a presumed 
tumour suppressor gene on chromosome 3p14), 
DLEC1 (deleted in lung and oesophageal cancer-1) 
and DEC1 (deleted in oesophageal cancer-1) by ge-
netic or epigenetic mechanisms promoting cancer 
cell growth has recently been shown. Amplifications 
of several proto-oncogenes and growth factors such 
as FGF4 and FGF6 (fibroblast growth factors 4 
and 6), EGFR (epidermal growth factor receptor) 
and MYC have also been found in oesophageal 
squamous cell carcinoma. Some of these changes, 
such as p53 mutations, appear to be an early event 
as they have also been demonstrated in squamous 
cell dysplasia. The presence of such genetic changes 
may be used to select patients for targeted therapy 
with antibodies or small-molecule inhibitors in the 
near future.

Adenocarcinoma
Population-based studies in the USA and Europe in-
dicate that the incidence of oesophageal adenocar-
cinoma, adenocarcinoma of the gastro- oesophageal 
junction and proximal stomach has doubled be-
tween the 1970s and late 1980s, and continues to 
increase by 5% every year.2,27 Countries with the 
highest incidence of oesophageal adenocarcinoma 
are the UK, Australia, the Netherlands and the 
USA. Oesophageal adenocarcinoma is much more 
common in males (male:female ratio 4:1 to 7:1) and 
80% of oesophageal adenocarcinomas occur in the 
white population.

The relative risk of developing adenocarcinoma 
in patients with Barrett's oesophagus is of the 
order of 30–60,27 but only 5% of patients with 
oesophageal adenocarcinoma have had a previ-
ous diagnosis of Barrett's oesophagus.28 Other 
risk factors of oesophageal adenocarcinoma are 
tobacco smoking, obesity (which may promote 
gastro-oesophageal reflux), and use of medications 
that relax the gastro-oesophageal sphincter. No 
clear association has been found between alcohol 
consumption or diet and adenocarcinoma. Case–
control studies seem to indicate that infection with 
Helicobacter pylori is protective against oesopha-
geal adenocarcinoma.

There is an ongoing debate whether adenocar-
cinoma in the proximity of the oesophagogas-
tric junction should be classified as oesophageal 
or gastric carcinoma. This is mainly related to 
the fact that there is no consensus on the defi-
nition of the ‘gastro-oesophageal junction’ and 
ten different definitions are listed in the fourth 
edition of the WHO classification of digestive 
cancer 2010.12 Siewert and Stein29 defined ad-
enocarcinoma of the gastro-oesophageal junction 
as ‘tumours that have their centre within 5 cm 
proximal and distal of the anatomical cardia’ 
and suggested three tumour types based on the 
anatomical location of the tumour centre deter-
mined by a combination of radiography, endos-
copy, computed tomography and intraoperative 
appearance:

•	 Type I. Adenocarcinoma of the distal 
oesophagus, which usually arises from an 
area with specialised intestinal metaplasia 
(i.e. Barrett's oesophagus) and which may 
infiltrate the gastro-oesophageal junction from 
above. This entity is also referred to as ‘Barrett 
carcinoma’. These adenocarcinomas have their 
centre within 1–5 cm above the cardia.

•	 Type II. True carcinoma of the cardia arising 
from the gastric cardia epithelium or from 
short segments with intestinal metaplasia at the 
gastro-oesophageal junction. This entity is also 
referred to as ‘junctional carcinoma’. These 
adenocarcinomas have their centre within 1 cm 
above and 2 cm below the cardia.

•	 Type III. Subcardial gastric carcinoma that 
infiltrates the oesophagogastric junction and 
distal oesophagus from below. This entity is 

 Ninety-five per cent of oesophageal 
adenocarcinomas are associated with Barrett's 
oesophagus, which has been identified as the single 
most important risk factor.
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also referred to as ‘proximal gastric carcinoma’. 
These adenocarcinomas have their centre within 
2–5 cm below the cardia.

Adenocarcinoma associated with Barrett's 
oesophagus
Columnar epithelium in the oesophagus in combi-
nation with ulceration and oesophagitis was first 
described by Norman Barrett in 1950, who was 
convinced that this was due to a congenitally short 
oesophagus.30 Moersch et al.31 and Hayward32 were 
the first to suggest that the columnar lining of the 
oesophagus might be an acquired condition due to 
gastro-oesophageal reflux. Experiments conducted 
by Bremner et al.33 in 1970 in a dog model of gastro-
oesophageal reflux strongly supported this concept.

The risk of developing adenocarcinoma appears to 
be related to the length of the metaplastic mucosa, 
with 3 cm being used as the cut-off between a ‘short’ 
and a ‘long’ segment Barrett's oesophagus. Further 
details of Barrett's oesophagus including the pro-
posed metaplasia–dysplasia–adenocarcinoma se-
quence can be found in Chapter 15.

Barrett's associated adenocarcinomas are located 
almost exclusively in the distal third of the oesopha-
gus and often infiltrate into the proximal stomach 
(Fig. 1.3). Up to 50% of adenocarcinomas show a 
macroscopic infiltrative growth pattern and only 
5–10% are polypoid. Histologically, oesophageal ad-
enocarcinomas are typically papillary and/or tubular 
(intestinal type according to the Laurén classifica-
tion35) and are graded as well, moderately or poorly 
differentiated according to the proportion of tumour 
that is composed of glands.12 Approximately 10% of 
all oesophageal adenocarcinomas are of mucinous 
or signet-ring cell type. Most patients present with 
locally advanced disease, where the adenocarcinoma 
has infiltrated beyond the deep muscle layer into the 
perioesophageal tissue and involves regional lymph 
nodes in up to 75% of cases. Should the patient pres-
ent with early disease, it is important to remember 
that there is a double muscularis mucosae in almost 
all cases with Barrett's oesophagus. Carcinomas in-
filtrating between the two layers of the muscularis 
mucosae are still to be classified as ‘intramucosal’ 
pT1a cancers. However, carcinomas that have infil-
trated into this double muscularis mucosae layer may 
be associated with a higher frequency of lymphoan-
gioinvasion and lymph node metastases.36 This has 
implications for endoscopic treatments.

Variants of oesophageal adenocarcinoma

1. Truly non-Barrett's oesophagus-associated 
adenocarcinoma of the oesophagus is rare and 
arises either from heterotopic gastric mucosa 
(so called ‘gastric inlet’), which can be anywhere 
in the oesophagus or from the epithelium of 
submucosal oesophageal glands.

2. Adenoid cystic carcinoma is also very rare. These 
carcinomas are histologically identical to salivary 
gland-type adenoid cystic carcinoma and occur 
more frequently in females.37 These carcinomas 
arise from submucosal oesophageal glands. They 
usually form well-circumscribed solid nodules 
in the submucosa and the overlying squamous 
 epithelium shows no abnormalities. Most tumours 
show some differentiation towards squamous, 
glandular or even small cell elements which could 
indicate an origin from a multipotential stem cell.

 Barrett's oesophagus is defined as the 
replacement of the squamous epithelium by 
specialised columnar epithelium, which is 
characterised by intestinal metaplasia.34

Figure 1.3  • Barrett's oesophagus with adenocarcinoma 
is seen on the left. An irregular, partly ulcerated tumour 
is located at the gastro-oesophageal junction. Between 
the proximal edge of the tumour and the squamous 
lined oesophagus is metaplastic columnar epithelium. 
The squamocolumnar junction (border between the pale 
appearing squamous epithelium and brownish-appearing 
metaplastic epithelium) is located at least 2.5 cm proximal to 
the gastro-oesophageal junction. Courtesy of Dr B. Disep, 
Newcastle.
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Precursor lesions of oesophageal adenocarcinoma 
and molecular pathology of oesophageal adenocar-
cinoma are discussed in more detail in Chapter 15.

Neuroendocrine tumours of the oesophagus
Oesophageal neuroendocrine tumours are very 
rare, representing less than 8% of all oesophageal 
carcinomas. The majority of them are poorly dif-
ferentiated neuroendocrine carcinomas (also known 
as small cell carcinomas) that are highly aggressive 
and median survival is usually 6–12 months or 
less. Macroscopically, they appear as exophytic or 
ulcerative growths measuring on average 6 cm at 
presentation. Histologically, these may appear as 
homogeneous tumours (Fig. 1.4) or as a mixture 
of squamous and mucoepidermoid elements. The 
histological features including immunohistochemi-
cal markers are similar to small cell carcinoma of 
the lung and the possibility of metastatic or direct 
spread from the lung should always be considered 
in the differential diagnosis.

Mesenchymal tumours of the oesophagus
Leiomyoma
Leiomyoma is the most common benign mesen-
chymal tumour of the oesophagus, which is twice 
as frequent in males as females. Leiomyomas are 
typically located in the distal or middle oesopha-
gus. Most are less than 3 cm in size and form a hard 
white-greyish mass. In contrast to gastrointestinal 
stromal tumours, leiomyomas are immunoreactive 
for desmin and smooth muscle actin and negative 
for KIT (CD117) and DOG1.

Granular cell tumour
Granular cell tumours are found in the skin, mouth 
and throughout the gastrointestinal tract, but most 
frequently in the oesophagus. Nearly two-thirds of 

these tumours have been found in the lower third 
of the oesophagus and arise in the submucosa. The 
covering squamous epithelium is often thickened 
and may show pseudoepitheliomatous hyperplasia. 
The characteristic tumour cells are uniform plump 
cells with granular cytoplasm that stain with peri-
odic acid–Schiff and S-100 protein.

Lymphoma of the oesophagus, melanoma, chorio-
carcinoma and secondary tumours (metastases) are 
not discussed here.

Stomach

Gastric polyps

Gastric polyps are usually found incidentally during 
endoscopy. According to the cell of origin polyps 
can be epithelial (fundic gland polyp, hyperplastic 
polyp, adenomatous polyp), neuroendocrine, lym-
phohistiocytic (xanthelasma, lymphoid hyperpla-
sia), mesenchymal (gastrointestinal stromal tumour, 
neural or vascular tumours) or mixed. They can be 
sporadic or occur as part of a disease syndrome.

Fundic gland polyps
Fundic gland polyps are the most common type of 
gastric polyps and were originally described in pa-
tients with familial adenomatous polyposis (FAP) 
syndrome.38 Sporadic fundic gland polyps are 
found in up to 11% of patients, are more common 
in middle-aged women and are typically single or 
few, measuring less than 0.5 cm. The incidence of 
fundic gland polyps is low in patients with H.  pylori 
infection and high in patients taking proton-pump 
 inhibitors.39 While low-grade dysplasia is fre-
quent in FAP patients with fundic gland polyps, 
dysplasia is rare in sporadic cases.40

Fundic gland polyps have been considered as being 
hamartomatous lesions in the past, a view that has 
been challenged recently.

Hyperplastic polyps are composed of epithelial 
and stromal components, and are most frequently 
found in the antrum of patients with inflamed or 
atrophic gastric mucosa. A recent review of more 
than 8000 gastric polyps showed that only 14% 
were hyperplastic polyps.39 Hyperplastic gastric 
polyps are thought to arise as a hyperproliferative 
response of the gastric foveolae to tissue injury. 

Figure 1.4  • Microscopic image of a neuroendocrine 
carcinoma.

 Seventy-five per cent of FAP-associated fundic 
gland polyps show an APC mutation, whereas 
sporadic fundic gland polyps are devoid of APC 
mutations and harbour CTNNB1 (β-catenin) 
mutations in up to 90%.41
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Removal of the underlying injury such as H. pylori 
infection resulted in regression of the hyperplastic 
polyps in 70% of patients.42 1–20% of hyperplastic 
polyps show foci of dysplasia, p53 mutations, chro-
mosomal aberrations and microsatellite instability, 
which seem to be related to larger size (>2 cm).43 
Hyperplastic polyps should be regarded as sur-
rogate markers of cancer risk and synchronous or 
metachronous gastric carcinomas have been re-
ported in up to 6% of cases.

Adenomatous polyps are subdivided into classic 
intestinal-type adenomas and non-intestinal-type 
adenomas. The latter are less common and are 
characterised by gastric-type differentiation. Non-
intestinal-type gastric adenomas such as pyloric 
gland adenoma, foveolar adenoma and chief cell 
adenoma are relatively rare and are not further dis-
cussed here.

Sporadic intestinal-type adenomas are most com-
mon in patients over 50 years of age, three times 
more frequent in men and most commonly found on 
the lesser curve of the antrum. They are usually soli-
tary, less than 2 cm in diameter, well circumscribed, 
pedunculated or sessile, and their prevalence var-
ies widely from 4% in Western countries to 27% 
in Japan. Adenomatous polyps are precursors of 
gastric adenocarcinomas and the risk of adenocar-
cinoma seems to increase with increasing size. Fifty 
per cent of adenomatous polyps >2 cm harbour an 
adenocarcinoma.44

Other lesions that can endoscopically appear as 
polyps in the stomach are: inflammatory fibroid 
polyps, which consist of benign submucosal pro-
liferations of spindle cells, small vessels and in-
flammatory cells; xanthomas, which consist of 
aggregates of lipid-laden macrophages embedded 
in the lamina propria; and lipomas, which are cir-
cumscribed masses of adipose tissue without atypia 
usually located in the submucosa and pancreatic 
heterotopias.

Polyposis syndromes

Hamartomatous polyps in the stomach have 
been found in patients with Peutz–Jeghers syn-
drome, juvenile polyposis, Cronkite–Canada syn-
drome and Cowden disease. With the exception 
of Peutz–Jeghers polyps, the histological features 
of these polyps overlap with those of sporadic hy-
perplastic polyp and the pathological diagnosis of 
a ‘syndromic polyp’ will require knowledge of the 
suggestive clinical context. All patients with the 
above mentioned polyposis syndromes have an in-
creased risk of developing gastric carcinoma that 
appears to be highest in patients with Peutz–Jeghers 
syndrome at 30%.45 Up to 80% of patients with 
Peutz–Jeghers syndrome have a germ-line mutation 

of the STK11/LKB1 gene that encodes an enzyme 
responsible for cell division, differentiation and 
signal transduction. The most common genetic al-
terations in patients with juvenile polyposis are 
germline mutation of SMAD4 or BMPR1A, both 
genes implicated in the transforming growth fac-
tor (TGF)-β signalling pathway. Cowden disease is 
caused by germline mutations of PTEN resulting in 
multiple hamartomas involving multiple different 
organs. Cronkite–Canada syndrome is a non-inher-
ited polyposis syndrome of unknown pathogenesis.

Gastric carcinoma

Epidemiology of gastric carcinoma
Despite a steady decline of gastric carcinoma inci-
dence at a rate of approximately 5% per year since 
the 1950s,46 gastric carcinoma is still the fourth 
most common carcinoma in the world, with one 
million people newly diagnosed per year, represent-
ing 8% of all new cancers diagnosed per year in the 
world. Age-standardised incidence rates of gastric 
carcinoma are twice as high in males as in females 
and show prominent geographical variation, rang-
ing from 3.9 in Northern Africa to 42.4 in Eastern 
Asia per 100 000 males.47 Seventy-five per cent of all 
new gastric carcinoma cases are diagnosed in Asia. 
Gastric carcinoma is the second leading cause of 
cancer death in both sexes worldwide, being respon-
sible for 10% of all cancer deaths. A male:female 
ratio of 2:1 has been reported for non-cardia gastric 
carcinoma in contrast to a male:female ratio of 5:1 
for gastric cardia carcinoma.48

Aetiology and risk factors of gastric 
carcinoma
Ten per cent of gastric carcinomas show familial 
clustering, but only 1–3% of gastric carcinomas 
are related to identified inherited gastric carcinoma 
predisposition syndromes such as hereditary diffuse 
gastric carcinoma, hereditary non-polyposis colon 
cancer (Lynch syndrome), familial adenomatous 
polyposis, Peutz–Jeghers syndrome, Li–Fraumeni 
syndrome, and familial breast and ovarian 
cancer.49,50

One of the defining characteristics of the heredi-
tary diffuse gastric carcinoma syndrome (HDGC) 
is the presence of a germline CDH1 (E-cadherin) 
mutation.51 CDH1 mutations have been found in 
hereditary as well as sporadic diffuse-type gastric 
carcinomas, but not in intestinal-type gastric car-
cinomas. CDH1 mutations in sporadic diffuse-type 
gastric carcinoma cluster in exons 7–9, whereas 
CDH1 germline mutations are spread over the 
whole length of the gene in HDGC patients, 
 making genetic testing very time consuming as the 
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whole CDH1 gene might need to be sequenced.52 
Patients diagnosed with HDGC have an increased 
risk of lobular breast cancer and signet-ring colon 
cancer, and should undergo appropriate surveillance 
for these diseases.53 The penetrance of the gene var-
ies between 70% and 80%, and the lifetime risk of 
developing gastric carcinoma in mutation carriers is 
67% in men and 83% in women. In order to iden-
tify patients that should be offered CDH1 mutation 
testing, including appropriate genetic counselling, 
the updated recommendations of the International 
Gastric Cancer Linkage Consortium (IGCLC) 
should be followed51 (Box 1.1).

The resection specimen should be worked up and 
reported according to the recommendations of the 
IGCLC.51

Helicobacter pylori infection increases the risk of 
gastric carcinoma up to sixfold and hence repre-
sents one of the most important environmental risk 
factors for the development of gastric carcinoma. 
Humans are the only known host for H. pylori that 
can colonise the body and the antrum (Fig. 1.5). The 
development of gastric carcinoma after H. pylori 
infection has been considered as a multistep pro-
cess progressing from chronic active pan- or corpus 
predominant gastritis to increasing loss of gastric 
glands (atrophy), replacement of the normal mu-
cosa by intestinal metaplasia and malignant trans-
formation.54–56 Most H. pylori-infected individuals 
will remain asymptomatic and only 1–5% of the 
infected population will develop gastric carcinoma, 
a phenomenon that has been attributed to differ-
ent bacterial strains, host-inflammatory genetic sus-
ceptibility and in particular the H. pylori virulence 
factors vacuolating cytotoxin antigen (VacA) and 
cytotoxin-associated gene A antigen (CagA).54,57,58

It has been estimated that 10% of gastric carcino-
mas are associated with Epstein–Barr virus (EBV) 
infection.59 Considering the worldwide incidence 
of gastric carcinoma, EBV-associated gastric car-
cinoma is the largest group of carcinomas within 

1.  Two or more documented cases of gastric cancer in first 
degree relatives with at least one documented case of 
diffuse-type gastric cancer diagnosed before the age of 
50 years OR

2.  Three or more cases of documented diffuse gastric 
cancer in first or second degree relatives independent 
of age of onset OR

3.  Diffuse gastric cancer before the age of 40 without 
 family history OR

4.  Families with diagnoses of both, diffuse-type gastric 
cancer and lobular breast cancer with one case before 
the age or 50 years OR

5.  In cases where expert pathologists detect carcinoma 
in situ adjacent to diffuse-type gastric cancer, genetic 
 testing should be considered as this is rarely, if ever, 
seen in sporadic diffuse-type gastric cancer cases.

Box 1.1  •  Criteria to identify patients who require testing 
for CDH1 mutation51

 Total gastrectomy with or without perioperative 
chemotherapy as appropriate is recommended for 
patients diagnosed with hereditary diffuse-type 
gastric carcinoma irrespective of tumour location 
or disease stage.

Figure 1.5  • Helicobacter pylori. The Gram-negative, spiral-shaped, 2.5 to 5 μm long bacterium can be found on the 
gastric surface epithelium within the mucous layer. (a) Immunohistochemical staining demonstrates the organisms as 
brown rods. (b) In the modified Giemsa staining, the organisms appear light blue.

a b
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all EBV-associated malignancies. In contrast to  
H. pylori, which has a role in the early stage of gas-
tric carcinoma development as it binds to the sur-
face of the normal gastric epithelial cell but cannot 
bind to the surface of gastric carcinoma cells, EBV is 
absent in normal or dysplastic gastric epithelial cells 
but present in all gastric carcinoma cells.60 For un-
known reasons, EBV prevalence is higher in gastric 
stump cancer.61

The prominent geographical variation in gastric 
carcinoma incidence suggests that other environ-
mental factors such as diet might play an impor-
tant aetiological role. However, evidence for all 
areas like fruit and vegetable consumption, dietary 
supplementation with antioxidants such as vita-
min C, dietary salt and nitroso compounds is still 
conflicting.62–64

A dose dependent relationship between smoking 
and gastric carcinoma risk has been shown in pro-
spective studies and it has been estimated that 18% 
of gastric carcinomas in the European population 
were attributable to smoking.65 There is currently 
no conclusive evidence for an association between 
alcohol consumption and gastric carcinoma.66 An 
increased risk of gastric carcinoma after previous 
gastric surgery for benign peptic ulcer disease has 
been reported.67 Another potential source of gas-
tric stump carcinoma is the Roux-en-Y gastrojeju-
nostomy used to treat morbid obesity and gastric 
carcinoma after bariatric surgery has already been 
reported.

Lesions predisposing to gastric carcinoma
The natural history of sporadic gastric carcinoma 
is thought to be a multistep process. Correa postu-
lated a sequence from chronic atrophic gastritis, in-
testinal metaplasia, dysplasia and gastric carcinoma 
based on histopathological findings68 (for more 
details, see Chapter 2). Ten years later, this model 
was expanded by Yasui et al.69 to include stepwise 
molecular alterations.

Chronic atrophic gastritis and intestinal 
metaplasia
Inflammation of the gastric mucosa is the result of 
bacterial infection (most commonly due to H.  pylori  
infection), chemical agents (non-steroidal anti- 
inflammatory drugs (NSAIDs), alcohol, bile 
reflux) or the consequence of an autoimmune 
process (i.e. autoimmune gastritis due to parietal 
cell antibodies). Depending on the underlying ae-
tiology, chronic inflammation can result in (a) the 
shrinkage or complete disappearance of the typi-
cal gastric glands followed by replacement fibrosis 
of the lamina propria or (b) replacement of the 
native glands by metaplastic glands (i.e. intes-
tinal and/or pseudopyloric metaplasia). In both 

conditions there is ‘atrophy’ (loss of appropriate 
glands), but only (b) is considered a condition 
with an increased risk of developing carcinoma 
(Fig. 1.6).

Two main types of intestinal metaplasia have been 
identified depending on whether the epithelium is 
similar to small bowel epithelium or large bowel epi-
thelium and on the histochemical characteristics of 
the mucin. Type I is complete, small bowel type, posi-
tive for neutral mucin and sialomucin, and negative 
for sulfomucin; type II/III is incomplete, large bowel 
type, positive or negative for neutral mucin, and posi-
tive for sialomucin and sulfomucin (Fig. 1.7).

Chronic gastric ulcer
Chronic gastric ulcers are typically located near the 
border of atrophic mucosa. If a chronic gastric ulcer 
is detected on endoscopy, it should be suspected of 
being neoplastic until histology has proven  otherwise. 

Figure 1.6  • Microscopic image showing gastric atrophy.

Figure 1.7  • Intestinal metaplasia (type III). The pits show 
both large solitary and multiple smaller secretory vacuoles 
with the apical positions of the cells. Stained with Alcian 
Blue and High Iron Diamine.

 Some but not all studies indicate that there is a 
positive correlation between cancer risk and degree 
and extent of incomplete intestinal metaplasia.12
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Patients with gastric ulcer have an increased risk 
for gastric carcinoma as gastric ulcer and gastric 
 carcinoma have the same risk factors. Five per cent of 
endoscopically benign ulcers eventually prove to be 
malignant. However, overall, less than 1% of all gas-
tric carcinomas develop in pre-existing peptic ulcers.70

Gastric dysplasia
Gastric dysplasia (synonym: intraepithelial neoplasia) 
can have a flat, slightly depressed or polypoid growth 
pattern. In Europe and North America polypoid dys-
plasia is termed ‘adenoma’, whereas in Japan dyspla-
sia with any growth pattern is called ‘adenoma’.

The prevalence of gastric dysplasia varies, depend-
ing on the underlying aetiology, between 20% in 
high risk areas and 4% in Western countries, where 
gastric carcinoma is less common.71 Dysplasia is 
more frequent in males, patients over 70 years of 
age, and most commonly affects the lesser curve 
and the antrum. Histologically, dysplasia is charac-
terised by architectural as well as cytological atypia 
and is stratified into two grades, low and high. Low 
grade dysplasia progresses to adenocarcinoma in up 
23% of cases within 10 months to 4 years, whereas 
malignant transformation of high grade dysplasia 
has been reported to occur in 60–80% of cases.

Whilst chromosomal and microsatellite instabil-
ity, APC and p53 mutations, as well as CpG-island 
methylation, have all been found in gastric dys-
plasia, none of these molecular findings is specific 
enough to establish and support the diagnosis of 
dysplasia in routine clinical practice.

Early and advanced gastric carcinoma
Early gastric carcinoma is defined as adenocar-
cinoma limited to either the mucosa or submu-
cosa  irrespective of the presence of lymph node 
 metastases.75 The term ‘early’ does not refer to the 
size or age of the lesion. Conversely, gastric carci-
nomas infiltrating into the muscularis propria and 
beyond are defined as ‘ advanced’. These two catego-
ries of gastric carcinoma differ not only in progno-
sis, but also with respect to morphology and clinical 
aspects. Gastric carcinoma limited to the mucosa 
and submucosa has an excellent prognosis, with a 

5-year survival rate exceeding 90% in Japan.76,77 
Five-year survival rate of advanced gastric carci-
nomas, the most frequent presentation in the West, 
is around 23% when treated by surgery alone and 
around 36% when treatment includes periopera-
tive chemotherapy.78 Retrospective and prospective 
long-term follow up studies showed that the tumour 
growth rate differs significantly between early and 
advanced carcinomas, and estimated a doubling 
time of early carcinomas of several years but less 
than a year for advanced carcinomas.79,80

The classification of the macroscopic growth pat-
tern is applicable to radiological and endoscopic 
images as well as the macroscopic appearance of 
the resected specimen, and consistent use of this 
macroscopic classification can greatly improve the 
communication among surgeons, endoscopists, 
radiologists and pathologists, as demonstrated in 
Japan. Interestingly, approximately 10% of gas-
tric carcinomas retain their endoscopic and radio-
logical ‘early cancer’ appearance as they progress 
to advanced stage.82 This can lead to a potential 
underestimation of the ‘true’ clinical disease stage.

In Japan, approximately 2% of early gastric car-
cinomas recur after curative resection. Submucosal 
invasion, lymph node metastases and differentiated-
type histology have been associated with increased 
risk of recurrence.83 Differentiated histology is a risk 
factor for recurrence as cancers with differentiated 
histology show a higher incidence of haematogenous 
spread compared to undifferentiated cancer that is 
more prone to recur in lymph nodes or serosa lined 
cavities. The incidence of lymph node metastases  
is 2–3% for intramucosal  carcinomas84,85 and 20–
30% for submucosal carcinomas.86

For advanced gastric carcinoma, depth of infiltra-
tion into the wall (T category of the TNM classifi-
cation) and number of lymph nodes with metastatic 
tumour (N category of the TNM classification) re-
main the strongest prognostic indicators.

 The diagnosis of dysplasia shows significant 
interobserver variability due to the low specificity of 
the abnormalities used to establish the diagnosis 
and in particular the difficulties in distinguishing 
regenerative atypia from dysplasia and high grade 
dysplasia from intramucosal carcinoma. In an 
attempt to standardise the terminology used to 
describe the morphological spectrum of lesions, 
several proposals including the Padova and Vienna 
classifications have been made.72–74

 The macroscopic growth pattern of advanced 
carcinomas is classified according to Borrmann into 
four major types.81 Type 5 is used for unclassifiable 
cancers. Early gastric carcinomas are macroscopically 
Borrmann type ‘0’ and classified according to 
Murakami as protruding, superficial elevated/flat/
depressed and excavated (Figs 1.8 and 1.9).

 Risk factors of lymph node metastasis in early 
gastric carcinoma include age at time of diagnosis 
size greater than 20 mm, depressed macroscopic 
type, undifferentiated histology, presence of an ulcer 
or scar, lymphatic invasion and submucosal invasion 
by more than 500 μm.84,86
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Figure 1.9  • The macroscopic appearances of 
advanced gastric cancer. (a) Polypoid (Borrmann type I).  
(b) Ulcerating (Borrmann type III). (c) Linitis plastica 
(Borrman type IV) with diffuse infiltration of the wall of the 
stomach by tumour and apparent thickening of the rugal 
folds.

a b

c

Figure 1.8  • (a) Borrmann 
classification for advanced cancers. 
Type I: polypoid with a broad base, 
may be superficially ulcerated. Type II:  
excavated ulcerated lesion with 
elevated borders, sharp margin with 
no definitive infiltration into adjacent 
mucosa. Type III: ulcerative, diffusely 
infiltrating base. Type IV: diffusely 
infiltrative thickening of the wall (linitis 
plastica). (b) Murakami classification 
for early cancers. Modified from 
Japanese Gastric Cancer Association. 
Japanese classification of gastric 
carcinoma, 3rd English edn. Gastric 
Cancer 2011; 14(2):101–12.
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Morphological subtypes of 
gastric carcinoma
The histology of gastric carcinoma is characterised 
by marked heterogeneity. The variability of the 
histological appearance increases with increasing 
depth of infiltration into the wall and increasing 
age at time of diagnosis. As a result of this marked 
morphological diversity, a number of different clas-
sification systems have been advocated by differ-
ent authors such as Laurén,35 Ming,87 Nakamura 
et al.,88 Mulligan,89 Goseki et al.,90 Carneiro91 and 
the World Health Organisation (WHO).12

In Japan, the recommended histological typing 
is similar but not 100% identical to the WHO 
classification.92 In the West, 60–70% of gastric 
 carcinomas are classified as intestinal-type accord-
ing to Laurén (Fig. 1.10a), which is characterised by 
a predominance of glandular epithelium with cells 
similar to intestinal columnar cells. There is good 
cellular cohesion, the carcinoma is usually sharply 
demarcated and has a pushing margin accord-
ing to Ming's classification. Laurén's diffuse-type 
is composed of scattered, poorly cohesive cells or 
small clusters of cells and is diffusely infiltrative 
(Fig. 1.10b). Cells may contain mucus and can have a  
signet ring cell appearance (Fig. 1.10c). Gastric car-
cinomas that consist of approximately 50% diffuse 
and 50% intestinal-type, solid type carcinomas 
and others that cannot be classified as diffuse or 
intestinal are called either indeterminate, unclas-
sifiable or mixed. Intestinal-type carcinomas are 
more common in men over 60 years of age and in 
highrisk countries, are located in the antrum, are 

 The histological classification according to 
Laurén (intestinal-type versus diffuse-type versus 
mixed-type gastric carcinoma), Ming (expanding 
type versus infiltrative type) and WHO (tubular 
versus papillary versus mucinous versus poorly 
cohesive including signet ring) are the classifications 
most commonly used outside of Japan.

Figure 1.10  • (a) Intestinal-type carcinoma tubular subtype composed of irregularly sized and shaped glandular 
structures with mildly pleomorphic nuclei. However, this tumour is admixed with poorly differentiated tubular structures 
with large cells and bizarre shaped nuclei. (b) Diffuse-type carcinoma. Poorly cohesive single cells are diffusely infiltrating 
the smooth muscle wall. (c) Signet ring cell carcinoma. The neoplastic cells are characterised by large amounts of 
intracytoplasmic mucin (almost ‘clear’ cytoplasm) with eccentrically located and mostly flattened nuclei.

a b

c
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Borrmann type II and show metastases in the liver. 
In contrast,  diffuse-type  carcinomas are more com-
mon in younger females, have a similar incidence 
in most countries, are located predominantly in the 
proximal body of the stomach and show a linitis 
plastica type growth pattern with transperitoneal 
metastases.
Gastric carcinomas are graded as well differenti-
ated (more than 90% of the carcinoma consists 
of  well-formed glands resembling intestinal epi-
thelium), moderately differentiated (intermediate 
between well and poor) and poorly differentiated 
(highly irregular glands that may be difficult to 
be recognised as glands). According to the WHO 
 classification,12 this grading system should only be 
applied for tubular- and papillary-type carcinomas, 
not for other morphological subtypes and not after 
neoadjuvant therapy. However, grading of tumour 
differentiation is prone to considerable inter observer 
variation and the value of the histological subtyping 
and/or  tumour grading in predicting  patient prog-
nosis is still controversial.

Molecular pathology of gastric carcinoma
The first gene found to be amplified in gastric car-
cinoma was c-MYC in 1984,93 while the first on-
cogene discovered in gastric carcinoma was FGF4 
in 1986.94 Ten years later, Yasui et al.69 proposed a 
multistep model of molecular alterations, refining 
the multistep model of histological changes pro-
posed by Correa56 (Fig. 1.11). This refined model 
by Yasui et al. suggests that the two main morpho-
logical gastric carcinoma subtypes, intestinal and 
diffuse, are characterised by different underlying 
molecular mechanisms. However, some alterations 
such as genetic instability, hypermethylation and 
telomere reduction have been identified in both 
histological subtypes and therefore appear to oc-
cur during the early stages of cancer development. 
Others are supposedly unique or at least predomi-
nant in a particular histological subtype, such as 
CDH1 mutations in diffuse-type and KRAS muta-
tions in intestinal-type gastric carcinoma.

c-MET is a transmembrane tyrosine kinase re-
ceptor and was found to be amplified at higher 
 frequency in diffuse-type gastric carcinoma com-
pared to intestinal-type gastric carcinoma (39% 
vs. 19% gastric  carcinoma).95 Overexpression of  
c-MET has been related to tumour stage.96 With the 
advent of c-MET inhibitors, the interest in this mol-
ecule has been revived and a very recent large study 
conducted in Korea demonstrated that c-MET was 
amplified in 21% of gastric carcinomas, identifying 
c-MET as a potential new drug target.97 Fibroblast 
growth factor receptor 2 (FGFR2) is another poten-
tial drug target and FGFR2 amplification has been 
detected in gastric carcinoma.

p53 is frequently inactivated in gastric carcinoma 
by loss of heterozygosity (LOH) or mutations. p53 
mutations have been identified in 60% of gastric 
carcinomas, with approximately equal frequency 
in different histological subtypes, and thus make 
it the most frequently mutated gene in gastric car-
cinoma.98 APC mutations have been observed in 
30–40% of well and moderately differentiated in-
testinal-type gastric carcinomas and in less than 2% 
diffuse-type gastric carcinomas.99

Alterations (mutations or gene silencing by methyla-
tion) of any of the five human DNA mismatch repair 
genes, MSH2, MLH1, MSH6, PMS1 and PMS2, result 
in defective mismatch repair. Tumours with DNA mis-
match repair deficiency show variations in the number 
of short tandem repeat units contained within micro-
satellites, a phenomenon called microsatellite instabil-
ity. Cells with defective mismatch repair also display 
substantially elevated numbers of mutations thought 
to accelerate carcinogenesis. The reported frequency 
of microsatellite instability varies between 15% and 
38% of gastric carcinomas, is higher in intestinal-type 
gastric carcinoma and is more common in cancers 
from older age females and cancers in the antrum.100

Neuroendocrine tumours 
of the stomach

The gastric mucosa contains several types of neu-
roendocrine cells, which produce neurotransmit-
ter, neuromodulator or neuropeptide hormones 
and release them into the bloodstream. These cells 
are usually immunoreactive for chromogranin A 
and  synaptophysin.101 Neuroendocrine tumours 
(previously known as ‘carcinoids’) arise most com-
monly from enterochromaffin-like (ECL) cells. 
Hypergastrinaemia due to unregulated hormone re-
lease by a gastrinoma or due to hyperplasia of gastrin 
producing cells in the antrum secondary to achlor-
hydria is consistently associated with hyperplasia of 
the ECL cells.102 A multistep progression from simple 
hyperplasia through nodule formation to dysplasia 
and tumour formation is thought to occur.

The incidence of gastric neuroendocrine tumours has 
been increasing over the last decades and accounts for 
6% of all gastrointestinal neuroendocrine tumours.103 
Neuroendocrine tumours of the stomach are almost 
exclusively located in the body of the stomach.

 The only targeted therapy that is currently 
approved for use in patients with metastatic 
gastric carcinoma is trastuzumab, which targets 
the human epidermal growth factor receptor 2 
(HER2), also known as c-erbB2 or HER2/neu. HER2 
is preferentially amplified and overexpressed in 
intestinal-type carcinoma.
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Three distinct types of neuroendocrine tumours 
can be distinguished based on their pathogenesis 
(Table 1.1):12

•	 Type 1. Multiple well-differentiated 
neuroendocrine tumours affecting predominantly 
middle-aged females are associated with auto-
immune chronic atrophic gastritis and pernicious 
anaemia due to auto-antibodies against parietal 
cells. This type is the most common type of 

gastric neuroendocrine tumour. Tumours tend 
to be limited to the submucosa. Metastases can 
be found in 7–12% of cases and are usually 
confined to the local lymph nodes. A reduction 
in the number of ECL cells can be achieved by 
treatment with octreotide.104

•	 Type 2. Neuroendocrine tumours associated 
with the Zollinger–Ellison syndrome 
(gastrinoma-related syndrome) in patients with 

Figure 1.11  • Genetic pathway of the development of gastric carcinoma.
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multiple endocrine neoplasia (MEN) type 1 
have no sex predilection. The tumours tend to 
be multicentric with minimal gastritis in the 
background, but both ECL hyperplasia and 
dysplasia are present. These tumours often 
extend deep into the muscle wall, have lymph 
node metastases and have occasionally caused 
death. The loss of the tumour suppressor gene 
MEN1 on chromosome 11q13 is seen in the 
majority of these tumours, a defect also found 
in those tumours of the gut, pancreas and 
parathyroid associated with MEN-1.105

•	 Type 3. Sporadic neuroendocrine tumours are 
neither associated with atrophic gastritis nor 
with MEN-1 syndrome. These tumours are 
usually solitary lesions that occur in middle-aged 
men. They tend to be larger (>2 cm) and have 
a more aggressive behaviour. The background 
mucosa shows no evidence of atrophic gastritis 
and no evidence of neuroendocrine hyperplasia 
or dysplasia. Serosal infiltration with lymphatic 
and vascular invasion and liver metastasis 
with an accompanying carcinoid syndrome are 
common. Metastases are present in 52% of cases 
and approximately one third of patients will 
have died within 51 months.

Grade 1 neuroendocrine tumours have typically 
a Ki67 index below 2%, whereas grade 3 tumours 

are poorly differentiated, have a Ki67 index above 
20%, show necrosis and are therefore classified 
as neuroendocrine carcinomas. Guidelines for the 
management of gastric neuroendocrine tumours 
have been updated very recently.106

Mesenchymal tumours of 
the stomach

Non- epithelial tumours such as glomus tumour, in-
flammatory myofibroblastic tumours, leiomyoma, 
leiomyosarcoma, schwannoma, synovial sarcoma 
and Kaposi sarcoma are all relatively rare in the 
stomach and will not be discussed here.

This chapter will focus on gastrointestinal stromal tu-
mours (GISTs), which are the most common primary 
mesenchymal tumours of the gastrointestinal tract, and 
60–70% of GISTs occur in the stomach. Most GISTs 
are sporadic, but they can also be part of syndromes, 
namely Carney's triad, Carney Stratakis syndrome, 
neurofibromatosis type 1 or can be familial due to 
germline mutations of the KIT and PDFGFR genes.

GISTs can occur in any part of the stomach and 
vary from small nodules in the wall that are covered 
by intact mucosa to large masses leading to gastric 
outlet obstruction. Histologically, most GISTs show 
a spindle cell morphology with little atypia. Twenty 
per cent of GISTs show epithelioid histology. GISTs 
are immunoreactive for KIT (CD117), DOG1 and 
often also for CD34. Even if all common immu-
nohistochemical markers are unexpectedly nega-
tive, it is still legitimate to make the diagnosis of a 
GIST based on morphology alone. However, those 
cases should be investigated for relevant muta-
tions. GISTs contain KIT- or PDGFRA-activating 
mutations. KIT-activating mutations are most 
 frequently found in exon 11 and most GISTs with 

 Grading of neuroendocrine tumours using a 
combination of the morphological features and the 
proliferation fraction (mitotic index or Ki67 index) 
has been shown to be of prognostic value.12

 Type 1 Type 2 Type 3

Percentage (%) 70–85 5–10 15–25
Tumour characteristics Often small, multiple, polypoid, 

multicentric
Often small, multiple, 
polypoid, multicentric

Single, >1–2 cm, polypoid 
and often ulcerated

Mean age at diagnosis (years) 63 50 55
Gender Females >males Females = males Males > females
Associated conditions Chronic atrophic gastritis type A ZES/MEN-1 Sporadic
Serum gastrin levels Increased Increased Normal
pH of gastric juice Increased Low Normal
Ki67 (%) Usually <2 Usually <2 Usually >2
Metastases (%) 2–5 <10 >50

Table 1.1  • Characteristics of gastric neuroendocrine tumours

MEN, multiple endocrine neoplasia; ZES, Zollinger–Ellison syndrome.
Reproduced from Massironi S, Sciola V, Spampatti MP et al. Gastric carcinoids: between underestimation and overtreatment. World J 
Gastroenterol 2009; 15:2177–83.
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KIT mutations are imatinib sensitive, whereas 
GISTs with PDGFRA-activating mutations are 
usually imatinib resistant.

With the exception of very small tumours, all 
GISTs have the potential to become malignant.

Lymphoma of the stomach

Any type of lymphoma can also occur in the gas-
trointestinal tract, which is the commonest extrano-
dal site.12 Within the gastrointestinal tract, 50–75% 
of lymphomas are located in the stomach; 5–10% 
of all gastric malignancies are primary lymphomas. 
The two most common subtypes of primary gas-
tric lymphomas are extranodal marginal zone lym-
phoma of the mucosa associated lymphoid  tissue 
(so-called MALT lymphoma) and diffuse large 
B-cell lymphoma. The incidence of primary gastric 
lymphoma is similar in men and women.

MALT lymphoma
The majority of MALT lymphomas occur in pa-
tients over the age of 50 years, with equal sex dis-
tribution, who present clinically with symptoms 
suggesting a diagnosis of gastritis or peptic ulcer 
disease. The tumours appear macroscopically as an 
ill defined thickening of the mucosa with erosions, 
sometimes ulcerated (Fig. 1.12) and frequently mul-
tifocal. Gastric MALT lymphoma can spread to the 
regional nodes. MALT lymphoma is composed of 
neoplastic B cells that resemble follicle centre cells 
and are termed centrocyte-like, whereas other cells 

show plasma cell differentiation and occasionally 
there are blast cells. The characteristic lympho-
epithelial lesion (Fig. 1.13) is composed of small to 
medium-sized tumour cells with irregular nuclei 
that infiltrate the pit epithelium. This lesion is not 
pathognomonic of a lymphoma as it can also be 
demonstrated in an H. pylori-associated gastritis, 
Sjögren's syndrome and Hashimoto's thyroiditis.

It is thought that the development of MALT lym-
phoma is a multistage process initiated by chronic 
active inflammation due to H. pylori infection. 
Eradication of H. pylori with antibiotics has been 
shown to be associated with MALT lymphoma re-
mission in up to 77% of patients within 12 months. 
Less than 10% relapse and this could be due to rein-
fection with H. pylori; in the absence of reinfection 
the relapse appears to be self-limiting.

Cytogenetic studies show that three major transloca-
tions are seen in MALT lymphomas: t(11,18)(q21;q21)/ 
API2-MALT1 (30–40% of cases), t(14:18)(q32:q21)/ 
IGH-MALT1 and t(1:14)(p22:q32)/IGH-BCL10.  

Tumour 
parameters Risk of progressive disease (metastasis or tumour-related death)

Mitotic index Size Gastric Duodenum Jejunum/ileum Rectum

≤5(in 5 mm2) ≤2 cm None (0%) None (0%) None (0%) None (0%)
≤2 to ≤5 cm Very low (1.9%) Low (8.3%) Low (4.3%) Low (8.5%)
>5 to ≤10 cm Low (3.6%) (Insufficient data) Moderate (24%) (Insufficient data)
>10 cm Moderate (10%) High (34%) High (52%) High (57%)

>5 (in 5 mm2) ≤2 cm (Insufficient data) (Insufficient data) High (limited data) High (54%)
≤ 2 to ≤5 cm Moderate (16%) High (50%) High (73%) High (52%)
>5 to ≤10 High (55%) (Insufficient data) High (85%) (Insufficient data)
>10 cm High (86%) High (86%) High (90%) High (71%)

Table 1.2  • Prediction of malignant potential of gastrointestinal stromal tumours

Reproduced from Royal College of Pathologists Dataset for gastrointestinal stromal tumours, published February 2012, with permission 
from the Royal College of Pathologists.

Figure 1.12  • Macroscopic image of stomach with 
lymphoma.

 A combination of site of origin, size and 
mitotic index has been shown to predict the risk 
of progressive disease in patients with GISTs 
(Table 1.2).107
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Some of the translocations have been related to unre-
sponsiveness to H. pylori eradication. Other transloca-
tions are associated with the juxtaposition of BCL10 to 
the immunoglobulin heavy chain gene, resulting in de-
regulation of the immunoglobulin. In addition, there is 
loss or mutation of p53, c-MYC mutation, inactivation 
of p15/p16 by hypermethylation and FAS gene mutation.

Most low grade MALT lymphomas are associated 
with disease confined to the gastric mucosa with slow 
dissemination. The favourable clinical behaviour may 
reflect the partial dependence on the H. pylori anti-
genic drive. The progression to the more common 
high grade MALT lymphoma is thought to require 
the acquisition of further genetic abnormalities.108 
Gastric MALT lymphoma with the t(11;18)(q21;q21) 
translocation should be treated with chemotherapy or 

 radiation, as H. pylori eradication alone is ineffective. 
The other lymphomas that are resistant to H.  pylori 
eradication are those with abnormalities of the 
BCL10 locus or those associated with an autoimmune 
gastritis. These can be identified by strong nuclear 
staining with anti-BCL10 in the former and in the 
latter by staining with the product of the FAS onco-
gene. These non-responsive lymphomas can be treated 
surgically or in combination with chemoradiotherapy. 
The 5-year survival for localised cases is 90–100%. 
Continued follow up of these patients is recommended 
as it is now recognised that synchronous and meta-
chronous adenocarcinomas can occur.109

Diffuse large B cell lymphoma
Primary gastric diffuse large B cell lymphoma is 
composed of B cells with a nuclear size equivalent 
to a macrophage nucleus of at least twice the size of 
a normal lymphocyte. Similar to MALT lymphoma, 
the neoplastic cells destroy the gastric glandular ar-
chitecture. Up to 50% of diffuse large B cell lympho-
mas have foci of MALT lymphomas and regression 
of diffuse large B cell lymphoma after eradication of 
H. pylori has been reported. Macroscopically, this 
lymphoma appears as a large ulcerated mass mim-
icking advanced gastric carcinoma. Chromosomal 
translocations involving the immunoglobulin heavy 
chain gene locus are frequent in diffuse large cell 
lymphomas, resulting in deregulation of BCL6, 
BCL2 and MYC.110 In the presence of EBV, diffuse 
large B cell lymphomas are more likely to be resis-
tant to chemoradiotherapy.111

Key points
• The multistep progression from normal mucosa to cancer shows that the p53 gene has been 

found to be abnormal in up to half the cases of oesophageal squamous cell carcinoma. Different 
mutations of p53 are found in adenocarcinoma of the oesophagus. The mutations allow abnormal 
cell growth and are associated with further damage to the genome, especially to the important 
tumour suppressor genes.

• Squamous cell dysplasia is regarded as a precancerous condition of the oesophagus. In screened 
high risk populations, the finding of dysplasia predates the development of carcinoma by 
approximately 5 years.

• It is difficult to distinguish between distal oesophageal adenocarcinoma and proximal gastric 
cancer in advanced cancers based on the location of the tumour with respect to the gastro-
oesophageal junction. Intestinal metaplasia can indicate the presence of Barrett's oesophagus, 
but can also occur in the stomach.

• Although it is possible to reverse the inflammation and some of the intestinal metaplastic 
changes associated with H. pylori infection, atrophy and the colonic type intestinal metaplasia 
(type III – incomplete metaplasia) are regarded as irreversible. There is continuing controversy as to 
the value of identifying the colonic type mucin and its predictive value in identifying patients at risk 
of developing cancer.

Figure 1.13  • Microscopic image of lymphoepithelial lesion.
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William H. Allum

Epidemiology, genetics and screening 
for oesophageal and gastric cancer

Introduction
There are three main types of oesophageal and 
 gastric cancer: squamous cell carcinoma of the oe-
sophagus (SCC), adenocarcinoma of the oesoph-
agogastric junction including the cardia (ACA) 
and non-cardia adenocarcinoma of the stomach 
of  either diffuse or intestinal type. Each presents 
a major health problem in different parts of the 
world, and much effort has been directed to im-
proving our understanding of aetiology and natu-
ral history and methods of detecting disease at an 
early and treatable stage. Preventative strategies 
have been studied with varying degrees of success. 
More recently, as understanding of cancer genetics 
has evolved, there has been considerable interest in 
evaluating genetic mutations within gastric cancer 
families and patients who develop gastric cancer at 
an early age.

The poor overall results of treatment have re-
flected the advanced stage of most cases at pre-
sentation. Those parts of the world with a high 
incidence have developed and pursued active mass 
screening programmes. These have certainly identi-
fied precursor lesions and premalignant conditions. 
Indeed, application of these programmes has pro-
duced a significant improvement in survival rates 
for gastric cancer, particularly in Japan. Knowledge 
of these changes and underlying conditions has en-
abled areas of lower incidence to pursue examina-
tion of those assessed to be at high risk and as a 
result to increase the number of cancers diagnosed 
at an early stage.

Definitions
The concentration of disease around the oesopha-
gogastric junction has created differences in opinion 
with regard to classification. This partly reflects dif-
ferences in the pathological behaviour of tumours 
arising at the different sites. In addition, the recent 
change in the TNM classification1 has described 
cancers as either oesophageal, including all within 
5 cm of the oesophagogastric junction, or gastric. In 
epidemiology it is important to ensure a clear clas-
sification in order to understand differences in inci-
dence and to appreciate aetiological evidence for the 
observed changes in these cancers.

For the purposes of the following discussion, car-
cinoma of the oesophagus will include cancers of 
the thoracic and abdominal oesophagus but will 
exclude the cervical oesophagus. Oesophagogastric 
junctional cancers will be considered according to 
the Siewert and Stein classification:2

•	 Type I is adenocarcinoma of the distal 
oesophagus, which usually arises from an area 
of Barrett's metaplasia and which may infiltrate 
the oesophagogastric junction from above.

•	 Type II is true carcinoma of the cardia arising 
from the cardiac epithelium or short segments 
with intestinal metaplasia at the oesophagogastric 
junction, often referred to as ‘junctional carcinoma’.

•	 Type III is subcardial gastric carcinoma that 
infiltrates the oesophagogastric junction and 
distal oesophagus from below.



www.ketabpezeshki.com          66485457-66963820

Epidemiology, genetics and screening for oesophageal and gastric cancer

23

Non-cardia gastric cancer will include all cancers 
of the fundus, body and pyloric antrum.

Epidemiology

Incidence

Cancer epidemiology studies are often limited by the 
nature of data collection, frequently being retrospec-
tive and by necessity incomplete and not standardised. 
An apparent increase in disease incidence may be in-
fluenced by improvements in registration efficiency, 
an effect of the increasing age of the population or by 
an overall increase in the incidence of the disease itself. 
As such, changes in incidence and the actual burden 
of new cases over time are the result of changes in the 
size and composition of population and in the actual 
risk for a specific cancer. Cancer registration may be 
based upon clinical details alone without histological 
confirmation or on histology of ‘cancer’ rather than 
specific reference to squamous cell or adenocarci-
noma. These approaches will cause bias to incidence 
data, although latterly more thorough standardised 
approaches have reduced these influences.

Oesophageal cancer

Carcinoma of the oesophagus (ICD code 150) was 
the eighth commonest cancer in 2008.3 Worldwide 
there were 481 000 new cases representing 7% of 
the total cases of cancer. Mortality was high, with 
406 000 deaths or 84% of all registered cases. 
Incidence varies across the world, with the highest 
risk in the so-called Asian ‘oesophageal cancer belt’, 
which extends from Northern Iran through Central 
Asia to North Central China. SCC predominates in 
these less developed countries, reflecting low socio-
economic status and poor diet. Overall, the male to 
female ratio is 2.1:1, although there are variations. 
In more developed countries the incidence of SCC 
has declined, with age-specific rates in white males 
in the USA at 2.2 per 100 000.4 However, there have 
been increasing trends in some regions; for example, 
in Scotland rates are increasing in women and de-
creasing in men, possibly reflecting the changing 
patterns of tobacco and alcohol consumption.

Oesophageal and oesophagogastric 
junctional adenocarcinoma

Adenocarcinoma of the oesophagus and junction ac-
counts for variable proportions of oesophageal cancer 
across the world, ranging from 0% in parts of China 
to 10% in Northern Europe to 48% in the UK.4 
Adenocarcinoma of the oesophagogastric  junction 

includes cancer located in the distal third of the oe-
sophagus and the cardia of the stomach. Although 
there is a male predominance there are differences ac-
cording to organ of origin. For oesophageal tumours 
the male to female ratio is 2.6:1 and for gastric origin 
tumours 4:1. Recent data from England show an in-
crease in incidence of lower third oesophageal cancer 
from 8.1 per 100 000 in 1998 to 10.1 per 100 000 
in 2007, although the rate of increase has stabilised 
since 2002.5 Over the same period there has been a 
slight decrease in cardia cancer incidence. The peak 
age group affected is between 50 and 60 years of age.

Gastric cancer

Gastric cancer (ICD code 151) is the fourth most fre-
quent cancer worldwide.3 In 2008 there were 988  000  
new cases with 737 000 deaths. This represents 14% 
of all new cases of malignancy and 10.3% of all 
cancer deaths. Crude numbers are still increasing in 
relation to demographic changes of the ageing popu-
lation throughout the world. The majority of cases 
occur in less developed countries, where the male to 
female ratio is 1.8:1. This contrasts with a ratio of 
1.6:1 in more developed countries. Highest incidence 
rates are found in Japan (male 69.2 per 100  000 and 
female 28.6 per 100  000). Other countries with high 
incidence include East Asia, Korea, Eastern Europe, 
and Central and South America. Although distal can-
cers still predominate in countries with highest inci-
dence, there has been a fall in mid and distal gastric 
cancer, with a progressive increase in cardia cancer.

Inter-country variations are well known between the 
Far East and the West. There are, however, significant 
intra-country variations. These largely reflect a north 
to south gradient, which is particularly apparent in 
the northern hemisphere. In both Japan and China 
mortality rates in the northern provinces are almost 
double those in the south. Similar differences are ob-
served in the UK, with higher standardised mortality 
rates in north and northwestern regions. In the south-
ern hemisphere, however, the gradient is reversed. 
Indeed, the higher geographical latitudes in both 
hemispheres are more temperate or colder and have a 
higher risk of gastric cancer, thus implicating environ-
mental and particularly dietary factors in aetiology.

Aetiology

Squamous cell carcinoma of  
the oesophagus

Smoking and alcohol
Smoking and alcohol are established risk factors 
for SCC, particularly in the West. Smokers have 
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a fivefold higher risk than non-smokers, which 
doubles again in heavy smokers. There is a positive 
dose–response effect for both duration and inten-
sity of smoking, although long-term use of tobacco 
appears to be the stronger influence. The risk re-
duces after stopping. In the USA tobacco consump-
tion decreased between the 1960s and 1990s, and 
this is reflected in the decrease in disease incidence. 
However, the reduction in smoking was less appar-
ent in the black population, in which SCC rates 
have remained high.

The effect of alcohol is similar to smoking, al-
though the amount consumed appears to be the 
greater risk factor. Several studies have demon-
strated relative risks ranging from 2.9 to 7.4 for 
heavy drinkers. As with smoking, abstention from 
alcohol does appear to decrease the risk. Alcohol 
and smoking seem to have both synergistic and 
independent effects. The mechanism of action for 
the damaging effect of alcohol is unclear: it may di-
rectly damage the oesophageal mucosa or increase 
its susceptibility to other carcinogens, or may have 
its effect via the secondarily associated dietary defi-
ciencies. There also seem to be individual influences 
reflecting variations on genes coding for enzymes 
involved in alcohol metabolism (see below).

Socio-economic and dietary influences
Areas of highest incidence are those countries of 
low socio-economic status where poverty and mal-
nutrition predominate. The development of SCC 
appears to be related to a type of chronic oesophagi-
tis that is different from that found in the West and 
is often complicated by atrophy and dysplasia (see 
Chapter 1). It is not usually associated with gastro-
oesophageal reflux and is often asymptomatic.

SCC has been associated with ingestion of very 
hot beverages, a family history of oesophageal can-
cer, prevalence of oesophagitis among siblings, and 
a low intake of fresh fruits and wheat flour prod-
ucts.6 Furthermore, riboflavin deficiency and vita-
min A and C deficiency7 have been identified as risk 
factors that are particularly important at a young 
age. By contrast, vitamin C intake confers a pro-
tective benefit; Hu et al.,8 in a case–control study, 
found that 100 mg of vitamin C per day decreased 
risk by 39%.

Associated conditions
SCC is associated with a variety of uncommon 
conditions that relate to some form of inflamma-
tory injury. Oesophageal strictures developing after 
ingestion of corrosive agents, particularly in child-
hood, are associated with a 1000-fold increase 
in the risk of carcinoma. There is a time delay of  
20–40 years after ingestion of the corrosive, and as a 
result tumours are seen at a younger age than normal.

Achalasia is associated with SCC, but the mag-
nitude of the risk is unclear. Brucher et al.9 report 
from their single institution series that the risk of 
developing a carcinoma in long-standing achalasia 
is increased 140-fold when compared with the gen-
eral population. The risk appears to relate to reten-
tion oesophagitis secondary to stasis and exposure 
to possible carcinogens in fermenting food residue. 
There is a lead time of approximately 15–20 years 
and these cases probably warrant long-term surveil-
lance. Treatment of the achalasia does not seem to 
reduce the risk.

Tylosis palmarum is a rare inherited autosomal 
dominant condition in which there is a very high 
incidence of SCC. Perhaps of greater significance is 
the finding of the increased risk in low-risk areas 
for offspring of parents with oesophageal cancer.10 
There are numerical and structural chromosomal 
aberrations in patients with a family history not 
seen in those without a family history (see below).

Adenocarcinoma of the oesophagus 
and junctional cancers

Gastro-oesophageal reflux disease (GORD)
Gastro-oesophageal reflux is now the most com-
mon symptomatic presentation of all conditions 
affecting the upper gastrointestinal tract. Estimates 
suggest that 4–9% of all adults experience daily 
heartburn and up to 20% experience symptoms on 
a weekly basis.11 Of these, 60% have no endoscopic 
abnormality, 30% have oesophagitis and 10% have 
Barrett's columnar lined oesophagus. Many are 
self-treated and do not attend for further investiga-
tion, yet 80% with Barrett's are asymptomatic. The 
relationship of GORD and oesophageal ACA has 
been evaluated in case–control studies.12 The indi-
vidual cancer risk is small because of the high fre-
quency of GORD. Lagergen et al.13 have estimated 
the risk of developing ACA of the oesophagus by 
scoring symptoms of heartburn and regurgitation 
(alone or in combination), timing of symptoms 
(particularly at night) and frequency of symptoms. 
Among those with recurrent symptoms of reflux, 
the odds ratio of developing cancer was 7.7 in 
comparison with those without symptoms. More 
frequent, more severe and longer-lasting symptoms 
of reflux were associated with a much greater risk 
(odds ratio 44). The risk associated with GORD 
is related to the development of Barrett's metapla-
sia, which is greatest among Caucasian males with 
a history of alcohol consumption and continuous 
smoking. Further detailed discussion of the role of 
Barrett's in the aetiology of ACA is presented in 
Chapter 15.
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Obesity and dietary factors
In the last 20 years the incidence of junctional cancer 
has increased in parallel with the epidemic of obe-
sity. There is a three- to sixfold excess risk among 
overweight individuals.14 Obesity predisposes to 
hiatus hernia and reflux, and hence contributes 
mechanically to increase risk. However, data from 
a number of studies demonstrate an effect inde-
pendent of reflux. Lindblad et al.15 have reported 
a 67% increase in the risk of oesophageal ACA in 
patients with a body mass index (BMI) greater than 
25, and this increases with increasing BMI. This ef-
fect was noted irrespective of the presence of reflux 
symptoms.

There appears to be a sex difference in that the 
effect was only found in women with a BMI greater 
than 30, whereas in men it was observed in both 
overweight and obese individuals. Recently this ef-
fect in women has been confirmed, with 50% of 
cases of oesophageal adenocarcinoma in postmeno-
pausal women in the Million Women study being 
attributed to obesity.16

Evidence is accumulating to support different 
types of obesity. The distribution of abdominal fat 
tends to be central and retroperitoneal. This acts as 
a potent source of growth factors, hormones and 
regulators of the cell cycle. Such individuals develop 
the metabolic syndrome, which is linked to raised 
serum cholesterol and triglycerides, hypertension 
and hyperglycaemia. In the general population the 
metabolic syndrome occurs in 10–20%. Power 
et al.17 have demonstrated that 46% of those with 
Barrett's oesophagus and 36% of those with GORD 
have features of the metabolic syndrome.

The factors released by centrally deposited fat may 
have an effect on the process of metaplasia trans-
forming to dysplasia. Vaughan et al.18 have exam-
ined the potential relationship between a series of 
biological markers of progression from metaplasia to 
cancer in obese and overweight patients. There was 
little evidence of change in the biomarkers in associa-
tion with increasing obesity. However, abnormalities 
in the biomarkers were observed in individuals with 
high anthropometric measures of abdominal fat. The 
study concluded that increased BMI contributed to 
reflux and development of metaplasia but it was the 
‘male pattern’ of abdominal obesity that was actually 
associated with malignant transformation.

Helicobacter pylori
The role of Helicobacter pylori infection in the ae-
tiology of junctional cancer is unclear but appears 
to be evolving. Gastric infection with H. pylori is 
characterised by gastric atrophy and hypochlorhy-
dria. It has been suggested that this reduction in 
acid production could, in association with  ammonia 
production from urea by the bacteria, protect the 
lower oesophagus by changing the content of the 
refluxing gastric juice. In countries with an increase 
in junctional cancer, there has been a correspond-
ing decrease in incidence of H. pylori infection. 
Furthermore, community-based approaches to 
eradicate H. pylori infection in the treatment of ul-
cer and non-ulcer dyspepsia may be inadvertently 
contributing to the increase in these cancers.

There is accumulating evidence that there may be 
two distinct types of junctional cancer reflecting the 
two potential sites of origin. McColl and Going19 
have suggested that one is similar to oesophageal 
cancer and the other gastric cancer. In a series of 
studies of patients with junctional cancer, they 
evaluated H. pylori infection from serology, gastric 
atrophy from pepsinogen I and II ratios, symptoms 
of reflux and histological subtype of diffuse or in-
testinal type. They also included biopsies of the dis-
tal stomach to document atrophy associated with 
Helicobacter. Tumours of oesophageal origin are 
intestinal type with no evidence of gastric atrophy 
or Helicobacter infection and occur in the context 
of reflux. By contrast, tumours of gastric origin 
are diffuse type or intestinal but with evidence of 
atrophy and Helicobacter infection and without a 
history of reflux (Table 2.1). Such different charac-
teristics would imply a different carcinogenic pro-
cess at the two sites and should be considered in 
prognosis and patient management.

Socio-economic factors
Lifestyle has an effect on the risk for junctional 
cancers. There is an association with lower socio-
economic class but this is not as strong as for SCC. 
Powell and McConkey20 demonstrated that the in-
crease of ACA of the lower third of the oesophagus 
and the cardia was mainly in social classes I and II – 
that is, in professional and managerial occupations. 
In addition, in a large surgical series, Siewert and 
Ott21 reported that patients with ACA were more 

 Reflux history Tumour histology Gastric atrophy Helicobacter pylori infection

Oesophageal Yes Intestinal No No
Gastric No Diffuse

Intestinal
Yes Yes

Table 2.1  • Oesophageal and gastric origin of junctional adenocarcinoma
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frequently from an educated background, a char-
acteristic not present in the population with SCC. 
However, the effect of socio-economic class may not 
be independent as, when adjusted for GORD, BMI 
and smoking, Jansson et al.22 found the effect to be 
less apparent.

Gastric cancer

The Correa hypothesis23 (Fig. 2.1) describes the 
steps in the process of malignant transformation 
for gastric cancer. It highlights where environmen-
tal factors stimulate changes, particularly in the 
development of intestinal-type gastric cancer (see 
Chapter 1). These include socio-economic and di-
etary influences, as well as exposure to carcinogens.

Socio-economic influences
Gastric cancer is a disease of lower socio-economic 
groups. The incidence of tobacco smoking tends to 
be higher in these groups and there is a 1.6-fold risk 
of developing stomach cancer for smokers in com-
parison to non-smokers.

An excess risk has been linked to certain occu-
pations such as coalmining. Evidence for such a 
relationship is circumstantial, and as certain oc-
cupations reflect social background the risk may 
equally reflect lifestyle, particularly dietary habits, 
rather than actual occupational risk.

Exposure to potentially carcinogenic agents at an 
early age is clearly crucial to the risk of develop-
ing both precursor lesions and subsequent gastric 
cancer. Evidence for this risk is available from mi-
grant studies. Japanese migrants to the USA had a 
far lower rate of intestinal-type cancers than the 
equivalent population who remained in Japan, indi-
cating environmental or dietary aetiology, whereas 
the rates of diffuse-type cancer remained the same, 
suggesting a hereditary component.24

Diet
The prevalence of gastric cancer in poor communi-
ties reflects both malnutrition and intake of a poor-
quality diet. Foodstuffs that are cheap prevail, as 
well as low-cost methods of food preservation and 
preparation. High carbohydrate intake has been 
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Figure 2.1  • Correa hypothesis for gastric carcinogenesis.
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implicated. Areas with a high dietary carbohydrate 
content have a low protein intake. Protein defi-
ciency will impair gastric mucosal repair and indeed 
high carbohydrate/low protein may impair defence 
mechanisms against injurious agents.

Salt preservation of food was common during 
the early years of the 20th century throughout the 
world; in some landlocked parts of the world this 
still occurs. In such areas and in those still using salt 
preservation there have been high rates of gastric 
cancer. The consumption of salted and pickled fish 
is high in Japanese and Colombians and correlates 
with their disease incidence. On the basis that salt 
induces injury to the gastric mucosa it may act like 
high carbohydrate intake, as an initiator to allow 
access for more potent carcinogens. By contrast, the 
rapid and widespread adoption of refrigerators in 
the 1950s and 1960s has significantly affected the 
preservation of fresh foods. The reduction in mor-
tality observed in Japan shows an inverse relation-
ship with the increase in ownership of domestic 
refrigerators.25

Fresh vegetables and fruit theoretically act to pro-
tect against gastric carcinogenesis. Vitamin C in-
hibits intragastric formation of nitrosamines from 
nitrite and amino precursors. Both vitamins A and E 
act as antioxidants within cells, as well as regulating 
cell differentiation and protecting the gastric muco-
sal barrier. However, dietary studies have failed to 
confirm these proposed effects. An inter-country 
variation in fruit and vegetable intake has not par-
alleled differences in gastric cancer incidence. It is 
possible, however, that prolonged exposure is more 
relevant, again supporting the philosophy of a bal-
anced diet rather than one supplemented with a po-
tentially beneficial foodstuff.

Helicobacter pylori
In 1994 the International Agency for Research on 
Cancer designated H. pylori to be a type I carcino-
gen26 for gastric cancer. The initial effect of H. pylori 
is acute inflammation. Since the infection does not 
resolve spontaneously, an effect is likely to persist 
and may proceed to chronic gastritis and associated 
mucosal atrophy and intestinal metaplasia, dyspla-
sia and eventually cancer. The evidence for its role is 
from a number of sources. Areas of high cancer in-
cidence have a high rate of H. pylori infection. In a 
prospective population-based study in Japan, 2.9% 
of those infected developed gastric cancer compared 
with none from the uninfected population; 4.7% 
of those infected who had non-ulcer dyspepsia 
progressed to cancer.27 In high incidence areas H. 
pylori infection tends to occur early in life. These 
early rates of infection are linked to low income, 
poor education, poor sanitation and overcrowding. 
There has, however, been a progressive fall in rates 

of H. pylori serology positivity in longitudinal stud-
ies, which have paralled the decline in gastric cancer 
incidence.

Although the evidence for H. pylori inducing 
gastric cancer is convincing, not all those infected 
develop the disease. The risk of malignant trans-
formation appears to be enhanced by bacterial 
virulence and host factors (see below). Helicobacter 
pylori with cytotoxin-associated gene A (cagA) ap-
pears to be associated with the greatest risk.28 In the 
West, 60% of H. pylori infections are cagA positive 
compared with 100% in Japan.29,30 It is likely that 
H. pylori induces an environment that is suscepti-
ble to malignant transformation. It induces tissue 
monocytes to produce reactive oxygen intermedi-
ates, which are potent carcinogens. Infection is as-
sociated with a significant reduction in gastric juice 
ascorbic acid,31 which acts to scavenge and suppress 
N-nitroso compounds and oxygen free radicals. It 
also facilitates the proliferation of nitrosating bac-
teria, which promote the development of N-nitroso 
compounds.

Precancerous conditions
Pernicious anaemia imposes a three- to fourfold 
increased risk of gastric cancer compared with the 
normal population. Patients who have undergone 
gastric resection for benign disease are considered 
to have a greater risk, possibly because of increased 
alkaline reflux.

Prevention of oesophageal and  
gastric cancer
Prevention strategies are either primary or second-
ary. Primary approaches aim to prevent cancer de-
veloping, whereas secondary prevention is intended 
to identify precancerous processes and conditions 
and to intervene to prevent progression to cancer.

In oesophageal and gastric cancer primary preven-
tion approaches are currently limited to population 
education to alter social habits (such as decreasing 
or stopping tobacco or alcohol consumption) and 
dietary habits (such as maintaining a diet contain-
ing fresh fruit and vegetables with a low or minimal 
salt intake). In addition, the need to prevent obe-
sity is now well established. The role of H. pylori 
eradication is important but programmes of eradi-
cation should only be considered according to the 
level of risk for oesophageal or gastric cancer in 
the population. In populations with a high risk of 
gastric cancer, eradication is indicated; however, 
in populations in which oesophageal ACA is com-
mon, eradication may have an adverse effect. The 
overall benefit of these approaches would be greatly 
enhanced if specific markers of risk could be identi-
fied to focus prevention strategies (see Chapter 15).
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Secondary prevention depends upon  understanding 
the natural history and detection of premalignant 
conditions. In SCC there is limited evidence that 
secondary measures could be effective because of 
lack of understanding of the histological changes 
leading to cancer. In oesophageal ACA, surveil-
lance of Barrett's metaplasia to identify progres-
sion to dysplasia is theoretically a positive approach 
(see Chapter 15). Identification of p53 expression 
and aneuploidy in biopsies of Barrett's has been 
shown to predict the risk of progression.32 In both 
gastric and oesophageal cancer there is a potential  
role for chemoprevention. Increasing levels of  
cyclo- oxygenase-2 (COX-2) are present in the pro-
gression of atrophic gastritis to intestinal metaplasia 
and gastric cancer.33 Smoking, acid and H. pylori are 
all associated with COX-2 expression. Aspirin and 
other non-steroidal agents inhibit COX-2 and their 
use may act as a chemopreventive for gastric can-
cer. Aspirin also seems to have an effect in Barrett's 
metaplasia and in combination with acid suppres-
sion may minimise progression to dysplasia. The 
ASPECT trial in the UK is assessing whether such 
a strategy can have a secondary preventive effect.34

Genetics of oesophageal  
and gastric cancer
The majority of the available evidence for the 
 aetiology of oesophageal and gastric cancer impli-
cates environmental factors. In oesophageal adeno-
carcinoma this is consistent with the sequence of 
Barrett's metaplasia to dysplasia and on to cancer, 
and in gastric cancer with the Correa hypothesis 
of atrophic gastritis, intestinal metaplasia, dyspla-
sia and cancer. There is, however, an increasing 
body of evidence supporting a genetic predisposi-
tion. In  oesophageal cancer there is some evidence 
of genetic effects from study of rare coexistent 
conditions such as tylosis palmaris. Epidemiology 
studies have shown a familial clustering in approxi-
mately 10% of gastric cancers, with 1–3% related 
to a  hereditary gastric cancer precancer syndrome 
 (hereditary diffuse gastric cancer). Gastric can-
cer is also one of the cancers in hereditary tumour 
 syndromes. In addition, certain genes have been 
implicated with a greater risk for oesophageal and 
gastric carcinogenesis from environmental factors, 
suggesting a link between host genetic make-up and 
established  aetiological agents.

Oesophageal cancer

Evidence for an inherited type of oesophageal cancer 
is limited. However, the rare skin condition of tylosis 
palmaris and familial clustering for Barrett's cancer 

raise the possibility of an hereditary risk. The rela-
tionship of tylosis palmaris with SCC had been rec-
ognised from epidemiological studies. Investigation 
of a group of families in Liverpool  including several 
generations has identified a specific tylosis oesopha-
geal cancer gene.35 Subsequent studies have detected 
this gene in 69% of cases of sporadic SCC. Recently, 
more specific proteins coded for by this gene have 
been reported to be  related to poorly differentiated 
SCC and potentially predict for those with a poorer 
prognosis.36

There have been a number of reports of families 
with Barrett's metaplasia who have developed ad-
enocarcinoma. In these families the frequency of 
Barrett's was more than 20% and the frequency of 
GORD was approximately 40%. In a case–control 
study, 24% of those with Barrett's, oesophageal or 
junctional ACA had a family history compared to 
5% in the control group.37 Multivariate analysis 
confirmed that family history was an independent 
risk factor with equal weighting to age, male gender, 
obesity and alcohol consumption. Further analysis 
of similar families is required to evaluate possible 
genetic linkages.

Studies into sporadic SCC have identified gene 
polymorphisms in relation to genes involved in al-
cohol metabolism, detoxification of environmental 
carcinogens and folate metabolism. Some are pro-
tective and others promote malignant transforma-
tion. Most studies in SCC have been undertaken in 
Japanese and Chinese populations with a high inci-
dence of alcohol consumption.

There are very few studies examining polymor-
phisms in sporadic adenocarcinoma and those that 
have been done show weak associations with risk 
of cancer development. In Barrett's it is likely that 
there are host polymorphisms, which interact with 
the environmental factors to promote progression 
to malignant transformation. The largest body of 
evidence supports a role for p53 and aneuploidy as 
markers of risk (see Chapter 15).

Gastric cancer

Hereditary diffuse gastric carcinoma 
(HDGC)
The first description of a germ-line mutation was 
in 1998 in three New Zealand Maori families. 
Mutations in the CDH1 tumour suppressor gene 
(the E-cadherin gene) have since been described in 
several families of different ethnic backgrounds. 
The CDH1 mutation occurs along the gene in 
these families as opposed to clustering in one site 
as observed in sporadic cases. In order to develop 
a common approach for HDGC, the International 
Gastric Cancer Linkage Consortium defined HDGC 
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as  including families with more than two pathologi-
cally proven diffuse gastric cancers in individuals 
under 50 and families with more than three close 
relatives with pathologically proven diffuse gastric 
cancer at any age.38

HDGC is an autosomal dominantly inher-
ited syndrome. Carriers of the CDH1 mutation 
have in excess of 70% lifetime risk of developing 
 diffuse gastric cancer. Female carriers have an ad-
ditional risk of lobular breast cancer in about 40% 
of  patients. Screening for CDH1 mutations in the 
research setting has shown its presence in 40% of 
families with multiple gastric cancers and at least 
one diffuse gastric cancer in a member under 50. 
The criteria for potential screening have been ex-
tended to include a number of other combinations 
of presentation (Box 2.1).

The proportion of HDGC families that have 
the CDH1 germ-line mutation, however, is only 
 approximately 30%. In the remaining two-thirds 
 either the detection methods to identify the muta-
tion have been insensitive or there are other, as yet 
unidentified, HDGC susceptibility genes. A number 
of genes have been proposed, including those coding 
for other cell adhesion molecules such as β-catenin 
and γ-catenin and those involved in other hereditary 
cancer syndromes. Although some data support a 
role, this remains investigational.

The clinical issue for these families is their optimal 
management. In view of the 70% or more chance 
of developing diffuse gastric cancer with its atten-
dant poor long-term survival, the options are ei-
ther prophylactic total gastrectomy or endoscopic 
surveillance. There have been a number of reports 
of the pathology of resected stomachs after pro-
phylactic gastrectomy. In clinically, endoscopically 
‘normal’ stomachs, supported by biopsy, diffuse 
multifocal intramucosal disease was identified in all 
specimens.39,40 Some studies have shown concentra-
tion of disease in the distal third, whereas others 
have more widespread involvement.41 The ques-
tion arises, however, as to the appropriateness of 

total gastrectomy in essentially a young population 
for whom the nutritional sequelae will be lifelong. 
Furthermore, the morbidity and mortality of such a 
procedure must be minimal. Therefore the role for 
endoscopy must be explored. Standard surveillance 
is limited but the distribution of disease from the 
pathology studies indicates where biopsies should 
be concentrated. Advances in endoscopy, which 
include endoscopic autofluorescence spectroscopy 
and chromoendoscopy, have the potential to en-
hance accuracy. A further point is that 20–30% of 
CDH1 germ-line mutations do not progress to clini-
cally diffuse gastric cancer. There are some data to 
suggest intramucosal disease may not progress and 
be of biological rather than clinical importance, 
analogous to prostatic cancer in elderly men. Thus, 
counselling of individuals from HDGC families 
produces very difficult questions, particularly as 
knowledge is incomplete as to risk, most appropri-
ate management and the role of genetic interven-
tion, as well as the sequelae of life following total 
gastrectomy.

Hereditary cancer syndromes
The development of molecular genetics has allowed 
confirmation of primary genetic aetiology for a 
spectrum of cancers which epidemiology studies 
had suggested were inherited (Table 2.2). Gastric 
cancer has been found to be coexistent in these 
syndromes, further supporting a genetic basis for 
its development.42 There are differences across the 
world, consistent with evidence that the gene pool 
varies within different populations. In patients with 
familial adenomatous polyposis (FAP) there is an 
excess of gastric cancer in Japanese families that is 
not  observed in US non-oriental families. Similarly, 
in the Lynch syndrome, gastric cancer is more 
 common in China and Korea yet rare in Caucasians. 
Thus, screening surveillance in such populations 
should be directed accordingly. Unless there is gas-
tric cancer in the family then upper gastrointestinal 
endoscopy is not routinely required in those with 
the Lynch syndrome.

Moderate cancer risk
Worldwide studies have shown that approximately 
5–10% of patients with gastric cancer have a family 
history but without other features to suggest an in-
herited aetiology. However, it is possible that in this 
population there is some hereditary predisposition 
to increased susceptibility to environmental factors 
such that their risk is increased. Studies have shown 
increased rates of H. pylori infection with atro-
phic gastritis and hypochlorhydria in first-degree 
relatives of gastric cancer patients compared with 
normal controls. This could of course be purely 
due to environmental factors. Alternatively, normal 

• Three or more cases of gastric cancer at any age with at 
least one case of diffuse gastric cancer

• Isolated individual with diagnosis of diffuse gastric cancer 
<40

• Isolated individual with both diffuse gastric cancer and 
lobular breast cancer

• One family member with diffuse gastric cancer and 
another with lobular breast cancer

• One family member with diffuse gastric cancer and 
another with signet-ring colon cancer

Box 2.1  • Criteria for screening for CDH1 in HDGC
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variations in the genetic coding sequence of mul-
tiple genes (polymorphisms), which are inheritable, 
may lead to differential inflammatory responses to 
agents such as H. pylori or tobacco. Thus, the com-
bined effect of inflammation promoting host genetic 
polymorphisms and different microbiological geno-
types such as CagA H. pylori may increase the risk 
in a particular population. Specific studies including 
p53 have shown certain polymorphisms to be as-
sociated with the production of variant proteins.43 
These have been identified more frequently in pa-
tients with diffuse gastric cancer than in matched 
controls. DNA polymorphism in the interleukin-1 
gene cluster has been associated with a response to 
H. pylori infection. It is postulated that the poly-
morphism increases the production of interleukin-
1β, a proinflammatory cytokine, which inhibits 
gastric acid secretion and hence achlorhydria and 
gastric atrophy.

Molecular genetics of oesophageal 
and gastric cancer

The development and progression of oesophageal 
and gastric cancer has been clearly demonstrated in 
numerous studies to have a genetic basis. Alterations 
in tumour suppressor genes and oncogenes have 
been identified in both cancers. Specifically genes, 
which have roles in diverse functions such as cell 
adhesion, signal transduction, differentiation, 
 development, gene transcription or DNA repair, 
have been demonstrated in both oesophageal and 
gastric cancer. Figure 2.2 shows some of the changes 
described in oesophageal cancer arising in Barrett's 
metaplasia, and Fig. 2.3 shows the changes in gas-
tric cancer and highlights different mechanisms for 
the intestinal and diffuse types. Studies of cDNA 
microarrays for gastric cancer have reported char-
acteristic patterns of gene expression in chronic 

gastritis, intestinal metaplasia, and intestinal and 
diffuse gastric cancer. These raise opportunities for 
identification of molecular markers and gene profil-
ing in cancer progression and for the prediction of 

Syndrome Main tumours Associated tumours

Lynch syndrome (hereditary non-
polyposis colorectal cancer)

Colon carcinoma Endometrial, gastric, small bowel and 
urothelial cancer

Li–Fraumeni syndrome Breast cancer, osteosarcoma, brain 
tumours, soft tissue sarcoma

Gastric and colon cancer, adrenocortical 
carcinoma, haematological and 
gynaecological

Familial adenomatous polyposis coli Colon cancer Gastric cancer, papillary thyroid cancer, 
desmoid tumours, medulloblastoma and 
hepatoblastoma

Peutz–Jeghers syndrome Hamartomatous polyps of the small 
bowel, colon and stomach

Gastrointestinal carcinomas, breast, 
testicular and ovarian cancers

Juvenile polyposis Hamartomatous polyps of the colon and 
occasionally stomach and small bowel

Gastrointestinal cancer

Table 2.2  • Hereditary cancer syndromes

↑ Cyclin D1
 Alterations in p53, LOH
 p16 methylation, LOH
↑  Proliferation
 APC mutations
↑ SRC
↑ BCL2, BAX

 Villin
 Sucrase-isomaltase
 Microsatellite 
 instability
 Rb mutations, LOH
 Loss of 
 chromosome Y
↑ COX-2

↓ Nuclear p27
 APC LOH, methylation
↑ Growth factors and
 receptors
↑ Telomerase
↑ p53 mutations, LOH

↓ E-cadherin-caterin
 aneuploidy
↑ S-phase
↑ Cyclin E
↑ MYC

Barrett’s metaplasia

Dysplasia

↑ ERBB2
↑ p21
↑ Cathepsin B
↑ G2/M phase
 p16 methylation, LOH, 
 mutation

↓ FAS
↑ RAS
 Loss of 16q21-22
 Gain of 20q 11.2-13.1

Adenocarcinoma

Figure 2.2  •  Genetic changes described in the progression 
from Barrett's metaplasia to oesophageal adenocarcinoma. 
Reproduced from Lin J, Beer DG. Molecular biology of 
upper gastrointestinal malignancies. Semin Oncol 2004; 
31:476–86. With permission from Elsevier.
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 prognosis and treatment sensitivity.42,44 Studies of 
host genetic factors are likely to provide vital in-
formation to explain the diverse risks in differing 
populations. This may require whole genome se-
quencing studies but these may be limited by the 
capability of bioinformatics to cope with the associ-
ated vast amounts of data.

Screening for oesophageal 
and gastric cancer
Screening programmes for any disease are depen-
dent on a number of criteria. Firstly, the disease 
must be common in the target population. Secondly, 
a reliable and accurate test that is as sensitive and 
specific as possible is required, and the test should 
be acceptable to the screened population. There 
should be an effective treatment for the screened ab-
normality with minimum morbidity and mortality. 
Finally, not only does the treatment need to show 
an improvement in results, but implementation of 

the screening programme should also result in an 
overall benefit for the screened population.

The worldwide differences in incidence of oesoph-
ageal and gastric cancer allow the implementation 
of screening programmes for asymptomatic popula-
tions only in those areas where the incidence is high. 
However, lessons from these programmes have 
 increased knowledge of natural history and have 
 allowed high-risk groups to be targeted in low-risk 
areas in order to detect disease at an earlier stage.

Asymptomatic screening

Oesophageal cancer
Evaluation of asymptomatic screening for carcino-
mas of the oesophagus has centred on those parts of 
China with the highest incidence. The screening test 
involves swallowing a small deflated balloon, which 
is then inflated at the lower end of the oesophagus. 
The balloon surface is covered with a fine mesh; on 
withdrawal from the oesophagus, this scrapes the 
mucosa to collect cells. A cytological smear is then 

Diffuse type

MSI-H (0–6%) MSI-H (13–20%)

Telomerase activation/TERT expression

P53 mutation (25–63%)
K-ras mutation (10%)
Reduced p27 expression

APC mutation (40–60%)
Bci-2 loss (43%)
c-met amplification (19%)

Cyclin E overexpression (14–20%)
18q (DCC) loss (50%)
β-Catenin mutation (27%)

c-erbB2 amplification (20%)
CD44 aberrant transcript
E-cadherin reduction (60%)
SIP 1 overexpression (55%)

Reduced nm23 (52%)

E-cadherin mutation (41–50%)

P53 mutation (0–33%)

CD44 aberrant transcript
Cyclin E overexpression (10%)

CDC25B overexpression

N-cadherin overexpression (43%)
Twist 1 overexpression (39%)

K-sam amplification (33%)
c-met amplification (39%)

Reduced nm23 (<52%)

Normal gastric mucosa

Genetic alterations in 
gastric cancer

Early cancer

Carcinoma

Metastasis

Metaplasia

(Adenoma)

Intestinal type

Figure 2.3  •  Genetic alterations described in gastric cancer. Abbreviations: APC, adenomatous polyposis coli; Bcl-2,  
B-cell CLL/lymphoma 2; CD44, CD44 antigen; CDC25B, cell division cycle 25B; c-erbB2, v-erb-B2 erythroblastic 
leukaemia viral oncogene homologue 2; c-met, met proto-oncogene (hepatocyte growth factor receptor); DCC, deleted 
in colon cancer; K-ras, v-Ki-ras 2 Kirsten rat sarcoma viral oncogene homologue; K-sam, encodes fibroblast growth 
factor receptor 2; MSI-H, microsatellite instability – high; nm23, non-metastatic cells 1 (protein, NM23, expressed 
in); p53, tumour protein p53 (Li–Fraumeni syndrome); SIP-1, SMAD-interacting protein 1; TERT, telomerase reverse 
transcriptase; TWIST 1, twist homologue 1. Reproduced from Keller G, Hofler H, Becker K-F. Molecular medicine of 
gastric adenocarcinomas. Expert Rev Mol Med 2005; 7:1–13. With permission from Cambridge University Press.
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made from the scrapings for microscopic examina-
tion. Those individuals found to have abnormalities 
are then subjected to endoscopy and appropri-
ate  biopsy. In 132 subjects with early oesophageal 
 cancer detected in this way, 26% had normal radio-
logical appearances.45

The efficiency of this technique has had varying 
reports. Reviewing data based on 500 000 examina-
tions, Shu46 suggested an accuracy for the differentia-
tion of benign from malignant of 90%. Mass surveys 
have shown that 73.8% of detected cancers were 
either in situ or minimally invasive. In a  provincial 
review, Huang47 reported on 17 000 examinations 
screened during a 1-year period. Abnormalities were 
found in 68% of the population, with low-grade dys-
plasia in 37%, high-grade in 26% and in situ can-
cer in 2%. A group with high-grade dysplasia were 
 followed for up to 8 years. Regression to normal 
or low-grade change was observed in 40%, 20% 
remained as high grade, 20% fluctuated  between 
high and low grade, and 20% developed cancer. In 
the absence of dysplasia, 0.12% developed cancer. 
Progression from dysplasia to in situ cancer  occurred 
over 3–12 years and from in situ to invasive can-
cer over 3–7 years. Tumour risk was consistent, 
with a known distribution of middle-third chronic 
 oesophagitis in 76%. It would seem that the duration 
of severe dysplasia is the greatest risk for malignant 
transformation. Follow-up by endoscopy is therefore 
important and in order to ensure biopsy of the same 
site vital stains have been used. Huang48  reported 
that staining with toluidine blue was effective for 
identifying neoplastic epithelium; 84% of cancers 
were identified in positively staining areas.

The problem associated with this approach is the 
management of dysplasia. Oesophageal dysplasia is 
a dynamic process with both spontaneous regres-
sion and progression. Furthermore, even if in situ 
cancer develops, progress to advanced disease is 
often prolonged and may be associated with pro-
longed survival. In one series of 23 untreated pa-
tients, 11 developed late-stage disease at a mean of 
55 months. In the remainder there was no change 
for over 6 years and the 5-year survival of the group 
was 78%.49 Five-year survival needs to be consid-
ered with caution as detection of asymptomatic 
slowly progressive disease introduces lead-time bias 
and this can falsely give the impression that treat-
ment results for screen-detected cases are better.

As a result an International Union Against Cancer 
(UICC) recommendation has been to limit oesopha-
geal cancer screening to areas of high risk.50 The 
aim is to identify the natural history of dysplasia 
more completely. Common standards are required 
for the classification of dysplasia to identify those 
changes with greatest risk. Once the assessment is 
more reliable, control studies should be developed to 

 determine whether screening intervention could re-
duce mortality for oesophageal squamous cell cancer.

Gastric cancer
The prominence of gastric cancer as a public health 
problem in Japan led to the development during 
the 1960s of a mass screening programme for all 
men over the age of 40 years. The programme has 
been based on double-contrast radiology with endo-
scopic assessment of any abnormalities.51 Members 
of the public are invited to undergo radiology in 
mobile units at which seven films are taken after 
the  ingestion of an effervescent contrast agent. 
Screening is undertaken annually or biannually de-
pending on the area of Japan and the associated risk 
of disease. Government recommendations set a tar-
get of 30% for the annual examination rate. Despite 
the recognition of gastric cancer as a public health 
problem, attendance for screening is low. In 1985 
over 5  million were examined, representing 13% 
of the at-risk population. Therein lies one of the 
 problems with any screening programme, namely 
the cooperation of the public.

Approximately half the cases diagnosed are lim-
ited to the mucosa or submucosa (early gastric can-
cer). Half of those detected are symptomatic and an 
alternative approach could be envisaged. In keeping 
with the criteria for a screening programme there 
has been a highly significant decrease in mortality. 
However, as already discussed, there may be other 
reasons for the decline in mortality.

Oshima et al.52 compared screened and unscreened 
populations to determine whether screening was 
important over and above the other influences on 
the decrease in mortality. In a case-controlled study 
they found that the risk of dying from gastric cancer 
among screened cases was at least 50% less than 
that for non-screened cases. Other Japanese groups 
have reported similar results. However, the actual 
effect on mortality remains to be proven as none of 
the studies have been randomised or controlled. As 
a result the UICC recommended that studies should 
be continued in Japan to resolve the problem, but 
screening in this way should not be adopted as pub-
lic health programmes in other parts of the world.50

Symptomatic screening and  
early detection

The rate of dyspepsia and reflux in the general popu-
lation and the non-specific nature of the symptoms 
do not justify endoscopic assessment for newly pre-
senting patients of all ages. In the UK, in order to im-
prove rates of early diagnosis a programme under the 
National Awareness and Early Diagnosis Initiative 
(NAEDI) is currently under way. This  includes  
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increasing patient awareness of symptoms and re-
porting them rather than self treating, improving 
primary care and pharmacist awareness by careful 
review of repeat prescriptions for acid-suppressing 
medication and ensuring adequate resources for 
evaluation of symptomatic patients.

Studies have evaluated methods of selecting 
those potentially at higher risk of having a signifi-
cant diagnosis. Dyspepsia has been classified as 
 uncomplicated or complicated by alarm symptoms 
including weight loss, anorexia, vomiting, dyspha-
gia and signs of anaemia or an abdominal mass. 
Further classification according to age has also 
been studied as early gastric cancer tends to present 
 approximately 10 years younger than advanced dis-
ease.53 Although such studies have increased rates 
of detection of early gastric cancer to approximately 
 15–20%, many patients with uncomplicated dys-
pepsia have undergone normal examinations. In a 
series of 25 patients under 55 years with gastric can-
cer, 24 had complicated dyspepsia.54 Furthermore, 
in a population database of 3293 oesophageal and 
gastric cancers, 290 were under 50 and 21 (7%) had 
uncomplicated dyspepsia.55 The simple conclusion 
of this evidence is to restrict endoscopy for those 
under 55 years to complicated dyspepsia. However, 
the alarm symptoms used to define complicated 
dyspepsia are those of established locally advanced 
disease with the expected poor prognosis. This has 
been confirmed in a large case series of open access 
endoscopy from Newcastle upon Tyne.56 It could be 
argued that the low index of suspicion for the signif-
icance of simple dyspepsia in younger patients had 
led to a delay in investigation until they developed 
more significant or alarm symptoms. The failure to 
diagnose earlier cancers in younger patients may be 
a result of a failure to initiate investigations until the 
cancer is advanced and raising the age threshold to 

55 for uncomplicated dyspeptics would decrease the 
rate of diagnosis of upper gastrointestinal cancer. 
Indeed, the effect of early intervention in unselected 
dyspepsia not only increases the rate of earlier di-
agnoses of cancer, but this is also translated into a 
survival advantage (Fig. 2.4).57

A pragmatic approach has been adopted in the 
UK.58 Urgent specialist referral or endoscopic in-
vestigation (within 2 weeks) is indicated for people 
with dyspepsia of any age when presenting with 
chronic gastrointestinal bleeding, progressive un-
intentional weight loss, iron-deficiency anaemia, 
progressive dysphagia, persistent vomiting, epigas-
tric mass or suspicious barium meal. In addition to 
these alarm symptoms, similar referral is required 
for a dyspeptic patient over 55 years with onset of 
symptoms within the last year and/or continuous 
symptoms since onset. The advantage of referral 
within 2 weeks is largely procedural and has only 
limited support from the literature. For example, 
gastric cancers limited to the mucosa and submu-
cosa have a doubling time of 1.5–10 years, whereas 
advanced disease has a doubling time of between 
2 months and 1 year.59,60 Reducing symptomatic 
delay is unlikely to alter outcome for early disease 
significantly, but may render more advanced dis-
ease amenable to resection. In a comparative audit 
of 2-week referrals (TWRs) with conventional pre-
sentations, Radbourne et al.61 have found that al-
though the TWR produced more cancers, the stage 
of disease was equivalent at diagnosis and survival 
was comparable between the two groups.

High-risk groups
GORD and Barrett's oesophagus
A variety of approaches have been assessed for 
early diagnosis in patients with GORD and at 
risk of Barrett's oesophagus. Small-calibre nasal 
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 endoscopy in unsedated patients has been evalu-
ated for accuracy of detecting Barrett's in patients 
with GORD. It was found to be well tolerated, 
technically  feasible and accurate, despite producing 
smaller biopsy samples.62

A modification of the Chinese wire mesh covered 
balloon used to screen for SCC has recently been 
reported as a non-endoscopic screening test for 
Barrett's oesophagus in a population with a history 
of GORD.63 The device, Cytosponge, has a simi-
lar design in which the patient swallows a gelatin 
 capsule attached to a length of string. The capsule 
contains a compressed mesh, which expands to 3 cm 
in diameter once the outer gelatin coating dissolves in 
the proximal stomach. The string is withdrawn and 
the mesh takes samples of cells from the  oesophageal 
mucosa. The mesh is processed to produce a cytolog-
ical preparation, which is stained with a marker for 
Barrett's oesophagus. Further evaluation is required 
of this novel technique to determine if this has a role 
in selecting those with GORD for surveillance.

Helicobacter pylori
The role of H. pylori as a marker for endoscopy 
has received considerable attention. Both serologi-
cal estimation and breath tests depending on exha-
lation of urea have been investigated. Serology has 
been assessed for concordance with the underlying 
histological presence of H. pylori. Farinati et al.64 
found 82% agreement between a measurable anti-
body response and histological evidence of H. py-
lori infection. Urea breath tests are in routine use in 
Helicobacter eradication programmes for duodenal 
ulceration. Again, the problem is one of specificity 
and sensitivity.

Helicobacter pylori seropositivity does not neces-
sarily imply active infection. Equally, seropositiv-
ity is a common finding and may not be specific 
for the at-risk population. It increases with age 
and to a certain extent parallels gastric atrophy, 
which is equally an age-related phenomenon and 
in the majority does not progress to cancer. There 
is also evidence that seroreversion may occur, with 
seropositivity frequently seen in early gastric can-
cer and seronegativity in more advanced disease.65 
Whiting et al.66 reported a retrospective analysis 

of H. pylori seropositivity in cancer patients com-
pared with a group of undiagnosed dyspeptics. 
Although the cancer patients were significantly 
more likely to be seropositive, this was very much 
site related; cardia cancers were not usually sero-
positive. Thus, any screening programme based on 
H. pylori serology could miss proximal tumours, 
which are currently the more common cancers. 
Further investigation is required and longitudinal 
studies may resolve the issue of whether patients 
with H. pylori seropositivity warrant close endo-
scopic follow-up.

Gastric atrophy and intestinal metaplasia
Those found at endoscopic biopsy to have gastric 
atrophy and columnar-type gastric intestinal meta-
plasia may also form a risk group. Whiting et al.67 
have followed a group of patients by annual en-
doscopy who were found to have chronic atrophic 
gastritis and intestinal metaplasia at diagnostic en-
doscopy for dyspepsia. This group was reported to 
have an 11% risk of developing gastric cancer and 
the authors suggest that such patients should be 
considered a high-risk group.

Summary and future
Worldwide oesophageal and gastric cancer remain 
very common. There are differences in the pattern 
of these diseases reflecting environmental and ge-
netic influences within populations. In the UK 
adenocarcinomas at the oesophagogastric junc-
tion now predominate. Although the incidence of 
junctional cancers has latterly risen faster than any 
other cancer, the rate of rise seems to be stabilising. 
Population demographics indicate this will remain a 
significant health burden in view of the ageing pop-
ulation. Junctional disease is aetiologically related 
to GORD and obesity. Greater understanding of 
those at risk of developing Barrett's oesophagus and 
subsequent cancer is essential to identify those who 
need careful surveillance. This will require careful 
evaluation of genetic and molecular markers. For 
the present, public awareness and professional edu-
cation are required to attempt to increase rates of 
early diagnosis.

Key points
• Oesophageal and gastric cancer are the eighth and fourth most common cancers worldwide. The 

patterns of disease are variable in different population groups.
• The incidence of oesophageal squamous cell cancer has decreased slightly in recent years in 

Western countries. The incidence of adenocarcinoma of the oesophagogastric junction has risen 
rapidly, while that of non-cardia gastric cancer has decreased in most Western countries.
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Graeme Couper

Staging of oesophageal and gastric cancer

Introduction
A review of this chapter from previous editions 
highlights the huge changes that have, and con-
tinue, to occur in the staging process of oesopha-
geal and gastric cancer. The two diseases now 
have quite distinct staging protocols with an 
overlap in the often complex area of junctional 
tumours. The final aim for each patient must be 
to reach the best treatment option available with 
the recognition that for the majority of patients 
this will be a non-curative decision. The extent 
of change occurring in the last 20 years is clearly 
demonstrated if we compare the staging investi-
gations employed in the two large MRC trials of 
neoadjuvant chemotherapy for oesophageal can-
cer patients undertaken in the UK.1,2 Assessments 
before treatment in the OEO2 trial (recruitment 
from 1992 to 1998) included chest radiography, 
bronchoscopy for upper third and middle third tu-
mours, and ultrasonography or computed tomog-
raphy (CT) of the liver. In comparison, for entry 
into the OEO5 trial (recruitment from 2005 to 
2011), staging investigations were spiral/multi-
slice CT of chest and abdomen (neck and pelvis 
when indicated) with oral contrast or water, en-
doscopic ultrasonography (EUS), laparoscopy 
where clinically indicated with further options of 
bone scan, positron emission tomography (PET), 
laparoscopic ultrasonography and intraperitoneal 
cytology. Although patients rarely require all of 
these staging modalities, they do all require to be 
discussed in this chapter with the indications, ben-
efits and limitations outlined for each.

The need for accurate staging is essential not only 
to achieve the highest standards of care for patients, 
but in addition to allow for comparison of out-
comes on a stage-for-stage basis between units and 
between countries.

Staging classifications
The TNM (‘tumour–node–metastasis’) staging sys-
tem was devised by Pierre Denoix between 1943 
and 1952, where T represents the extent of the 
primary tumour, N the absence or presence and 
extent of regional lymph node involvement, and 
M the absence or presence of distant metastases.3 
A single TNM staging classification was agreed 
between the American Joint Committee on Cancer 
(AJCC), the Japanese Joint Committee (JJC) and 
the International Union Against Cancer (UICC) in 
1987.4 This classification system has been revised 
on several occasions with the latest version, TNM7, 
coming into effect in January 2010.5 It is now rou-
tinely used by the majority of centres in Europe and 
North America and its use is strongly recommended.

The TNM staging can be based on either clinical 
or pathological information. All cases should be 
confirmed microscopically. A classification based 
on clinical grounds is designated with a ‘c’ prefix 
(cTNM) and represents the pre-treatment stage of 
disease. This is achieved by physical examination, 
imaging and other relevant investigations. The path-
ological classification (pTNM) incorporates all the 
information from the clinical classification and the 
additional evidence provided from histopathological 
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analysis. Patients receiving neoadjuvant or preopera-
tive treatment are prefixed by the letter ‘y’ to indi-
cate that the final pathological stage may have been 
affected by the treatment given.

In general, the cTNM determines the choice of 
treatment and the pTNM the basis for prognostic as-
sessment. The pTNM may also determine adjuvant 
treatment. Comparison between cTNM and pTNM 
can help in evaluating the accuracy of the clinical 
and imaging methods used to determine the cTNM.

After assigning T, N and M and/or pT, pN and 
pM categories, these may be grouped into stages. 
The TNM classification and stage grouping, once 
established, must remain unchanged in the medical 
records. The clinical stage is essential to select and 
evaluate therapy, while the pathological stage pro-
vides the most precise data to estimate prognosis and 
calculate end results. If there is doubt concerning the 
correct T, N or M category to which a particular 
case should be allotted, then the lower (i.e. less ad-
vanced) category should be chosen. This will also be 
reflected in the stage grouping. In the case of mul-
tiple simultaneous tumours in one organ, the tumour 
with the highest T category should be classified and 

the multiplicity or the number of tumours should be 
indicated in parentheses, e.g. T2 (m) or T2 (5).

Gastric cancer staging

The development of a staging system for gastric 
cancer with a worldwide application is difficult 
as the location of the tumour within the stomach 
influences survival.6 Distal gastric cancers carry 
a more favourable prognosis and are more com-
mon in Asian populations, with more proximal 
lesions seen more frequently in western countries. 
Two thirds of gastric cancers occur in developing 
countries and the inclusion of molecular or im-
munohistochemical features of the tumour as part 
of the staging system would prevent the majority 
of gastric cancers worldwide being available for 

 This system5 was approved by the UICC 
and AJCC in 1985, and in Japan in 1986. Table 3.1 
illustrates the 2009 update of the unified TNM 
staging system for gastric cancer. Use of this 
system is strongly recommended.

Table 3.1  • TNM7 categories for gastric cancer

T category: primary tumour
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
Tis Carcinoma in situ: intraepithelial tumour without invasion of the lamina propria
T1 Tumour invades lamina propria, muscularis mucosae or submucosa
T1a Tumour invades lamina propria or muscularis mucosae
T1b Tumour invades submucosa
T2 Tumour invades muscularis propria
T3 Tumour penetrates subserosal connective tissue without invasion of visceral 

peritoneum or adjacent structures
T4 Tumour invades serosa (visceral peritoneum) or adjacent structures
T4a Tumour invades serosa (visceral peritoneum)
T4b Tumour invades adjacent structures
N category: regional lymph nodes
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node involved
N1 1–2 regional lymph nodes involved
N2 3–6 regional lymph nodes involved
N3a 7–15 regional lymph nodes involved
N3b 16 or more regional lymph nodes involved

M category: distant metastasis
MX Distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis (positive peritoneal cytology is classified as metastatic disease)
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 comparison.7,8 It is for this reason they do not form 
part of the current TNM7 classification.

TNM7 included major changes in the classification 
of gastric carcinomas in comparison to TNM6.4,9 
One of the most significant is the use of the oesoph-
ageal cancer staging system for junctional tumours 
or any tumour arising within the proximal 5 cm 
of the stomach and crossing the oesophagogastric 
junction. Previously, in TNM6, junctional tumours 
could be staged according to either the gastric or 
oesophageal system depending on the judgment of 
the clinician.9

Within the luminal gastrointestinal (GI) tract the 
T categories have been amalgamated for tumours oc-
curring anywhere from oesophagus to rectum. The 
T stage classification for gastric cancer has changed 
significantly, with subdivision of the T1 category into 
T1a (tumour invades lamina propria or muscularis 
mucosae) and T1b (tumour invades submucosa) 
(Table 3.1). The distinction between these two stages 
has become increasingly important with the devel-
opment of endoscopic resectional techniques for 
early-stage gastric tumours. T3 is now invasion of 
the subserosa without invasion of the visceral perito-
neum (T2b in TNM6). T4a is tumour invasion of the 
serosa (visceral peritoneum), which was T3 disease in 
TNM6. T4 disease in TNM6 (invasion into adjacent 
structures) is T4b in the current classification.

The extent of lymph node involvement is the 
most important independent prognostic factor in 
gastric cancer.10 In the history of the development 
of the TNM classification there has been a move 
from the location of lymph node metastases (less 
than or greater than 3 cm from the primary tumour 
in TNM4) to the total number of involved lymph 
nodes.9,11–14 The latest edition categorises the num-
ber of involved lymph nodes into narrower groups 
with the aim of improving prognostic accuracy. The 
seventh edition of TNM will result in upstaging of 
patients in comparison to TNM6, with fewer nodes 
required for entry into the N2 and N3 groups.

The regional lymph nodes of the stomach are 
defined as the perigastric nodes situated along the 
greater and lesser curvatures (stations 1–6), left 
gastric artery (station 7), common hepatic artery 
(station 8), coeliac trunk (station 9), splenic hilum 
and splenic artery (stations 10 and 11), and hepato-
duodenal nodes (station 12). Involvement of other 
intra-abdominal lymph nodes in stations 13–16 
(retropancreatic, mesenteric and para-aortic) is 
classified as distant metastases. Distant metastases 
also include peritoneal seedlings, positive peritoneal 
cytology and omental tumour not part of continu-
ous extension. Involvement of distal organs is also 
classified as M1 disease.

There is the potential for the N classification to be 
underestimated if the number of examined nodes 

is too small. To determine the minimum number 
required for a correct classification, 926 patients 
undergoing curative resection for gastric carci-
noma were analysed in a study by Ichikura et al.15 
The number of metastatic lymph nodes correlated 
significantly with the number of examined lymph 
nodes. In patients with pN0 disease those with five 
to nine examined nodes had a significantly lower 
survival rate compared to those with 10–14 ex-
amined nodes. Interestingly, patients with 10–14 
nodes examined had as good a prognosis as those 
with 15 or more. On the basis of this finding the 
authors concluded that the minimum number of 
lymph nodes examined for a correct pN0 classi-
fication can be reduced from 15 to 10. However, 
this is assuming that the cTNM stage of N0 dis-
ease is accurate and, although there are reports of 
improvement in the accuracy rates of preoperative 
diagnosis in cases of early-stage gastric cancer, it 
would always be the author's recommendation 
that a D2 gastrectomy is performed whenever 
 possible.16 In the pN1 and pN2 categories, patients 
with 29 or fewer examined nodes tended towards 
lower survival rates than patients with 30 or more 
examined nodes. The authors concluded that for 
pN1–3 classifications, 20 or more nodes should be 
examined, and examining 30 or more lymph nodes 
may be desirable.

However, many reports do not reach these num-
bers and only 31% of gastric resections in a UK-
based study included 15 or more lymph nodes for 
histological analysis.17

The prognostic value of metastatic lymph node 
ratio (the ratio of the number of metastatic lymph 
nodes to the number of lymph nodes removed) after 
curative resection has been reported.18,19 Both stud-
ies reported the metastatic lymph node ratio as an 
independent prognostic factor for survival. Among 
patients with pN2 by the UICC/TNM6 classifica-
tion, survival in patients with a metastatic lymph 
node ratio less than 0.1 was significantly better 
than in those with a higher metastatic lymph node 
 ratio.19 Maximising the total number of lymph 
nodes removed at the time of resection could de-
crease the metastatic lymph node ratio below 0.1, 
adding further evidence for the need for extended 
lymphadenectomy. The TNM7 stage groupings for 
gastric cancer are outlined in Table 3.2.

Oesophageal cancer staging

It is important to again highlight the major change 
that has occurred in the classification of junc-
tional adenocarcinomas with the introduction of 
TNM7. These are now included in the oesopha-
geal staging system and this will undoubtedly in-
crease the number of tumours that are classified 
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as oesophageal lesions. In comparison to stomach 
cancer,  histological subtype and topographical lo-
cation are used to divide cases.

The anatomical subsites are:

1. Cervical oesophagus. From the lower border of 
the cricoid cartilage to the thoracic inlet (supra-
sternal notch), approximately 18 cm from the 
upper incisor teeth.

2. Intrathoracic oesophagus.
i. Upper thoracic portion. From the thoracic 

inlet to the level of the tracheal bifurcation, 
approximately 24 cm from the upper 
incisor teeth.

ii. Mid-thoracic portion. The proximal half 
of the oesophagus between the tracheal 
bifurcation and the oesophagogastric 
junction. The lower level is approximately 
32 cm from the upper incisor teeth.

iii. Lower thoracic portion. The distal half of the 
oesophagus between the tracheal bifurcation 
and the oesophagogastric junction. The lower 
level is approximately 40 cm from the upper 
incisor teeth. This portion is approximately 
8 cm in length and includes the abdominal 
oesophagus.

3. Oesophagogastric junction.

Regional lymph nodes (N stage) are those in the 
oesophageal drainage area including coeliac axis 
nodes and paraoesophageal nodes in the neck, but 
not supraclavicular nodes. It is recommended that 
at least six lymph nodes are examined from the 
lymphadenectomy specimen. If fewer than six lymph 
nodes are present and all are negative the classifica-
tion remains N0. The TNM7 categories for oesoph-
ageal cancer are shown in Table 3.3.

The introduction of a stratified classification of 
nodal involvement has been welcomed by most sur-
geons. Prior to the publication of the latest TNM7 
classification, evidence existed that survival may 
be predicted by the number of involved lymph 
nodes.20–22 A review of 336 patients undergoing 
resection of previously untreated adenocarcinoma 
and squamous cell carcinoma of the oesophagus and 
gastro-oesophageal junction reported that patients 

Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T1 N1 M0
 T3 N0 M0
Stage IIB T2 N1 M0
 T1 N2 M0
Stage IIIA T4a N0 M0
 T3 N1 M0
Stage IIIB T2 N2 M0
 T1 N3 M0
Stage IIIC T4a N1 M0
Stage IV T3 N2 M0
 T2 N3 M0
 T4b N0, N1 M0
 T4a N2 M0
 T3 N3 M0
 T4a N3 M0
 T4b N2, N3 M0
 Any T Any N M1

Table 3.2  • TNM7 stage groupings for gastric cancer

T category: primary tumour
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
Tis Carcinoma in situ/high-grade dysplasia
T1 Tumour invades lamina propria, 

muscularis mucosae or submucosa
T1a Tumour invades lamina propria or 

muscularis mucosae
T1b Tumour invades submucosa
T2 Tumour invades muscularis propria
T3 Tumour invades adventitia
T4 Tumour invades adjacent structures
T4a Tumour invades pleura, pericardium 

or diaphragm
T4b Tumour invades other adjacent 

structures such as aorta, vertebral 
body or trachea

N category: regional lymph nodes
NX Regional lymph nodes cannot be 

assessed
N0 No regional lymph node metastasis
N1 Metastasis in 1–2 regional lymph 

nodes
N2 Metastasis in 3–6 regional lymph 

nodes
N3 Metastasis in 7 or more regional 

lymph nodes

M: distant metastasis
M0 No distant metastasis
M1 Distant metastasis

Table 3.3  • TNM7 categories for oesophageal cancer
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with more than four involved lymph nodes had sur-
vival similar to that of patients with M1 disease.20 
Patients with no involved lymph nodes had the best 
prognosis. The authors identified 18 lymph nodes 
as the minimal number required for accurate stag-
ing. In a multinational, retrospective review of 1053 
patients with oesophageal cancer treated with resec-
tion alone, recurrent disease had occurred in 40% 
at 5 years.21 The frequency of systemic disease after 
oesophagectomy was 16% for those without nodal 
involvement and progressively increased to 93% in 
patients with eight or more involved lymph nodes.

A recent UK study of oesophageal and junctional 
adenocarcinomas used a revised node (N) classifica-
tion based on number of involved lymph nodes (N0, 
none; N1, one to five; N2, six or more) and location 
in relation to the diaphragm.22 This demonstrated 
that a poorer prognosis was associated with increas-
ing nodal involvement and involvement above and 
below the diaphragm. The TNM7 stage groupings 
for oesophageal cancer are outlined in Table 3.4.

Multidisciplinary team
Over time staging investigations have become more 
numerous and complex, and treatment options more 
varied. In order to keep abreast of current evidence 
and to ensure the highest level of expertise is afforded 
to all patients it is essential that all cancer patients are 
discussed at a multidisciplinary team (MDT) meeting. 
This meeting should include surgeons, gastroenterolo-
gists, radiologists, radiation and medical oncologists, 
pathologists, cancer nurse specialists and palliative 
care physicians. The improved accuracy of CT  staging 
with the involvement of specialist radiologists within 
the MDT setting has been reported.23 It has also been 

shown that involvement of the MDT improves overall 
clinical staging accuracy and is associated with im-
proved outcomes after surgery for gastro-oesophageal 
cancer.24–26 In a recent review on the introduction of 
an MDT for patients with oesophageal cancer, there 
was a significant increase in the percentage of pa-
tients receiving complete staging, a multidisciplinary 
evaluation and adherence to nationally accepted care 
guidelines.27 The time from diagnosis to treatment sig-
nificantly decreased, reducing from a mean of 27 to 
16 days (P < 0.0001). Dutch guidelines similarly rec-
ommend discussion of patients with upper GI malig-
nancies by an MDT. A recent study found that in over 
one-third of cases the diagnostic work-up or treatment 
plan proposed by the referring physician was altered 
after evaluation by the MDT.28

Staging investigations

Clinical assessment

Oesophageal and gastric cancer affects an increasingly 
wide age group of patients, often with a broad spec-
trum of comorbidities. It is therefore essential that a 
full clinical assessment is made as early as possible in 
the staging process to prevent unnecessary investiga-
tions if it is evident that the patient is either too unfit 
to be considered for curative treatment or has clinical 
evidence of metastatic disease. It also allows an as-
sessment of nutritional status and the opportunity to 
intervene in those patients with significant weight loss. 
An assessment of fitness is also made at this time.

Contrast radiography

Contrast radiography must be mentioned but cannot 
be regarded as either a first-line or routine investi-
gation in patients with suspected upper GI malig-
nancy. While there is evidence that double-contrast 
radiology can diagnose oesophageal and junctional 
tumours with a sensitivity of 96%, it cannot provide 
the essential histological confirmation that is ob-
tained at endoscopy and is required for staging pur-
poses.29 It must, however, be stated that in patients 
with dysphagia with a normal contrast study there 
is minimal chance that endoscopy will detect any 
missed oesophageal carcinomas.30,31 If for whatever 
reason an endoscopy is impossible or not tolerated, a 
contrast examination may be useful (Fig. 3.1).

Endoscopy

Flexible upper GI endoscopy is the most  important 
investigation in the diagnosis of oesophageal and 
gastric carcinoma. In experienced hands it is a  

Stage 0 Tis N0 M0
Stage IA T1 N0 M0
Stage IB T2 N0 M0
Stage IIA T3 N0 M0
Stage IIB T1, T2 N1 M0
Stage IIIA T4a N0 M0
 T3 N1 M0
Stage IIIB T1, T2 N2 M0
Stage IIIC T3 N2 M0
Stage IV T4a N1, N2 M0
 T4b Any N M0
 Any T N3 M0
 Any T Any N M1

Table 3.4  •  TNM7 stage groupings for oesophageal 
cancer
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safe procedure, with a large UK-based audit of 
14 149 procedures reporting a perforation rate of 
0.05% and an overall mortality rate of 0.008% 
during diagnostic endoscopy.32 After cardiopul-
monary complications, perforation is the second 
most important complication. Although histori-
cally the majority of endoscopies were performed 
under sedation, there is an ever increasing number 
being performed without sedation or under topical 
oropharyngeal anaesthesia with 100 mg lignocaine 
spray.33–35 Endoscopy provides accurate informa-
tion on the location and extent of the lesion and 
its relationship to anatomical landmarks. Crucially, 
it also provides the opportunity to obtain a tissue 
diagnosis with the acquisition of biopsies. It has 
been shown in patients with carcinoma of the oe-
sophagus that two endoscopic biopsies will provide 
a positive diagnosis in 95.8% of cases, four biop-
sies in 97.9% and six biopsies in 100% of cases.36 
It is recommended that at least six to eight biopsies 
are taken at the time of endoscopy to improve the 
chances of reaching a definitive tissue diagnosis. Not 
all tumours are negotiable at the time of endoscopy 
and although dilatation can be performed, the risk of  
perforation is significantly increased with the risk 
of rendering a potentially operable tumour inoper-
able or greatly impairing the prognosis.37 It is there-
fore advisable when a tumour is stenotic to first 
obtain an urgent tissue diagnosis before any consid-
eration is given to dilatation.

Computed tomography (CT)

Once a cancer diagnosis has been made, CT is rec-
ommended as the initial imaging investigation for 
both oesophageal and gastric lesions. This allows 
detection of nodal involvement and metastatic dis-
ease and is the most cost-effective investigation.38 
Recent progress in multi-detector row CT (MDCT) 
allows a thinner section thickness in a single breath 
hold to be obtained, with subsequent improvement 
in image quality.

Gastric cancer
Patients with gastric cancer require CT of chest, 
abdomen and pelvis. Scans are performed with in-
travenous contrast and oral ingestion of either effer-
vescent granules or 1 litre of water to create gastric 
distention.39,40 The CT appearances of gastric car-
cinoma are variable and can present with either 
focal or diffuse wall thickening (Fig. 3.2). Lesions 
may project into the lumen of the stomach or ulcer-
ate into the wall. With MDCT the overall accuracy 
in determining the T stage is now in the region of 
 77–89%.40–46 The ability of CT to detect organ inva-
sion by the primary tumour remains disappointing 
even with modern scanners. A study from Japan that 
assessed high-resolution CT and adjacent organ in-
vasion showed that the finding of an absence of fat 
plane or an irregularity of the border between the 
tumour and the adjacent organ was not  significantly 

 Endoscopy should be performed whenever 
possible in all patients suspected of having an 
oesophagogastric malignancy. It provides invaluable 
information on tumour characteristics, allows 
histological confirmation and is safe in experienced 
hands.

Figure 3.2  • CT image of patient with linitis plastica of 
stomach and ascites.

Figure 3.1  • Barium swallow demonstrating distal 
oesophageal adenocarcinoma with incidental finding of 
pharyngeal pouch.
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related to invasion.47 However, when the mean den-
sities at the region of interest were measured they 
were found to be significantly greater at invasion 
sites than at non-invasion sites. Although this al-
lowed invasion of the pancreas, liver and colon to be 
assessed with an accuracy of 75%, 61% and 78%, 
respectively, these authors still found that CT had 
limited value in differentiating inflammatory adhe-
sions with fibrosis or oedema from true invasion.

A recent study reported a marked improvement 
in T-stage accuracy using a new CT vessel probe 
reconstruction protocol using a 16-row MDCT.48 
When compared with standard axial images the 
overall accuracy rates for T stage improved from 
68% to 94% when compared with final histology.

Virtual upper GI endoscopy is a minimally invasive 
test that utilises three-dimensional (3-D) CT to simu-
late conventional upper endoscopy images. Images 
are obtained using both oral and intravenous con-
trast. The detection rate of gastric lesions using vir-
tual GI endoscopy has been reported to be between 
78.7% and 96.7% in early gastric cancer and between 
90% and 100% in advanced gastric  cancer.49,50 The 
overall accuracy, sensitivity and specificity for 3-D 
multi-detector row CT in the preoperative determi-
nation of depth of invasion of gastric cancer (T stage) 
have been reported to be 83.3%, 69.1% and 94.4%, 
respectively.50 Conventional upper GI endoscopy 
provides direct visualisation of the mucosa, permits 
evaluation of colour changes that may be indicative 
of pathology, and suspicious lesions can be biopsied 
and the tissue sample evaluated histologically. While 
virtual upper GI endoscopy using CT is a promising 
method for the detection and evaluation of upper GI 
lesions, randomised controlled studies comparing it 
to conventional upper GI endoscopy are needed to 
determine its clinical value.

Accuracies ranging between 63% and 80% have 
been reported for N staging by CT when compared 
with histological staging of the resected speci-
men (sensitivity 74%, specificity 65%).42–45,51,52 
Limitations to CT nodal staging relate to the de-
tection of involved perigastric nodes close to the 
primary tumour (Fig. 3.3). These lymph nodes of-
ten appear confluent with the primary tumour and 
therefore CT will continue to lack accuracy in nodal 
staging of some gastric cancers.

One study that retrospectively reviewed the histol-
ogy of more than 23 000 lymph nodes from gastric 
cancer resections demonstrated that the mean diam-
eter of a metastatic node was 7.8 mm, and if 5 mm 
was used as a cut-off, 38% of metastatic nodes 
would still be missed.53 Improved image quality 
associated with modern scanners allows the identi-
fication of even smaller regional lymph nodes, but 
the pathological significance of these smaller lymph 
nodes remains unknown.

A recent study reported an accuracy rate of 93% in 
the identification of para-aortic lymph node metas-
tases from gastric cancer using MDCT.54 Thirteen 
of 92 (14%) patients undergoing potentially cura-
tive resection had para-aortic lymph node involve-
ment on histological examination. Eleven of these 
were correctly staged preoperatively using MDCT, 
a sensitivity of 85%.

The accuracy, sensitivity and specificity of 3-D 
 multi-detector row CT for lymph node  staging were 
reported to be 75%, 57.4% and 89.3%, respectively.51

CT is useful in the detection of distant metastases 
and accuracy figures are similar to those seen for 
oesophageal malignancy (Fig. 3.4). CT, however, is 
limited in its ability to detect transcoelomic spread 
and the presence of peritoneal seedlings. In a study 

Figure 3.3  • CT image of patient with distal gastric 
cancer, gastric outlet obstruction and food residue within 
stomach.

Figure 3.4  • CT image demonstrating gastric cancer 
with extensive liver metastases.
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of 78 patients listed for curative gastrectomy for 
 gastric cancer based on CT findings, 23 (29.5%) had 
undetected peritoneal spread at the time of laparos-
copy.55 It is recommended that all patients being con-
sidered for curative gastrectomy undergo a staging 
laparoscopy with peritoneal washings. The presence 
of CT-defined minimal ascites (<50 mL) has been re-
ported not to affect survival on a stage-for-stage ba-
sis in patients with gastric cancer without peritoneal 
metastases.56 Of those with CT-defined minimal as-
cites, 28.1% had peritoneal metastases confirmed  
at surgery.

Further improvements in the accuracy of CT 
staging may be achieved through establishment 
of radiologists with a special interest. One report 
 demonstrated improved levels of sensitivity and 
specificity among radiologists who regularly stage 
patients with gastric cancer, with an associated re-
duction in the open-and-close laparotomy rate.57 
Such findings provide additional support for the 
formation of specialist multidisciplinary teams for 
the management of gastro-oesophageal cancer.

Oesophageal cancer
Conventional CT has historically diagnosed T4 le-
sions with high accuracy rates. This is because the 
criteria for staging T4 lesions are based on oblitera-
tion of the fat layer or the angle between the tumour 
and the adjacent organs (Fig. 3.5).58–60 Oesophageal 
wall thickness has been used for earlier T stages 
because tumour cannot be sufficiently differenti-
ated from normal oesophageal wall.61,62 Accuracy 
rates for T-stage detection using spiral CT when 
compared with histopathological stage of resected 
specimens have been reported as between 43% 
and 92%.63–65 Wu et al. reported the accuracies of 
T staging using the following criteria: T1 and T2, 
oesophageal wall thickness <5 mm; T3, oesophageal 
wall thickness >5 mm; and T4, invasion into adja-
cent organs.66 In their study, the accuracy values of 
the respective T staging were 75% for T1/T2, 79% 
for T3 and 64% for T4. According to these crite-
ria T1 lesions cannot be differentiated from either 
T2 lesions or from normal oesophageal wall. A re-
cent study from Japan reported improved accuracy 
rates for T staging of early oesophageal carcinomas 
(T1a and T1b).67 A dual-phase (arterial and venous 
phase) contrast-enhanced CT protocol with MDCT 
was used. All lesions classified as T1 lesions were 
T1b with no T1a lesions visualised. This differentia-
tion is important as T1a lesions can be considered 
for endoscopic mucosal resection, with T1b requir-
ing more radical treatment. In addition, the nodal 
involvement rate increases from 1.3% in T1a le-
sions to 22% in T1b lesions.68

Accuracy for N-stage disease ranges between 27% 
and 86% (sensitivity 48–68% with a specificity of 

90–95%) (Fig. 3.6).63–65,69,70 The difficulty in the ac-
curate identification of involved lymph nodes is the 
reliance on size to differentiate between malignant 
and benign pathology.

The size of the lymph node that different authors 
regard as a criterion for malignant involvement var-
ies from 5 to 15 mm.71 Lymph nodes of more than 
1 cm in diameter can, however, be seen within the 
mediastinum in healthy people, particularly those 
with coexisting chest problems, and nodes of nor-
mal size may contain metastatic deposits.72

CT and EUS are complementary techniques in stag-
ing oesophageal cancer patients.73,74 A comparison of 
EUS and CT identification of involved lymph node sta-
tions in 121 patients with squamous cell carcinoma of 
the oesophagus reported an overall accuracy of 64% 
for EUS (sensitivity 68%, specificity 58%, positive 
predictive value (PPV) 68%), 51% for CT (sensitivity 
33%, specificity 75%, PPV 64%), and 64% for CT 
and EUS in combination (sensitivity 74%, specificity 
50%, PPV 66%).74 However, some metastatic lymph 
nodes in the neck and abdomen are only detectable 
by CT, and it was recommended that both EUS and 
CT should be undertaken for routine examination 
prior to treatment of oesophageal cancer.

Figure 3.5  • CT image of patient with squamous cell 
carcinoma (SCC) of oesophagus from 20 to 27 cm with T4 
invasion into trachea. A fine-bore feeding tube is in situ.

Figure 3.6  • CT image of patient with mid-oesophageal 
SCC staged as T3N3M0.
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The T and N stages of Siewert Type II junctional 
adenocarcinomas were more accurately predicted by 
EUS than CT. The T and N stages of Siewert Type III 
tumours were more difficult to assess, arguably be-
cause of anatomical constraints at the oesophagogas-
tric junction. These results highlight the importance 
of multidisciplinary discussion in planning treatment.

Positron emission tomography 
(PET)

Gastric cancer
The role of fluorodeoxyglucose (FDG)-PET in gas-
tric cancer is not as well established as in oesopha-
geal cancer. Reported detection rates of primary 
tumours vary between 60% and 90% and depend on 
the histopathological characteristics of the primary 
 tumour.75,76 Stahl et al. reported on a series of 40 gas-
tric cancer patients and found that tumours with a 
non-intestinal growth type according to the Lauren 
classification showed significantly lower FDG up-
take than tumours of the intestinal growth type.77 
Non-mucinous carcinomas accumulated signifi-
cantly more FDG than mucinous ones. This finding 
has also been reported by Yamada et al., who found 
a higher standardised uptake value (SUV) in the tu-
bular adenocarcinoma group than in the mucinous 
and  signet-ring cell adenocarcinoma group.78 These 
findings have been confirmed in a more recent study 
that also showed that the expression of the glucose 
transporter (GLUT-1) significantly correlated with 
the maximum calculated SUV: 76% of signet-ring 
cell carcinomas did not show GLUT-1 expression.79

Oesophageal cancer
Conflict still exists on the role of PET in the man-
agement of patients with oesophageal cancer, but it 
has been widely adopted in most large centres. The 
Scottish Intercollegiate Guidelines Network (SIGN) 
previously concluded that PET is not routinely indi-
cated in staging gastro-oesophageal tumours.80 To 
date, no randomised trial has been undertaken to de-
termine the role of FDG-PET or PET/CT in staging 
upper GI cancer. Such a trial is unlikely to occur as it 
is now an established staging tool in upper GI cancer 
despite the lack of published evidence. In 2009 the 
Scottish National PET Advisory Group recommended 
the routine use of PET/CT in staging patients with 
potentially operable oesophageal cancer. Changes in 
management with the addition of FDG-PET to the 

staging protocol in patients with oesophageal cancer 
are reported to occur in anything from 3% to 41% 
of patients.81–86 This huge variation may be related 
to the point in the staging pathway at which PET has 
been introduced. In a study of 199 patients, FDG-PET 
was performed only after a full preoperative staging 
protocol with MDCT, EUS and external ultrasonog-
raphy of the neck, both combined with selective fine-
needle aspiration cytology.86 Only patients considered 
eligible for curative surgery after these investigations 
underwent FDG-PET. FDG-PET revealed suspicious 
hot spots in 15.1% of patients but metastases were 
confirmed in only 4.0%. All upstaged patients had 
clinical stage III–IV disease before FDG-PET. In 3.5% 
the hot spots appeared to be synchronous neoplasms, 
mainly colonic polyps. The remaining 7.5% were 
false positive, leading to unnecessary additional inves-
tigations. The authors concluded that the diagnostic 
benefit of the addition of PET is limited after state-of-
the-art staging, and so broad implementation in daily 
clinical practice is questionable. However, it does not 
appear sensible on a cost basis to introduce PET at the 
end of the staging pathway. At the time of writing the 
costs of MDCT in the UK are approximately £500, 
PET/CT £1000 and EUS £1800. It would therefore 
seem reasonable to perform the investigations in this 
order, reserving the most expensive and invasive tests 
until the end of the pathway.

PET scans have a limited role in evaluating the T stage 
of a tumour due to their limited spatial resolution of 
approximately 6 mm (Fig. 3.7). In a comparison of CT, 
PET and EUS in the initial staging of patients with oe-
sophageal cancer, Lowe et al. reported correct T staging 
by CT and PET in only 42% of patients compared with 
71% with EUS.87 Superficial and in-situ malignancies 
of the oesophagus can be difficult to detect with PET, 
with one study reporting 100% of tumours confined 
to the mucosa (Tis and T1a) being FDG negative.88 
Kato et al. reported that just 18% of T1a tumours and 
61% of T1b tumours were FDG-PET positive.89 Low 
FDG uptake has also been reported in tumours with 
undifferentiated or mucinous features.90,91 Possible 
explanations for this include differences in the glucose 
transporter mechanism, reduced intracellular hexoki-
nase activity resulting in a low rate of FDG phosphory-
lation, a low volume of metabolically active tumour 
cells or differences in tumour vascularity.

Early studies of FDG-PET in staging oesophageal 
cancer highlighted the difficulty in differentiating 
nodal disease adjacent to the primary tumour from 
the primary tumour itself.92–94

In a review of 12 published studies, pooled 
sensitivity and specificity for the detection of 
locoregional  metastases were 0.51 (95% confi-
dence interval (CI) 0.34–0.69) and 0.84 (95% CI 
0.76–0.91),  respectively.95 For distant metasta-
ses, pooled  sensitivity and specificity were 0.67 

 MDCT is the first-line imaging investigation 
in all patients with oesophageal and gastric cancer. 
Current scanners provide high levels of accuracy in 
TNM staging.
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(95% CI 0.58–0.76) and 0.97 (95% CI 0.90–
1.0), respectively. A more recent meta-analysis 
reported similar results, where pooled  sensitivity 
and specificity of FDG-PET for regional lymph 
node metastases were 0.57 (95% CI 0.43–0.70) 
and 0.85 (95% CI 0.76–0.95), respectively.96

The introduction of integrated CT and PET has 
improved the accuracy of staging for patients with 
oesophageal cancer.97,98 In a study of 45 patients 
with thoracic oesophageal squamous cell cancer, 
PET/CT was superior to PET alone in the detection 
of locoregional nodal involvement.98 Sensitivity, 
specificity and accuracy of PET/CT were 94%, 92% 
and 92%, respectively, whereas PET alone was 82% 
sensitive, 87% specific and 86% accurate.

The main role of PET/CT is the identification of 
distant metastases not evident on CT (Figs 3.8 and 
3.9). This prevents unnecessary surgery in patients 
with incurable disease and allows for appropriate 
palliative treatments to be offered. In two similar 
sized meta-analyses, each of over 400 patients, the 
reported sensitivities and specificities for PET in 
the detection of distant metastases were similar.95,96 
Twelve studies were analysed in the study by van 

Westreenen et al., with a pooled sensitivity of 67% 
(95% CI 58–76%) and a specificity of 97% (95% 
CI 90–100).95 In the report by Van Vliet et al., nine 

Figure 3.7  • FDG-PET/CT image demonstrating increased uptake in a mid-oesophageal SCC. Increased uptake is 
evident in a right supraclavicular lymph node.

Figure 3.8  • FDG-PET/CT image demonstrating 
increased uptake in abdominal lymph nodes and a solitary 
metastasis in the right lobe of the liver. The primary lesion 
was a distal oesophageal adenocarcinoma.
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studies were analysed, with a pooled sensitivity of 
71% (95% CI 62–79%) and a specificity of 93% 
(95% CI 89–97).96 Interestingly, only three studies 
appeared in both meta-analyses.

Accepting that the main role of PET is the detec-
tion of metastatic disease, it is debatable whether the 
routine use of PET is justified in patients with early 
lesions that are often not visualised on PET and have 
a low risk of nodal involvement let alone metastatic 
disease.68,88,89 It is possible that patients with no 
obvious lymph node involvement on CT gain little 
from PET but require EUS for confirmation of N0 
status and if confirmed should be offered immediate 
surgery. Those patients with locoregional lymphade-
nopathy on CT are more likely to have undetected 
metastases and should be offered PET/CT.

Endoscopic ultrasonography (EUS)

Gastric cancer
The accuracy of EUS in staging gastric cancer has 
been varied, with reports that EUS under-stages the 
depth of invasion and over-stages the nodal  invasion 
because of inflammation around the tumour or in 
the lymph nodes.99 In a meta-analysis by Puli et al., 
22 studies involving 1896 patients were analysed in 
relation to the accuracy of EUS for staging gastric 
cancer.100 In relation to T stage, sensitivity and speci-
ficity for T1 lesions were 88.1% (95% CI 84.5–91.1) 
and 100.0% (95% CI 99.7–100.0),  respectively. For 
T2 the  sensitivity was 82.3% (95% CI 78.2–86.0) 
and specificity was 95.6% (95% CI 94.4–96.6). 
T3 sensitivity was 89.7% (95% CI 87.1–92.0) and 
specificity was 94.7% (95% CI 93.3–95.9), and 
T4 had a sensitivity of 99.2% (95% CI 97.1–99.9) 
and specificity of 96.7% (95% CI 95.7–97.6). 
The pooled sensitivity and specificity for N1 were 
58.2% (95% CI 53.5–62.8) and 87.2% (95% CI 
84.4–89.7), respectively. N2 had a pooled  sensitivity 
of 64.9% (95% CI 60.8–68.8) and specificity of 

Figure 3.9  • FDG-PET/CT image demonstrating a bone metastasis in right scapula from a distal oesophageal 
adenocarcinoma. The bone lesion was not detected on original review of the CT images.

 PET/CT should be the second-line imaging 
investigation following CT in patients with 
oesophageal cancer being considered for curative 
treatment. This is justified on the basis of cost 
and its ability to detect previously unrecognised 
metastatic disease.
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92.4% (95% CI 89.9–94.4). The pooled sensitiv-
ity from four studies to diagnose distal metastasis 
was 73.2% (95% CI 63.2–81.7) and specificity was 
88.6% (84.8–91.7).

The presence of low-volume ascites (LVA) on EUS 
has been shown to be indicative of inoperability 
in patients with gastric and junctional tumours.101 
In patients without evidence of metastatic disease 
on CT, 6.5% had LVA on EUS. Of these, 76% had 
 either metastatic disease confirmed at laparoscopy 
or underwent a non-curative resection.

A recent comparison was made of the accuracy 
of staging using EUS and MDCT in comparison to 
postoperative pathology patients with gastric cancer 
undergoing gastrectomy or endoscopic resection.102 
In 277 patients the overall accuracy for T staging of 
EUS was 74.7% and for MDCT was 76.9%. The 
overall accuracy for N staging was 66% for EUS 
and 62.8% for MDCT. The performance of EUS and 
MDCT for large lesions and lesions at the cardia and 
angle of His had significantly lower accuracy than 
that of other groups. EUS had significantly lower 
accuracy rates for early gastric cancer lesions with 
ulcerative changes compared to those without.

Oesophageal cancer
While EUS has been in use for nearly 30 years, it has 
not been universally accepted as an essential, rou-
tine staging investigation in patients with oesopha-
geal cancer.103 Excellent results have been reported 
from units that rarely use EUS or have a targeted 
approach to its application.104 In keeping with ul-
trasonographic examinations elsewhere its accu-
racy is operator dependent. Accepting that EUS and 
EUS-guided fine-needle aspiration (EUS-FNA) are 
the most accurate techniques for locoregional stag-
ing of oesophageal cancer, little evidence exists that 
they impact on clinical care.105 Pooled sensitivities 
for the detection of regional lymph node metastases 
in oesophageal cancer were 0.80 for EUS (95% CI 
0.75–0.84), 0.50 for CT (0.41–0.60) and 0.57 for 
FDG-PET (0.43–0.70) in a meta-analysis by Van 
Vleit et al.96 Specificities were 0.70 (0.65–0.75), 
0.83 (0.77–0.89) and 0.85 (0.76–0.95), respectively.

An excellent meta-analysis of the accuracy of EUS 
in the staging of oesophageal cancer was reported 
by Puli et al.106 Forty-nine studies comprising 2558 
patients were analysed. Pooled sensitivity and speci-
ficity of EUS to diagnose T1 were 81.6% (95% CI 
77.8–84.9) and 99.4% (95% CI 99.0–99.7), respec-
tively (Fig. 3.10). To diagnose T4, EUS had a pooled 
sensitivity of 92.4% (95% CI 89.2–95.0) and speci-
ficity of 97.4% (95% CI 96.6–98.0) (Fig. 3.11). The 
addition of fine-needle aspiration (FNA) improved 
the sensitivity to diagnose N stage from 84.7% 
with EUS alone (95% CI 82.9–86.4) to 96.7% with 
EUS-FNA (95% CI 92.4–98.9). They concluded 

that EUS should be strongly considered for staging 
oesophageal cancer.

An earlier review of 27 studies reported that 
EUS is highly effective for discrimination of stages 
T1 and T2 from stages T3 and T4 for primary 
gastro-oesophageal carcinomas.103 This review 
 included 13 papers for staging oesophageal cancer, 
13 for gastric cancer and four for cancers at the 
 gastro-oesophageal junction. The accuracy of EUS 
was lower for tumours at the gastro-oesophageal 
junction, thought to be possibly due to the anatomy 
at this site leading to a tendency to scan obliquely 
through the bowel wall, giving rise to artefactual 
misrepresentation of the true depth of penetration.

Figure 3.10  • EUS image of T1 oesophageal 
adenocarcinoma. With thanks to Dr Ian Penman, Royal 
Infirmary of Edinburgh.

Figure 3.11  • EUS image of oesophagus showing a T4 
tumour with extension into the aorta. With thanks to  
Dr Ian Penman, Royal Infirmary of Edinburgh.
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Failure to intubate and cross oesophageal tumours 
by EUS is reported to occur in up to 45% of cases 
and is thought to be associated with an especially 
poor prognosis.107 It has been reported that over 
80% of non-traversable oesophageal tumours are 
either T3 or T4.108 However, a recent report of 411 
consecutive patients undergoing EUS examination 
by a specialist radiologist reported a failure to cross 
the tumour in only 12 patients (2.9%).109 Forty 
(10%) patients required a dilation.

The addition of EUS to history, physical exami-
nation, upper endoscopy and CT in patients with 
oesophageal cancer was reported to change man-
agement in 24% of cases (95% CI 12–36%), usually 
to a more resource-intensive approach.105 EUS-FNA 
plus cytology results altered management in an ad-
ditional 8% (95% CI 6–15%) of cases.

The differentiation between inflammatory and 
neoplastic lymphadenopathy within the mediasti-
num is essential to ensure patients receive the ap-
propriate treatment. A meta-analysis and systematic 
review of the accuracy of EUS in evaluating medi-
astinal lymphadenopathy reported on 76 studies 
and included 9310 patients.110 Of these, 44 studies 
used EUS alone and 32 studies used EUS-FNA. FNA 
improved the sensitivity of EUS from 84.7% (95% 
CI 82.9–86.4%) to 88.0% (95% CI 85.8–90.0%). 
With FNA, the specificity of EUS improved from 
84.6% (95% CI 83.2–85.9%) to 96.4% (95% CI 
95.3–97.4%). As part of the review the EUS studies 
with FNA were grouped into three time periods and 
analysed to standardise the criteria and the technol-
ogy of EUS over two decades. During this time the 
sensitivity and specificity of EUS with FNA had sub-
stantially improved. EUS with FNA should be the 
diagnostic test of choice for evaluating mediastinal 
lymphadenopathy (Fig. 3.12).

All these results suggest that EUS, CT and FDG-
PET each play a distinctive role in the staging of 
patients with oesophageal and gastric cancer.

Ultrasonography (US)

US is not widely adopted as a routine investigation 
in the staging of oesophagogastric cancer, although 
it has specific indications. It has an important role 
in clarifying liver lesions identified on CT or PET 
and in obtaining guided biopsies for tissue diagnosis 
where metastatic disease is suspected. External US of 
the neck has been recommended as part of the rou-
tine diagnostic work-up in patients with oesophageal 
cancer even after normal CT and PET scanning.111 
It has been estimated that 10–28% of patients with 
upper or mid oesophageal tumours have metastatic 
involvement of neck lymph nodes.112–114 In 176 of 
233 patients with oesophageal cancer, CT did not 
identify any lymphatic metastasis to the neck.110 
External US disagreed in 36 patients and FNA 
confirmed metastasis in nine cases, resulting in an 
additional value of external US after normal CT 
scanning of 5% (9/176). In 74 patients with normal 
CT and PET imaging of the neck, 3 of 74 (4%) had 
FNA-confirmed metastasis.

In a larger study of 567 patients with oesophageal 
or gastric cardia cancer US-FNA was the preferred 
diagnostic modality for the detection of supracla-
vicular lymph node metastases.115 Sensitivities for 
US alone were 75%, US-FNA 72%, US plus CT 
80%, and US-FNA plus CT 79%, in comparison 
to a  sensitivity of CT alone of 25% (P < 0.001). 
Specificities were high for US-FNA (100%), CT 
(99%) and US-FNA plus CT (99%), whereas those 
of US alone (91%) and US plus CT (91%) were 
lower (P < 0.001). In 4 of 65 (6%) patients with true-
positive malignant lymph nodes, CT was positive 
with US and/or US-FNA being negative. However, 
in 36 of 65 (55%) patients, US and/or  US-FNA were  
positive with CT being negative.

Conversely, another group failed to demonstrate 
any additional staging benefit to performing routine 
neck US in 180 patients with oesophageal cancer.116 
All patients with cervical metastases had stage T3 
or T4 disease on EUS. All cervical nodal metasta-
ses were detected by the combination of PET and 
MDCT. The main role of external US is to obtain 
cytological proof of suspected cervical lesions.

Figure 3.12  • EUS-FNA image of perigastric lymph node 
in a patient with gastric cancer. The 22G needle is visible 
within the node. With thanks to Dr Ian Penman, Royal 
Infirmary of Edinburgh.

 Performing FNA cytological analysis in 
conjunction with EUS is safe and is associated 
with improvements in local staging accuracy and 
may improve accuracy in detecting response to 
preoperative therapies and detecting disease 
recurrence.
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Laparoscopy

Staging laparoscopy should be considered in all pa-
tients with gastric cancer being considered for cu-
rative resection and in those with oesophageal or 
junctional cancers with evidence of a significant 
infradiaphragmatic component. The investigation is 
performed under general anaesthesia and involves 
the creation of a CO2 pneumoperitoneum and the 
insertion of typically three laparoscopic ports. This 
allows thorough visualisation of the peritoneal cav-
ity, and the opportunity to biopsy any suspicious le-
sions and obtain peritoneal washings for cytology. 
The detection of low-volume peritoneal disease re-
mains difficult, with sensitivities for the detection of 
peritoneal disease by CT alone in the region of 58% 
for oesophageal cancer and 33% for gastric can-
cer.117 De Graaf et al. reported on a large series of 
416 patients with oesophagogastric cancer staged as 
having resectable tumours after preoperative staging 
with CT and/or US.118 Staging laparoscopy changed 
treatment decision in 84 cases (20.2%), with locally 
advanced disease present in 17 patients, extensive 
lymph node disease in four and distant metastases 
(liver and peritoneum) in 63 cases. Of those patients 
deemed resectable by staging laparoscopy, 8.1% 
were found to be unresectable at laparotomy, 16 
with locally advanced disease and 11 with metas-
tases. They concluded that staging laparoscopy was 
most useful in adenocarcinoma, distal oesophageal, 
gastro-oesophageal junction and gastric cancers, 
and probably not necessary in lesions of the upper 
two-thirds of the oesophagus.

Further studies have shown that as a result of pre-
operative assessment by laparoscopy 10–29.5% of 
patients avoid unnecessary surgery.119–122 A system-
atic review has previously recommended the use of 
laparoscopy for the staging of patients with oesoph-
agogastric cancer.123

Peritoneal cytology

Positive peritoneal cytology is a predictor of poor sur-
vival in patients with gastric cancer (Fig. 3.13).124–128 
In a series of 118 patients with completely  resected 
gastric carcinoma, 23 patients (20%) had free peri-
toneal tumour cells (FPTCs).124 The median survival 
time for patients with positive cytology compared 
with negative cytology was significantly shorter (11 
compared with >72 months), with estimated 5-year 
survival rates of 8% vs. 60%. None of the patients 
with FPTCs had an early gastric cancer. Recurrent 
disease occurred in 91% of positive and in 38% of 
negative patients.

A review of outcomes of 26 consecutive patients 
with gastric cancer with positive peritoneal wash-
ings without peritoneal dissemination reported 

1-, 2- and 3-year survival rates of 69%, 35% and 
0%, respectively.125 Sixty-nine per cent of patients 
had peritoneal recurrences and the authors con-
cluded that aggressive surgical resection does not 
provide any survival benefit for gastric cancer pa-
tients with positive peritoneal washings even in the 
absence of peritoneal dissemination.

In a larger study, 996 consecutive patients with ad-
vanced gastric cancer who underwent gastrectomy 
were studied.126 The 2- and 5-year survival rates of 
the patients who underwent gastrectomy without 
any other non-curative factors besides positive peri-
toneal cytology were 25.3 and 7.8%, respectively. It 
was concluded that the prognosis of gastric cancer 
patients with positive peritoneal cytology is so poor 
that multimodality therapy, including perioperative 
chemotherapy, is essential.

In a recent report of 1241 patients with gastric 
cancer undergoing laparoscopy with peritoneal 
washings, 291 (23%) had positive cytology.127 Of 
these, 198 patients (68%) had visible metastases 
but 93 patients (32%) were without gross evidence 
of advanced disease. The median disease-specific 
survival for patients with visible metastases was 
0.8 years and for those with positive cytology only 
was 1.3 years. Forty-eight patients had repeat stag-
ing laparoscopy after chemotherapy. Compared 
with patients who had persistently positive cytol-
ogy (n = 21), those who converted to negative cy-
tology (n = 27) showed a significant improvement 
in disease-specific survival (2.5 years vs. 1.4 years,  
P = 0.0003).

It remains unclear whether neoadjuvant chemo-
therapy can eliminate free peritoneal tumour cells 
in the peritoneal lavage. In a study of 61 patients 
with resectable gastric cancer, peritoneal cytol-
ogy was performed at staging laparoscopy and 
at the time of tumour resection following neo-
adjuvant chemotherapy.128 FPTCs were detected 
immunohistochemically with Ber-EP4 antibody. 

Figure 3.13  • Peritoneal washings demonstrating the 
presence of malignant cells in a patient with gastric 
adenocarcinoma.
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Forty-two  patients (69%) were negative and 19 
positive (31%) before chemotherapy. During che-
motherapy, 10 (24%) of 42 patients developed 
FPTCs and 7 (37%) of 19 patients reverted from 
positive to negative. Patients who became FPTC 
negative (n = 7) showed an improved median sur-
vival (36.1 months) and a longer 2-year survival 
(71.4%) compared to FPTC-positive patients be-
fore and after NAC (n = 12), with a median sur-
vival of 9.2 months and a 2-year survival rate 
of 25%. In contrast, patients who reverted from 
FPTC negative to positive during NAC (n = 10) 
had a median survival of 18.5 months and a 2-year 
survival of only 20%. This study does raise the is-
sue of potential progression during neoadjuvant 
chemotherapy and demonstrates that the stage of 
disease prior to starting treatment may be differ-
ent to that at the time of resection. It is essential 
that peritoneal washings are obtained at the time 
of resection.

Laparoscopic ultrasonography 
(lapUS)

This technique is performed at the time of staging 
laparoscopy. Commonly used linear array probes 
have a frequency of 5–10 MHz with a depth of 
penetration of 4–10 cm. Early reports suggested 
that lapUS was more accurate at staging gastric 
and oesophageal cancer than CT or laparoscopy 
alone, with accuracies quoted between 80% and 
90%.129,130 It can provide additional information on 
tumour depth, regional lymphadenopathy, small me-
tastases deep within the liver parenchyma and assess-
ment of invasion of adjacent organs. In patients with 
gastric cancer the addition of lapUS to laparoscopy 
alone provided additional information in 1 of 28 pa-
tients.131 The Society of American Gastrointestinal 
and Endoscopic Surgeons (SAGES) recently recom-
mended staging laparoscopy with lapUS if routine 
preoperative staging investigations in patients with 
gastric cancer demonstrate no evidence of metastatic 
disease.131 The evidence for its use in oesophageal 
cancer is limited.131 Recent improvements in the 
quality of alternative imaging techniques have re-
sulted in the increased detection of smaller liver 
lesions and enlarged lymph nodes. As such the ad-
ditional benefit of performing lapUS over and above 
conventional laparoscopy is now less clear.

Magnetic resonance imaging (MRI)

MRI is mainly reserved as a complementary stag-
ing modality and is often used when additional in-
formation is required on particular abnormalities 
identified by CT, in particular liver and bone lesions 
or adrenal gland abnormalities (Fig. 3.14). A sys-
tematic review comparing local staging accuracy of 
MRI, EUS and spiral CT for stomach cancer found 
overall T-stage accuracies for EUS of 65–92%, for 
CT of 77–89% and for MRI of 71–83%.132 A re-
cent study reported similar accuracies for 64-slice 
 multi-detector computed tomography (MDCT) and 
MRI in the T staging of gastric carcinoma in compar-
ison with histopathology.133 Forty patients were im-
aged. The accuracy of MRI was slightly higher than 
that of MDCT in identifying T1 lesions (50% vs. 
37.5%), whereas the accuracy of MDCT was higher 
in differentiating T2 lesions (81.2% vs. 68.7%). The 
accuracy of MRI and MDCT did not differ signifi-
cantly in the evaluation of T3–T4 lesions (P>0.05). 
Understaging was observed in 20% of cases with 
MR imaging and in 17.5% with MDCT.

MRI was significantly worse at assessing accuracy 
of T stage of oesophageal cancer (60%) when com-
pared with EUS (84%).134 A study comparing CT, 
MRI and endobronchial ultrasonography (EBUS) 
for the assessment of invasion of thyroid or oesopha-
geal cancer in cases with suspected tracheobronchial 
invasion reported sensitivity and specificity of CT 
for invasion of 59% and 56%, for MRI 75% and 
73%, and for EBUS 92% and 83%, respectively.135

 Laparoscopy must be performed and 
peritoneal cytology obtained in all patients with 
gastric cancer being considered for resection. 
Accurate TNM7 classification includes positive 
peritoneal cytology as metastatic disease.

Figure 3.14  • MRI image of a bone metastasis in the left 
proximal sixth rib. This had arisen from an oesophageal 
adenocarcinoma and was not evident on CT but had 
appeared on PET/CT.
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Currently MRI has a more limited availability and 
a higher cost than CT, which remains the preferred 
investigation for staging of both oesophageal and 
gastric tumours. MRI is limited in its ability to ex-
amine more than one organ system or one area of 
the body during a single examination. It is not as 
good as CT for evaluation of pulmonary metastases, 
and a high-quality study of the entire mediastinum 
and the upper abdomen in one sitting is difficult to 
obtain due to movement artefacts.

Endobronchial ultrasonography 
(EBUS)

EBUS is a technique that enables ultrasound examina-
tion of the endobronchial tree using a modified bron-
choscope, similar in principle to EUS examination of 
the upper GI tract. Several studies have reported im-
proved accuracy rates compared with CT assessment 
in cases where endobronchial invasion by the tumour 
is suspected. Accuracy rates in the region of 90–95% 
have been reported for EBUS (sensitivity values around 
90%, specificity 80–100%), whereas the reported ac-
curacy of CT in distinguishing endobronchial inva-
sion from compression by the tumour is much lower, 
at around 50–60%.135–137 EBUS may also be used to 
examine carinal and mediastinal lymph nodes and 
EBUS-directed FNA can also be performed on any 
suspicious nodes noted at the time of examination.

Restaging following 
neoadjuvant or radical 
therapy
With the increasing number of patients being offered 
neoadjuvant or radical non-surgical treatment, the 
requirement for repeat staging investigations is also 
increasing. A clinical improvement in swallowing 
ability in those patients with dysphagia may or may 
not be a useful indicator of tumour response.138,139 
A scoring system has been devised as follows: 0, no 
dysphagia; 1, mild, i.e. with solids, requiring modifi-
cation of diet to soft foods; 2, moderate, i.e. difficulty 
with soft foods, predominantly liquid diet; 3, severe, 
i.e. obstructed, needing medical intervention for dila-
tation or bolus obstruction.140 Clearly this will have 
limited application in patients without dysphagia.

A study assessing the impact of baseline nutritional 
status on treatment response and survival in 105 
patients with locally advanced oesophageal cancer 
treated with definitive chemoradiotherapy reported 
that serum albumin level >35 g/L was the only inde-
pendent predictive factor of complete response.141

Endoscopic assessment of response to neoadju-
vant therapy has been reported in 100 consecutive 

patients with oesophageal cancer.142 Thirty patients 
were considered to have had a complete response but 
this was confirmed pathologically in only 15 patients. 
Survival was improved in those with a pathologically 
confirmed complete response (3-year survival rate 
62.4%, SE 12.9%) compared with non-responders 
(16.3%, SE 6.6%). Those with microscopic residual 
disease also had an improved 3-year survival rate 
(46.3%, SE 12.2%).

EUS assessment of response is limited by disin-
tegration of the involved anatomical structures.143 
In a study of 40 patients who completed chemora-
diotherapy and underwent oesophagectomy, EUS 
measurements of maximal tumour thickness were 
made pre- and post-chemoradiotherapy. A tumour 
thickness after chemoradiotherapy of less than or 
equal to 6 mm or a reduction in thickness greater 
than or equal to 50% correlated significantly with 
histopathological tumour regression grade and 
overall survival. However, the study was limited as 
10 of 56 patients could not have repeat EUS due 
to the development of severe oesophageal stenosis.

The most commonly used assessment of response 
is follow-up CT, but historically the value of CT in 
predicting response to chemotherapy has been dis-
appointing.144 One study of patients with oesoph-
ageal cancer who underwent CT before and after 
preoperative chemotherapy found that 93% of pa-
tients had a reduction in tumour volume following 
chemotherapy, but this showed no correlation to 
histological evidence of tumour response or to sur-
vival.145 One limitation with conventional imaging 
is the reliance on a large change in tumour volume, 
often requiring a greater than 50% reduction in tu-
mour volume to reliably predict response.

In recent years there has been an increasing in-
terest in the use of FDG-PET to identify evidence 
of response. Malignant tumours generally exhibit 
an increased rate of glycolysis that is most evi-
dent in rapidly growing, poorly differentiated neo-
plasms.146 Malignant cells accumulate more glucose 
than normal cells due to a predominantly glycolytic 
catabolism instead of a citric acid cycle catabo-
lism.147 The original study of FDG-PET assessment 
of response to chemotherapy in patients with upper 
GI cancer reported that a wide range of changes in 
uptake were evident between pre-treatment scans 
and those performed on completion.148 There are 
now several subsequent studies. In the first of these, 
Brucher et al. took a reduction of 52% in tumour 
FDG uptake as evidence of response on PET.149 
Histologically there were 11 non-responders and 
13 responders. Using this cut-off, 5 of 11 patients 
determined as non-responders histologically would, 
on PET imaging, be classified as responders. In the 
histological partial response group the change in SUV 
ranged from +1% to −68%. This remains a major 
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issue, with considerable overlap between PET iden-
tified and histologically identified responders and 
non-responders.

The level of reduction in FDG uptake chosen to 
identify response has varied from 30% to 80% 
in published studies.148–153 There has been much 
recent debate on the MUNICON trial, which tai-
lored patient management according to the change 
in FDG uptake following one cycle of platinum 
and fluorouracil-based induction chemotherapy.154 
Those patients with decreases of 35% or more were 
defined as metabolic responders and continued to 
receive neoadjuvant chemotherapy for 12 weeks 
and then surgery. Non-responders, according to 
PET, discontinued chemotherapy after the first cycle 
and proceeded to surgery. After a median  follow-up 
of 2.3 years (interquartile range 1.7–3.0), median 
overall survival was not reached in metabolic re-
sponders, whereas median overall survival was 
25.8 months (19.4–32.2) in non-responders (hazard 
ratio 2.13 (1.14–3.99), P = 0.015). No histological 
response was reported in metabolic non-responders, 
but this is perhaps not surprising as they did not re-
ceive a full course of chemotherapy. In addition, the 
PET non-responders essentially had surgery alone 
and, when compared to those receiving neoadjuvant 
chemotherapy and surgery, had a poorer overall sur-
vival, as would be expected from the results of the 
phase III trials of neoadjuvant chemotherapy.1,155

The overlap between metabolic and pathological 
responders has been widely reported and remains 
a major issue. In a study by Kim et al., a complete 
metabolic response to preoperative chemoradio-
therapy on FDG-PET showed the highest corre-
lation with pathological complete response when 
compared with endoscopic biopsies or CT.156 
However, the concordance was 71% and bas-
ing management decisions on FDG-PET response 
could result in incorrect and suboptimal manage-
ment in some cases. Accuracy in predicting com-
plete histological response has been reported as 
89% for FDG-PET/CT, 67% for EUS-FNA and 
71% for CT.157 Other studies report no correlation 
between FDG-PET response and histopathologi-
cal response.158,159 More research is needed before 
FDG-PET can accurately determine which patients 
with oesophageal carcinoma should continue with 
neoadjuvant treatment or be offered early surgery.

A similar situation has been reported for assessment 
of response to neoadjuvant chemotherapy in patients 
with gastric cancer.160 In a study by Vallbohmer et al., 
40 patients underwent gastrectomy following neoad-
juvant chemotherapy.160 FDG-PET was performed 
before and 2 weeks after the end of neoadjuvant 
chemotherapy. There was no significant correlation 
between the pre-treatment SUV, post-treatment SUV 
or change in SUV and  response or prognosis.

Sentinel lymph nodes
A sentinel lymph node (SLN) is the node in direct 
communication with the primary tumour and the 
first node to be involved in lymphatic metastasis. 
The role of SLN biopsy is well established in can-
cers of the breast and melanoma, but its role in oe-
sophageal and gastric cancer is still evolving and is 
controversial.161–163 The main aim of the SLN con-
cept is to reduce the extent of dissection necessary 
to detect lymph node metastases. Ideally, the SLN is 
confined to a single lymph node or lymph node sta-
tion but published studies show that this is not the 
case in oesophageal cancer, with a mean number of 
SLNs of 4.7 reported by Takeuchi et al. and a me-
dian of 4 by Grotenhuis et al.164,165 In addition, the 
lymphatic drainage of the oesophagus is comprised 
of abundant lymph–capillary networks, especially 
in the submucosa. The resultant longitudinal lym-
phatic drainage can result in skipping metastases 
leading to positive distant nodes in the presence of 
negative local nodes.165,166 The finding of multiple, 
dispersed SLNs in patients with oesophageal cancer 
would indicate that a radical lymphadenectomy is 
indicated in most patients.

This finding also applies to gastric cancer. In a 
review of 88 patients with gastric cancer with a 
solitary lymph node metastasis, 65 occurred in the 
perigastric nodes while 23 showed skipping metas-
tases.167 In relation to the location of the tumour, 
the authors identified several different lymph node 
stations that could be involved with identically 
placed tumours. The same finding was reported in a 
similar sized study by Kunisaki et al.168 Of 102 pa-
tients with single lymph node metastases, over 60% 
occurred in specific lymph nodes for each tumour 
but the remainder were scattered in an unpredict-
able manner, including the para-aortic lymph nodes. 
With such an unpredictable pattern of spread a rad-
ical lymphadenectomy is essential to ensure that no 
residual disease is left in patients with potentially 
curable disease.

Future developments
The next version of this chapter will undoubtedly 
again require major revision as technology improves 
and available evidence on the role of each staging 
method is strengthened. One important study re-
sult awaited is the COGNATE trial, in which pa-
tients with oesophageal and gastric cancer without 
evidence of metastatic disease are randomised to 
receive EUS or not.169 The two groups will be com-
pared with regards to the treatment received and the 
rate of complete resection. Length and quality of 
survival will be compared between the two groups.
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Hopefully, the worldwide introduction and ac-
ceptance of the TNM7 classification of oesopha-
geal and gastric cancer will allow more meaningful 
comparison of results between units and may help 
in guiding clinicians towards a uniformly high stan-
dard of care. Ideally, the staging pathway should in-
clude a histopathological or biochemical marker of 
tumour behaviour, but this remains elusive.
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Key points
• All patients with oesophageal and gastric cancer should have the diagnosis confirmed histologically 

whenever possible and this should be by upper GI endoscopy.
• Multi-slice CT should be the first-line imaging investigation based on accessibility and cost-effectiveness.
• The TNM7 classification should be adopted worldwide to allow comparison of outcomes on a 

stage-for-stage basis between units and between countries.
• All patients should be discussed by an MDT with input from all involved specialities.
• Positive peritoneal cytology is classified as M1 disease in TNM7 and should be performed in all 

patients with gastric cancer being considered for curative treatment either at the time of staging 
laparoscopy or at the time of resection.

• FDG-PET/CT should now be the second-line imaging investigation in patients with oesophageal 
cancer based on its ability to detect metastatic disease, its non-invasiveness and cost.

• Although EUS has very high reported accuracy rates in detecting mediastinal lymph node involvement 
in patients with oesophageal cancer, it may no longer be routinely indicated. A more targeted approach 
using FNA analysis of lymph nodes to clarify CT and PET/CT findings is now an acceptable option.

• With a multitude of staging investigations available to clinicians we can no longer subject all 
patients to every investigation and there is a clear need to adopt ‘bespoke staging’ with a tailored 
approach to each patient's disease with subsequent investigations dependent on the results of the 
previous tests. This will avoid unnecessary discomfort to patients, unnecessary cost and delay in 
reaching a final clinical stage, thus allowing earlier commencement of treatment.
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Preoperative assessment and perioperative 
management in oesophageal and gastric surgery

Introduction
Perioperative management strategies have been 
shown to be important in postoperative outcome fol-
lowing oesophageal and gastric surgery.1 Structured 
pre- and perioperative management has also been 
shown to have an important role in outcome from 
a number of other major surgical procedures.2 The 
overriding principle of preoperative assessment is 
to identify comorbidities that may complicate the 
patient's operative intervention and perioperative 
recovery. Identification, recognition and treatment 
of these comorbidities allow the patient to be op-
timised prior to undergoing surgery in an effort to 
reduce the incidence of perioperative mortality and 
postoperative complications.

There is continual advancement in medical ther-
apy and surgical technology for the treatment of 
oeophagogastric malignancy, including advances 
in chemotherapy, radiotherapy and endoscopic 
therapy. This increased diversity in therapeutic ap-
proach makes the decision regarding patient selec-
tion for surgical resection a complex interaction 
between patient (i.e. premorbid status) and dis-
ease characteristics (i.e. tumour stage). This range 
in available therapies increases the desirability of 
individualising the approach according to these 
issues.

Perioperative management is another critical fac-
tor that can have a significant impact upon clinical 
outcome following oesophagectomy or gastrec-
tomy.3 This includes selection of surgical and an-
aesthetic techniques, methodology of  intraoperative 

monitoring, minimising blood losses and periop-
erative fluid management, as well as lung isolation 
techniques and intraoperative organ support. Thus, 
although surgical technique plays an important 
role in determining outcome following oesophagec-
tomy and gastrectomy, it remains only one variable 
amongst many others that play a significant part.4

Recently the role of the multidisciplinary team 
has become increasingly important in the care of 
this complex cohort of patients. A collaborative ap-
proach fosters an open dialogue between surgeons, 
anaesthetists, oncologists, radiologists, cancer spe-
cialist as well as ward nurses, nutritionists, phys-
iotherapists and critical care teams. This dialogue 
allows the patient to work with highly specialised 
medical professionals and ideally be included in 
validated clinical pathways, in order to provide a 
high-quality service and successful outcome.5 In 
this chapter, we will review some of the governing 
principles of preoperative assessment and periop-
erative management in the context of oesophago-
gastric surgery, and examine recent developments 
in this field.

Physiological stress 
during the treatment of 
oesophagogastric malignancy
The multimodal nature of treatment of oesophago-
gastric malignancy imparts significant physiologi-
cal stress. There are specific issues that can affect a 
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patient's tolerance to treatment. These issues classi-
cally include cardiac and pulmonary reserve, renal 
function and any other conditions that limit patient 
mobility and the potential for patients complying 
with standardised postoperative goals. Clinical out-
come following major surgery involves interplay 
between patient characteristics (e.g. comorbidities), 
disease characteristics (e.g. tumour stage, grade and 
cell type), choice of treatment modality (e.g. sur-
gery, chemotherapy, radiotherapy or combination 
of several modalities) and postoperative recovery.6,7 
The results and interpretation of preoperative 
testing may affect a patient's treatment course at 
multiple levels. Thus the goal of preoperative as-
sessment is to identify relevant risk factors in pa-
tients, in order to provide a tailored patient-centred 
approach to the management of oesophagogastric 
malignancy.

Surgical resection is one modality in the treatment 
of oesophagogastric malignancy and remains the most 
commonly applied approach in physiologically ap-
propriate patients with early and locoregional cancer. 
Surgery does, however, involve a significant physiolog-
ical challenge.8 Prolonged operations with blood loss 
and fluid shifts, large thoracic and abdominal incisions, 
extensive lymph node and tissue dissection around vital 
organs, and the potential requirement for single lung 
ventilation are some of the intraoperative factors that 
can place significant strain upon the cardiorespiratory 
system of the patient undergoing surgery.9 Adjunctive 
therapy, including chemo- and radiotherapy in se-
lected patients, can also result in significant physiolog-
ical impact.10,11 Prediction of patients with sufficient  
reserve to undergo multimodality therapies is the 
most important factor when assigning a treatment 
approach.

Diagnosis
The diagnosis of gastro-oesophageal malignancy 
is based on a good clinical history and examina-
tion, with the utilisation of appropriate further 
investigations.

Standard staging investigations for oesopha-
gogastric malignancy (Box 4.1) include endos-
copy, endoscopic ultrasound (EUS), computerised 

 tomography (CT) and positron emission tomog-
raphy (PET) with or without staging laparoscopy 
(for  oesophagogastric junctional, cardial or gastric 
tumours). Among the currently available staging 
modalities, EUS is considered the best for T stage 
and assessment of regional lymph nodes, whereas 
PET is the most accurate for the detection of distant 
nodal and metastatic spread.14 Apart from being 
 increasingly useful in initial staging of oesophageal 
cancer, [18F]fluorodeoxyglucose positron emission 
tomography (FDG-PET) scanning has been identi-
fied as a potential tool for assessing the therapeutic 
response after neoadjuvant therapy and detection of 
recurrent malignancy.15,16

It is the combination of the results of these investi-
gations assessing tumour characteristics and further 
investigations to evaluate patient comorbidities 
that will guide decisions regarding suitable patient-
centred treatment pathways.

Multidisciplinary team 
evaluation
Patients referred for specialist oesophagogastric 
treatment are reviewed and discussed by the mul-
tidisciplinary team (MDT). This consists of a lead 
clinician (often a surgeon or a medical specialist in 
oncology), medical and clinical oncologists, radiol-
ogist (may have an interest in interventional radiol-
ogy), histopathologist, specialist nurses and MDT 
coordinators. Other members of the MDT may in-
clude gastroenterologists, dieticians, palliative care 
nurses, intensivists and anaesthetists. MDT discus-
sion allows presentation of the radiological and his-
topathological findings in the context of patients' 
physical assessment, functional reserve, mental and 
nutritional status, and social support network.

The MDT has become the cornerstone of cancer 
treatment in order to provide an unbiased and ev-
idence-based approach to treatment of malignancy. 
The role of the cancer specialist nurse is critical in 
providing a means of communication with the pa-
tient and family, in order to ascertain their expecta-
tions from treatment along with further information 
regarding social and support networks. In our cen-
tre this initial comprehensive interview takes place 

 Clinical assessment undertaken at primary care 
consultation must highlight important symptoms 
including dysphagia and odynophagia to trigger 
further investigation. Studies have shown that an 
under-appreciation of the importance of dysphagia in 
younger patients can lead to a delay in presentation 
and an advanced tumour stage, resulting in a poorer 
prognosis in younger patients.12,13

• Endoscopy
• Endoscopic ultrasound
• Computerised tomography
• Positron emission tomography
• Staging laparoscopy

Box 4.1  •  Oesophagogastric cancer diagnostic and 
staging investigations
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before travel to the speciality centre and is routinely 
recognised as valuable in patient satisfaction sur-
veys. This initial communication includes provid-
ing specific information regarding the make-up of 
the care team, required investigations and potential 
treatment options. This also provides a contact per-
son (key worker) within the clinical team for the 
patient and family.

Neoadjuvant therapy
Patient assessment and selection in the appropri-
ate clinical context is crucial given the increasing 
use of neoadjuvant therapies in the treatment of 
oesophageal malignancy. The treatment of gastro- 
oesophageal cancer is no longer as simple as en-
suring a safe passage through oesophagectomy or 
gastrectomy. MDT discussion allows formulation 
of a plan based on evidence-based principles in-
cluding surgery with or without neoadjuvant thera-
pies, given the premorbid status of the patient and 
characteristics of the tumour. Assessment of physi-
ological issues is important because although some 
patients may benefit from multimodality therapy, 
some will not be fit enough.

Radiotherapy

Several studies have demonstrated a survival ben-
efit in the use of neoadjuvant chemoradiotherapy 
in oesophageal cancer.19,20 Although this combina-
tion therapy has been shown to be effective, it may 
result in a significant physiological impact on the 
patient.21 Changes in myocardial perfusion have 
been reported following chemoradiotherapy for 
oesophageal malignancy.22 Hence it is important 
to identify patients with cardiac comorbidities and 
impaired preoperative cardiac testing that may be 
more at risk from resultant myocardial ischaemia. 
Respiratory reserve as measured by pulmonary 
function testing can also be adversely affected by 
the use of thoracic radiotherapy.23 Some chemo-
therapeutic agents, including 5-fluorouracil and 
cisplatin, have a radiosensitising effect by decreas-
ing the ability of DNA damage repair mechanisms, 
thus potentiating both therapeutic and toxic effects 

of radiotherapy.24 This illustrates the importance of 
reassessment following completion of neoadjuvant 
therapy, prior to undertaking surgical resection of 
the gastro-oesophageal cancer. Timing of surgery 
around neoadjuvant chemoradiotherapy is also an 
important consideration as in our institution we 
would recommend surgery 4–6 weeks following the 
cessation of radiotherapy; however, surgery within 
4–10 weeks would be acceptable.

Chemotherapy

Previous studies have shown a clear benefit to the 
use of adjunctive chemotherapy in the treatment 
of advanced stage oesophagogastric malignancy.25 
Chapter 9 will discuss in more detail the merits of 
chemotherapy in this disease. However, it is impor-
tant to note that chemotherapeutic agents can cause 
significant side-effects, including vomiting, bleed-
ing, malnutrition, compromised immunity, etc. Thus 
patients undergoing neoadjuvant chemotherapy 
must be re-evaluated from a physiological and im-
munological standpoint prior to undergoing surgi-
cal resection.

Nutrition

Nutritional assessment and optimisation is a cor-
nerstone of good pre- and perioperative care in 
cancer surgery. Preoperative malnutrition and as-
sociated immunosuppression have been shown to 
be well correlated with septic complications and 
mortality following oesophageal cancer surgery.26 
The mechanism of malnutrition (Box 4.2) is often 
related to dysphagia, disease cachexia or neoadju-
vant chemotherapy. Nutritional assessment should 
be a component of the MDT review.

The relative merits of enteral over parenteral 
methods of feeding in the malnourished patient 
have been the subject of debate for several years. 
The proposed benefits of enteral feeding include im-
proved gut oxygenation, colonisation with gut flora 
serving to reduce septic complications and a re-
duced cost compared to parenteral feeding.27 There 
are several potential approaches to enteral feeding 
(Box 4.3).

 Centralisation of oesophagogastric cancer 
treatment has further improved the opportunities 
for informed multidisciplinary discussion through 
increasing specialisation and higher volume centres, 
resulting in improved clinical outcomes.17,18 This 
has in turn led to increased recruitment to clinical 
trials, a process that has been further facilitated by 
the presence of clinical oncologists as part of the 
MDT discussion.

• Body mass index (BMI) <18.5 kg/m2

• Unintentional weight loss of >10% within the last 
3–6 months

• BMI <20 kg/m2 and unintentional weight loss >5% within 
the last 3–6 months

Box 4.2  • Definition of malnutrition
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Nasojejunal feeding is often poorly tolerated for 
long periods by patients and thus is not routinely 
used at our institution. Radiologically placed jeju-
nal tubes also suffer from complications, includ-
ing perforation of other abdominal viscera during 
placement and slippage. Thus we advocate surgical 
placement of feeding jejunal tubes either by an open 
or a laparoscopic approach. We often combine this 
procedure with other procedures such as subcutane-
ous port placement or diagnostic laparoscopy.

At the time of surgery many surgeons would advo-
cate the routine placement of a feeding jejunostomy 
to ensure nutrition through the perioperative period 
and allow a more measured approach to reinstat-
ing oral nutrition. This can simplify discharge and 
avoid postoperative problems during the critical 
healing period, as in our patients jejunal tube feed-
ing is initiated on postoperative day 1. It is impor-
tant to emphasise that feeding jejunostomies can 
still be associated with complications in a propor-
tion of cases,28 which should be discussed with the 
patient prior to placement. In our own experience, 
we have found that placing a large 14Fr feeding 
tube decreases problems with tube obstructions.

Although percutaneous endoscopic gastrostomy 
(PEG) feeding provides a good method of nutri-
tional supplementation, in oesophageal cancer pa-
tients it may compromise the gastric conduit used 
in surgery. In recent years the development of en-
doscopic stents has served as a well-tolerated treat-
ment modality to bypass obstructing oesophageal 
lesions and allow oral enteral feeding either for 
preoperative optimisation or as a palliative mea-
sure. However, despite these benefits, fully covered 
oesophageal self-expanding metal stents (SEMS) 
are associated with an increased risk of migration 
(6–43.8%)29 that may significantly impact upon the 
patient's nutritional status and surgical resection. 
Furthermore, many clinical oncologists are hesitant 
to use radiotherapy in a patient with an oesopha-
geal metal stent. Thus the future of stents as a nu-
tritional bridge during neoadjuvant therapy remains 
inconclusive, with further studies required.

The role of the dietician or nutritionist in opti-
mising perioperative nutrition is important in en-
suring that the short- and long-term nutritional 

 requirements of these patients are met. Current 
practice suggests that most centres employ a dedi-
cated  specialised gastrointestinal dietician who will 
nutritionally assess patients daily in the postopera-
tive period.

Preoperative assessment
In general terms, the most familiar and simple clas-
sification of preoperative physical status and risk is 
that of the American Society of Anesthesiologists 
(ASA) (Table 4.1). Although the correlation of 
ASA grade with perioperative risk has limitations, 
it does provide a useful global assessment tool and 
its use is universal and familiar. Several other clini-
cal risk indices have been developed, including the 
Eastern Cooperative Oncology Group (ECOG) per-
formance status, the Karnofsky performance scale 
index and the Charlson comorbidity index. ECOG 
performance status allows assessment of the ef-
fect of oesophagogastric cancer on the daily living 
abilities of the patient. The Karnofsky performance 
scale index allows patients to be classified by their 
functional impairment, in a similar manner to the 
ECOG score. The Charlson comorbidity index pre-
dicts the 10-year mortality for a patient who may 
have a range of comorbid conditions such as heart 
disease, AIDS or cancer (22 conditions in total). 
This index allows quantitative scoring of a patient's 
comorbidities and may provide a useful tool in the 
preoperative assessment.

Cardiac assessment (Box 4.4)

As described previously, oesophagectomy or gas-
trectomy places significant physiological stress upon 
the cardiovascular system. Up to 10% of patients 
undergoing oesophagectomy will have a signifi-
cant cardiovascular complication.30 Furthermore, 
with increasing oesophagogastric surgery being 
undertaken in the elderly population, accurate 

• Jejunal feeds: nasojejunal tube, surgical or interventional 
radiologically placed jejunal tubes

• Stomach feeds: percutaneous gastrostomy (PEG) – not 
advisable due to potential compromise of the gastric 
conduit

• Endoscopic removable temporary stents:28 self-
expanding plastic (SEPS) or metal (SEMS) stents

Box 4.3  • Approaches to enteral feeding

Grade Definition

ASA 1 Normal healthy patient
ASA 2 Patient with mild systemic disease
ASA 3 Patient with a severe systemic disease that 

limits activity but is not incapacitating
ASA 4 Patient with incapacitating disease that is a 

constant threat to life
ASA 5 Moribund patient not expected to survive 

24 hours with or without surgery

Table 4.1  •  The American Society of Anesthesiologists' 
assessment of physical status
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 identification of patients at risk from cardiovas-
cular complications (associated with ischaemia or 
 dysrhythmia) can help guide treatment planning.

History
A thorough history and appropriate clinical ex-
amination will help identify major cardiovascular 
risk factors. These include ischaemic heart disease, 
valvular abnormalities, arrhythmias, heart failure, 
etc. Ischaemic heart disease has been identified as 
a crucial risk factor predicting severe complications 
following major surgery.31 Identification of atrial or 
ventricular tachyarrhythmias can also help identify 
patients at risk for the most common postoperative 
complication, atrial fibrillation. Any pertinent find-
ings will help guide further investigations that may 
be required, including a full cardiology assessment 
prior to undertaking major surgery.

Functional capacity
Exercise capacity provides a useful measure of 
functional cardiorespiratory reserve. Poor exercise 
tolerance correlates with an increased risk of peri-
operative complications that are independent of age 
and other patient characteristics.32 However, the 
ability to climb a flight of stairs does not preclude 
a patient from having underlying cardiorespiratory 
disease, and prior to undertaking surgery the major-
ity of oesophagogastric surgeons and most anaes-
thetists would advocate the use of further cardiac 
investigation in all elderly patients or patients with 
multiple risk factors. In the absence of an agreed 
protocol, exercise testing for oesophagogastric can-
cer surgery patients remains an important consid-
eration during preoperative evaluation; however, it 
should not be used as the sole criterion for denying 
a patient an operation.

Investigations (Box 4.4)
Electrocardiogram (ECG)
ECG is the most basic objective cardiac assessment, 
usually as part of any preoperative work-up prior 
to major surgery. It remains a useful baseline test to 
identify electric conductional abnormalities within 
the heart that may indicate further structural abnor-
malities that warrant further investigations. Patients 

with no prior history of cardiac disease but with an 
 abnormal ECG represent a group that must  undergo 
a higher level of investigation and are potentially 
amenable to intervention and risk reduction prior 
to surgery.

Cardiopulmonary exercise testing (CPX)
The relative merit of cardiopulmonary exercise 
testing in the setting of oesophagogastric surgery 
remains controversial. Some surgeons propose the 
view that CPX testing is expensive, time-consuming 
and unreliable for the prediction of cardiorespi-
ratory complications following oesophagectomy 
or gastrectomy. The literature on this subject 
also fails to resolve the debate. In a retrospective 
 cohort study, Nagamatsu et al.33 divided patients 
into two groups based on the presence or absence 
of cardiopulmonary complications. Nagamatsu 
et al. found significant differences between the two 
groups in their preoperative VO2max (P < 0.001) and 
 anaerobic threshold (AT; P < 0.001). In the follow-
up to this study, Nagamatsu et al.34 performed a 
retrospective study of CPX testing in 91 patients 
who underwent radical oesophagectomy with 
three-field lymphadenectomy. They found VO2max 
closely correlated with the occurrence of postopera-
tive cardiopulmonary complications. On the basis 
of their results, Nagamatsu et al. chose a minimally 
acceptable value of 800 mL/m2 for the VO2max 
for patients undergoing curative transthoracic oe-
sophagectomy. Forshaw et al.35 undertook a similar 
study to determine the usefulness of CPX testing 
before oesophagectomy in a cohort of 78 patients. 
The study demonstrated there was a significantly 
reduced VO2peak (P = 0.04) and a non-significant 
trend towards a reduced AT (P = 0.07), in patients 
who developed postoperative cardiopulmonary 
complications following oesophagectomy. Areas  
under the curve for AT and VO2peak were 0.63 and 
0.62, respectively, suggesting that CPX testing did 
not perform well in predicting postoperative cardio-
pulmonary complications.

Stress testing
Cardiac stress testing is a well-validated non-inva-
sive modality that has been shown to accurately 
predict patients at risk of cardiac complications 
following non-cardiac surgery.36 In addition, stress 
testing has been shown to identify patients with 
inducible ischaemia that may benefit from preop-
erative beta-blockade.37 Preoperative non-invasive 
stress testing has been recommended for patients 
with cardiac risk factors (Table 4.2) by the American 
College of Cardiology and American Heart 
Association guidelines.38 Exercise-induced hypo-
tension is a sign of possible ventricular impairment 
secondary to coronary artery disease and warrants 

• History – including functional capacity
• Electrocardiogram (ECG) – identifies electric 

conductional abnormalities
• Stress testing – exercise, pharmacological, 

echocardiography or radioisotope investigation and 
cardiopulmonary exercise testing (CPX)

Box 4.4  • Cardiac preoperative investigations
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further  investigation with a coronary angiogram 
or myocardial perfusion imaging. Several exercise 
methods for cardiac stress testing exist, including 
stair climbing, treadmill and shuttle walk testing. 
Further investigation in patients who are unable 
to complete exercise testing due to reduced mobil-
ity secondary musculoskeletal disease may include 
pharmacological to stress testing. Commonly used 
pharmacological agents include adenosine, dipyri-
damole, dobutamine and propanolol. The choice of 
pharmacological drug used in stress testing usually 
depends upon potential drug interactions with other 
treatments and concomitant diseases. Cardiac stress 
echocardiography and radioisotope investigation 
(to measure cardiac perfusion) are also used to pro-
vide a more detailed cardiac assessment. The identi-
fication of reduced left ventricular ejection fraction 
by the latter modalities has been significantly asso-
ciated with the development of cardiac complica-
tions  following major surgery.39

Optimisation
Preoperative physical cardiopulmonary 
rehabilitation
Preoperative cardiopulmonary fitness has been 
shown to be well correlated with postoperative 
outcome following major surgery.40 The use of in-
tensive preoperative exercise has been shown to 

improve cardiopulmonary fitness prior to major 
surgery.41 Although intensive preoperative exercise 
improves cardiopulmonary fitness, this short-term 
improvement has not been conclusively shown to 
correlate with postoperative outcome following ma-
jor surgery and cancer resection.

Beta-blockade
ACC/AHA guidelines (2006) suggested that beta-
blockers should be considered in all patients with 
an identifiable cardiac risk as determined by the 
presence of more than one clinical risk factor.38 The 
hypothesis for this beneficial effect is that adren-
ergic beta-blockade slows the heart rate and as a 
result improves ischaemic ventricular dysfunction. 
Patients on long-term beta-blockade exhibit adren-
ergic hypersensitivity if the therapy is withdrawn 
and the intravenous route should be utilised until 
oral intake can be resumed. The cardioprotective ef-
fect of beta-blockers has been reported as persisting 
for up to 6 months following surgery, even after the 
cessation of therapy.42 In order for beta-blockade 
therapy to be most effective, patients should be opti-
mally blocked in the weeks preceding surgery and in 
the immediate postoperative period. Although not 
conclusively proven, it is believed that long-acting 
beta-blockers initiated before surgery are superior 
to shorter-acting agents.38

Classification Predictor

Major Unstable coronary syndromes:
•	 Acute	or	Recent	MI	with	evidence	of	important	ischaemic	risk	by	clinical	symptoms	 

or non-invasive study
•	 Unstable	or	severe	angina	(Canadian	class	III	or	IV)
Decompensated heart failure
Significant arrythmias:
•	 High-grade	atrioventricular	block
•	 Symptomatic	ventricular	arrhythmias	in	the	presence	of	underlying	heart	disease
•	 Supraventricular	arrhythmias	with	uncontrolled	ventricular	rate
Severe valvular disease

Intermediate Mild angina pectoris (Canadian Class I or II)
Previous myocardial infarction by history or pathological Q waves
Compensated or prior heart failure
Diabetes mellitus (particularly insulin dependent)
Renal	insufficiency

Minor Advanced age
Abnormal ECG (left ventricular hypertrophy, left bundle branch block, ST-T abnormalities)
Rhythm	other	than	sinus	(e.g.	atrial	fibrillation)
Low functional capacity (e.g. inability to climb one flight of stairs with a bag of groceries)
History	of	stroke
Uncontrolled systemic hypertension

Table 4.2  • Clinical predictors of increased perioperative cardiovascular risk (myocardial infarction, heart failure, death)
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Other relevant cardiac medication
Statins
Current ACC/AHA guidelines on perioperative car-
diovascular care recommend that patients should 
continue statin treatment throughout the periopera-
tive period.38 To date the evidence regarding the car-
dioprotective effects of statins in the perioperative 
period is controversial,46 with no studies specifically 
in the setting of oesophagogastric surgery.

Anticoagulants
In performing oesophagogastric surgery on patients 
on anticoagulation, the major concern is when is it 
safe to perform surgery without increasing the risk 
of haemorrhage or increasing the risk of thrombo-
embolism (e.g. venous, arterial) after discontinuing 
treatment.

Aspirin/clopidogrel

Coronary stents include bare metal and drug- 
eluting stents, and their placement prior to surgery 
can significantly impact upon timing of surgical re-
section. Nuttall et al.48 demonstrated an odds ratio 
of 3.6 for major cardiac events when surgery was 
performed within 30 days of bare metal stent place-
ment, which was reduced to 1.6 when surgery was 
performed between 31 and 90 days. The available 
data suggest that 30 days should be the minimum 

interval between placement of a bare metal coro-
nary stent and major non-cardiac surgery. Rabbits 
et al.49 showed the risk of developing cardiac com-
plications following drug-eluting stent placement 
is increased (6.4% vs. 3.3%) when surgery is per-
formed within 365 days of stent placement. Thus it 
is clearly important to discuss the patient's periop-
erative plan with the consulting cardiologist prior 
to any percutaneous cardiac intervention or stent 
placement if a patient is being scheduled for major 
oesophagogastric surgery. The timing of when to re-
start anticoagulants is also a subject of debate, with 
little clear guidance currently present; however, in 
our institution we typically reinstitute aspirin on 
postoperative day 1 following oesophagectomy.

Warfarin
Patients on warfarin are typically told to stop this 
4–5 days prior to undergoing major surgery, with 
the acquisition of an international normalised ra-
tio (INR) assay on the day of surgery. Patients with 
mechanical heart valves, atrial fibrillation or venous 
thromboembolism should have an anticoagulation 
bridging plan with heparin for the perioperative pe-
riod.49 Patients who have recently sustained a ve-
nous thromboembolism should be considered for 
placement of temporary caval filters prior to radical 
surgery.

Pulmonary assessment

Oesophageal surgery has significant effects on pul-
monary physiology that may predispose to compli-
cations. The incidence of postoperative pulmonary 
complications following oesophagogastric surgery 
ranges from 15.9% to 30%, with an associated in-
crease in operative mortality.50 Assessment of un-
derlying pulmonary reserve is often recommended 
for identifying patients more likely to suffer from 
postoperative pulmonary problems, and then in-
stituting effective aggressive preventative strate-
gies including regular chest physiotherapy, early 
mobilisation and lung spirometry. For example, a 
patient with chronic obstructive pulmonary disease 
(COPD) and sputum retention should be identified 
as high risk preoperatively to allow the introduc-
tion of these preventative strategies early in the 
postoperative period; if not, this patient may re-
quire multiple therapeutic bronchoscopies in the 
postoperative period to treat mucus accumulation 
and lobar collapse.

History
A thorough history along with an appropriate ex-
amination will help identify pulmonary risk fac-
tors that will be important in the perioperative 
period. Risk factors for postoperative pulmonary 

 The 2009 ACCF/AHA focused update on 
perioperative beta-blockade for non-cardiac surgery43 
states that beta-blockers titrated to heart rate 
and blood pressure are reasonable for patients in 
whom preoperative assessment identifies coronary 
artery disease or high cardiac risk, as defined by 
the presence of more than one clinical risk factor 
who are undergoing intermediate-risk surgery.44 In 
addition, this update states: ‘The usefulness of beta-
blockers is uncertain for patients who are undergoing 
either intermediate-risk procedures or vascular 
surgery in whom preoperative assessment identifies 
a single clinical risk factor in the absence of coronary 
artery disease.’45

 Traditionally, patients are advised to stop aspirin 
or clopidogrel 7–10 days prior to undergoing major 
surgery. However, in the case of patients who have 
had a coronary stent placed within 6–12 months 
of oesophagogastric surgery, the advice of the 
American College of Chest Physicians is to continue 
aspirin or clopidogrel through the perioperative 
period,47 which would be unacceptable to most 
oesophagogastric surgeons. Some surgeons are 
prepared to allow continuation of low-dose aspirin 
over the operative period but not clopidogrel.
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 complications include age, smoking status and 
physical activity levels.51 Further pulmonary comor-
bidities that are important in the recovery following 
major surgery include COPD, asthma, pulmonary 
fibrosis or any further restrictive lung disease and 
previous pulmonary emboli. In the medication his-
tory it is important to specifically ask about the use 
of oral bronchodilator therapy that may be admin-
istered as a nebuliser in the postoperative period. 
Furthermore, the use of oral steroids will need con-
sideration for cover with intravenous hydrocorti-
sone during the perioperative period.

Investigations (Box 4.5)
Arterial blood gas (ABG)
Preoperative ABG sampling is commonly used in 
patients with pulmonary risk factors to gain an 
idea of baseline respiratory function. Patients with 
obstructive airway disease (COPD) may show evi-
dence of carbon dioxide retention, which should be 
taken into account during the postoperative period. 
Patients with abnormal preoperative ABG results 
are more likely to suffer from postoperative pul-
monary complications following major surgery.52 
Interpretation of ABG results in the context of clini-
cal history and examination is important in ensur-
ing optimal perioperative pulmonary care.

Chest X-ray (CXR)
Routine preoperative CXR is part of the work-up 
for most major surgical procedures. Results from 
a CXR are dependent upon interpretation by clini-
cians and subsequent action. Chronic disorders such 
as cardiomegaly and COPD can be detected in upto 
65% of cases.53 A preoperative CXR will elucidate 
obvious chest abnormalities; its greatest value may 
be as a comparison with postoperative films to act 
as a reference point.

Pulmonary function testing (PFT)
Preoperative PFT with spirometry in conjunction 
with clinical history and examination can be used 
to establish baseline lung function, evaluate dys-
pnoea, detect pulmonary disease, monitor effects of 
therapies used to treat respiratory disease, evaluate 
respiratory impairment and evaluate operative risk. 
Low forced expiratory volume in 1 second (FEV1) 

or forced vital capacity (FVC) has been shown to 
be well correlated with postoperative pulmonary 
complications.54 Abnormal PFT results will allow 
identification of patients at risk of  postoperative pul-
monary complications; this will enable targeted pre-
ventative strategies including chest physiotherapy, 
early mobilisation and lung spirometry to be em-
ployed in the perioperative period. However, routine 
pulmonary function testing can be  time-consuming 
and expensive, and some surgeons would advocate 
a more measured approach, with PFTs being used in 
patients with pulmonary risk factors.

Optimisation
As discussed previously, the benefits of preopera-
tive exercise or rehabilitation have been shown to 
improve cardiopulmonary fitness and postop-
erative outcome following major cancer resection. 
Identification of patients at risk from pulmonary 
complications may provide a justification for alter-
ing the method of surgical resection. Patients with 
very poor pulmonary function who previously 
would have been deemed unfit to undergo resection 
may benefit from a minimally invasive approach. 
Aggressive chest physiotherapy and early mobili-
sation may also help to reduce the incidence of 
pulmonary complications associated with oesopha-
gogastric surgery in this cohort. There are several 
preoperative pulmonary risk factors that may be 
optimised in patients with impaired lung spirometry 
who are undergoing upper gastrointestinal surgery 
(Box 4.6).

Neurological assessment

History
Identification of patients with neurological risk 
factors is another crucial element of the preop-
erative global assessment. These risk factors in-
clude previous cerebrovascular accidents (CVAs), 

• History – including functional capacity
• Arterial blood gas (ABG) – gives a basic baseline 

respiratory function
• Chest X-ray (CXR) – identifies any obvious chest 

abnormalities
• Pulmonary function testing (PFT)

Box 4.5  • Pulmonary preoperative investigations

• Cessation of cigarette smoking for a minimum of 8 weeks
• Aggressively treat airflow obstruction in patients with 

COPD or asthma
• Optimise haemoglobin concentration either with iron 

supplementation or transfusion if absolutely necessary
• Treat any respiratory tract infection with antibiotics, having 

first cultured the sputum
• Begin patient education regarding adequate exercise 

and lung expansion techniques with the assistance of a 
physiotherapist

• Encourage patient to lose weight if obese

Box 4.6  •  Preoperative pulmonary risk-reduction 
strategies
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 transient ischaemic episodes (TIAs), epilepsy,  
dementia or cognitive decline and neuropsychi-
atric disorders. These factors can lead to severe 
neurological complications, including delirium, 
that may significantly impact upon postoperative 
recovery. The reported incidence of postoperative 
delirium following major surgery is highly vari-
able, ranging from 9% to 53%, and more common 
in the elderly population.55 Previous studies have 
also shown delirium to be significantly  associated 
with a poor postoperative outcome following 
major surgery.56 In our own institution delirium 
affects 9.2% of patients and is the second most 
common complication following  oesophagectomy. 
Furthermore, delirium in our unit is associated 
with an increased incidence of postoperative pneu-
monia, pneumothorax, tracheal re-intubation, 
length of intensive care unit (ICU) and hospital 
stay, and increased overall cost.57

Investigations
Several risk factors for postoperative delirium have 
been identified previously, including age, dementia, 
functional impairment, depression, psychotropic 
drug use, increased comorbidity (cardiac, pulmo-
nary, renal and neurological), laboratory abnor-
malities (electrolyte disturbance, anaemia and low 
albumin), preoperative visual impairment, hearing 
impairment, alcohol use, institutional residence 
and prior postoperative delirium. It is the accurate 
preoperative identification of these risk factors in 
vulnerable patients that will allow implementation 
of interventions to reduce delirium following ma-
jor surgery.58 Previous studies have attempted with 
variable success to produce risk scores that can be 
used to identify postoperative or hospitalised pa-
tients at risk from delirium.59 Although creation and 
validation of these risk scores provides interesting 
academic points, often they are cumbersome and 
not designed for widespread clinical application. 
The presence of pre-existing dementia or cognitive 
impairment has been shown in a previous study60 
to have the strongest correlation with postopera-
tive delirium. The Mini-Mental State Examination 
(MMSE) provides a means of a quick assessment 
of a patient's cognitive state at admission that may 
allow prediction of patients vulnerable to postop-
erative delirium.60

Optimisation
The avoidance and treatment of postoperative de-
lirium is a challenge, and thus prediction of vul-
nerable patients and employment of preventative 
strategies represent a more attractive option. More 
recent randomised trials have been aimed at design-
ing multifaceted interventional programmes to pre-
vent postoperative delirium, thus reducing length 
of hospital stay and mortality.62 The most recent 
Cochrane review on ‘Interventions for prevent-
ing delirium in hospitalised patients’ highlighted 
the sparse nature of evidence regarding preventa-
tive measures against delirium. However, in the 
context of hip surgery there was a suggestion that 
proactive geriatric consultation and prophylactic 
low-dose haloperidol may reduce severity and dura-
tion of delirium episodes in vulnerable patients.63 
Specifically in the setting of oesophagectomy, bright 
light therapy or increased bright light exposure has 
been shown to be useful in reducing the incidence of 
postoperative delirium.64

Renal assessment

The presence of preoperative renal disease is a 
highly important factor that may impact upon post-
operative outcome. This is illustrated by several risk 
scoring systems used to predict postoperative com-
plications following major surgery, including renal 
disease as a variable, e.g Possum, APACHE II and 
Charlson scores. Due to improvements in perioper-
ative care, patients with several medical comorbidi-
ties, including renal insufficiency, that previously 
may have been refused surgical intervention are 
now more likely to be considered for surgery. Thus 
the assessment and optimisation of preoperative 
 renal disease will gain increasing importance due 
to the changing demographics of the population 
undergoing oesophagogastric surgery.

History
Patients may or may not be aware of pre-existing 
renal disease. However, in every elderly patient un-
dergoing major surgery renal function should be 
assessed. Prior to the initiation of surgery, renal dis-
ease will influence many treatment modalities asso-
ciated with oesophagogastric malignancy, including 
the use of certain medications, i.e. anti-inflamma-
tory medications, radiological investigations, e.g. 
contrast use in CT scan, and neoadjuvant or adju-
vant chemoradiotherapy.

Investigations
All patients undergoing major oesophagogastric 
surgery will have basic laboratory blood tests that 
should include markers of renal function, i.e. serum 

 The National Institute for Health and Clinical 
Excellence (NICE UK) has recently launched a 
new guideline that outlines several preventative 
strategies against delirium.61 It describes the use of 
a multi-intervention package including assessment 
and modification of key clinical factors that may 
precipitate delirium.
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urea, creatinine and electrolytes. Together these re-
sults will identify the presence or absence of under-
lying renal insufficiency and the impact of this upon 
serum biochemistry and electrolyte disturbance.

Optimisation
Previous studies have demonstrated that with good 
preoperative optimisation patients with impaired 
renal function can undergo gastrectomy with simi-
lar results to patients with a normal creatinine 
clearance.65 Patients with severe renal impairment 
requiring dialysis are considered inappropriate sur-
gical candidates for major oesophagogastric resec-
tion. Active involvement and consultation with a 
nephrologist will help guide perioperative manage-
ment strategies, including fluid and electrolyte man-
agement, in this complex cohort of patients.

Anaesthetic technique
Thus far we have discussed a systems-based ap-
proach to preoperative assessment; in this next 
section we will move on to monitoring, assessment 
and control of intraoperative factors that may 
 adversely affect outcome following oesophagogas-
tric surgery.

Intraoperative monitoring

During major surgery traditionally, invasive ad-
juncts have formed the mainstay of intraoperative 
monitoring. More recently, anaesthetists are moving 
away from these invasive monitoring mechanisms, 
instead attempting to safely monitor a patient during 
major surgery using as minimally invasive monitor-
ing mechanisms as possible without compromising 
safety. The aim of intraoperative monitoring should 
be to safely monitor patients' vital systems whilst 
they undergo a general anaesthetic for major sur-
gery that can impact and attenuate the body's nor-
mal homeostatic mechanisms. Inadequate perfusion 
of the end-organs during major surgery not only 
increases the incidence of major complications, e.g. 
CVA, myocardial infarction and renal failure, but 
also may result in anastomotic or graft ischaemia 
and resultant leakage.

Cardiovascular system
Monitoring vital signs including heart rate and 
blood pressure can give clues as to a patient's intra-
vascular volume, especially in challenging cases with 
significant blood loss. This monitoring can range 
from simple measures, including a blood pressure 
cuff and an oxygen saturation finger probe, to cen-
tral venous lines and arterial lines. The advantages 
of central lines include venous access away from the 
operating field to allow anaesthetists to administer 
intravenous solutions without disturbing the oper-
ating procedure. These lines also allow monitoring 
of the central venous pressure, which can be used 
to guide fluid administration during the intra- and 
immediate postoperative period. These lines are not 
without complications, including infection, pneu-
mothorax during insertion and venous thrombosis.

Arterial lines allow monitoring of the mean arterial 
pressure (MAP) to guide fluid administration during 
the intraoperative period. They also allow arterial 
blood to be sampled for blood gas analysis, to mea-
sure serum electrolytes, acid–base balance and lactate, 
that all give vital clues as to the status of vital organs. 
The complications of arterial lines include infection 
and thrombosis. Arterial lines do provide a useful 
intraoperative monitoring adjunct and we thus cur-
rently recommend their use in the majority of cases.

Renal system
From the measures described above, arterial blood 
gas monitoring allows measurement of serum elec-
trolytes and lactate, both of which can indicate in-
traoperative renal impairment. The most common 
cause of renal impairment in a patient with no pre-
vious renal disease is renal hypoperfusion. Other 
causes include nephrotoxicity secondary to medica-
tion administered intraoperatively. Urinary catheter-
isation allows direct measurement of urinary output 
and an indirect measurement of renal function. This 
provides a less invasive approach to monitoring of 
renal function and is routinely used in all patients 
undergoing major oesophagogastric surgery.

Anaesthetic agents

 In the presence of previously undiagnosed 
severe renal impairment it would be prudent to 
investigate the aetiology to its conclusion, with 
renal imaging, e.g. ultrasound, MAG3 scan or 
renal biopsy. This is especially important when 
a conservative approach to fluid utilisation is 
considered in the perioperative period (see ‘Fluid 
management’ section below).

 We currently recommend the selective use of 
central lines in indicated cases with difficult venous 
access.

 The effect of choice of anaesthetic agent upon 
inflammatory response and postoperative outcome 
following oesophagogastric surgery remains 
inconclusive.
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Desflurane and sevoflurane have been shown to 
 produce a reduced pulmonary inflammatory re-
sponse and a decrease in the overall number of 
adverse events compared to propofol.66 However, 
a more recent study suggested sevoflurane caused 
a greater inflammatory response than propofol 
during thoracic surgery.67 These studies are lim-
ited by heterogeneity in patient demographics and 
comorbidities, along with duration of surgery and 
one-lung ventilation. Thus, although volatile anaes-
thetics produce dose- and time-dependent effects 
upon the inflammatory and immune systems, the 
nature of these effects in the setting of oesophago-
gastric surgery requires further investigation.

Airway management

Lung isolation techniques
Both gastric and oesophageal surgery can be per-
formed in a patient intubated with a standard en-
dotracheal tube. To allow intraoperative collapse 
of the right lung (during a two-stage transthoracic 
oesophagectomy), a left-sided double-lumen endo-
brochial tube is most commonly used (Fig. 4.1). It 
is crucial to ensure correct placement of the tube 
and recognise inadvertent upper lobe occlusion. 
Usually, endobrochial tube position is confirmed 
through auscultation of the chest and fibre-optic 
bronchoscopy.

Single lung ventilation (SLV) is commonly used in 
oesophageal surgery to facilitate dissection by op-
erating surgeons by increasing the space available 
within the thoracic cavity. However, SLV has been 
shown to result in an inflammatory response, with 
the time period of SLV and surgical manipulation 
increasing alveolar injury and leucocyte recruitment 
in the dependent lung. During re-expansion of the 
collapsed lung, alveolar recruitment and reperfu-
sion lung injury provide an additional source of 
lung injury.68 Protective strategies aimed at reduc-
ing intraoperative lung injury include using small 
tidal volumes and positive end-expiratory pressure 
(PEEP) during SLV, and this has been shown to re-
duce the inflammatory response following oesopha-
gectomy, improve lung function and result in early 
extubation.69

Endobronchial blockers (Fig. 4.2)
In some patients who are difficult to intubate in the 
presence of irregular dentition or limited temporo-
mandibular joint movement, the use of a double-
lumen endobronchial tube can be challenging due to 
its size. In this situation an endobronchial blocker 
passed fibre-optically through a single-lumen en-
dotracheal tube may be beneficial to isolate the 
non-dependent lung. One important limitation to 
the routine use of endobronchial blockers is their 
tendency to migrate proximally or distally with 
mediastinal manipulation, resulting in sudden lung 
reinflation.

Timing of extubation
Immediate extubation following surgery has the ad-
vantage of giving the patient back control of their 
own respiratory system and allows them to begin 
their postoperative recovery immediately. In the 
past immediate extubation following major oesoph-
agogastric surgery was not routinely considered. 
Furthermore, some patients with several respiratory 
comorbidities may require a measured approach to 
extubation. Patients with respiratory comorbidities 
are at greater risk from pulmonary complications 
and often require prolonged respiratory support.

The benefits of early extubation have been clearly 
demonstrated, with reduced mortality and morbid-
ity.71 Early extubation has the additional benefit 
of reducing the requirement for postoperative ICU 
admission, instead allowing patients to be managed 
in a high-dependency setting and reducing overall 
cost. Postoperative extubation must be predicated 
on the basis of good pain control and is a prerequi-
site for early mobilisation.

Figure 4.1  • Left-sided double-lumen endobronchial tube. Figure 4.2  • Endobronchial blocker.

 An operative approach that is individualised 
to patient and tumour characteristics, and based 
upon adhering to appropriate cancer principles 
with the minimising of blood loss and appropriate 
perioperative fluid administration, has allowed 
immediate extubation in up to 99.5% of cases 
following oesophagectomy.70
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Fluid management

Perioperative fluid management involves a careful 
balance between maintaining perfusion pressure 
and oxygen delivery to vital organs and the newly 
fashioned anastomosis, and the prevention of exces-
sive fluid accumulation that may delay recovery of 
gastrointestinal function, impair wound or anasto-
motic healing, and increase cardiac and respiratory 
complications.72 Patients undergoing major oe-
sophagogastric surgery have several sources of loss 
of fluid, including bowel preparation, dehydration 
secondary to tumour dysphagia, blood loss, insen-
sible and nasogastric losses, wound exudation, uri-
nary output, and evaporative fluid losses from open 
abdominal and chest cavities.

Recent publications have suggested that a more 
restrictive approach to fluid management during 
major surgery may be beneficial, with improved 
gastrointestinal recovery time and reduced respira-
tory complications.73

Goal-directed fluid therapy includes minimising 
blood loss and maintaining haemodynamic stability, 
and this requires regular communication between 
surgeon and anaesthetic teams, i.e. during transhia-
tal dissection, where the blood pressure routinely 
decreases and anaesthetists typically respond by in-
creasing fluid administration. In oesophagogastric 
surgery the monitoring of haemodynamic parameters 
is more challenging, as the most validated method 
remains oesophageal Doppler, the use of which is 
not possible in the context of oesophagectomy.76 
Other monitoring measures to allow goal-directed 
fluid administration include arterial lines to monitor 
arterial pressure variation and the FloTrach/Vigileo 
system (Edwards Lifesciences, Irvina, CA) to predict 
intravascular hypovolaemia.77 Clear evidence and 
the optimal method for monitoring in goal-directed 
fluid therapy are yet to be determined; however, 
this approach to intraoperative fluid administration 
would appear to be beneficial in theory.

Postoperative analgesia

With inadequate postoperative pain relief patients 
are less likely to mobilise, take part in respiratory 
exercises and comply with standard postoperative 
goals. Hence the importance of good postopera-
tive analgesia in the implementation and effective-
ness of multimodality clinical pathways cannot be 
overstated.

Thoracic epidural analgesia for oesophagectomy 
has been shown to be a highly effective method of 
postoperative pain relief.78 Furthermore, the proven 
benefits of thoracic epidural analgesia following 
oesophagectomy include earlier recovery of bowel 
function, reduced pulmonary complications and 
early extubation.79 Further less well-validated ben-
efits have been described, and these include reduced 
anastomotic leak and improved gastric conduit 
microcirculation.80,81 However, aggressive epidural 
bolus dosing can reduce systolic arterial pressure 
and thus conduit perfusion. Measures to counter-
act this effect include changing rate of epidural and 
avoidance of bolusing, avoidance of hypovolaemia 
and the judicious use of vasopressor therapy.82

Epidural analgesia has been shown to be a highly 
effective method of reducing postoperative pain 
in gastrectomy.83 Epidural analgesic therapies can 
vary between continuous infusions and patient-
controlled analgesia (PCA). The advantages of the 
latter include subjective titration of a patient's pain 
and adequate treatment; however, usually a safety 
mechanism or lockout is in place to prevent the pa-
tient from overusing the PCA. Recent studies have 
suggested a combined regime of patient-controlled 
epidural analgesia during the day with a night-time 
infusion can help to reduce postoperative pain, and 
specifically pain associated with coughing, and pro-
vide a better sleep pattern.84

Other methods of effective postoperative analgesia 
following oesophagogastric surgery include intrave-
nous patient-controlled analgesia and this is often 
the next line in the analgesic ladder following epi-
dural analgesia. The main disadvantage of patient-
controlled analgesia following major surgery is that 
it requires a well-orientated patient to be able to 
coordinate and administer their own pain relief. So 
in some situations the patient may not be able to do 
this, resulting in inadequate analgesia and increased 
risk of postoperative complications.

Extrapleural intercostal nerve blockade is another 
method of effective pain control following thora-
cotomy. An indwelling catheter may be left in the 
extrapleural space, most commonly during the op-
eration, to allow the continuous infusion of local 
anaesthetic to the thoracotomy region. Extrapleural 
intercostal nerve blockade has been shown to be as 
effective as thoracic epidural analgesia in  controlling 

 Two studies have demonstrated the benefits 
associated with perioperative fluid restriction 
specifically in the setting of oesophagectomy.74,75 
Kita et al.74 found that maintaining a central venous 
pressure of <5 mmHg and an adequate urinary 
output with intraoperative fluids administered 
at 4–5 mL/kg per hour resulted in reduced 
postoperative respiratory complications following 
oesophagectomy. Neal et al.75 demonstrated a 
reduction in oesophagectomy-related morbidity 
by using a standardised multimodal management 
plan that included thoracic epidural analgesia, 
early extubation and avoidance of excessive 
intraoperative fluid administration.
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thoracotomy-related pain and allowing recovery of 
pulmonary function in a randomised controlled 
trial.85 Despite these benefits, extrapleural intercos-
tal nerve blockade has yet to gain widespread accep-
tance, with thoracic epidural analgesia remaining 
the perceived gold standard for pain control follow-
ing thoracotomy.

Oesophagogastric clinical 
pathways
The implementation of a clinical pathway for oe-
sophagogastric cancer requires the personal com-
mitment of all members of the care team and will 
impact a patient's treatment at virtually every stage; 
these individuals and teams should be involved in 
formulating and adapting the clinical pathway.

These pathways should be reassessed and updated 
every 24–36 months to allow continued re-evalua-
tion of goals by the entire team and to look for areas 
in which outcomes can be improved over time. It is 
important to understand that clinical pathways are 
not limited to the postoperative period, but instead 
a good pathway will begin at the time of initial con-
sultation and support a patient's journey and goals 
until treatment has been completed.

Preoperative

In our institution this process begins at the time 
of initial telephone interview between the patient 
and the oesophagogastric nurse specialist within 
48 hours of referral. This telephone interview 
will include a review of the patient's past medical 
history, their current symptoms (swallowing and 
weight loss), current investigations, travel arrange-
ments (accommodation), and an initial  description 
of the process of preoperative  work-up, surgery 
and postoperative recovery. This interaction al-
lows specific planning to be made regarding what 

previous tests have been undertaken and what 
radiological  examinations need to be obtained 
prior to the initial visit. In addition, specific plans 
are made to complete all staging and appropri-
ate physiological tests within a specific time pe-
riod (in our case 48 hours) around the initial trip 
to the oesophagogastric unit. At the initial visit 
careful history, examination and organisation of 
relevant clinical investigations as described previ-
ously in this chapter will provide an initial indi-
cation of physiological status. This physiological 
assessment is important in guiding all aspects of 
the patient's treatment for their oesophagogas-
tric malignancy. In particular, it is important to 
be able to adapt the surgical approach according 
to both tumour location and patient physiology, 
i.e. in patients with severe coronary artery dis-
ease, arrhythmias or cardiomyopathy we typi-
cally utilise a right thoracic approach so as to 
minimise cardiac manipulation during oesopha-
geal mobilisation. Following physiological inves-
tigations and tumour staging, all patients should 
be presented at a multidisciplinary tumour board 
(see ‘Multidisciplinary team evaluation’ section 
above) to allow an individually targeted goal-di-
rected treatment plan to be formulated that takes 
into account both tumour and patient charac-
teristics. A part of this MDT review will include  
reviewing suitability for enrolment in current clin-
ical trials. The nutritional status of patients should 
also be discussed, with specific need for either 
feeding jejunostomy or removable self-expanding 
metal oesophageal stent (SEMS) being included in 
the final recommendation (see ‘Nutrition’ subsec-
tion above). At the MDT meeting, a plan is made 
regarding the timing of surgery in patients receiv-
ing neoadjuvant chemotherapy, but particularly 
chemoradiotherapy. Current recommendations 
indicate the optimum time for resection to be 
4–6 weeks following completion of radiotherapy. 
Contact is maintained with the patient through-
out neoadjuvant therapy by the oesophagogastric 
nurse specialist as well as post-treatment reassess-
ments coordinated before surgery.

Intraoperative

Intraoperative aspects of the clinical pathway em-
ployed at our institution involve regular communi-
cation between the anaesthetic and operating teams. 
We routinely place a thoracic epidural in all of our 
patients undergoing oesophagectomy and liaise with 
the pain service to ensure their active involvement 
early in the postoperative period. During surgery we 
attempt to tailor the approach to minimise blood loss 
so as to reduce transfusion requirements. Over the 

 Key players in the implementation of clinical 
pathways include:

•	oesophagogastric	cancer	nurse	specialist;
•	oesophagogastric	surgeons;
•	anaesthetist;
•	recovery	room	staff;
•	pain	service;
•	ICU	and	ward	nursing;
•	physical	therapy;
•	dieticians;
•	social	service	team;
•	surgical	trainees.
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past 6 years our median intraoperative blood loss has 
been 150 (50–400) mL during  oesophagectomy with 
a median operative time of 416 (244–664) min. This 
has allowed us to adopt an increasingly conservative 
approach to  intraoperative fluid utilisation (median 
2700 (1250–7900) mL for oesophagectomies over 
the past 2 years); as described previously, this reduces 
gastrointestinal recovery time and pulmonary com-
plications. Immediate extubation postoperatively 
allows immediate introduction of the postoperative 
goal-directed pathway to allow enhanced recovery 
following oesophagogastric surgery.

Postoperative

Postoperative care pathways allow the intro-
duction of a targeted goal-directed approach to 
postoperative recovery following major oesopha-
gogastric surgery. They provide a template for all 
medical personnel interacting with these patients, 
and can outline a goal-directed recovery for each 
patient. These pathways, once well established, 

can provide a framework for quality improvement 
and  improving postoperative outcomes. Previous 
 studies have demonstrated the effectiveness of these 
pathways in reducing postoperative mortality, pul-
monary complications and length of hospital stay 
following oesophagectomy.86,87 Involvement of the 
entire healthcare team in the design and implemen-
tation of these pathways will help ensure all team 
members are committed to achieving specific re-
covery goals.

A simple schematic for a postoperative care path-
way is shown in Table 4.3. It is imperative that 
 patients should be provided with this pathway and 
dietary expectations prior to undergoing  surgery, as 
this will help to guide their expectations regarding 
their postoperative recovery. The use of specific path-
ways will help patients, families and their caregivers 
remain focused on a goal-orientated approach to re-
covery from major surgery. Through five revisions of 
our clinical care pathway over the past decade, we 
have seen our median length of hospital stay decrease 
from 10 to 8 days (median for past 2 years).

Postoperative day Aim or goal

Evening on day of surgery •	 Sits	up	in	bed
•	 Maintain	mean	arterial	pressure	(MAP)	>70	mmHg
•	 Proton-pump	inhibitor	(PPI)	initiated
•	 Physiotherapy	visit	and	introduction	to	incentive	spirometry

Day 1 •	 Walks	in	the	corridor	in	the	morning	prior	to	discharge	from	HDU,	then	100–200	feet	walks	× 
3 on day 1

•	 Discharge	from	or	step	down	from	ICU
•	 Start	jejunal	tube	feeding
•	 Remove	apical	chest	drain	if	no	air	leak

Day 2 onwards •	 Walks	3–4	times	per	day	± physical therapy consult
•	 Titrate	epidural	to	facilitate	mobilisation	and	maintain	MAP	>70	mmHg

Day 3, 4 or 5 •	 Chest	drain	2	removed	–	depending	on	whether	chest	or	cervical	incision
•	 Jejunal	tube	feeds	increased	to	goal	feeding

Day 4 or 5 •	 Gastrograffin/barium	study	to	assess	anastomosis	and	gastric	emptying
Day 5 or 6 •	 Nasogastric	tube	removed

•	 Discontinue	epidural
•	 Switch	to	oral	or	jejunostomy	tube	analgesics	–	all	medications	must	be	crushed	or	given	as	

liquid down jejunostomy tube and PPI given orally.
•	 Jejunal	tube	feeds	moved	to	nocturnal	feeding
Dietary and home health consult
•	 Limited	oral	liquid	intake	on	discharge	–	1	cup	every	2	hours
•	 No	attempt	to	initiate	solid	diet	prior	to	discharge
•	 Dietary	team	provides	specific	directions	regarding	advancing	oral	intake	over	subsequent	

3–4 weeks
Day 6 or 7 Planned discharge

Table 4.3  • Clinical care pathway at Virginia Mason Medical Center 2011

Adapted from Low DE, Kunz S, Schembre D et al. Esophagectomy – it's not just about mortality any more: standardized perioperative 
clinical pathways improve outcomes in patients with esophageal cancer. J Gastrointest Surg 2007; 11:1395–402.
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Richard G. Berrisford

Surgery for cancer of the oesophagus

Introduction
Oesophageal cancer is one of the most challenging 
conditions confronting the surgeon. Resection of 
the oesophagus requires surgical experience within 
chest, abdomen and neck. The approach, extent of 
resection and method of reconstruction require a 
versatile skillset to which minimally invasive skills 
may now be added. Oesophageal resection, even in 
the best of hands, carries the highest risk of mor-
bidity of any operation, and the management of 
complications challenges the most experienced of 
surgeons. Not only is the complete resection of all 
disease often challenging, restoration of gastroin-
testinal continuity with a gastric or intestinal graft, 
maintaining an intact anastomosis, is an exacting 
discipline.

While treatment for cancer of the oesophagus is 
multidisciplinary, surgery is still the primary mode 
of therapy. In the UK, 70% of patients now pres-
ent with adenocarcinoma of the lower oesophagus 
or gastro-oesophageal junction, which represent 
a different disease from the previously more com-
mon squamous carcinoma. This chapter discusses 
the surgical management of adenocarcinoma of the 
lower oesophagus and the cardia (Siewert types 1 
and 2), which are frequently staged and treated as 
oesophageal cancers, but not subcardial tumours 
(Siewert type 3), which are described elsewhere 
(Chapter 7).

Unfortunately, the disease often presents late 
when increasing dysphagia has developed over sev-
eral months. As a result of poor fitness or unresect-
able disease only 30–40% of patients are suitable 

for radical, potentially curative treatment, whilst 
the majority receive non-surgical therapies with the 
aim of palliation. Outcome is strongly stage depen-
dent; whilst early tumours have excellent results 
with surgery alone, the majority with transmural 
or node-positive tumours benefit from multimodal-
ity therapy, combining surgery with neoadjuvant 
chemotherapy or chemoradiotherapy (Chapter 9). 
The multidisciplinary team must exercise judgment 
in the choice of the appropriate combination of 
therapies for each individual patient. This will de-
pend on patient age, fitness, symptoms, prognosis 
and evidence base, as well as the overall stage and 
histopathology.

Surgical pathology
The vast majority of oesophageal neoplasms are 
epithelial in origin. Some arise from squamous mu-
cosa, but most arise from metaplastic columnar epi-
thelium, resulting in glandular carcinomas affecting 
the specialised epithelium in the lower oesophagus. 
Tumour site and histology are two crucial factors 
requiring assessment: tumours arising from differ-
ent sites in the oesophagus vary in their behaviour.

Squamous cell carcinoma arising in the cervical 
and thoracic oesophagus and adenocarcinoma aris-
ing in the thoracic oesophagus and cardia differ in 
their mode of spread and response to therapeutic 
modalities. It is essential that the anatomical divi-
sions of the oesophagus are described such that the 
different therapeutic surgical procedures adopted 
for tumours at each site can be understood (Fig. 5.1).
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Surgical anatomy
The oesophagus is a midline hollow viscus, start-
ing at the cricopharyngeal sphincter at the level of 
the sixth cervical vertebra, entering the chest at 
the level of the suprasternal notch, traversing the 
posterior mediastinum and entering the abdomen 
through the oesophageal hiatus in the diaphragm 
to join the stomach at the cardia. It bears a close 
relationship to the trachea and pericardium in 
front and the vertebral column posteriorly. The 
vagus and its branches are in close proximity over 
its entire length. There is no serosal covering. The 
thoracic duct enters the posterior mediastinum 
through the aortic opening in the diaphragm. It 
lies on the bodies of the thoracic vertebrae pos-
terolateral to the oesophagus and between the 
aorta and the azygos vein. The left atrium and 
the inferior pulmonary veins lie in intimate con-
tact with the left wall of the lower third of the 
oesophagus.

The TNM classification (Version 7, released in 
2009)1 combines the salient features of the staging 
process. This classification has divided the oesopha-
gus into discrete anatomical regions (Fig. 5.1) and is 
described in Chapter 2.

Hypopharynx and cervical 
oesophagus

The region between the level of the pharyngoepi-
glottic fold and the inferior border of the cricoid 
cartilage is known as the hypopharynx, that above 
as the oropharynx. The cervical oesophagus begins 

at the lower border of the cricoid cartilage and 
 terminates at the level of the thoracic inlet or jugu-
lar notch. Surgical management of carcinomas in 
these regions differs from that of other parts of the 
oesophagus, because tumour extension in these two 
areas commonly overlaps. This is considered sepa-
rately later in the chapter.

Upper oesophagus

The upper oesophagus extends from the level of the 
jugular notch and the carina (approximately 24 cm 
from incisors).

Middle oesophagus

The mid oesophagus extends from the tracheal 
bifurcation (approximately 24 cm from incisors) 
to the midpoint between the tracheal bifurcation 
and the oesophagogastric junction (approximately 
32 cm from incisors).

Lower oesophagus

The lower oesophagus comprises both the lower 
thoracic oesophagus and the hiatal segment of the 
oesophagus. The latter segment is often termed 
the ‘abdominal oesophagus’. The oesophagogas-
tric junction is a somewhat nebulous term, and the 
anatomy depends on the differing viewpoints of sur-
geons, endoscopists, radiologists, pathologists and 
anatomists. It is further complicated by the presence 
or absence of a hiatal hernia and the presence or 
absence of a columnar-lined oesophagus.

Pharyngo-epiglottic fold

Supraclavicular notch

Tracheal bifurcation

Oesophagogastric junction

Hypopharynx

Middle
oesophagus

Upper
oesophagus

Lower
oesophagus

Thoracic
segment

Cervical oesophagus 

Midpoint between the
tracheal bifurcation and
oesophagogastric junction

Inferior border of the cricoid cartilage

Hiatal segment

Figure 5.1  • Anatomical regions of the hypopharynx, oesophagus and gastric cardia.
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Blood supply and lymphatic 
drainage

The blood supply is derived directly from the aorta 
in the form of oesophageal vessels together with 
branches adjacent to or from organs such as the pul-
monary hilum, trachea, stomach and thyroid gland. 
The venous drainage is through tributaries draining 
into the azygos and hemiazygos system in the chest, 
via the thyroid veins in the neck and the left gastric 
vein in the upper abdomen.

The lymphatics of the oesophagus are distrib-
uted predominantly in the form of a submucosal 
plexus and a paraoesophageal plexus. Both plex-
uses receive lymph from all parts of the respec-
tive layers of the oesophageal wall. The plexuses 
communicate through penetrating vessels that tra-
verse the longitudinal and circular muscle walls. 
The paraoesophageal plexus drains into the para-
oesophageal lymph nodes, which are situated on 
the surface of the oesophagus, and also into peri-
oesophageal lymph nodes, situated in close prox-
imity to the oesophagus. Lymphatics also drain 
from the perioesophageal nodes to the lateral oe-
sophageal nodes or directly from the paraoesoph-
ageal to the lateral oesophageal nodes, skipping 
the perioesophageal group2 (Box 5.1).

Preoperative surgical 
preparation
Meticulous preoperative evaluation to accurately 
stage the tumour and estimate surgical risk is a cru-
cial prerequisite to successful surgical outcome in 
this disease (see also Chapters 3 and 4).

Nutritional support

Malnutrition is associated with loss of tissue func-
tion, leading to many potential complications 
during the postoperative period, such as wound 
breakdown, respiratory failure secondary to poor 
respiratory muscle function, deep vein thrombosis 
and infective complications.3

Perioperative enteral nutrition with the addition 
of nutrients that can modulate the immune system, 
termed ‘immunonutrition’, has been proposed to 
further reduce postoperative complications and im-
prove outcome.5

Preoperative nutritional support

Patients who present with marked dysphagia are 
at particular risk of malnutrition and occasionally 
dehydration; they require urgent active manage-
ment. In this situation, oesophageal dilatation is 
high risk, and can affect cure rates if perforation 
occurs. Stent placement makes dissection and op-
erative decision-making more difficult and dis-
placement can occur. Early feeding jejunostomy 
(laparoscopic or open) may be the most appropri-
ate option if induction therapy is clearly indicated 
and primary resection cannot be expedited.

Placement of a feeding jejunostomy at the time of 
surgery is routine in many units. Although mortality 

 The enteral route is preferred, as there is 
evidence that increased nosocomial infections 
occur when the gastrointestinal (GI) tract is not used 
for nutrition in the pre- and postoperative periods.4

 The routine use of parenteral feeding (total 
parenteral nutrition, TPN) is contraindicated on 
general and immunological grounds and should be 
avoided in order to minimise nosocomial infections 
and associated sepsis.

Paraoesophageal nodes (on the wall of the 
oesophagus)
Cervical (101)
Upper thoracic (105)
Middle thoracic (108)
Lower thoracic (110)

Perioesophageal nodes (in immediate 
apposition to the oesophagus)
Deep cervical (102)
Supraclavicular (104)
Paratracheal (106)
Tracheal bifurcation (107)
Para-aortic or posterior mediastinal (112)
Diaphragmatic (111)
Left gastric (7)
Lesser curvature (3)
Coeliac (9)
Right cardiac (1)
Left cardiac (2)

Lateral oesophageal nodes (located lateral 
to the oesophagus)
Lateral cervical (100)
Hilar (109)
Suprapyloric (5)
Subpyloric (6)
Common hepatic (8)
Greater curvature (4)

Box 5.1  • Lymph nodes of the oesophagus
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related specifically to feeding jejunostomy is less than 
1%,6 it is not without morbidity, both in-hospital and 
longer term (from adhesions). Nevertheless, establish-
ing enteral nutrition in patients with complications 
following oesophagectomy, when they are most cat-
abolic septic and ill, is a major therapeutic problem 
and avoiding re-operation has significant advantages.

Routine preoperative and postoperative feeding by 
jejunostomy in every patient has yet to be proven 
efficacious on current evidence.7 Furthermore, a re-
cent randomised controlled study comparing stan-
dard perioperative nutrition with immunonutrition 
failed to demonstrate any clinical advantage.7

A variety of other routes of nutrition have been 
assessed, with a recent systematic review showing 
no strong direct evidence to support one particular 
route.8 Nasojejunal and nasoduodenal tubes are as-
sociated with a significant rate of dislodgement.8

Respiratory care

Optimisation of respiratory function is vital in 
preventing serious pulmonary complications as-
sociated with prolonged surgery and thoracotomy 
(see Chapter 4). Smoking must be stopped as early 
as possible, ideally 6 weeks prior to surgery, with 
the aid of nicotine replacement. Preoperative phys-
iotherapy with coughing exercises and effective use 
of the diaphragm by restoration of muscle strength 
through ambulation is encouraged. High-risk pa-
tients should also be provided with vigorous phys-
iotherapy with or without bronchodilators prior to 
surgery. Orodental hygiene should be undertaken, 
removing any source of chronic sepsis that could 
disseminate infection to the tracheobronchial tree 
during intubation. Many surgeons advocate routine 
use of an incentive spirometer; they are inexpensive, 
and used properly they help to set goals for patients 
that can be measured, albeit indirectly.

Prophylactic low-molecular-weight heparin to-
gether with antithromboembolism stockings must 
be provided as soon as the patient comes into hos-
pital to reduce the incidence of thromboembolic 
complications.

Mental preparation/
communication

It is now well established that enhanced recovery 
programmes can result in better outcomes, reduced 
length of stay, savings in resources, and improved 
staffing environment. Elements of such programmes 
include: preoperative assessment, planning and prep-
aration before admission, reducing the physical stress 
of the operation, using a structured, goal- oriented 
approach to recovery, and early mobilisation.

Patients and their families should be introduced to 
the hospital environment, including the intensive care 
unit if they are routinely sent there during recovery. 
They should understand what to expect will happen 
to them through their inpatient journey. A patient di-
ary and information sheet can help them to follow 
their own progress and reduce uncertainty. Aspects 
of their pre- and postoperative management should 
be shared with them, including pain relief, oxygen 
and intravenous fluid administration, drains, tubes 
and nutrition. They should have been counselled 
prior to admission about their treatment options, 
paying particular attention to results, limitations 
and expectations of surgery. The counselling process 
is greatly enhanced by the involvement of a trained 
clinical nurse specialist in oesophagogastric cancer.

Detailed perioperative preparation and anaes-
thetic details are highlighted and explained in depth 
in Chapter 4.

Surgical objectives
Oesophagectomy for cancer should only be under-
taken when a potentially curative R0 resection (com-
plete removal of all macroscopic and microscopic 
cancer) is expected. Unlike colorectal carcinoma, there 
is no role for resection in the presence of proven dis-
tant metastases (e.g. liver), no matter how localised.

Survival is related to the stage of disease. Patients 
with stage I disease can expect a 5-year survival of 
greater than 80%,9 emphasising the importance of 
early detection. Resection alone, therefore, must be 
the chosen method of therapy in fit patients with 
T1 tumours of the middle and lower thirds of the 
oesophagus. In stage III disease, surgery alone pro-
duces poor results with prolonged survival for only 
10–20% of cases.10 It appears that both neoadju-
vant chemotherapy and radiotherapy provide a ben-
efit for these patients.11 Further randomised trials 
must be completed in order to outline the optimal 
therapeutic strategy.

Survival following surgical resection for all stages 
of tumour has improved over the past 20 years, with 
morbidity and mortality falling. The reasons for this 
are listed in Box 5.2 and were well described in the 

• Increase in specialist units
• Multidisciplinary approach
• Earlier diagnosis
• Better patient selection
• Improved perioperative management
• Enhanced recovery programmes

Box 5.2  •  Reasons for improved results for oesophageal 
resection



www.ketabpezeshki.com          66485457-66963820

Surgery for cancer of the oesophagus

85

COG Guidance Report on Upper GI Cancers.12 
Many studies have confirmed that results parallel 
experience in managing this condition,13 and poor 
results occur when experience is limited.14,15 There 
is now overwhelming evidence to confirm the in-
fluence of surgeon case volume on the outcome 
of site-specific cancer surgery.14–16 Centralisation 
of oesophagogastric resection in specialist units in 
the UK has provided sufficient caseload to support 
strong multidisciplinary teams. Other reasons for 
improved outcome include better patient selection, 
earlier diagnosis by open-access endoscopy, surveil-
lance of Barrett's oesophagus, and improved preop-
erative, operative and postoperative management.

Principles of 
oesophagectomy

Resection of primary tumour

Oesophageal cancer spreads longitudinally in the 
submucosal lymphatics. It is crucial to obtain ac-
curate information to guide the longitudinal resec-
tion margin through endoscopy and endoscopic 
ultrasound. It is still sometimes difficult to ascertain 
the length required for clear longitudinal margins, 
particularly in high lesions, making frozen section 
obligatory for some patients.

Rules on resection margins

The majority of authors favour a subtotal oesopha-
gectomy to optimise longitudinal margins and take 
into account submucosal spread of both squamous 
and adenocarcinomas. There has been much debate 
around what length of macroscopically normal oe-
sophagus to allow for complete resection margins. In 
squamous carcinoma this pertains especially to the 
proximal margin, whereas in adenocarcinoma the 
distal margin (gastric) is usually the greater concern. 
Skinner17 advocated a minimum resection margin of 
10 cm from the palpable edge of the tumour. However, 
this figure does not take into account the nature, loca-
tion and pattern of occurrence of the primary cancer. 
Neither does it discriminate between in vivo margins 
and margins measured by the histopathologist after 
shrinkage has occurred during fixation.18

Primary tumours with multicentric lesions require 
more extensive longitudinal margins. In squamous 
cancers, three representative patterns of presenta-
tion are encountered (Fig. 5.2).19 Failure to take 
these into account may explain high R1 rates (40%) 
when the oesophageal resection margin is limited to 
only 4 cm; compared to this, R1 was 17% when the 
margin was 10 cm. A 10-cm resection margin is a 
goal to attain in both directions if this is possible. 

In practice, this rule can rarely be achieved. A 10-cm 
margin either side of a 6-cm tumour would require 
an overall length of specimen exceeding that of the 
normal human oesophagus. It is the authors' opin-
ion that when only a short resection margin can be 
obtained through the thoracic exposure, a cervical 
phase with near total oesophagectomy is advisable.

Adenocarcinoma of the lower oesophagus com-
monly infiltrates the gastric cardia, fundus and 
lesser curve. Extensive sleeve resection of the lesser 
curve and fundus with the formation of a tubular 
conduit is necessary to minimise positive distal re-
section margins. Other studies have demonstrated 
that patients with microscopically positive margins 
undergoing palliative resection died of other mani-
festations before clinical evidence of locoregional 
recurrence.20,21 A tumour-free surgical margin is 
therefore not the only important factor to be con-
sidered in radical surgery. Nevertheless, it should 
remain the main goal of every operation.

A clear radial resection margin is equally important 
and is accepted as an independent prognostic factor 
for oesophageal cancer, with a definition of R1 being 
less than 1 mm clear margin.22,23 The potential ben-
efits of extended lymphadenectomy, discussed later, 
only pertain if the primary tumour has been com-
pletely excised (R0). Radical en-bloc resection tech-
niques, outlined below in operative description, aim 
to produce a clear radial resection margin. Roder 
et al.24 showed a statistically significant difference 
between R0 and R1 (microscopic residual disease) 
or R2 (macroscopic residual disease) resections for 
squamous cell carcinoma in a series of 204 resec-
tions with 5-year survival rates of 35% and <10%, 
respectively. Lerut et al.25 demonstrated a 20% 
5-year survival for R0 vs. zero 5-year survival for 
R1 and R2 resections in advanced stage III and stage 
IV adenocarcinomas and squamous cell carcinomas.

a b c

Figure 5.2  • (a) A single cancer. (b) Multifocal cancer. 
(c) Intramural lymphovascular spread. There is a high risk 
of positive resection margins in (b) and (c). Shaded areas 
represent submucosal spread.
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Resection of lymph nodes

Lymph node involvement is another independent 
variable for prognosis, in terms of both locoregional 
recurrence and survival. Patients with higher nodal 
burdens have worse outcomes after resection. The 
Worldwide Esophageal Cancer Collaboration has 
used pooled data from centres that have under-
taken radical lymphadenectomy to report in detail 
the relationship between nodal involvement and 
survival.26

Nodal tiers
Lymph node tiers draining oesophageal cancer have 
been described according to the anatomy of the lym-
phatic drainage of the oesophagus.2,27,28 The extent 
of lymphadenectomy associated with resection of 
these tiers is demonstrated in Box 5.1 and Fig. 5.3.

One-field lymphadenectomy describes removal 
of diaphragmatic, right and left paracardiac, lesser 
curvature, left gastric, coeliac, common hepatic and 
splenic artery nodes.

Two-field lymphadenectomy describes removal of 
para-aortic nodes (together with the thoracic duct), 
right and left pulmonary hilar, paraoesophageal 
nodes, subcarinal and right paratracheal nodes.

Three-field lymphadenectomy describes removal 
of the first and second fields along with a neck dis-
section clearing the brachiocephalic, deep lateral 
and external cervical nodes, as well as right and left 
recurrent nerve lymphatic chains (deep anterior cer-
vical nodes).

The fields of nodal dissection should not be con-
fused with the histopathological staging of nodal 
involvement (see Chapter 3, Table 3.3).

As for many other solid-organ tumours, contro-
versy persists as to the value of lymphadenectomy in 
squamous and adenocarcinoma of the oesophagus.

In the past some authors felt that lymph node me-
tastases were simply markers of systemic disease 
and their removal conferred no benefit.23 Others 
contended that cure could be obtained in some pa-
tients with positive nodes by a radical lymphadenec-
tomy with clear resection margins.29 There has been 
increasing support for radical lymphadenectomy 
over the last 5 years.30

The rationale for lymphadenectomy
The arguments for formal radical lymphadenec-
tomy are: optimal staging, improved locoregional 
control and improved cure rates. Formal radical 
lymphadenectomy goes hand in hand with radi-
cal en-bloc resection; for example, resection of the 
para-aortic nodes requires the plane of dissection 
to extend to the aortic adventitia. Negative resec-
tion margins (especially circumferential margins) go 
hand in hand with radical lymphadenectomy.

Optimal staging
Radical lymphadenectomy allows more accurate 
pathological staging.25,31–32 TNM7 relies not only 
on the finding of positive lymph nodes, but on 
how many are found (N1, 1–2; N2, 3–6; N3, ≥7). 
Without an adequate lymphadenectomy, the patient 
is deprived of the most accurate prognosis available, 
and the patient's unit is deprived of a quality bench-
mark. Quality control is not possible as the baseline 
information, accurate pathological stage, is missing. 
If an inadequate lymphadenectomy is undertaken, 
survival will be worse than predicted for stage (the 
phenomenon of stage migration).

Locoregional tumour control
Locoregional tumour control is an important goal 
in treating oesophageal carcinoma; recurrent lo-
coregional mediastinal disease can be very difficult 
to palliate. As Lerut et al. emphasise, long-term 
palliation is a significant benefit for those patients 
who are not cured by surgery.25 It is impossible 
to separate potential benefits of radical lymphad-
enectomy from radical en-bloc resection, as already 
mentioned.

Radical en-bloc resection with lymphadenectomy 
has been associated with prolonged tumour-free 
survival; this is partly a result of consistently clear 
resection margins and partly a result of complete 
removal of involved nodes. Nodal and local tumour 
recurrence is less common after radical en-bloc re-
section in a number of retrospective series.25,31,33–35 
Single-institution comparative studies have also 
shown better survival.36,37 Altorki et al. described 
a local recurrence rate of only 9.7% and a 33% 
5-year survival for node-positive oesophageal can-
cer patients using a three-field lymphadenectomy 
and en-bloc resection.38

Locoregional recurrence may be further reduced 
by induction therapy, whether chemotherapy alone 
or chemoradiotherapy, with fewer positive nodes as 
well as an increase in R0 resection, consistent with 
improved disease-free and overall survival in some 
randomised trials.39

Improved cure rate
It is extremely difficult to demonstrate that radical 
lymphadenectomy improves cure rate in a conven-
tional randomised controlled trial. Patients allo-
cated to less than radical lymphadenectomy would 
be understaged, so no baseline would exist and the 
groups would not be comparable. Furthermore, 
most patients now have induction therapy that 
changes their nodal status during treatment. There 
are therefore very few randomised trials in the 
literature.40–42

Despite the limitations, there are indications from 
the Dutch trial,40,43 comparing radical  transthoracic 
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and transhiatal resection, that patients with a 
limited number of positive nodes (1–8) had a sig-
nificantly better survival following radical trans-
thoracic oesophagectomy compared with less 
radical transhiatal resection. This group of patients 

would be expected to benefit from extended lymph-
adenectomy if it conferred survival advantage. 
Node-negative patients did well and those with a 
higher nodal burden did poorly, irrespective of the 
radicality of surgery (see Fig. 5.4). Another smaller, 

Cervical field
(three field)

Thoracic field
(two field)

Abdominal field
(one field)

Figure 5.3  • Extent of resection and fields of lymph node dissection routinely carried out for cancer of the oesophagus.
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 retrospective comparison showed improved sur-
vival with radical en-bloc resection compared with 
transhiatal resection in patients with T3N1 disease 
with fewer than eight nodes involved.44

The role of radical lymphadenectomy in early-stage 
disease remains in question, and depends on the 
precise depth of invasion of the primary tumour.40 
There is some evidence that even patients with 
early-stage carcinoma, in whom a significant pro-
portion can have nodal involvement, could benefit 
from extensive resection with lymphadenectomy.45

The most important recent evidence in sup-
port of radical lymphadenectomy comes from the 
Worldwide Esophageal Cancer Collaboration, who 
reported on their multi-institution international da-
tabase comprising over 4600 resections for oesoph-
ageal cancer in patients who had not had induction 
therapy.46 They showed that prognosis was highly 
dependent on the number of lymph nodes involved; 
patients with more than three nodes involved had 
a 50% likelihood of systemic disease and patients 
with more than eight nodes involved had almost 
100% likelihood of systemic disease.30,47

Even more important was their finding that sur-
vival depended not only on how many nodes were 
involved, but also on how many were removed at 
resection.47 The number of lymph nodes removed 
was the third strongest predictor of survival after 
depth of invasion and number of nodes involved. 
This finding has been corroborated in an analysis 
of the SEER (Surveillance, Epidemiology and End 
Results) database, both for oesophageal cancer48 
and gastric cancer.49 It does appear from these data 
that the number of nodes resected has an effect on 
survival.

Harvested nodal counts of 2347 and 3048 have been 
suggested as the optimal number, with caveats given 
that this is a goal and not an expected target in all 
patients. The recommendation for adequate staging 
for TNM7 is a minimum of six nodes. The AJCC 
(American Joint Committee on Cancer Staging) sug-
gest 18 lymph nodes as the minimum number for 
accurate staging.50 The authors' view is that this is 
too low.

The role of the more extensive three-field dissection 
in oesophageal malignancy is less clear. Five-year  

Sternum

Vertebral column

Dome of diaphragm

Clavicle

3
2

1

Figure 5.4  • Three routes of oesophageal 
reconstruction: (1) presternal route;  
(2) retrosternal route; (3) posterior 
mediastinal route.
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survival rates showed no significant difference 
 between two-field and three-field dissection for 
lower-third squamous tumours;32 the same per-
tains to patients with adenocarcinoma of the lower 
 oesophagus. Patients with cancer of the upper tho-
racic oesophagus (third field) may benefit from dis-
section in the neck.24,38,51

Summary
There is little justification for oesophagectomy to be 
performed with intent to cure without any attempt 
to clear the first level of lymph nodes. Patients with 
either squamous carcinoma or adenocarcinoma of the 
oesophagus affecting the upper, middle and lower re-
gions have mediastinal lymph node metastases in over 
70% of cases.21,31,32,52 Over three-quarters of patients 
presenting with lower-third tumours have positive 
upper abdominal lymph nodes.53 In order to perform 
a potentially curative resection for carcinoma in the 
middle and lower thirds, a dissection of abdominal 
and mediastinal lymph nodes is therefore essential.

Method of reconstruction 
of the oesophagus

Route of reconstruction
After resection of the cervical, thoracic or abdomi-
nal oesophagus, one of three main paths can be used 
for reconstruction: presternal, retrosternal and pos-
terior mediastinal (Fig. 5.4).

Presternal route
This route is mentioned for historic completeness. It 
is approximately 2 cm longer than the retrosternal 
route, which in turn is approximately 2 cm longer 
than the posterior mediastinal route. The only in-
dication for using this route is in the situation of 
multiple previous reconstructions that have com-
promised the other two routes.

Retrosternal route (anterior mediastinal)
The potential space between the sternum and the 
anterior mediastinum is easily opened up through 
effective dissection. There is reported to be a lower 
incidence of cervical anastomotic dehiscence com-
pared with that of the presternal route. Its major dis-
advantage stems from the unnatural position of the 
cervical oesophagus in front of the trachea, which 
can result in an unpleasant sensation on swallowing.

This route is used for reconstruction following 
emergency treatment of anastomotic dehiscence or 
the dehiscence of a gastric substitute that has caused 
posterior mediastinal sepsis. After incomplete re-
section (R1 and R2) there is some evidence that a 
retrosternal conduit would be preferable to the pos-
terior mediastinal route.54

The retrosternal route is created by blunt finger 
dissection through the abdominal and cervical inci-
sions and further developed by insertion of a mal-
leable intestinal retractor. The tip of this instrument 
is passed up to the neck in direct contact with the 
back of the sternum. Care is taken not to deviate 
from the midline. The sternohyoid and sternothy-
roid muscles are divided in the neck and this allows 
the passage of the oesophageal substitute easily into 
the left or right side of the neck. If used for a colonic 
interposition graft, it is sometimes necessary to re-
sect part of the manubrium/sternoclavicular joint to 
make room for the colonic graft and anastomosis.

Posterior mediastinal route
This route provides the shortest distance between 
the abdomen and the apex of the thorax and also 
the neck.

Gastric or colonic substitutes are easily passed 
through the posterior mediastinum after comple-
tion of the oesophageal dissection in the thorax. No 
attempt is made to close the pleura after this route 
of reconstruction.

Organ of reconstruction
Reconstruction with stomach
The method of reconstruction should be kept as 
simple as possible, to minimise complications. The 
oesophageal replacement is determined by the site 
of the primary lesion. The stomach is the preferred 
option as this organ is easy to prepare and involves 
only one anastomosis.

The patient is positioned supine and exposure ob-
tained using an upper midline incision. There are 
five broad principles and practices that must be 
observed in the preparation of the stomach as an 
oesophageal substitute:

1. The use of isoperistaltic stomach maintaining 
vascular supply. The right gastroepiploic and 
the right gastric artery and veins are vital to 
the viability of the stomach when used as an 
oesophageal substitute. The greater omentum 
is opened and the entire course of the right 

 It is the authors' opinion that a radical en-bloc 
oesophagectomy with two-field lymph node 
dissection is the operation of choice for patients 
with mid and lower third oesophageal cancer and 
type I tumours of the oesophagogastric junction.  The posterior mediastinal route is the preferred 

route of reconstruction in the primary surgical 
excision of oesophageal cancers.54,55
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gastroepiploic artery is carefully identified and 
preserved. The vascular arcade is interrupted at 
the junction where the right gastroepiploic  
artery meets the left. The short gastric vessels 
are divided and ligated (Fig. 5.5).

2. Excision of the lesser curvature. Cancers of the 
lower two-thirds of the oesophagus require 
clearance of the lesser curve lymph nodes as 
well as the left gastric, common hepatic and 
proximal splenic artery lymph nodes. The left 
gastric artery should be ligated at its origin and 
resection of the proximal half of the lesser cur-
vature of the stomach, including the cardia, is 
performed. The right gastric artery contributes 
to the maintenance of the gastric intramural 
vascular network and should be preserved if 
possible. Although the width of gastric conduit 
appeared not to impact on outcome in one 
study,56 the authors recommend using a gastric 
tube of 5 cm width or greater to minimise the 
risk of ischaemia as described by Akiyama 
et al.57 in the 1970s.

3. Preservation of the intramural vascular arcade. 
Extensive intramural arterial anastomoses 
between the vascular arcades of the lesser and 
greater curvatures exist. This has been well 
demonstrated by el-Eishi et al.58 and Thomas 
et al.59 This vascular network must be preserved 
during resection of the left gastric area of the 
lesser curvature and the cardia of the stom-
ach. The extent of the resection of the lesser 

 curvature is determined by a line connecting the 
highest point of the fundus (Fig. 5.6) and the 
lesser curvature at the junction of the right and 
left gastric arteries. This allows the removal of 
all potentially involved lymph nodes, yet pre-
serves the arterial network to the fundus. There 
is no evidence that the trunk and descending 
branches of the left gastric artery running along 
the lesser curve need to be preserved and, from 
an oncological point of view, it is important 
that these are excised with the specimen. Care 
should be taken to ligate the short gastric vessels 
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Figure 5.5  • Main arteries of the stomach and points of division of vessels and stomach for oesophageal substitution.
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Figure 5.6  • The high point of the stomach.
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away from the greater curvature of the stomach 
to avoid damage to the intramural network and 
to preserve the extramural vascular network as 
well. The right gastroepiploic artery provides an 
adequate blood flow to maintain vascularity in 
the region of the fundus, which is the area used 
for anastomosis.

4. The high point of the stomach. The stomach is a 
flexible and capacious organ; its high point is the 
logical and sensible place at which to fashion an 
anastomosis with the remaining oesophagus. It 
is easily identified by applying traction with the 
surgeon's fingers in an upward direction after all 
preparations have been completed. The stomach 
is transected as described previously (Fig. 5.6).

5. Gastric drainage. Pyloroplasty or pyloromy-
otomy after gastric reconstruction is conten-
tious. There is some evidence that pyloroplasty 
reduces the incidence of gastric outlet obstruc-
tion.60 As short-term complications of pylo-
roplasty are minimal, the authors routinely 
perform a pyloroplasty to prevent the life-
threatening early complications of gastric stasis 
and aspiration as well as late vomiting and 
bloatedness.46,61

On occasions the upper anastomosis may need 
to be as high as the back of the tongue, so the fol-
lowing methods of stomach lengthening must be 
considered:

1. Kocher manoeuvre. This manoeuvre allows the 
distance between the first part of the duodenum 
and the hiatus to be reduced.

2. Excision of the lesser curve of the stomach. When 
the lesser curve of the stomach is unusually short, 
an increase in length of the gastric substitute can 
be obtained, by dividing the lesser curve between 
curved clamps, before its resection. If absolutely 
necessary, a tense right gastric artery may be 
sacrificed by division at the level of the pylorus.

3. Incision of the serosa on the gastric wall. Multiple 
incisions placed in the gastric serosa may lengthen 
the stomach. A longitudinal incision placed along 
the resection line allows this to occur. The indica-
tions for this procedure are extremely rare.

Reconstruction with colon
The principal indication for the use of colonic inter-
position is for tumours requiring an extensive oe-
sophageal as well as gastric resection, although with 
thorough staging few of these patients are  suitable  

for resection. A small proportion of  patients pre-
senting with oesophageal malignancy will have had 
a previous gastric resection for peptic ulcer disease, 
precluding the use of stomach as the  oesophageal 
substitute. The numbers of  patients such as this are 
diminishing. The choice of an  oesophageal replace-
ment under these circumstances lies between co-
lon and jejunum. The colon is often recommended 
 because of its advantage in having a greater capacity 
as a reservoir than the jejunum.

Rarely, colon may be used as a conduit after failed 
gastric interposition that has resulted in gastric ne-
crosis. The disadvantage of colonic transposition is 
that the function of the conduit deteriorates over 
time and is therefore not as durable a substitute as 
the stomach in the long term.

Indications for colonic reconstruction (Box 5.3)
It is preferable to use the colon in an isoperistaltic 
fashion. Unfortunately the vascular pattern of the co-
lon varies and careful selection of the correct vascular 
pedicle to ensure viability of the transverse colon is es-
sential. Each case requires evaluation on its own merit 
because of variations in anatomy. Not infrequently, the 
marginal artery is found to be of insufficient calibre to 
maintain viability of the transposed colon. Although 
the vascular appearance determines the appropriate 
colonic segment for use in each individual, the two 
possibilities for effective use of isoperistaltic colon are: 
(a) transverse colon based on the left colic vessels; (b) 
right colon based on the middle colic vessels.

The disadvantage of transverse colon is that an 
abnormally narrow marginal artery may exist at the 
splenic flexure, compromising the blood supply of 
the proximal colonic segment. Preoperative assess-
ment by angiography of the colonic vascular path-
way has been suggested,62 but careful intraoperative 
observation of the vascular anatomy with tempo-
rary occlusion of vessels before division is a simple 
manoeuvre that is effective in most cases.

Surgical technique
Preoperative mechanical bowel preparation is neces-
sary, as is oral antibiotic cover to sterilise the bowel 
for 48 hours prior to surgery. The omentum is freed 
from the transverse colon and the hepatic and splenic 
flexures, while the entire colon is mobilised so that 
it can be placed outside the abdominal cavity for 
inspection of its vascular blood supply. Mobilising 
the sigmoid colon provides additional length so that 

• Previous gastric resection
• Tumours with extensive gastric involvement
• Failed gastric transposition

Box 5.3  • Indications for colonic reconstruction
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the transverse colon can be tunnelled into the chest, 
to reach the neck. The proximal colon should be 
divided and, after anastomosis to the oesophagus, 
placed on sufficient stretch to prevent redundancy 
within the chest or in the substernal area. The colon 
should then be anchored in the straightened posi-
tion by sutures to the crural margin of the hiatus, 
although not circumferentially. Continuity of the 
large bowel is re-established by end-to-end anasto-
mosis, which is conveniently performed before the 
colo-jejunostomy or colo-gastrostomy for anatomi-
cal reasons. An excellent technical description of the 
use of various segments of colon has been provided 
by DeMeester et al.63 O'Sullivan and colleagues have 
described a useful refinement whereby resection of a 
short length of colon at either end of the chosen graft, 
leaving redundant mesentery, maximises blood sup-
ply at the critical points of the graft.64

Reconstruction with jejunum
Replacement of the lower oesophagus is accomplished 
using either a Roux-en-Y technique or by segmental 
interposition. Replacement of the upper oesophagus 
is accomplished by free jejunal transfer with micro-
vascular anastomosis of the jejunal pedicle to neck 
vessels. It is sometimes possible to create a long loop 
for replacement of the entire thoracic oesophagus, 
particularly when the proximal jejunum has adapted 
after previous gastric surgery. The jejunum should be 
considered the third choice, after stomach and colon.

No specific measures are required to prepare the 
small bowel preoperatively other than to ensure that 
patients are not known to have small-bowel pathol-
ogy. A loop of jejunum is identified in the upper seg-
ments within the first 25 cm after the duodenojejunal 
flexure. The typical jejunal vascular pattern of arterial 
arcades is encountered in this area, and the veins and 
arteries are close together but bifurcate at separate 
levels, making individual division of the veins and 
arteries essential. Transillumination of the mesentery 
helps to identify the jejunal vascular tree precisely. It 
is important to appreciate that, during the creation of 
a jejunal loop, it is the length of the free edge of the 
mesentery that will determine the length of the loop 
created rather than the length of the jejunum itself. 
The jejunum is usually longer than the mesentery and 
will therefore have a tendency to become redundant.

The technique of microvascular free jejunal trans-
fer for reconstruction of the upper oesophagus is 
well described elsewhere.65 The specific indica-
tions for such a reconstruction are usually after 
pharyngo-laryngectomy performed for carcinoma 
of the hypopharynx, postcricoid region and cervi-
cal oesophagus. The operation is usually performed 
with a radical neck dissection as part of the primary 
treatment programme or as palliative surgery fol-
lowing recurrence after radiotherapy.

Open surgical approaches 
to oesophagectomy

The preceding discussion has described the method 
and rationale underpinning the surgical objectives 
in treating oesophageal cancer. The aims of resect-
ing the primary tumour together with the lymph 
nodes and oesophageal reconstruction must be 
achieved safely and effectively and with ease of ac-
cess. The method of surgical approach to obtain 
these objectives must be considered in each indi-
vidual case. The choice of the surgical approach is 
dependent on the tumour location, the extent of 
spread, the fitness, age and build of the individual 
patient.

Pharyngolaryngo-oesophagectomy 
for carcinoma of the hypopharynx 
and cervical oesophagus
Resection of squamous lesions in this area is 
achieved by removal of the larynx, the lower phar-
ynx, cervical trachea, one or both lobes of the 
thyroid gland, and the cervical oesophagus. If the 
tumour is located in the hypopharynx only (post-
cricoid region), the thoracic oesophagus may be 
conserved and a free graft of jejunum transferred 
by microvascular anastomosis, as previously de-
scribed. If tumour has extended to the lower part of 
the cervical oesophagus, a total pharyngolaryngo-
oesophagectomy and gastric transposition, with 
immediate pharyngogastric reconstruction, is the 
treatment of choice.

The patient is placed in the supine position with 
the neck hyperextended; a U-shaped incision pro-
vides excellent access. It allows the construction of 
a permanent tracheostomy with ease and may be 
extended into a Y-shaped incision ready for a me-
dian sternotomy if required. The resection includes 
a radical lymph node dissection in the neck. The 
thyroid and parathyroid glands are also removed 
en bloc with the internal jugular vein and the deep 
internal cervical nodes. The common carotid artery, 
vagus nerve and the sympathetic trunk are carefully 
protected.

 Left thoracotomy was the standard approach 
until the 1960s, and although it provided excellent 
access to the lower oesophagus, exposure of 
the upper and middle thoracic oesophagus was 
restricted by the aortic arch. Two-phase right 
thoracotomy (initially described by Lewis and 
Tanner) is now accepted as the open approach of 
choice to the thoracic oesophagus.32,61
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Two-phase subtotal oesophagectomy 
via a right thoracotomy for carcinomas 
of the middle and lower thirds of the 
oesophagus

The first phase is abdominal mobilisation of the 
stomach performed through an upper midline 
laparotomy incision. The second phase is 
mediastinal dissection and oesophageal resection 
through a right thoracotomy. The stomach is 
delivered into the chest and an anastomosis 
fashioned at the thoracic inlet.

The procedure begins with a laparotomy to as-
sess the primary tumour and exclude the presence 
of distant metastases. During gastric mobilisation, 
described earlier, it is important that all posterior at-
tachments of the stomach are divided, especially at 
the antrum, so that the distal stomach can slide up 
to the right crus without tension. The gastroepiploic 
arcade must be separated from the transverse meso-
colon in the bloodless plane to mobilise attachments 
inferior to the pylorus. Some helpful steps include 
use of retractors fixed to the operating table (Omni-
Tract, Omni-Tract® Surgical, Minnesota Scientific 
Inc., St Paul, MN, USA) and, where short gastric 
vessel access is difficult, placement of a pack behind 
the spleen to bring it forward.

The coeliac trunk (common hepatic and the roots 
of the splenic and left gastric arteries) is skeleton-
ised by complete removal of the surrounding lymph 
nodes. The left gastric artery is divided and ligated 
at its origin.

The abdominal oesophagus is dissected from the 
hiatus, taking a cuff of hiatal muscle if the tumour is 
located here, beginning the dissection into the chest. 
Anteriorly, all tissue posterior to the pericardium is 
taken en bloc, making the dissection plane for the 
thoracic phase clear. The right and left pleura at this 
point at this point are entered and resected en bloc 
if they are going to resect the oesophagus within its 
partial pleural envelope. There must be sufficient 
room at the hiatus for the conduit to lie unimpeded, 
so sometimes partial division of the right crus of the 
diaphragm is necessary.64

The patient is then placed in the left lateral decubi-
tus position and is held firmly in place by a mould-
ing mattress. The operating table is broken to widen 
the intercostal space. The right arm is fixed on a 
padded armrest while the left is stretched out on an 
arm support.

The mediastinal phase is performed via a right 
posterolateral thoracotomy through the fourth or 
fifth intercostal space. There is a tendency to open 
the chest through too low an incision. It is essen-
tial to count the ribs by palpation under the scapula 
and to go no lower than the fifth intercostal space. 

In high tumours, such as middle-third squamous 
 lesions, a suprazygous dissection is performed.

The superior mediastinal pleura is incised along 
the course of the right vagus nerve and is extended 
upwards towards the brachiocephalic and subcla-
vian arteries. The right recurrent laryngeal nerve is 
preserved and meticulous dissection is then applied 
to the lymph node chain alongside it. The pleura is 
incised along the border of the superior vena cava 
and the right paratracheal lymph nodes located be-
tween the trachea and the vein are then dissected 
free. Care is taken not to dissect circumferentially 
around the trachea, as this may prejudice its blood 
supply. This supra-azygous dissection is not neces-
sary for lower-third lesions.

Routine division and/or resection of the arch of 
the azygos vein is crucial for adequate exposure. 
The azygos vein marks the line of dissection cau-
dally to the hiatus. The incision through the pleura 
is deepened to expose the adventitia on the descend-
ing aorta. The thoracic duct itself is rarely the site of 
metastases, except in extensive disease. There are, 
however, numerous lymph nodes scattered along 
the length of the duct in the para-aortic region. To 
remove these, an en-bloc resection together with 
the duct is necessary. The duct is easily identified 
after minimal sharp dissection in the inferior me-
diastinum on the adventitia of the right aspect of 
the descending thoracic aorta just above the hia-
tus. The duct is first ligated at this point and then 
at the proximal end after resection in the superior 
mediastinum, along the posterior border of the oe-
sophagus. Chylothorax secondary to inadvertent 
and undetected damage to the thoracic duct is there-
fore prevented. Dissection continues on to the right 
pulmonary hilum, where there is almost always a 
small anthracotic lymph node. The right bronchial, 
subcarinal and left bronchial nodes are dissected. It 
is advisable to avoid monopolar diathermy in this 
region because of the vulnerability of the membra-
nous part of both the trachea and bronchi.

The stomach is delivered into the chest and the 
specimen removed after careful sleeve resection of 
the lesser curvature, as previously described. The 
oesophagus is then transected high in the chest once 
sufficient gastric conduit length is confirmed. An 
oesophagogastric anastomosis is fashioned in the 
apex of the thorax. In addition to ensuring adequate 
resection margins, it is vital that the whole gastric 
conduit is within the thorax for a good functional 
outcome. If a lower anastomosis is fashioned, dif-
ferences in abdominal and mediastinal pressure pro-
mote reflux and inhibit gastric emptying, resulting 
in troublesome symptoms and poor quality of life.

The chest is closed in layers with two intercostal 
drains on the right; a left intercostal drain is placed 
if the left pleura has been breached or resected.
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Combined synchronous two-team 
oesophagectomy
Modification of the standard access for oesopha-
gectomy has been described wherein mobilisation 
of the stomach and abdominal oesophagus proceeds 
synchronously with mobilisation of the thoracic 
oesophagus via a right anterolateral thoracotomy 
using a second operating team.66,67 A reduction in 
operating and anaesthetic time was suggested as a 
possible reason for decreased operative morbidity 
and mortality rates in Hong Kong Chinese patients. 
Patients in the study had a lower incidence of pul-
monary and cardiovascular disease than those with 
oesophageal cancer in the West.

Three-phase subtotal oesophagectomy 
for tumours of the upper middle third of 
the oesophagus
Exposing and dividing the oesophagus in the neck 
certainly provides excellent access for anastomosis, 
although it does not allow resection of much more 
oesophagus than can be removed by the two-phase 
approach. This is because the cervical oesophagus is 
relatively short and it is difficult to perform an anas-
tomosis unless a stump of oesophagus is left, hence 
the term subtotal oesophagectomy. McKeown69 rec-
ommended cervical anastomosis on the grounds that 
a leak in the neck is less catastrophic than a thoracic 
leak. This is probably an overstatement and is now 
of less significance as overall true oesophageal anas-
tomotic leakage is uncommon (ideally less than 5%). 
The three-phase operation takes longer to complete 
and is also associated with early postoperative dif-
ficulty in swallowing. This is probably because of 
the extensive proximal mobilisation of the cervical 
oesophagus. Proponents of the three-phase opera-
tion claim that a more complete oesophagectomy 
is achieved. If the tumour cannot be resected with 
an adequate proximal longitudinal margin then the 
three-phase technique ought to be employed.

The first phase of this operation is routine gastric 
mobilisation with dissection of the nodal groups, as 
described above. The second phase should mirror 
the dissection described in the preceding section, 
but adding the mobilisation of the oesophagus in 
the apex of the thorax. It is useful here to mobil-
ise the cervical oesophagus from below and place a 

Penrose drain around it and leave it high in the root 
of the neck. This helps in the cervical dissection. The 
right thorax is closed and the patient turned sup-
ine once again. Through either a left- or right-sided 
 cervical incision, the whole of the thoracic oesophagus  
can be removed and the stomach delivered into 
the neck and an oesophagogastrostomy fashioned. 
Operating time may be reduced by performing the 
thoracic phase first and then turning the patient su-
pine for synchronous abdominal and neck phases.

Left-sided subtotal oesophagectomy for 
lower-third oesophageal cancers
A left-sided approach has been popular in the past 
for lower-third tumours, predominantly amongst 
thoracic surgeons, initially using a thoracotomy and 
phrenotomy, and later a thoraco-abdominal incision, 
crossing the costal arch.70,71 Exposure is not adequate 
to perform a thorough abdominal lymphadenectomy 
without dividing the costal arch, and indeed at least 
one author has described a higher positive resection 
margin with the left thoracotomy approach.72 A left-
sided approach is absolutely contraindicated if the 
tumour is situated at or above the aortic arch as ex-
posure of this part of the oesophagus is inadequate.

The left thoraco-abdominal approach is still ap-
propriate for selected patients to resect tumours that 
have limited but significant involvement of the car-
dia73 and for patients requiring extended total gas-
trectomy. A good operative description is given by 
Sundaresan.70 It is important to use a circumferential 
incision to divide the diaphragm rather than a radial 
incision that denervates part of the left diaphragm. A 
paravertebral catheter can be used to provide good 
analgesia for this unilateral, single-dermatome inci-
sion.74 The Japanese Clinical Oncology Group trial 
has shown that, for proximal gastric cancer, the left 
thoraco-abdominal approach has a higher complica-
tion rate and no survival benefit compared to the 
alternative trans hiatal approach to gastrectomy.75

Transhiatal oesophagectomy for 
upper- and lower-third tumours of the 
oesophagus
Controversy still exists about the role of oesophagec-
tomy without thoracotomy in oesophageal cancer 
surgery. Proponents of the technique argue that out-
come is dependent on the stage at presentation rather 
than the operative technique employed. Opponents 
claim improvements in survival for some undergoing 
radical en-bloc resection.25,35 The original technique 
was a blind procedure, defying the fundamental 
principle that surgery should always be carried out 
under direct vision.76–78 Nevertheless, refinements to 
the technique have been made and the operation has 
developed and gained many advocates.79 Orringer 

 A comparison of the synchronous two-team 
approach with conventional two-stage subtotal 
oesophagectomy was performed in Western 
patients. Not only was there a higher incidence of 
complications and a higher mortality rate, but an 
adequate nodal dissection in larger, more obese 
patients was technically very difficult because of the 
limited surgical access.68
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et al. have published a series of over 2000 transhiatal 
resections that demonstrates an improvement in out-
comes over 30 years with refinements of technique.80 
Data on resection margins and lymph node harvest 
are not supplied. When questioned about the ab-
sence of radical lymphadenectomy in these patients, 
Dr Orringer gave the caveat that if nodal disease is 
suspected by postneoadjuvant staging, he would opt 
for a transthoracic approach with formal lymphad-
enectomy.80 The  issue of routine radical lymphad-
enectomy has been discussed earlier in this chapter.

A modified technique of transhiatal oesophagec-
tomy under direct vision has been described81 using 
a modification of the transhiatal technique de-
scribed by Pinotti.81 Almost the entire procedure is 
undertaken under direct vision, ensuring adequate 
local clearance by avoiding direct contact with the 
tumour, and the anastomosis performed in the neck 
as a combined synchronous operation. The authors 
demonstrated no evidence of proximal or distal re-
section margin involvement with the tumour and an 
acceptable morbidity and mortality.

Details of the surgical procedure are clearly de-
scribed elsewhere.82 At present there are selected 
indications for transhiatal oesophagectomy:

•	 Carcinoma of the hypopharynx and cervical 
oesophagus. If the tumour is localised the 
incidence of mediastinal metastases is low. 
In this situation oesophagectomy without 
thoracotomy can be safely performed by 
blunt dissection. Radical neck dissection with 
pharyngolaryngo-oesophagectomy is carried out 
at the same time and reconstruction fashioned 
using the stomach through the posterior 
mediastinal route.

•	 Intraepithelial squamous carcinoma of the 
oesophagus. These tumours rarely disseminate 
via the lymphatics.19 With substantial progress 
in endoscopic techniques using epithelial dye 
staining and endoscopic ultrasonography, early 
tumours can be more accurately staged. When 
tumour penetration is confined to the epithelial 
layer, resection by transhiatal oesophagectomy 
is entirely feasible (Chapter 6).

•	 Patients with high-grade dysplasia within a Barrett 
segment, in whom endoscopic mucosal resection 
and/or radiofrequency ablation is not an option, in 
the absence of invasion or nodal disease.

The debate will continue over which operative pro-
cedure is most appropriate for the treatment of lower-
third oesophageal carcinoma. Randomised studies have 
rarely been performed and no clear survival advantage 
has emerged for any particular operative technique.

The strongest evidence so far comes from the 
Dutch trial,40,43 which included 220 patients with 
adenocarcinoma of the middle and lower oesopha-
gus. Significantly more nodes were dissected in the 
thoracic approach, but pulmonary complications 
were also greater. Significance was reached for 
an increased survival in the radical transthoracic 
approach, which continued with long-term data. 
Interestingly, patients with lower oesophageal 
tumours (Siewert type 1) and those with a low 
burden (1–8 nodes) of nodal disease appeared to 
benefit from extended transthoracic oesophagec-
tomy, as discussed earlier in the chapter.

Minimally invasive surgical 
approaches to oesophagectomy

During the last 20 years, much progress has been 
made in attempting to reduce the morbidity of 
open surgery by the introduction of minimal access 
procedures across all surgical specialties. Surgical 
access undoubtedly adds to the trauma of oe-
sophagectomy, but it is still unclear by how much. 
Whatever approach is taken, the extensive dissec-
tion involved in radical en-bloc oesophagectomy is 
still a very significant physiological challenge. The 
additional mental stress that oesophagectomy and 
a cancer diagnosis places on the patient still means 
that oesophagectomy is a challenging ordeal for the 
perioperative and postoperative period regardless of 
approach.

It is entirely appropriate that much energy has 
been invested in the search for the ‘holy grail’ of 
a radical oesophageal resection that can be under-
taken with minimum trauma of access. However, 
outcomes from series of minimal access procedures 
must be comparable with the best outcomes from 
open surgery. Low and colleagues report a consecu-
tive series of 340 patients, with an anastomotic leak 
rate of 3.4% and an in-hospital mortality of 0.3%, 
outcomes with which few if any minimally invasive 
series can compare. However, there were a variety 
of open procedures used by Low and colleagues, the 
majority being left thoraco-abdominal.85

Minimally invasive three-stage procedures
The first publications from Luketich et al.86,87 
describing the total minimally invasive thora-
coscopic, laparoscopic oesophagectomy with 

 Four randomised controlled trials comparing 
the transhiatal approach with the transthoracic 
approach have been published.40,41,83,84 These 
have failed to demonstrate significant differences 
between the two approaches.
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 cervical  anastomosis held out the potential of be-
ing the  minimal access approach for some time. 
The procedure was technically challenging, even 
if a mini-laparotomy was added for gastric tube 
formation,88 and the learning curve was steep. For 
many surgeons who do not routinely perform a cer-
vical anastomosis for lower-third tumour excision, 
adopting this operation would add, in their view, 
unnecessary complexity and risk. It was not worth 
adopting a three-stage approach to avoid the techni-
cal challenge of a minimally invasive intrathoracic 
anastomosis.

Despite enormous interest in the procedure, few 
centres other than Pittsburgh have published their 
results.88–93 Some authors reported significant anas-
tomotic leak rates87,88 and highlighted an increased 
conduit necrosis rate.89 This was of sufficient con-
cern that attempts were made by two centres to 
improve gastric conduit vascularity through isch-
aemic conditioning,94–96 although there are no 
randomised studies to show this to be effective. 
Non-randomised comparative studies from single 
institutions suggested that the three-stage total min-
imimally invasive procedure had equivalent but not 
better outcomes than open surgery.92–94 A multicen-
tre feasibility study (Eastern Cooperative Oncology 
Group ECOG 2202) comprising 106 patients in 16 
institutions suggests that short-term outcomes are 
acceptable.97

To the authors' knowledge only one multicentre 
randomised controlled trial, comparing three-stage 
minimally invasive oesophagectomy with open sur-
gery, has been conducted and recently published 
(TIME trial).98

Minimally invasive two-stage procedures
It is significant that Luketich and colleagues de-
scribe a change in practice, away from a cervical 
phase, favouring a minimally invasive two-stage 
laparoscopic, thoracoscopic procedure with a mini-
thoracotomy, first reported in 2006.99 Levy and 
colleagues report disadvantages with the cervical 
phase including recurrent nerve injury, perturba-
tions in pharyngeal transit and swallowing dysfunc-
tion even in the absence of overt recurrent laryngeal 
nerve injury.100 Thoracoscopic, laparoscopic two-
stage oesophagectomy has become their preferred 
approach, but they caution a steep learning curve 
and emphasise the critical importance of appropri-
ate thoracic port placement. There are few large se-
ries of this procedure, and no randomised studies on 
which to recommend this approach.

Minimally invasive hybrid procedures
There are two main hybrid approaches that are com-
monly undertaken. The first is a three-stage proce-
dure with a thoracoscopic oesophageal  mobilisation 

combined with an open abdominal phase and a cervical 
anastomosis. Smithers et al. have published series 
of this procedure in a non-randomised comparison 
with totally minimally invasive oesophagectomy.92 
The advantage of this approach is extracorporeal 
gastric conduit formation together with manual 
passing of the conduit through the mediastinum to 
the neck, avoiding traction injury, carefully present-
ing the conduit to the neck. Disadvantages are those 
of a cervical phase mentioned above as well as the 
need for an epidural for analgesia.

The second hybrid procedure is a two-stage ap-
proach with a laparoscopic abdominal phase and 
an open thoracic phase. There are few series of 
this approach published, but a prospective ran-
domised trial (MIRO trial) has been completed at 
the time of writing, awaiting publication of early 
outcomes.101 The potential advantages of this ap-
proach are, again, extracorporeal gastric conduit 
formation, ideal conditions for performing an 
anastomosis and gentle handling of the conduit 
within the chest. Another advantage is that an epi-
dural catheter can be avoided if a paravertebral 
catheter is used for analgesia.102,103

While we do not have robust evidence to rec-
ommend minimal access approaches to oesopha-
gectomy in favour of open procedures at the time 
of writing, there is evidence that Health Related 
Quality of Life appears to be well preserved, at least 
in the early postoperative period, in particular with 
total minimally invasive approaches,104 although 
this may be a short-lived advantage, with one se-
ries reporting significantly more delayed gastric 
emptying.90

Overview of minimally invasive 
approaches
The many individual series of hybrid or totally 
minimally invasive resection have been reviewed 
collectively,46,58–61 showing no advantage, or a rela-
tively small advantage of a minimally invasive ap-
proach. There may be better evidence in the near 
future from prospective randomised trials,98,101 
but in the absence of this quality of evidence, the 
 authors' opinion is that totally minimally invasive 
and hybrid approaches to oesophagectomy have yet 
to prove themselves superior to open surgery.105

Current practice
Mamidanna et al.106 have recently published HES 
(Hospital Episode Statistics) data showing that, 
of the 7502 oesophageal resections undertaken 
in England between April 2005 and March 2010, 
15.5% were performed with a minimally invasive 
component. This has risen to 24.7% for the year 
2009–10, a fourfold increase over the decade. These 
procedures were not uniformly distributed amongst 
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surgeons or trusts. The authors examined whether 
there were differences in short-term outcome be-
tween minimally invasive and open procedures.

There was no difference in 30-day mortality (4.0% 
for minimally invasive approaches, 4.3% for open), 
30-day postoperative morbidity (38% for minimally 
invasive approaches, 39.2% for open) or hospital 
readmissions (13.1% for minimally invasive ap-
proaches, 13.0% for open). There was little differ-
ence in length of stay, but in view of the population 
size, there was a slightly shorter length of stay for 
minimally invasive approaches. There was a sig-
nificantly higher re-intervention rate (unplanned 
procedures within 30 days) for minimally invasive 
approaches (21.0% vs. 17.6%, P = 0.06) including a 
higher re-operation rate (8.8% vs. 5.6%, P < 0.001). 
Re-intervention was associated with increased mor-
bidity. The odds ratio for re-intervention increased 
with each study year. Those resections that involved 
thoracoscopy and laparoscopy had twice the re-
intervention rate of hybrid procedures where only 
thoracoscopy or laparoscopy was involved.

Rice and Blackstone107 raise significant questions 
about minimally invasive approaches to oesopha-
gectomy that arise from this study and list them in 
their editorial.

Technique of anastomosis
Meticulous technique is essential in minimising 
the risk of leakage after oesophageal anastomosis, 
which is still associated with a significant mortality. 
The surgical principles relating to anastomoses are 
universal. Emphasis is placed on:

•	 adequate	blood	supply;
•	 absence	of	tension;
•	 accurate	approximation	of	epithelial	edges;
•	 precise	layer-to-layer	suturing	with	primary	

healing.

One-, two- and three-layer anastomoses have been 
described, but no conclusive randomised controlled 
studies have been reported. A two-layer oesopha-
gogastric anastomosis is advocated by Akiyama,19 
who emphasises the absence of a serosal layer, 
which he believes would reinforce strength at the 
anastomotic site. He therefore advocates a care-
fully preserved adventitia, which provides sufficient 
strength to support sutures.

Stapling devices have been developed for ease of in-
troduction and application, with a low-profile head 
that permits a larger-diameter anvil to be introduced 
into the oesophageal stump. A larger-diameter anas-
tomosis is thereby fashioned, reducing the rate of 
benign anastomotic stricture formation, most com-
monly seen with a staple ring diameter of 25 mm or 

less.9,52,108 The staple head can now also be inserted 
transorally, allowing a double-staple technique, sim-
ilar to that in colorectal surgery, to be used.

Anastomotic leakage is more frequent in the neck 
than the chest, although the related mortality rates 
have not been shown to differ between these anas-
tomotic sites.109 Leakage rate does not depend on 
suture material or the technical modalities used 
to perform the anastomosis. Indeed, there is no 
evidence that the overall decrease in anastomotic 
complications is related to the use of a specific con-
duit approach or route of reconstruction; it is more 
likely due to progress made in general perioperative 
management.110

The semi-mechanical anastomosis, with a side-to-
side configuration, a linear stapled posterior wall 
and a hand-sewn anterior wall has been described by 
Collard et al.111 and by Orringer et al.112 with an as-
sociated reduction in cervical anastomotic leak rate 
and long-term stricture rate. However, the majority 
of these anastomoses have been performed during 
transhiatal oesophagectomy for lower-third tumours, 
so that sufficient length of cervical oesophagus could 
be left without compromising resection margins. The 
authors would caution against this anastomosis if the 
purpose of the cervical dissection is primarily proxi-
mal clearance; in this situation a high anastomosis 
using interrupted sutures to a short cervical oesoph-
agus allows more proximal clearance. The authors 
have many years' experience of wrapping the anasto-
mosis with transposed omentum.

Postoperative management
A detailed account of immediate postoperative 
care after oesophageal cancer surgery is described 
in Chapter 4, and a summary is given in Boxes 5.4 
and 5.5. Meticulous attention to the maintenance 
of fluid balance and respiratory care is essential in 
the immediate postoperative period. Adequate pain 
control via a thoracic epidural and physiotherapy 
are crucial. It is the authors' routine practice to en-
terally feed patients undergoing oesophagectomy in 
the postoperative period, commencing feeding via 
jejunostomy early postoperatively. Early mobilisa-
tion as part of an enhanced recovery programme 
is important in preventing venous thrombosis and 
pulmonary embolus. It also enhances ventilation, 
clearance of sputum and early bowel movement. 
Removal of the chest drains by the fifth postopera-
tive day helps in mobilisation, especially once free 
oral fluids have recommenced.

 No significant difference has been demonstrated 
between leakage rates using hand-sewn and 
mechanical anastomoses.110
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The role of routine postoperative radiological im-
aging of the oesophageal anastomosis has become 
clearer. There is no evidence that the routine use of 
contrast radiology is of any value in patients who 
are asymptomatic in the postoperative phase.113,114 
Patients who are clinically well should be started 
on oral feeding, while video endoscopy or contrast 
radiology should be reserved for patients showing 
signs of sepsis, pleural effusion or haemodynamic 
instability. Non-ionic contrast media may pick up 
gross leaks, but if no leak is shown should be fol-
lowed up by barium investigations or an endoscopy 
to exclude a small leak.

Routine nasogastric decompression is contin-
ued for 5 days until gastrointestinal activity is re-
stored. Patients are allowed 25 mL of water every 
hour soon after extubation. Subcutaneous low-dose 
heparin is administered routinely until and after the 
patient is discharged for a further 4 weeks. Chest 
physiotherapy is commenced in intensive care and 
continued 4-hourly for the first 3 days. Prophylactic 
antibiotics are commenced on the morning of sur-
gery and continued for two postoperative doses. All 
patients should be counselled by the surgeon, an 
oesophageal cancer nurse specialist and a dietician 
prior to discharge.

Postoperative complications
Postoperative complications may be subdivided into 
those that are common to any major surgical proce-
dure in an elderly population and those specific to 
oesophageal resection. The complication rate of oe-
sophageal surgery is relatively high, in the region of 
30–40%. Some studies have found increased mor-
bidity rates following neoadjuvant therapy, particu-
larly respiratory problems after chemoradiotherapy. 

This seems to be further compounded with salvage 
oesophagectomy after definitive chemoradiotherapy 
for squamous carcinoma.115 Early recognition of 
complications and rapid proactive management are 
essential to achieve good results for all patients. It 
has been proposed that postoperative complications 
are not only associated with poor early outcome, 
but also, possibly through immunosuppression, 
with early death from cancer recurrence.116

General complications

These complications (see also Chapter 4) may be 
minimised by improved preoperative patient evalu-
ation. Respiratory complications constitute the 
largest proportion of this group. Pain is the major 
contributor to decreased ventilation and atelectasis, 
which leads to bronchopneumonia and respiratory 
failure. Extensive lymphadenectomy can cause poor 
lymphatic drainage of the pulmonary alveoli, lead-
ing to parenchymal fluid retention and a consequent 
acute pulmonary oedema. Significant respiratory 
complications occur in approximately 24% of cases 
following subtotal oesophagectomy.117

Thromboembolic complications are not uncom-
mon in malignant disease in the elderly. Myocardial 
ischaemia and cerebral vascular episodes are spe-
cific to the age group undergoing surgery and are 
precipitated by hypoxia, hypotension and underly-
ing vascular occlusive disease.

Major haemorrhage is uncommon and as a result 
of meticulous technique and the use of new tech-
niques, such as the ultrasonic scalpel during gastric 
mobilisation, routine blood loss is less than 500 mL, 
with only a small minority of patients requiring 
transfusion. Secondary haemorrhage is also rare 
and is almost always associated with a mediastinal 
infection from a specific complication such as an 
anastomotic leakage. The value of minimisation of 
surgical blood loss should not be underestimated. 
Perioperative blood transfusion is a significant pre-
dictor of decreased overall survival.118

Specific complications

The second group of complications following oe-
sophageal surgery for cancer is specific to the 
procedure.

Anastomotic leakage and leakage 
from the gastric conduit
Anastomotic leakage is influenced by a variety of 
factors, including cancer hypermetabolism, malnu-
trition, anastomotic vascular deficit, anastomotic 
tension and surgical technique. The incidence of 
anastomotic leakage has decreased significantly 

• Fluid balance
• Intensive physiotherapy
• Analgesia
• Antithromboembolic measures
• Nutrition

Box 5.4  • Routine postoperative measures

1. 25 mL water/hour from day 1
2. Four times daily intensive physiotherapy from days 1 to 4
3. Antibiotics days 0–2
4. Mobilisation at day 1
5. Nasogastric suction for days 1–5
6. Chest drains removed on days 5 and 6

Box 5.5  • Routine sequence of events after extubation
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over the last 10 years and rates of well under 5% 
should be expected.110,113,119

Early disruption (within 48–72 hours) is the result 
of a technical error. If early disruption is confirmed 
and the general condition of the patient is good, 
then the patient should be re-explored for correc-
tion of the technical fault.

Total gastric necrosis can, rarely, occur with cata-
strophic consequences. This complication must 
be diagnosed early by high-resolution endoscopy, 
resuscitation given immediately and the patient 
returned to theatre for the formation of a cervical 
oesophagostomy and closing of the viable compo-
nent of the gastric remnant. The establishment of 
a feeding jejunostomy is essential if not already in 
place. At a later date when the patient has stabilised, 
a colonic interposition is used to restore intestinal 
continuity. Later disruptions manifest themselves 
between the fifth and tenth postoperative days and 
are due to ischaemia of the tissues or tension on the 
anastomotic line. For leaks from the oesophagogas-
tric anastomosis operative intervention is likely to 
be hazardous and possibly detrimental. Intensive 
non-operative treatment with nasogastric suction, 
radiologically guided chest and mediastinal drain-
age, therapeutic antibiotic regimens and early en-
teral nutrition via a jejunostomy are all essential. 
Late anastomotic leakage should not result in a high 
mortality if it is aggressively managed.

Dehiscence of the gastric resection line is rare but 
requires re-exploration as the extent of leakage is 
frequently large.113

Chylothorax
The thoracic duct can often be damaged during 
mobilisation of advanced oesophageal cancers, 
whether via a right thoracotomy or through the 
transhiatal route. A comprehensive review reports 
chylothorax occurring in up to 10% of patients 
after blunt transhiatal oesophagectomy.120 An inci-
dence of 2–3% during open resection is commonly 
reported.121 Accidental damage to the thoracic duct 
can be prevented by identification during dissection, 
as previously described, and ligating the duct low in 

the inferior mediastinum on the right lateral aspect 
of the descending thoracic aorta. Chylothorax usu-
ally presents in the first 7 days after surgery, when 
the patient has commenced oral intake, or jejunos-
tomy feeds, especially of fat-containing nutrients. A 
massive increase in chest drainage occurs, that if left 
untreated results in malnutrition and significant im-
mune suppression, with a markedly reduced CD4 
count, from the subsequent white cell loss. It is dif-
ficult to predict whether a chylous leak will spon-
taneously heal despite attempts to quantify the size 
of the leak.122 Immediate re-exploration is there-
fore recommended for major leaks, as the damaged 
thoracic duct is usually easily identified, following 
a bolus of cream, at the time of re-exploration.121 
Leaks of less than 500 mL/day may resolve with 
enteral feeding using medium-chain triglycerides. 
Prolonged total parenteral nutrition has been used 
but patients who rapidly become malnourished are 
prone to nosocomial infections and frequently re-
quire a long hospital stay. Prophylactic antibiotic 
cover with co-trimoxazole for Pneumocystis is es-
sential for the lymphopenic patient.123 On rare oc-
casions, chylothorax can be resistant to treatment, 
whether re-exploration or conservative therapy. 
This is often due to abnormal lymph anatomy 
around the hiatus. The author has documented up 
to three large ducts in the posterior mediastinum 
in such patients. Pleuroperitoneal shunting has re-
sulted in successful outcomes in resistant chylous 
leaks. This allows reabsorption of chyle and pre-
vents the sequelae of immune suppression.

Recurrent laryngeal palsy
The incidence of recurrent laryngeal palsy has in-
creased over recent years due to the increase of cer-
vical oesophagogastric anastomoses. It is extremely 
rare when the anastomosis is constructed in the 
apex of the chest via the thoracotomy route for sub-
total oesophagectomy. If the palsy is transient but 
unilateral, the opposite cord may well compensate. 
If the palsy is permanent, Teflon injection of the 
cord or a formal thyroplasty can restore adequate 
voice volume and a satisfactory cough.124

Gastric outlet obstruction
Gastric outlet obstruction is prevented by the rou-
tine use of a pyloroplasty or a pyloromyotomy. 
Emptying problems are kept at a minimum when the 
anastomosis is in the apex of the thorax. Procedures 
that leave part of the stomach as an abdominal or-
gan and part of the stomach as a thoracic organ 
predispose to duodeno-gastro-oesophageal reflux. 
Prokinetic agents such as low-dose erythromycin 
can improve gastric emptying and minimise these 
complications. Dumping syndrome after oesopha-
gogastric reconstruction is relatively common but 

 High-definition upper gastrointestinal endoscopy 
is important in diagnosis and particularly the 
identification of any conduit necrosis.113

 The authors would strongly urge against the 
insertion of self-expandable stents in this situation 
as they prevent adequate drainage of sepsis, are 
prone to migrate, and may ultimately erode into 
surrounding structures.
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usually resolves in the 12 months following surgery. 
It is adequately treated by the avoidance of high car-
bohydrate loads.

Duodeno-gastro-oesophageal reflux
Acid or alkaline reflux is common125,126 and, al-
though it may be controlled by motility agents and 
acid suppressants, can be troublesome. There is 
some evidence that performing a modified fundo-
plication as an antireflux manoeuvre at the time 
of oesophagectomy is effective in controlling post-
oesophagectomy reflux in the majority of patients.127

Benign anastomotic stricture
These strictures are not uncommon but usually 
respond to a single dilatation performed with the 
flexible video endoscope under image intensifica-
tion and sedation.9

Overall results of single-
modality resectional therapy
Overall results of surgical therapy in oesophageal 
cancer can be analysed in terms of hospital mortal-
ity and patient survival. Assessment of quality of life 
(patient-related outcomes) as an outcome measure 
is essential as there is increasing evidence relating it 
to overall survival.128 The fact that it takes 9 months 
for quality of life to recover following surgery il-
lustrates the scale of trauma that oesophagectomy 
produces. Very few new data have become available 
on single-modality surgery for oesophageal cancer. 
Increasingly, published results include patients sub-
jected to multimodality treatments.

Hospital mortality

Although individual units have achieved consider-
ably better results, three comprehensive reviews dur-
ing the last two decades shed some light on trends in 
both hospital mortality and overall survival.8,129,130

This may be attributed to improvements in anaes-
thesia, surgical technique, perioperative care, and 
the specialisation and centralisation of oesophageal 
cancer services. No evidence has been provided to 
relate tumour biology to mortality rate following 
oesophageal resection and there is no difference in 
mortality rates between resections for squamous cell 

carcinoma and adenocarcinoma. Overall  mortality 
rates in many series can be confusing because of 
variations in definitions. ‘In-hospital’ and not 30-
day mortality rates should be quoted in all papers, 
but unfortunately this continues not to be the case. 
Series from specialist centres in the last few years 
cite operative hospital mortality rates of less than 
5%.31,51,113 This includes a huge series of over 20 000 
oesophagectomies from China.131 There is no longer 
any place for the occasional oesophagectomist in 
the management of this disease. There is clearly still 
further room for improvement as data from a large 
multicentre UK audit recently reported mortality 
rates of over 10%.132

Comparisons of hospital mortality rates for  different 
resection techniques reveal only minor differences. 
In the review by Muller et al.,119 the lowest mortal-
ity rate was for transhiatal oesophagectomy, with a 
median figure of 8%. These data, however, are not 
strictly comparable because transhiatal resection was 
the most recent surgical development and therefore 
benefited from the experience of recent advances in 
perioperative care.

Rigorous preoperative assessment will continue to 
reduce hospital mortality from this major thoraco-
abdominal operation (see Chapter 4).

Survival figures

In a review of the 1980s, Muller et al. found that 
56% of all resected patients survived the first post-
operative year, 34% the second, 25% the third, 21% 
the fourth and 20% the fifth year after resection. It 
was depressing to note that these figures were very 
similar to those collected by Earlam and Cunha 
Melo, revealing that despite improved hospital mor-
tality, the overall long-term prognosis had remained 
unchanged. No differences in the 5-year survival 
rates were noted between different techniques of 
resection but en-bloc resections showed a signifi-
cantly better long-term prognosis.28,77 Data from 
the Dutch trial40 revealed 5-year survival was 36% 
and 34% after transhiatal and transthoracic resec-
tion, respectively. There is some evidence to suggest 
that adenocarcinomas tend to fare worse than squa-
mous lesions, although this may simply reflect the 
more advanced stage at which these lesions tend to 

 The review of Jamieson et al.130 confirmed 
that the average hospital mortality rate following 
oesophagectomy had continued to decrease, from 
28% (1953–1978), to 13% (1980–1988), to 8.8% 
(1990–2000).

 Nevertheless, preoperative risk analysis using 
a J composite scoring system to predict operative 
risk managed to show a decrease in mortality in 
a large series from 9.4% to 1.6%.16 No overall 
difference was noted in the randomised controlled 
trial of transthoracic versus transhiatal approaches 
in the Dutch study.
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present.72 With increasing numbers of early tumours 
being diagnosed on surveillance programmes for 
Barrett's oesophagus, this hypothesis will be tested. 
The primary determinants of overall outcome ap-
pear to be the stage of the tumour and the cell type.

Trying to identify improvements in overall survival 
for adenocarcinoma over time from surgery alone is 
difficult because of the now widespread use of neoad-
juvant treatment for locally advanced disease. Over 
the past decade the continued reporting of results 
combining both adenocarcinoma and squamous cell 
cancers has made interpretation even more confound-
ing. Most recent ‘surgery-alone’ series reflect opera-
tions for very early disease that would not allow for 
comparisons with the earlier publications. However, 
as discussed earlier there are data from the Dutch trial 
that revealed 5-year survival for adenocarcinoma was 
34% and 36% after transhiatal and transthoracic 
resection, respectively.40 The long-term results of the 
OEO2 study showed that for adenocarcinoma the 
unimodality surgery patients had a 5-year survival 
of 17.6%.133 A population-based study from Sweden 
evaluated survival with resection alone from 1997 to 
2005: the 5-year survival for adenocarcinoma was 
28.3% for the 2001–2005 cohort.134 The Worldwide 
Esophageal Cancer Collaboration (WECC) data in-
cluded surgery-alone patients from several decades 
and produced separate survival curves for adenocarci-
noma and squamous cancer.135 Five-year survival for 
adenocarcinoma was approximately 80% for TNM7 
stages 0 and 1A, approximately 64% for stage 1B, 
50% for 2A, 40% for 2B and 25% for 3A.135

Overall survival is therefore strongly stage depen-
dent. There are many case series describing stage-
specific survival but there has been no systematic 
review of these reports. The authors' published re-
sults confirm a greater than 90% 5-year survival for 
stage 0 and stage 1 disease. For stage 2a, 2b and stage 
3 disease, 5-year survival is 60%, 19% and 15% 
respectively.31 Other specialist units have achieved 

similar results with resection and two-field lymph-
adenectomy as unimodality therapy.17,31,38,40,41,45,51 
The poor outcome for patients with node-positive 
disease has led to multimodality therapy becom-
ing the standard of care for these patients. A recent 
meta-analysis demonstrated a greater 2-year survival 
benefit for both neoadjuvant chemoradiotherapy and 
chemotherapy, although the standardisation of the 
staging investigations and surgical resection has been 
questioned in many of these trials115 (see Chapter 9).

Summary and future research
The main areas of progress and interest in surgery 
for oesophageal cancer have been the introduction 
of a multidisciplinary approach, improved disease 
 staging, the development of new surgical and endoscopic 
techniques for the management of early tumours in-
cluding minimally invasive oesophagectomy, and the 
introduction of multimodality therapy for locally 
advanced disease. The future of oesophageal cancer 
surgery will be based on procedures tailored to the 
individual patient. Certain patients with early adeno-
carcinoma may initially undergo endoscopic resection 
to identify those requiring a formal oesophagectomy. 
These patients may undergo sentinel node mapping53 
such that patients potentially can be spared radical 
node dissection. Patients with locally advanced ad-
enocarcinoma, particularly those with a low burden 
of nodal disease, will be targeted with increasingly 
effective multimodality regimens including, based on 
the Dutch trial, a radical en-bloc oesophagectomy 
with two-field lymph node dissection. Neoadjuvant 
regimes should be tailored, possibly by genetic profil-
ing, to determine the best therapeutic strategy for each 
patient. Despite all this, significant improvements in 
long-term outcome for oesophageal cancer will only 
be achieved if focus is placed on earlier detection of 
what continues to be a very aggressive disease.

Key points
• The overall results of surgical resection for all stages of tumour have improved over the past 

20 years.
• Meticulous preoperative evaluation and estimation of surgical risk is a prerequisite to successful 

surgical outcome in this disease.
• There is now overwhelming evidence to confirm the influence of surgeon case volume on the 

outcome of site-specific cancer surgery.
• Enteral feeding is preferred over parenteral feeding (TPN) for nutritional support.
• Subtotal oesophagectomy should be carried out in patients with tumours of the middle and 

lower oesophagus to make allowance for intramural submucosal spread of squamous and 
adenocarcinomas.

• The stomach is the preferred conduit for oesophageal reconstruction.
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Treatment of early oesophageal cancer

Introduction
The prevalence of early oesophageal cancer is 
 increasing due to the rising incidence of adeno-
carcinoma (AC) in the West, persistent high inci-
dence of squamous cell carcinoma (SCC) in the 
East, along with improving methods of endoscopic 
diagnosis and surveillance strategies identifying 
high-risk changes in the mucosa. The manage-
ment of early oesophageal cancer is in a process of 
evolution due to the improvement in endoscopic 
 techniques to sample, remove and ablate oesopha-
geal mucosa, leading to potentially fewer patients 
requiring an oesophagectomy.

Definition of early 
oesophageal cancer and 
relevant pathology
A cancer in the oesophagus is considered ‘early’ 
if it is contained within the superficial compo-
nents of the epithelial lining and there is no lymph 
node involvement. Using the latest American Joint 
Committee on Cancer (AJCC) staging criteria, for 
both SCC and AC, this would include oesophageal 
cancer diagnosed at stages 0 or IA.1 Stage 0 includes 
Tis or high-grade dysplasia (HGD) of the epithe-
lium. This had previously been called carcinoma in 
situ.2 Stage I relates to the depth of invasion into the 
oesophageal wall with no lymph nodes involved. 
This stage includes cancers that are T1–2. However, 
the pathological stage can only be diagnosed after 

the resection of the oesophagus. The deeper the in-
vasion into the mucosa and submucosa, the higher 
the incidence of nodal metastasis, so that a clear 
definition of the T stage is vital when assessing a pa-
tient thought to have an ‘early’ oesophageal cancer.

The T stage can be subclassified into cancer that 
is restricted to the mucosa, T1a, and to the submu-
cosa, T1b. Within the mucosa (T1a) the invasion 
can be subclassified into cancers confined to the 
epithelium (m1), the lamina propria (m2) and the 
muscularis mucosae (m3).1 Patients with Barrett's 
oesophagus may have duplication of the muscularis 
mucosae but they are still m3 so long as the mus-
cularis mucosae has not been breached. Cancers 
infiltrating into the submucosa (T1b) may be sub-
classified into sm1 (inner third), sm2 (middle third) 
and sm3 (outer third)1 (Fig. 6.1).

The relevance of subclassification relates to the 
risk of lymphatic invasion. The lymphatic network 
in the oesophagus is concentrated in the submu-
cosa; however, there are lymphatic channels in the 
lamina propria. From studies of patients that have 
had a resection for T1 cancer it is clear that there 
is a higher risk of nodal involvement if it invades 
to T1b level compared with T1a cancers.3–17 There 
are subtle differences between patients with AC and 
SCC. HGD in Barrett's epithelium and in squamous 
epithelium as well as AC or SCC involving m1 do 
not have nodal disease.3–5,10,11,13,17 AC invading to 
m2 and m3 do not have lymph node metastasis.3–6,8

However, for patients with SCC to the m2 level, 
there have been reports of patients with positive 
lymph nodes found in 3.3%9 and 5.6%,17 although 
this is not clear as others have reported no evidence 
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of positive nodes at this level.10–15 If the tumour 
extends to m3, the node-positive rate has been re-
ported to be 18% in a large single-centre series17 
and 12.2% in a review of 1740 patients with early 
SCC.9 The histological finding of lymphatic invasion 
in association with m3 invasion has been shown to 
increase the risk of positive lymph nodes11,17 from 
10% to 42%.17

For either AC or SCC invading the submucosa 
(T1b), the potential for nodal metastasis increases 
from sm1 to sm3.18 A review of articles from 1980 to 
2009 reported an overall lymph node-positive rate 
of 37%, with the incidence higher for SCC (45%) 
than AC (26%). For sm1 disease, the presence of 
lymphatic invasion on histology increases the risk 
of positive lymph nodes from 11% to 65%.11 The 
incidence of node positivity was higher in patients 
with SCC compared with AC at sm1 (27% vs. 6%) 
and sm2 (36% vs. 23%) levels, but the same at sm3 
(55% vs. 58%).18 The implication may be that SCC 
is more biologically aggressive at presentation.

For patients with T1b cancers the optimal oncologi-
cal therapy is an oesophagectomy with a systematic 
lymphadenectomy. There may be ‘low-risk’ sm1 

patients with AC that might be considered for en-
doscopic therapies but it is not so clear for patients 
with SCC. The ‘low-risk’ AC is a patient with a well-
differentiated cancer with no evidence of lympho-
vascular invasion.5,8 One report of 85 patients with 
T1 AC analysed four subgroups with differing nodal 
involvement and prognosis. Patients with T1a disease 
had no nodes and 100% disease-specific survival 
(DSS). Those with T1b cancers were split into three 
groups: well differentiated and no lymphatic/vascular 
invasion (LVI) – 4% nodal involvement, 85% 5-year 
DSS; poorly differentiated and no LVI – 22% nodal 
involvement, 65% 5-year DSS; and any cancer with 
LVI – 46% nodal involvement, 40% 5-year DSS.5

The reason for the difference between histologi-
cal subtypes is not clear but explanations include: 
fewer lymphatic channels in the lamina propria in 
the lower oesophagus (where AC occurs7) and SCC 
is more biologically aggressive at an earlier stage.18

Investigations
The patient will have had a biopsy reporting either 
HGD or invasive carcinoma in either the squamous 
epithelium or Barrett's glandular epithelium.

Endoscopic assessment

Barrett's neoplasia
Patients with the diagnosis of HGD or intramucosal 
carcinoma in Barrett's epithelium should have the 
endoscopy repeated according to a protocol of four 
quadrant biopsies 1 cm apart and targeted biopsies 
of macroscopically suspect lesions.19 The pathol-
ogy should be reviewed by two independent expe-
rienced gastrointestinal pathologists to confirm the 
diagnosis.

Squamous neoplasia
Patients with a diagnosis of HGD in squamous 
epithelium or suspected early invasive carcinoma 
should have the endoscopy repeated to clearly es-
tablish the extent of the disease process. The use 
of Lugol's iodine staining is recommended to al-
low targeted biopsies of the non-stained areas.20 
Knowledge of the extent of the mucosal change is 
important when planning treatment as very long 
segments may only be treated with oesophagec-
tomy. If endoscopic therapy is to be considered, the 
non-stained areas outline the targets for endoscopic 
resection or ablation.

Endoscopic mucosal resection (EMR)
This is the removal of the mucosa and a varying 
degree of submucosa. In patients with HGD or sus-
pected intramucosal carcinoma (IMC) this is the 

Epithelial layer

Lamina propria

Muscularis
mucosae

Muscularis
propria

Submucosa

m1

m Ad = 0
SCC = 3.5-5.6%9,17

Ad = 0
SCC = 12-18%17

Ad = 6%
SCC = 27%18

Ad = 23%
SCC = 36%18

Ad = 58%
SCC = 55%18

sm

sm1 sm3m3
T1a
m2
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sm2 T2

Figure 6.1  • Anatomical layers of the oesophagus with 
risk of lymph node involvement. Ad, adenocarcinoma.

 For mucosal disease (T1a), patients with HGD 
or AC are suitable for endoscopic therapy if the 
disease can be cleared. Patients with squamous 
HGD and SCC with invasion to m1 and m2 disease 
are suitable for endoscopic therapy. Given the 
operative morbidity and mortality and effect on 
quality of life of an oesophagectomy, the role of 
endoscopic therapy for SCC invading to the m3 
level, without associated lymphatic invasion, is 
not clear and will relate to patient factors when 
considering treatment options.
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most accurate and definitive method of confirming 
the histology and defining the T stage of abnor-
mal mucosa or any mucosal lesion.21,22 Endoscopic 
mucosal resection offers better T staging than en-
doscopic ultrasonography (EUS) and computed 
tomography (CT) scanning,23 and will alter the 
histological grade or the local T stage of mucosal 
neoplasia in up to 48% of patients,24 thereby poten-
tially influencing the management (Fig. 6.2).

Patients with squamous epithelial neoplasia can 
have abnormailites targeted with EMR. A study of 
51 patients who had an EMR for squamous HGD 
reported 31% to be m2/3, with over a third of these 
lesions being flat such that they were unrecognisa-
ble from HGD alone.25 This also stresses the need 
for extensive mapping biopsies of squamous epithe-
lial neoplasia, using Lugol's iodine, if endoscopic 
therapies are to be considered.

Endoscopic submucosal dissection 
(ESD)
This technique is widely used in Asia, notably by the 
Japanese, for definitive treatment of patients with 
superficial gastric cancer. It has been used for squa-
mous neoplasia because it entails a formal dissec-
tion in the submucosal plane to remove a complete 
segment of mucosa and submucosa. The advantage 
is that the whole abnormal segment of oesophagus 
may be removed en bloc26,27 and there is less like-
lihood of margins being involved when compared 
with EMR in the tubular oesophagus.26,28

Imaging

The accuracy of differentiating the layers of the 
mucosa has been reported to be 85–100% with 
the use of the higher frequency (15 and 20 MHz) 
 miniprobes;29 however, the numbers are small and 
these are expert centres. In general practice this dif-
ferentiation is not good enough to stratify patients 
to allow decisions relating to endoscopic therapy 
and oesophagectomy.6 It may be the value of EUS 
will be for examination of the local lymph nodes 
and, if considered suspicious, achieving confirma-
tion with fine-needle aspiration.29 When the tumour 
is considered to be invasive there is a role for ana-
tomical imaging with CT scanning and functional 
imaging with positron emission tomography (PET) 
for formal staging.30

Management of early 
oesophageal cancer
The definitive management of an invasive oe-
sophageal cancer is the complete eradication of 
the primary lesion with a margin of normal epi-
thelium along with the draining lymph nodes. 
Patients with HGD in Barrett's oesophagus may 
have an associated carcinoma and patients with 
superfical SCC of the oesophagus have a higher 
potential for lymph node involvement, making 
surgical resection the definitive therapy for these 
patients. Oesophagectomy remains the gold stan-
dard and any other therapy must be carefully as-
sessed using resection as the benchmark. However, 
in selected patients, it is reasonable to consider en-
doscopic therapies or radiotherapy with or with-
out chemotherapy.

Figure 6.2  • Intramucosal carcinoma in a segment of 
Barrett's epithelium before (a) and after (b) endoscopic 
mucosal resection.

a

b

 Endoscopic mucosal resection of defined 
mucosal abnormalities offers the most sensitive 
method of obtaining a T stage for early oesophageal 
neoplasia.
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Oesophageal resection

The clear advantage of complete removal of the dis-
ease process provided by an oesophageal resection 
must be weighed against the potential mortality and 
morbidity of the procedure.

In a review from 2007 of 29 series of patients hav-
ing a resection for Barrett's HGD, it was reported 
that cancer was found in the specimen in 37% of 
cases with 60% of this group (22% of the total) 
invading beyond the mucosa.31 They reported no 
downward trend in this incidence in recent years. 
This review consists of a number of older series 
where patients were not likely to have had a system-
atic approach to biopsy of the Barrett's mucosa, and 
none of the patients underwent an EMR of abnor-
mal mucosa, which would offer a better histological 
assessment with improved T staging. The factors 
that have been reported to be associated with a co-
existing cancer in HGD are a visible lesion, ulcer-
ation and HGD at multiple levels.32,33 The potential 
for an unexpected finding of an invasive cancer is 
now lower than previously reported.

For patients confirmed to have squamous dys-
plasia the potential for the development of an in-
vasive cancer increases with time. For low-grade 
intraepithelial neoplasia (LGIN), the risk at 3.5 and 
13.5 years has been reported as 5% and 24%, re-
spectively, for moderate-grade intraepithelial neo-
plasia (MGIN) 27% and 50%, respectively, and 
for high-grade intraepithelial neoplasia (HGIN) 
65% and 74%, respectively.34 Definitive treatment 
should be directed towards HGD with careful ob-
servation in patients with lower levels of dysplasia.

Although patients with HGD do not have an in-
vasive cancer the risk is removed completely with 
an oesophagectomy. In the short term the poten-
tial for short-term cancer mortality is very low, 
so it is important that the surgical outcomes are 
optimal. In the last decade operative mortality for 
oesophageal resection in high-volume centres has 
been reported to be 2–4%, with rates of 0–1% 
when the resection was for HGD or IMC.31,35 The 
long-term disease-specific survival (DSS) follow-
ing an oesophagectomy for HGD should be 100% 
and for early invasive oesophageal cancer (stage 
I) for AC 80–90%7,36 and SCC 3-year survival of 
85%37 and 5-year DSS of 53–77%38,39 have been 
reported.

Because of the associated high morbidity, mortal-
ity and effects on the quality of life, alternatives to a 
traditional oesophagectomy and lymphadenectomy 
have been explored. For lesser procedures to be suc-
cessful a degree of predictability of the lymph node 
drainage is necessary. For stage I disease, in one 
study, patients with AC had the majority of posi-
tive nodes below the tracheal bifurcation, locally 

associated with the primary cancer in all but 2%. 
For SCC the nodal site was not predicable, with the 
positive nodes widely distributed in the chest and 
upper abdomen.7

Thus, for early AC this had led to groups attempt-
ing variations from a major resection. Two varia-
tions described for patients with Barrett's HGD and 
IMC are a limited resection of the oesophagogas-
tric junction40 and vagal-sparing oesophagectomy.41 
The resection of the oesophagogastric junction 
with jejunal interposition (Merendino operation) is 
performed using a transabdominal approach, with 
splitting of the oesophageal hiatus. The dissection 
can be carried out, through the hiatus, to the level of 
the tracheal bifurcation incorporating a lower me-
diastinal and upper abdominal lymphadenectomy 
with or without preservation of the vagal innerva-
tion of the distal stomach. Following resection of the 
distal oesophagus, cardia and proximal stomach, 
the gastrointestinal continuity is restored by means 
of interposition of an isoperistaltic pedicled jejunal 
loop to prevent postoperative reflux.40 The outcome 
of over 100 procedures for early Barrett's cancer re-
ported similar outcomes in terms of long-term sur-
vival compared with a radical oesophagectomy. The 
advantages were lower peri- and postoperative mor-
bidity, and a good postoperative quality of life. The 
procedure has been reported to be technically chal-
lenging and requires attention to detail to achieve 
good long-term functional results.40

Vagal-sparing oesophagectomy (VSO) has recently 
been popularised for HGD and T1a adenocarci-
noma of the lower oesophagus. Reconstruction is 
via the use of a gastric tube or colon pull-up. The 
authors report a reduction in side-effects attributed 
to the vagal resection that occurs with a more ag-
gressive resection.41 The operative mortality has 
been reported to be 2% with major complications in 
35% of patients, but there was a reduction, but not 
abolition, of diarrhoea and dumping symptoms.41

Alternative approaches are the transhiatal ap-
proach and minimally invasive approaches to an 
oesophageal resection. The transhiatal approach 
has been reported to reduce respiratory complica-
tions compared with an open oesophagectomy.42,43 
Although suitable for AC the transhiatal approach 
does not address the issue of the unpredictable lym-
phatic drainage of SCC, so that a systematic lymph-
adenectomy should be performed with the benefits of 
an upper and cervical mediastinal lymphadenectomy 
being weighed against the added morbidity.7,10,44

Minimally invasive approaches to oesophagec-
tomy will allow resection of the primary cancer 
and a lymphadenectomy. Reports suggest there 
may be a reduction in respiratory complications 
when the chest and abdominal components are per-
formed using minimally invasive approaches.45–47  
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The  approach has also been described allowing 
a dissection of the mediastinum, as required for 
SCC.48

Oesophagectomy does have an effect on the qual-
ity of life of patients. There have been reports that 
claim the long-term functional outcomes from a re-
section are at least equivalent to the general popu-
lation.49,50 However, despite their conclusions there 
are patients that have significant gastro-oesopha-
geal reflux (59–68%), dysphagia (38%), dumping 
(15%), diarrhoea (55%) and bloating (45%).49,50 
Others have confirmed the higher incidences of 
functional symptoms such as dumping syndrome, 
bloat, reflux and diarrhoea, which do not settle in 
the long term.51

Endoscopic therapy

The recent trend is for patients with localised neo-
plasia, confined to the mucosa, to be managed en-
doscopically. The techniques involve resection of a 
segment of mucosa and a variable amount of sub-
mucosa or ablation of the diseased segment, or a 
combination of both. To be acceptable the endo-
scopic therapy must completely remove or eradicate 
the neoplastic epithelium. Also, the risk of residual 
positive lymph nodes should be zero or very low.

Endoscopic mucosal resection
Aside from diagnosis and T-stage assessment this 
technique may be therapeutic, removing the lesion 
completely. The techniques used for this procedure 
result in piecemeal segments of mucosa and submu-
cosa being removed. Techniques such as ‘inject, suck 
and cut’(endoscopic resection cap, ER-cap) and 
‘band and snare’ (endoscopic resection multiband 
mucosectomy, ER-MBM) are used, and have been 
shown to provide the pathologist with equivalent 
and adequate depths of mucosa and submucosa.52 A 
randomised study assessing the two techniques has 
shown that ER-cap produces specimens of larger 
diameter but with equivalent amount of submu-
cosa. ER-MBM was quicker, less costly and had a 
similar safety profile.53 Short segments of neoplas-
tic epithelium (Barrett's or squamous) can be com-
pletely removed in up to 80–94% of patients.54 The 
recurrence rate increases with the length of follow-
up because the treatment may not deal with all the 

Barrett's epithelium, some of which may not be 
visible.3 When EMR alone is used to eradicate the 
Barrett's segment the complete eradication rate may 
reach 97%, but the incidence of stricture increases 
up to 37%.55 It is likely the optimal use of EMR 
will be in combination with Barrett's ablative tech-
niques. The technique has been shown to be safe, 
with a low incidence of complications such as bleed-
ing (0–1.5%), perforation (0.3–0.5%) and stricture 
formation if segmental regions are treated (7–9%).

For squamous epithelial neoplasia the results from 
EMR are similar to Barrett's neoplasia, with rates 
of recurrence reported to be 10–26%.26,56,57 When 
examining the recurrence rate in association with 
depth of invasion, the incidence has been reported 
to be 13–18% in lesions that are m1/2.57

Endoscopic submucosal dissection (ESD)
This is a technically demanding procedure and, 
aside from the risk of perforation, there is a higher 
incidence of stricture formation when compared 
with EMR because of the deeper resection plane 
and larger segments removed. This technique has 
not been readily taken up in the West for the man-
agement of Barrett's neoplasia, although there have 
been European reports of the technique being used 
for SCC.56,58 The potential for recurrence of the 
squamous neoplasia, after ESD, is low at 1–2%.26,59 
Bleeding occurs in 10% in larger series; however, 
this is typically dealt with during the procedure or in 
the first 24 hours. Perforation occurs in 4–10% and 
is typically treated with endoscopic clips. Because 
of the length of segments removed, the stricture rate 
can be high (6–26%).59

Mucosal ablation
Accepting that EMR and ESD target the high-risk le-
sions, allowing complete histological assessment, the 
high-risk mucosa should then be removed or ablated. 
The technique offering the most promise for mucosal 
ablation is radiofrequency ablation (RFA), with other 
options that include photodynamic therapy (PDT) 
and argon plasma coagulation (APC). PDT is very 
intensive and only performed in specialist units, so 
that it has essentially been replaced by APC and RFA. 
PDT offers a durable remission with replacement by 
squamous epithelium in 50–80% of patients60 and 
a risk of recurrence of the HGD in up to 8% of pa-
tients.61 The stricture rate can be as high as 36%.61

APC will eradicate the superficial mucosa to a 
variable depth, allowing complete eradication in 
38–99% of patients, with recurrence of 3–16%.62–64 
APC has a better ablation rate when compared with 
PDT.65 For each technique, it is not unusual for the 
patient to require repeat therapy. Both techniques 
carry a risk of the development of subsquamous 
Barrett's (buried Barrett's) under the  regenerated 

 Resection offers the most definitive treatment 
aimed at cure for early oesophageal neoplasia. The 
disease and the associated high-risk mucosa are 
eradicated completely without the need for long-
term surveillance. However, this approach has a 
defined potential for mortality with unpredictable 
effects on short- and long-term quality of life.
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squamous epithelium, reported to be around 
20%.65 This entity has the potential for malignant 
transformation.66

RFA is a balloon-based radiofrequency device 
that will ablate the mucosal layer of the tubular oe-
sophagus to a defined depth. There is also a device 
that will treat distinct residual patches of Barrett's 
mucosa. The potential for complete eradication has 
been reported to be 90% in HGD, 80% in Barrett's 
dysplasia and 54% for intestinal metaplasia.67 
Residual disease is typically seen as small islands 
or tongues and can be treated separately. Complete 
eradication cannot be guaranteed, with newly de-
tected metaplasia at 1 year, seen in up to 26% with 
8.5% reported to have dysplasia.68 The stricture 
rate was 0.4% and the incidence of buried glands 
much lower than with the other techniques.67 A 
recent randomised trial comparing stepwise EMR 
and RFA demonstrated comparable response rates, 
with fewer sessions and less morbidity in the RFA 
group.69

There are very few data available relating to the 
use of RFA for squamous neoplasia. In a study of 
29 patients with dysplasia (18), HGD (10) and SCC 
m1 (1) treated with RFA, after a single treatment 
at 3 months the complete response rate (CR) was 
86%. At 12 months, with further RFA treatments, 
the CR was 83% (14% low-grade dysplasia).70 For 
both histological entities, it is likely that there may 
be a role for EMR followed by RFA in selected 
patients.

Results from endoscopic therapy 
for early oesophageal cancer

Adenocarcinoma
For HGD or IMC/T1a carcinoma in Barrett's epi-
thelium, the group in Weisbaden, Germany, assess  
80 patients and treat 60–70 with endoscopic therapy 
per year.71 They report complete resection rates of 
97%. The median follow-up period was 64 months 
and there was a metachronous lesion in 21%. The 
higher risk for recurrence is in patients who have 
piecemeal resection, long-segment Barrett's, no ab-
lation of the Barrett's (PDT performed selectively), 
multifocal neoplasia and time to complete removal 
of the identified lesion of more than 10 months. 
Importantly, this group highlight the need to inten-
sively follow patients. Surgery was required in 3.7% 
because of failure of endoscopic therapy to clear the 
disease.71 Others have reported the development 
of a new metachronous cancer following ablative 
therapy to occur in 6–20%.72,73

In a review of studies assessing the role of Barrett's 
ablation (no RFA) compared with patients observed 
with HGD, the long-term cancer risk was reduced 

by ablation but not abolished. After ablation the 
risk of malignant change was 16.66/1000 patient-
years compared with 65.8/1000 patient-years for 
observation. The frequency of recurrence of intesti-
nal metaplasia was 0–68%.74 In a small study of 31 
patients, using RFA following EMR, it was possible 
to eradicate the high-risk mucosa in patients with 
early AC (16), HGD (12) or LGD (3). At median 
21 months, all dysplasia was eradicated with a 9% 
stricture rate.75

Two studies of institutional comparisons between 
endoscopic therapy (ET) and resection for HGD 
and/or IMC have shown no mortality for either 
treatment, with little to no morbidity for ET but 
early morbidity rates around 39% in the resection 
group.73,76 Equivalent cancer-specific survivals were 
reported. However, a new metachronous primary 
neoplastic lesion occurred in 20%73 and 12%76 of 
the endotherapy groups. These were usually treated 
endoscopically. There has been one case-controlled 
comparative study assessing oesophagectomy com-
pared with EMR and ablation in patients with in-
tramucosal adenocarcinoma (T1a).77 The resection 
group had a median follow-up of 4 years with no 
tumour recurrence. The major complication rate 
was 32% and 90-day mortality 2.6%. Following 
endoscopic therapy there was no major morbidity 
or mortality, and 6.6% of patients needed further 
local therapy during the median follow-up time of 
3.7 months.77

The use of EMR has been reported in a cohort 
of 21 patients having endoscopic therapy for ‘low-
risk’ T1b adenocarcinoma. Low risk was defined as: 
invasion of the upper sm1; absence of lymphatic/
vascular invasion; grade I/II; polypoid or flat lesion 
(not ulcerated). APC was used for Barrett's abla-
tion in 73%. At a median follow-up of 62 months 
there was an initial 90% complete resection rate 
with 28% recurrence of metachronous carcinoma. 
There were no tumour-related deaths. For this sub-
set of patients one needs to consider this treatment 
as experimental and more suitable for patients not 
considered to be surgical candidates until more data 
are available.78

Squamous cell carcinoma
The majority of the studies are from Japan using 
EMR or ESD.9,26,27,59 There is one series of ESD 
from Italy58 and one from Germany using EMR.56 
A study assessing EMR in 351 patients reported a 
5-year disease-free survival of 98%. At a median 
follow-up of 9 months the local recurrence rate was 
2% in patients with m1/2 disease, 7% with m3/
sm1 and 7% with sm2/3. The only patients who 
developed metastasis had sm1/2 disease.79 The larg-
est single-centre series has 300 patients with m1–3 
(m3 15%) disease, in whom 184 had EMR and  
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116 ESD.26 A positive margin was seen in 3% who 
had ESD and 22% who had an EMR. However, the 
stricture rate was 17% for ESD compared with 9% 
who had an EMR. Local recurrence was 10% af-
ter EMR in patients that had a piecemeal resection. 
Recurrence may also manifest as recurrent nodes or 
systemic disease. This is more likely to occur in pa-
tients who had lesions that were m3 or submucosal 
treated with EMR or ESD.27,56,59

Definitive radiotherapy with 
or without chemotherapy

Most often this modality is offered when patients 
are unfit for resection or refuse an operation. In 
patients with invasive SCC (stage II/III), there is 
evidence from randomised trials for the use of de-
finitive chemoradiation (CRT)80 over radiation 
(RT) alone and for definitive chemoradiation as 
replacement for resection alone.81 For adenocar-
cinoma, there are no data from randomised trials 
for the use of definitive radiation with or without 
chemotherapy. For adenocarcinoma the evidence is 
extrapolated from the histological responses that 
may occur in the primary tumour in phase II and III 
trials of neoadjuvant therapy followed by resection 
of the oesophagus.82

A Cochrane analysis of CRT compared with RT 
alone reports the value of CRT to be a reduction 
in local persistence/recurrence of 12%.83 Assessing 
local control of disease following definitive CRT for 
stage I disease, two studies from Japan report initial 
complete responses of 93%84 and 87%.85 The inci-
dence of recurrence after CRT has been reported to 
be 20–30%.38,84 Salvage may be possible with EMR 
or resection.38,84 The more recent studies examining 
outcomes from CRT in patients with stage I SCC 
have reported 3-year DSS of 85%,37 4-year DSS of 
80%86 and 5-year DSS of 77%84 and 76%.38 The 
5-year DSS survival for T1a was 84% compared 
with 50% for patients who were T1b.38

There has been one institutional study that 
has compared the outcomes from CRT with a 

 three-field oesophagectomy for stage I SCC with 
definitive CRT.37 Resection or definitive CRT was 
offered to patients who had clinical stage I disease, 
who were not considered candidates for endoscopic 
therapy (disease >5 cm and more than two-thirds 
of the circumference). There was a bias towards 
CRT for the elderly and longer lesions. In the 54 
patients who had CRT there was a complete en-
doscopic response in 53. Local recurrence occurred 
in 21%. Primary resection had a complication rate 
of 34%, some very serious. The 1- and 3-year dis-
ease-specific survivals were 98.1% and 88.75%, 
respectively, for CRT and 97.4% and 85.5%, re-
spectively, for oesophagectomy. Adjusting for age, 
sex and tumour size, the hazard ratio for CRT for 
overall survival was 0.95 (95% confidence interval 
0.37–2.47).37

As previously stated, the data relating to the use 
of radiation for early adenocarcinoma of the oe-
sophagus are not clear. Thus, this modality is an 
option for patients not suitable for surgery but 
who are considered suitable candidates for a de-
finitive therapy. This is particularly the case if the 
patient is considered to be high risk for residual 
primary disease or localised lymph node metasta-
sis. As such, the guidelines used for SCC as stated 
above would appear reasonable. However, for 
both histological subtypes, it is yet to be proven 
that the addition of chemotherapy to patients 
having treatment for T1a and sm1 disease without 
LVI is worthwhile, given the potential increase in 
the side-effect profile.

Role of a multidisciplinary team

Patients with early oesophageal neoplasia includ-
ing HGD, stage O and stage I disease have a poten-
tial for cure of their disease. The long-term results 
from the endoscopic therapies are not known. 
Patients and those treating them must commit to 
a diligent protocol of regular follow-up endoscopy 
accepting that this approach, although low in mor-
bidity, is not absolutely proven as a cancer ther-
apy. An operative death is a disaster but equally a 
death from metastatic AC or SCC in a patient who 
had endoscopic therapy for a potentially curable 
disease is also a disaster. Because of the evidence 
for multimodality therapy for locally advanced 
therapy, patient management decisions are now 
typically made in a multidisciplinary environment, 

 Endoscopic therapy is a suitable alternative 
to resection of the oesophagus for intramucosal 
oesophageal cancer that can be removed 
completely. However, there will be a recurrence of 
the neoplasia that is reduced but not eradicated 
when the surrounding high-risk mucosa is removed 
or ablated. Thus, it is essential that the patient 
undergo careful and vigilant endoscopic follow-
up. For submucosal disease there will be very few 
patients for whom endoscopic therapy is a suitable 
treatment unless they are not fit for surgery or 
refuse resection.

 In Japan the current recommendations are:87

•	 	m1–2;	m3/sm1	(without	LVI):	EMR/ESD	if	
unwilling	or	unfit	for	resection;

•	 sm2/3:	resection	with	CRT	an	alternative	option.
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 including the  surgeon, radiation oncologist and 
medical oncologist. Thus, for early oesophageal 
cancer the  management discussions should include 
an interventional endoscopist, allowing all the al-
ternatives to surgery to be considered in the same 
multidisciplinary, collaborative environment. It is 
clear that improved oesophagectomy outcomes 
occur in specialist high-volume centres; however, 
the technical expertise of the surgeon is only one 
component in the operative and cancer outcomes 
for these patients. For endoscopic therapies, it is 
likely that the better neoplasia eradication figures 
and procedural outcomes will occur in centres that 
have a specific interest in this problem, with spe-
cialist interventional endoscopists who have strict 
follow-up endoscopy protocols in a multidisci-
plinary clinical environment.

Conclusion
The choice of management with operative versus 
non-operative therapy for early oesophageal cancer 
has improved in the last decade. In appropriately se-
lected patients with HGD and intramucosal cancer, 
endoscopic therapy is increasingly the treatment of 
choice as it has the potential to achieve the same cura-
tive effect as surgery, with minimal invasiveness and 
low complication rates. Surgery remains the definitive 
choice for complicated, extensive HGD, SCC in situ, 
deep mucosal SCC and any cancer with submucosal 
infiltration. There is a role for definitive radiotherapy, 
possibly chemotherapy, in selected patients with SCC 
and possibly adenocarcinoma, where surgery is not 
an option. Multidisciplinary assessment and planning 
are important to achieve optimal outcomes.

Key points
• Early oesophageal cancer may be glandular in origin (Barrett's oesophagus) or squamous in origin 

and includes malignant involvement of the oesophageal mucosa and submucosa.
• High-grade intraepithelial neoplasia or high-grade dysplasia in the mucosa is equivalent to 

carcinoma in situ for both squamous and glandular epithelium.
• The risk of lymph node involvement relates to the depth of invasion into the mucosa and 

submucosa, with the risk being higher for squamous neoplasia involving the mucosa compared 
with adenocarcinoma in Barrett's oesophagus.

• Endoscopic resection of high-grade intraepithelial neoplasia or intramucosal carcinoma offers improved 
local staging and in selected cases may be therapeutic/curative, avoiding oesophageal resection.

• Endoscopic ablation of residual neoplastic epithelium using radiofrequency ablation (RFA) 
should be considered in patients who have had endoscopic resection of Barrett's high-grade 
dysplasia or intramucosal carcinoma. The role of RFA for residual squamous intraepithelial 
neoplasia is not clear.

• Long-term intensive endoscopic surveillance is required following endoscopic treatment for early 
oesophageal neoplasia.

• Oesophagectomy with lymphadenectomy is the definitive treatment for oesophageal cancer 
invading into the submucosa and in patients in whom the mucosal neoplasia cannot be adequately 
treated endoscopically.

• For early squamous cell carcinoma, definitive radiotherapy with concurrent chemotherapy is an 
alternative to oesophagectomy. The results are not as clear for early oesophageal adenocarcinoma.
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7
Takeshi Sano

Surgery for cancer of the stomach

Introduction
There seem to be two different worlds for surgeons 
who confront gastric cancer. In Japan and Korea, 
where nearly half of the tumours are T1, ‘advanced 
gastric cancer’ usually means non-early tumours that 
are still potentially curable by radical surgery. Surgeons 
have developed minimally invasive techniques for T1 
tumours and perform meticulous extended dissection 
for ‘advanced’ cancers. In the rest of the world, where 
patients present with much more advanced disease, 
the chance of cure by surgery is limited and surgeons' 
best efforts are often not rewarded. Furthermore, the 
prevalence of a new disease called oesophageal adeno-
carcinoma has increased significantly in Western coun-
tries, almost overtaking distal gastric cancer, which is 
rapidly decreasing. Under the circumstances, surgeons 
in different parts of the world naturally have differ-
ent strategies and standards to confront the disease. 
However, the ideal treatment for a patient with gastric 
cancer, wherever the diagnosis is given, ought to be the 
same as long as the disease is the same.

This chapter provides a Japanese perspective on 
surgery for gastric cancer from an international 
viewpoint, with the goal that surgeons in different 
circumstances select the best available treatment to-
wards the same goal.

Modes of spread and areas  
of potential failure after 
gastric cancer surgery
Gastric cancer arises in the mucosa and seldom 
 metastasises until it penetrates the muscularis 

 mucosae. The submucosal layer has numerous lym-
phatic and venous capillaries through which cancer 
cells spread, first to the lymph nodes and subse-
quently to the liver. Once the tumour penetrates the 
serosa, peritoneal dissemination becomes common. 
The depth of tumour invasion (T-stage) is an im-
portant prognostic factor itself, and is closely cor-
related to all patterns of metastasis.

A rational approach to surgery for gastric cancer 
requires an understanding of the modes of spread 
of this cancer and how it recurs after surgery. This 
knowledge is essential to define the aims and limita-
tions of radical surgery.

In addition, it should be noted that the patterns 
of failure after gastric cancer surgery have been 
variously reported using similar classifications but 
with different definitions. An example is shown in 
Table 7.1: hepatic and lymph node recurrences are 
categorised as distant and local failure respectively 
in the Dutch D1/D2 trial,1,2 but as regional failure 
in the Intergroup 0116 study.3

Metastatic pathway

Lymphatic spread
Lymphatic spread is the most common mode of dis-
semination in gastric cancer. Lymph node metasta-
sis is histologically proven in 10% of T1 tumours, 
and the rate increases as the invasion deepens, up to 
80% of T4a tumours.4,5

The lymphatic drainage system from the stomach 
has been well demonstrated in lymphography stud-
ies (Fig. 7.1). Unlike other parts of the digestive tract, 
the stomach has multidimensional  mesenteries that 
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contain dense lymphatic networks. Cancer cells can 
flow out of the stomach through any of these routes 
and by way of the nearby perigastric nodes, to reach 
the nodes around the coeliac artery. They then en-
ter the para-aortic nodes and finally flow into the 
thoracic duct and systemic circulation. Systemic me-
tastasis can occur via this route. In particular, bone 
marrow carcinomatosis occurs most frequently in 
cases with extensive nodal disease.6,7

The stomach has the largest number of ‘regional 
lymph nodes’ of any organ in the human body. After 
a total gastrectomy with D2 lymphadenectomy, more 
than 40 lymph nodes can usually be collected with 

careful retrieval. Of the malignant tumours listed in 
the UICC/TNM classification,8 stomach cancer re-
quires the largest number of nodes to be removed as 
a minimal requirement to allow a pN0 diagnosis (16 
nodes) and the largest number of positive nodes for 
the highest N category (pN3b, 16 or more positive 
nodes).This suggests that lymphatic metastasis from 
gastric cancer may remain in the dense lymphatic 
filters for some time and that  patients with nodal 
metastasis can still be cured by adequate dissection.

Peritoneal spread
Peritoneal metastasis is the most common type of 
failure after radical surgery for gastric cancer.9 Once 
the tumour penetrates the serosal surface (T4a), 
cancer cells may be scattered in the peritoneal space. 
They can be implanted in the gastric bed or any part 
of the peritoneal cavity and subsequently cause in-
testinal obstruction or ascites. Peritoneal metasta-
sis is much more common in diffuse-type cancers 
than the intestinal type10 and later causes peritonitis 
carcinomatosa, a characteristic recurrent pattern 
of gastric cancer, which is relatively uncommon in 
colorectal adenocarcinomas that are mostly of the 
intestinal type.

Peritoneal lavage cytology is a sensitive test for 
this metastasis. Almost all patients with positive cy-
tology subsequently develop peritoneal recurrence 
even after macroscopically curative surgery. In the 
UICC/TNM 7th edition,8 positive cytology (‘cy+’) 
has been included in the definition of pM1.

Channels along
the greater curve

Channels along the
left gastric artery

Channels along
the superior

mesenteric vein

Channels along
the left gastro-
epiploic artery

Channels along
the posterior
gastric artery

Channels along
the splenic artery

Channels crossing
the pancreatic 
surface 

Figure 7.1  • Lymphography of the stomach. Courtesy of K. Maruyama.

Pattern of 
failure

Dutch D1/D2 
trial1,2

US Intergroup 
01163

Local Gastric bed, 
anastomosis, 
regional lymph 
nodes

Gastric bed, 
anastomosis, 
residual stomach

Regional Peritoneal 
carcinomatosa

Liver, lymph 
nodes, peritoneal 
carcinomatosa

Distant Liver, lung, ovary  
and other organs

Outside the 
peritoneal cavity

Table 7.1  •  Different definitions of patterns of failure in 
the Dutch and American trials on gastric 
cancer surgery
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In general, surgery has no curative role in treating 
this mode of spread. However, in some exceptional 
cases where a small number of peritoneal metasta-
ses exist in the upper abdomen but peritoneal cytol-
ogy is negative, complete removal of these visible 
nodules may bring cure.

Peritoneal metastasis is refractory to systemic che-
motherapy. Intraperitoneal chemotherapy with or 
without hyperthermia is being vigorously tested in 
various centres. Some promising results have been 
reported,11 but the evidence is not yet compelling.

Haematogenous spread
Liver metastasis is relatively uncommon at the time 
of diagnosis of gastric cancer, but is commonly seen 
as a part of systemic failure. In the 15-year follow-
up report of the Dutch D1/D2 trial, liver metastasis 
was found, either as the sole site or with other sites 
in 102 of 319 deaths with recurrence.12 It occurs 
predominantly in intestinal-type tumours. Unlike 
in colorectal cancer, liver metastasis from gastric 
cancer is usually multiple and associated with other 
modes of spread. Resection is rarely indicated and, 
even if it is carried out, the prognosis is poor.

Metastasis by uncertain pathway
Lung, bone or other distant metastases are relatively 
rare at the time of diagnosis and appear as a part of 
systemic dissemination at the terminal stage. These 
may be regarded as haematogenous spread, but as 
many such cases lack liver metastasis, the initial 
route of spread may be the lymphatic–caval system 
mentioned above rather than the venous portal– 
caval route.

Ovarian metastasis (Krukenberg tumour) may oc-
cur especially from diffuse-type tumours, including 
signet-ring cell carcinoma. It is not uncommon for 
patients, to present with ovarian tumours, and histo-
logical proof of signet-ring cells in the resected ovary 
leads to the diagnosis of gastric cancer. Ovarian 
metastasis may occur as part of peritoneal spread, 
but considering the absence of peritoneal disease in 
some cases and usual association with lymphatic in-
volvement, it may be considered as a special form of 
lymphatic spread.

Retroperitoneal spread frequently occurs in ad-
vanced diffuse-type tumours. It causes urinary tract 
obstruction and/or ‘frozen pelvis’ symptoms. This is 
usually considered as part of peritoneal dissemina-
tion, but it may occur as a purely retroperitoneal 
disease without visible or cytological disease within 
the peritoneal cavity. Lymphatic extension again 
may be responsible for this.

Direct extension
Gastric cancer penetrating the serosa sometimes 
extends to the adjacent organs or structures. When 

the operation is potentially curative, these may be 
excised en bloc with the stomach. It is of note that, 
in a considerable proportion of apparent T4b cases, 
pathological assessment shows only inflammatory 
adhesion without direct tumour invasion.13

Intraoperative spillage

Surgery itself can be a cause of cancer spread, espe-
cially in terms of peritoneal dissemination. A T4a 
tumour penetrating the gastric serosa without visible 
or cytological peritoneal disease sometimes recurs in 
the peritoneal cavity after potentially curative surgery. 
There are two possible explanations for this: (1)  cancer 
cells had already been implanted but the cytology test 
was not sensitive enough; (2) there were no free can-
cer cells before surgery, but operative manipulation 
caused cancer cell spillage from the tumour surface.

Even serosa-negative tumours can recur in the peri-
toneal cavity after surgery. These cases are usually 
associated with lymph node metastasis. A possible 
explanation for this is that during lymph node dis-
section lymphatic channels were broken and cancer 
cells in the lymph nodes spilled out. This was proven 
in a unique study from Korea,14 though it has not 
been confirmed whether these spilled cells are im-
planted and grow.

These intraoperative spillages of cancer cells 
might be prevented by careful non-touch isolation 
techniques and/or by use of clips or vessel-sealing 
devices. However, the simplest means to prevent 
cancer cell implantation during surgery will be peri-
toneal wash with a large volume of saline before 
abdominal closure. A small-scale randomised study 
showed a significant survival benefit of extensive 
intraoperative peritoneal lavage (EIPL) in gastric 
cancer patients with positive cytology.15

Summary

Of the four patterns of spread of gastric cancer 
(lymphatic, peritoneal, haematogenous and direct), 
lymphatic metastasis occurs at the earliest stage and 
this can lead to other types of metastases. Surgical 
control of this spread at an early phase of the dis-
ease may prevent subsequent systemic failure.

The concept of radical gastric 
cancer surgery
Surgery plays an essential role in the curative treatment 
of gastric cancer. Although radical surgery has been at-
tempted in many centres worldwide, it is Japanese sur-
geons who have been at the forefront of the practice of 
radical gastric resection and lymphadenectomy.
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Gastric cancer surgery in Japan

The incidence of gastric cancer in Japan is among 
the highest in the world. Approximately 100  000 
new cases are diagnosed every year,  accounting 
for 11% of all cases in the world.16 The age- 
standardised incidence, however, has been rapidly 
decreasing as in other countries in the world, prob-
ably due to the decreasing infection of Helicobacter 
pylori. The peak incidence was in the 1950s (male 
71, female 37 per 105 population), the time when 
the mass screening programme was planned and the 
basic style of radical D2 gastrectomy was proposed 
(for reference, the incidences in 2010 were 12.4 and 
7.1 respectively).

The Japanese Research Society for Gastric Cancer 
(JRSGC) was founded in 1962 and the nationwide 
registry started using a new documentation system, 
the General Rules for Gastric Cancer in Surgery and 
Pathology. This just preceded the UICC's publica-
tion of the TNM classification for gastric cancer.

The General Rules (the English name was later 
changed to the Japanese Classification of Gastric 
Carcinoma) played a key role in the standardisa-
tion of surgery and pathology for gastric cancer in 
Japan. Detailed clinicopathological information, 
especially on lymph node metastasis, was prospec-
tively collected from a large number of institutions 
and the optimal extent of lymphadenectomy was 
eagerly sought. The concept of ‘lymph node groups’ 
was established and the dissection of group 1 and 2 
nodal stations was proposed as the standard radical 
surgery, which Japanese surgeons almost blindly ac-
cepted and followed.

This concept has never been tested in a randomised 
trial in Japan. As D2 gastrectomy is safely per-
formed with good results in the country, Japanese 
surgeons think it unethical even to plan a trial in 
which half of the patients should undergo surgery 
that they consider inferior (D1).

Development of gastric cancer 
surgery in the West

The Japanese documentation system and  excellent 
treatment results influenced the Western concept 
of radical surgery for gastric cancer. Some surgeons 
visited Japanese institutions to convince themselves 
of the feasibility and efficacy of the technique and 
have successfully reproduced the results in the 
West.17,18 However, most non-specialist surgeons 
could not overcome their scepticism and were re-
luctant to practise this aggressive surgery in their 
patients. An important obstacle is the difficulty in 
directly comparing the results between Japan and 
the West due to the following two issues.

Different staging systems
The UICC and the AJCC unified their TNM staging 
system in their fourth edition in 1985. The N cat-
egory in that edition was defined according to the 
anatomical location of the involved lymph nodes: 
metastasis in the perigastric nodes within 3 cm of 
the primary tumour was staged as N1, metasta-
sis in the other perigastric nodes and those along 
the named branches of the coeliac artery as N2. 
Although the Japanese definitions of nodal groups 
1 and 2 were different, as detailed later, the basic 
concept of the two systems was similar in that the 
anatomical  location of the involved lymph nodes 
determined the N category. Thus, the treatment 
results of  tumours staged by the two different sys-
tems were able to be compared, neglecting minor 
differences.

In 1997 the UICC/AJCC adopted the numerical N 
category in the fifth edition, and the Japanese classi-
fication and the TNM classification became totally 
distinct systems. The Japanese results were able to 
be expressed using the new TNM system because 
the number of positive nodes in each case was also 
recorded, but the reverse was impossible because 
the anatomical data were no longer available in the 
West. Japanese surgeons and pathologists continued 
to use their system as the primary staging method, 
thus sticking to the surgical significance of lymph 
node anatomy, and they use the TNM system only 
when they write English papers. On the other hand, 
Western surgeons' interest in lymphadenectomy may 
have diminished because the N category was deter-
mined regardless of the extent of lymphadenectomy.

Different disease hypotheses
A hypothesis that gastric cancer in the West may be 
a different disease to that in Japan prevails and pre-
vents positive discussion to advance optimal treat-
ment for gastric cancer patients on a global level. 
In the studies biologically analysing and comparing 
surgical specimens, no evidence has been shown to 
support the hypothesis.19,20 The following are the 
currently discussed differences.

Proximal location
It has been repeatedly highlighted that Western gas-
tric cancers are predominantly located in the proxi-
mal stomach while Japanese tumours are found 
mostly in the distal stomach. This might suggest 
that these are different diseases. However, this needs 
careful consideration.

Adenocarcinoma of the lower oesophagus and the 
oesophagogastric junction is one of the most rapidly 
increasing malignant tumours in the West, especially 
among white males.21 This trend, together with the 
rapid decrease of distal gastric cancers, makes it plau-
sible that Western gastric cancer arises mostly in the 
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proximal stomach. However, the lower oesophageal 
adenocarcinoma is a new, distinct disease with a differ-
ent aetiology and contrasting patient backgrounds,22 
and therefore should be considered separately from 
‘classical’ gastric cancer. In the three large-scale 
Western surgical trials, the Dutch D1/D2,1 the British 
MRC D1/D223 and United States INT0116 studies,3 
the proportion of proximal third tumours was 10.3%, 
30.5% and 19.5% respectively, and was not signifi-
cantly different from that (19.1%) in the Japanese  
D2/D3 study24 (Fig. 7.2). This suggests that, as far 
as surgically targeted gastric cancers are concerned,  
tumour location is not largely different between the 
West and Japan. The apparent predominance of 
proximal tumours in the West may be a simple reflec-
tion of the mixture of different diseases, i.e. increasing  
oesophageal and decreasing gastric adenocarcinomas.

Patient factor
Western patients with gastric cancer are on average 
10 years older, much more likely to be obese and 
more frequently have comorbidities, especially of 
cardiovascular diseases, than their Japanese coun-
terparts.25 Although this does not mean that the 
disease is different, it certainly affects surgical pro-
cess and outcomes. In particular, obesity hampers 
the completion of extended lymphadenectomy for 
gastric cancer, even in specialist Japanese centres. It 
has been shown to be an independent risk factor for 
postoperative morbidity.26

Role of radical surgery in Western 
practice

Due to the decreased incidence and the technically de-
manding therapeutic requirements, gastric cancer in 
the West is today considered as a disease that should be 
treated in specialist centres. Several studies have shown 

relationships between the hospital/surgeon volume 
of gastric cancer treatment and operative mortality.27 
Given the accelerated ‘proximal shift’ of the disease 
and the increasing surgical risks in Western patients, 
the trend of centralisation will further progress.

Summary

There are large differences between Japan and the 
West in incidence, staging system, tumour location 
and patient factors. Consequently, the concept of rad-
ical surgery has developed separately in Japan and the 
West. Today in the West, gastric cancer is considered 
as a disease to be treated by specialists, preferably 
with D2 lymphadenectomy without splenectomy.

Principles of radical gastric 
cancer surgery

Extent of gastric resection

The primary objective of gastric cancer surgery is to 
adequately excise the primary lesion with clear lon-
gitudinal and circumferential margins. Selection of 
gastrectomy depends on the tumour location and the 
mode of infiltration in the stomach wall. Preoperative 
diagnosis should focus on this, and careful assess-
ment of lateral tumour spread is indispensable.

Resection margins
Proximal resection margin is the main determinant in 
selecting a total or distal gastrectomy. During surgery 
for T2 or deeper tumours, the resection line should be 
determined with a sufficient margin from the palpable 
edge of the tumour. A 5-cm margin has traditionally 
been recommended.30 In some guidelines, even 8 cm 
is recommended for diffuse-type tumours,31 but this 
would necessitate most tumours of the gastric body re-
quiring a total gastrectomy or oesophagogastrectomy.

Dutch D1/D2

British MRC D1/D2

US INT0116

JCOG 9501 D2/D3

0% 20% 40% 60% 80% 100%

Upper 1/3

Middle 1/3

Lower 1/3

2/3 or 3/3

Figure 7.2  • Proportion of the primary tumour location in 
prospective trials of gastric cancer surgery.

 Although solid evidence of extended 
lymphadenectomy is yet to be established, 
D2 gastrectomy without splenectomy or 
pancreatectomy was officially recommended by the 
European Society of Medical Oncology in 2009.28 
The NCCN guidelines for gastric cancer in the 
USA also recommend D2 for potentially curable 
gastric cancer with the condition that experienced 
surgeons perform it in specialist cancer centres.29 
However, as the possible benefit of this extensive 
surgery could be easily offset by the increased 
mortality, careful selection of patients is important 
even in specialist centres. There is an increasing 
move towards tailoring operations, taking not only 
the stage of the disease but also patient-related 
factors into account.
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For gastric cancers invading the oesophagus, a 
5-cm margin is not necessarily required, but frozen 
section examination of the resection line is desirable 
to ensure an R0 resection.

In cT1 tumours, lateral mucosal extension 
should be preoperatively detected or excluded by 
stepwise biopsy, and placing clips on the negative 
border is helpful to accurately resect impalpable 
lesions.

Type of gastrectomy
Common types of gastrectomy for gastric cancer are 
as follows.

Total gastrectomy
This involves removal of the whole stomach includ-
ing the cardia (oesophagogastric junction) and the 
pylorus. It is indicated for tumours arising at or in-
vading the proximal stomach.

Distal (subtotal) gastrectomy
This involves removal of the stomach including the 
pylorus but preserving the cardia. Two-thirds or 
more of the stomach is usually removed for gas-
tric cancer. It is indicated for middle or lower third 
 tumours with sufficient resection margins mentioned 
above.

Proximal gastrectomy
This involves removal of the stomach including the 
cardia but preserving the pylorus. It is indicated for 
proximal tumours with or without oesophageal in-
vasion, where more than half of the distal stomach 
can be preserved.

Other resections for T1 tumours
Pylorus-preserving gastrectomy (PPG) is indicated 
for T1 tumours in the gastric body having negligible 
possibility of metastasis to the peripyloric lymph 
nodes. About a 3-cm pyloric cuff with the right gas-
tric artery is preserved.

Segmental gastrectomy is a circumferential 
 resection of a small part of the stomach preserv-
ing the cardia and pylorus. Local resection is a 
non- circumferential resection of the stomach wall. 
These resections are not considered as a standard 
cancer treatment and may be indicated for small T1 
 tumours in patients with high operative risks.

Total gastrectomy ‘de principe’ for distal cancers
Some European surgeons have argued that all cancers 
of the stomach, even those in the distal third, should 
be treated by total gastrectomy. This principle is 
based on the experience of frequent involvement of 
proximal resection margin and consequent anasto-
motic local recurrence. Theoretically, total gastrec-
tomy ensures more certain negative margins and 
sufficient lymphadenectomy. In addition, the pos-
sible occurrence of multicentric cancer in the gastric 
stump can be prevented. On the other hand, total 
gastrectomy is associated with a higher operative 
morbidity and mortality, increased risk of long-term 
nutritional problems and impaired quality of life as 
compared to distal gastrectomy.

The policy of total gastrectomy de principe should 
be abandoned for the following reasons:

1. Provided the rules on safe margins of resection 
listed above are adhered to, a positive proximal 
resection margin is rare. If the margins are still 
positive, this usually indicates an aggressive 
and extensive malignancy and the resection line 
involvement will not be a major determinant of 
prognosis.

2. The lymph nodes that can be removed only by 
total gastrectomy, station nos. 2 (left cardia), 
4sa (upper greater curve), 10 (splenic hilum) 
and 11d (distal splenic artery), are seldom 
involved in distal gastric cancers. If they are 
involved, again this indicates an aggressive 
 malignancy and extended surgery would not 
alter survival outcome.

3. The incidence of second primary cancer in the 
gastric stump is low. Long-term surveillance 
by endoscopy may detect a new lesion that 
can be removed by endoscopic submucosal 
dissection.

Lymphadenectomy

Lymph node metastasis is the most common mode 
of spread in gastric cancer. Histological nodal metas-
tasis has been proven in 80% of T4a/T4b tumours, 
and even T1 tumours have a 10% probability of 
lymph node metastasis (T1a 3%, T1b 18%).4,5 
Unlike hepatic and other distant metastases, lymph 
node metastasis from gastric cancer can be surgi-
cally removed for potential cure as long as it is 

 Randomised trials comparing total and distal 
gastrectomies in distal gastric cancer failed to show 
the survival benefit for total gastrectomy.33

 According to Japanese treatment guidelines,32 
a 5-cm margin is recommended for tumours 
showing an infiltrative growth pattern with indistinct 
borders or diffuse-type histology, but 3 cm is usually 
sufficient for those showing an expansive growth 
pattern with grossly distinct borders, for which the 
histology is most frequently of the intestinal type.
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confined to the regional area.The optimal extent of 
lymphadenectomy, however, has been controversial.

Lymph node groups in the former 
Japanese classifications
Japanese surgeons and pathologists have exten-
sively investigated the distribution of lymph node 
 metastasis. They have recorded it using stan-
dardised anatomical station numbers (Fig. 7.3). 
They then classified the stations into three groups, 
basically according to the incidence of metasta-
sis (N groups 1–3). As the pattern of lymph node 
metastasis varies with the location of the primary 
tumour, N groups 1–3 were separately defined de-
pending on the  primary tumour location. These 
numbers of nodal groups were also used to express 
the grade of nodal disease (N1–3) and the extent of 
lymphadenectomy (D1–3), e.g. cancer with metas-
tasis to a node in the second group was designated 
as N2, and complete dissection of up to the second 
group nodes was defined as D2.

Since its first edition published in 1962, the 
Japanese Classification of Gastric Carcinoma 
(JCGC) has undergone periodic revisions, and each 
time the definitions of the lymph node groups have 
been slightly modified. The Dutch and MRC D1/D2 
trials were conducted using the N and D (‘R’ at that 
time) definitions of the 11th edition of the JCGC34 
(Table 7.2), while the Taipei D1/D3 trial35 and the 
Japanese D2/D3 trial24 used the 12th edition,36 in 
which the lymph nodes were grouped from N1 
to N4. In the 13th edition,37 the nodal grouping 
was completed, with four groups (N1–3 and ‘M’) 
in five categories of the primary tumour location 
(Table 7.3). This definition was based on the ‘dissec-
tion efficiency index’ of each lymph node station,38 
calculated using the incidence of  metastasis and sur-
vival data of a large number of patients. As com-
pared to the 11th edition, D2 lymphadenectomy 
defined in the 13th edition  required more extensive 
dissection, e.g. for distal third tumours, station nos. 
11p, 12a and 14v were included as N2 nodes.
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Figure 7.3  • Station numbers of lymph nodes around the stomach. Modified from the Japanese classification of gastric 
carcinoma, 3rd English edn.39 ACM, A. colica media; AGB, Aa. gastrica breves; AGES, A. gastroepiploica sinistra; AHC, 
A. hepatica communis; AJ, A. jejunalis; APIS, A. phrenic inferior sinistra; TGC, truncus gastrocolicus; VCD, V. colica 
dextra; VCDA, V. colica dextra accessoria; VCM: V. colica media; VGED, V. vastroepiploica dextra; VJ:V. jejunalis; VL, V. 
lienalis; VMS, V. mesenterica superior; VP, V. portae; VPDSA, V. pancreaticoduodenalis inferior anterior.
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 Location

AMC, MAC, MCA, 
CMA A, AM MA, M, MC C, CM

Group 1 (N1) 1, 2, 3, 4, 5, 6 3, 4, 5, 6 3, 4, 5, 6, 1 1, 2, 3, 4 s
Group 2 (N2) 7, 8, 9, 10, 11 7, 8, 9, 1 2†, 7, 8, 9, 10†, 11 4d‡, 7, 8, 9, 10, 11, 5*, 6*
Group 3 (N3) 12, 13, 14, 110*, 111* 2*, 10*, 11, 12, 13, 14 12, 13, 14 12, 13, 14, 110*, 111*

Table 7.2  •  Lymph node groups used in the Dutch and MRC D1/D2 trials (Japanese classification, 11th edn)

A, lower third; M, middle third; C, upper third.
*Resection or non-resection of these nodes does not affect the D number.
†These nodes should be excised if the primary tumour site is the MC. If the primary tumour site is MA or M, removal is optional.
‡In proximal gastrectomy, non-resection of these nodes does not affect the D number.

 
LMU/MUL
MLU/UML LD/L LM/M/ML MU/UM U +E

No. 1 1 2 1 1 1  
No. 2 1 M 3 1 1  
No. 3 1 1 1 1 1  
No. 4sa 1 M 3 1 1  
No. 4sb 1 3 1 1 1  
No. 4d 1 1 1 1 2  
No. 5 1 1 1 1 3  
No. 6 1 1 1 1 3  
No. 7 2 2 2 2 2  
No. 8a 2 2 2 2 2  
No. 8b 3 3 3 3 3  
No. 9 2 2 2 2 2  
No. 10 2 M 3 2 2  
No. 11p 2 2 2 2 2  
No. 11d 2 M 3 2 2  
No. 12a 2 2 2 2 3  
No. 12 bp 3 3 3 3 3  
No. 13 3 3 3 M M  
No. 14v 2 2 3 3 M  
No. 14a M M M M M  
No. 15 M M M M M  
No. 16a1 M M M M M  
No. 16a2, b1 3 3 3 3 3  
No. 16b2 M M M M M  
No. 17 M M M M M  
No. 18 M M M M M  
No. 19 3 M M 3 3 2
No. 20 3 M M 3 3 1
No. 110 M M M M M 3
No. 111 M M M M M 3
No. 112 M M M M M 3

Table 7.3  • Lymph node grouping in the 13th edition of the Japanese classification

Tumour location: L, lower third, M, middle third; U, upper third; +E, oesophageal invasion. Lymph node category: ‘M’, distant metastasis.



www.ketabpezeshki.com          66485457-66963820

Chapter 7

126

Outside Japan, it is widely believed that Japanese 
N1 nodes are perigastric and N2 nodes are 
those along the coeliac artery and its branches. 
Although this expression roughly reflects the 
nodal groups, it is apparently incorrect in terms 
of the original concept of grouping based on the 
primary tumour location. The misunderstanding 
seems to be due to the over-complicated defini-
tions of the JCGC. In the latest 14th edition (third 

English edition39), the traditional nodal grouping 
system has been abandoned, and the simplified 
‘D’ has been defined according to the type of gas-
trectomy (Fig. 7.4).

New definition of lymphadenectomy
The new ‘D’ definitions in the Japanese Treatment 
Guidelines32 are simple, practical and mostly com-
patible with those in the 13th edition, with only 

Figure 7.4  • (a) Definitions of lymphadenectomy (D) in total gastrectomy. (b) Definitions of lymphadenectomy (D)  
in distal gastrectomy. Modified from Japanese gastric cancer treatment guidelines 2010 (ver. 3).32
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some exceptions. D1, D1+ and D2 (D3 is no lon-
ger included) are defined for the two major types 
of  gastrectomy, total and distal, regardless of the 
tumour location. It should be noted that the lymph 
nodes along the left gastric artery (no. 7), which 
used to be classified as N2 for tumours in any loca-
tion, are now included in the D1 category for any 
type of gastrectomy. This is based not only on the 
previously mentioned efficacy index analysis, but 
also on the view that surgery for gastric carcinoma 
should as a minimum include the division of the left 
gastric artery at its origin.

D2 lymphadenectomy – evidence
D2 lymphadenectomy is the gold standard for po-
tentially curable advanced gastric cancer in Japan 
and Korea, while general surgeons in the West have 
been reluctant to adopt this radical approach.

In Japan, the benefits of D2 over less extensive 
dissections have never been tested in a randomised 
study. Instead, D2 was compared with more exten-
sive surgery, D2 plus para-aortic nodal dissection 
(PAND), in a well-designed, multicentre randomised 
controlled trial (RCT).24 This confirmed that D2 
and D2 + PAND were performed with low operative 
mortality (0.8%) by specialist surgeons,40 but failed 
to show a survival benefit of PAND. They have 
abandoned this super-extended lymphadenectomy 
as a means of prophylaxis, but they still never con-
sider that D2 may not be superior to D1. A single 
institutional RCT in Taipei showed a significant 
survival benefit of D2/3 over D1,35 and this is so far 
the only RCT that showed superiority of extended 
lymphadenectomy for gastric cancer.

In these trials, total gastrectomy in the D2 arm was 
performed with pancreatosplenectomy, which caused 
high morbidity and mortality. Despite these negative 
results for D2, the Dutch group continued the follow-
up of the patients for 15 years and finally published 
remarkable results.12 They compared the recurrence 

of gastric cancer in both arms on the basis of autopsy 
findings and found a significantly lower rate of gastric 
cancer death in D2 than in D1 patients. They concluded 
the study by stating that D2 should be performed as 
potentially curative surgery for gastric cancer.

Number of lymph nodes and extent  
of lymphadenectomy
In the Western literature, the definition of extent of 
lymphadenectomy for gastric cancer is often am-
biguous. The number of retrieved lymph nodes is 
sometimes used as a surrogate for ‘D’, e.g. extended 
lymphadenectomy means retrieval of 25 or more 
nodes.41 This is a useful method to retrospectively 
assess the volume of lymphadenectomy in a gastrec-
tomy where anatomical information of dissected 
lymph nodes is unavailable.

Generally the more extensive the surgery is, the 
more lymph nodes are retrieved. However, the 
 number of retrieved nodes in a gastrectomy speci-
men is influenced by other factors as well:

1. Who picked up the nodes from which  
condition of the specimen for what goal. More 
nodes are retrieved when a surgeon tries to pick 
up as many nodes as possible in a fresh speci-
men than when a pathologist picks up swollen 
nodes from a formalin-fixed specimen up to the 
minimal requirement number.

2. Disease stage. In advanced disease with multiple 
lymph node metastases, the nodes are hard and 
easily recognised, even if they are small.

3. Patient factor. In obese patients, the lymph 
nodes are not easily recognised.

Bursectomy

Bursectomy is the complete removal of the lesser sac 
(omental bursa) that consists of the lesser/greater 

 In the West, where D0/D1 was the standard, 
D2 was tested as an experimental treatment in two 
large RCTs.1,23 In both trials, D2 was associated 
with higher morbidity and mortality than D1, and no 
significant survival benefit of D2 was shown.

 There are several non-randomised observational 
studies in Europe that suggest benefits of extended 
lymphadenectomy, and today the guidelines 
officially recommend D2 lymphadenectomy without 
splenectomy by experienced surgeons.28

 The JGCA recommends that non-early, 
potentially curable gastric cancer should be treated 
by D2 lymphadenectomy. D1 or D1+ should be 
considered as an option for T1 tumours. In a 
poor-risk patient or under circumstances where 
D2 cannot be safely performed, D1+ can be a 
substitute for D2.

 Thus, it should be kept in mind that the  
number of retrieved lymph nodes is a combination 
of the surgery and pathological handling, and  
does not necessarily reflect the extent of lymphad-
enectomy. Surgeons should plan and perform 
lymphadenectomy according to anatomical extent 
rather than to fulfil an aim of removing 25 or more 
nodes.
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omenta, the anterior sheet of the transverse mesocolon 
and the pancreatic sheath. It is performed in potentially 
curative gastrectomy for T4a tumours penetrating the 
serosa of the posterior gastric body with the aim of re-
moving possible cancer seeding inside the bursa.

Splenectomy

Embryologically the spleen and the body of the 
 pancreas arise in the dorsal mesentery of the fore-
gut, sharing the vessels and lymphatics with the 
stomach, and in gastric cancer surgery these two 
may be removed together with the stomach as a 
total mesogastric excision. Indeed, a total gastrec-
tomy with distal pancreatectomy and splenectomy 
(DP + S) enables complete en bloc resection without 
touching or incising the tumour of the stomach.

Proximal gastric cancer may metastasise to the 
splenic hilar nodes (no. 10) via the gastrosplenic lig-
ament (no. 4sa) and/or the left gastroepiploic lym-
phatics (no. 4sb). The incidence of no. 10  metastasis 
increases up to 25–30% when the tumour invades 
the greater curvature of the upper gastric body.38 
These can be completely cleared by splenectomy, 
and up to 25% of the patients having positive no. 
10 nodes survive more than 5 years. Total gas-
trectomy with splenectomy can be performed by 
 specialist surgeons without increasing mortality.40 
In this situation the author advocates gastrectomy 
with splenectomy.

Although a number of observational studies have 
demonstrated a lack of survival benefit or even 
a negative prognostic effect of splenectomy,43,44 
these are all heavily biased, retrospective com-
parisons and cannot advocate spleen preservation. 
Medium-sized RCTs were conducted in Chile46 
(N = 187) and Korea47 (N = 207) to compare total 
gastrectomy (TG) and TG + splenectomy (TGS). In 
both studies, TGS did not increase operative mor-
tality by experienced surgeons, and although the 
5-year survival rate of TGS was higher than that 

of TG, the difference was not statistically signifi-
cant. They concluded that splenectomy was not 
justified. These are negative studies, but are still 
unconvincing.

In a multicentre RCT conducted in Japan,48 503 
patients with proximal gastric cancer were ran-
domised to receive TG or TGS during a curative 
operation, and are currently being followed up until 
the final survival analysis with complete 5-year re-
sults, which is scheduled in 2014. The TGS showed 
higher operative morbidity (23.6%) than TG 
(16.7%), but similar mortality (0.4% vs. 0.8%).49

A spleen-preserving no. 10 dissection is feasible in 
thin patients. It is, however, technically demanding, 
and thorough anatomical knowledge of the splenic 
vessels is essential.

Distal pancreatectomy

Distal pancreatectomy and splenectomy (DP + S) 
used to be a part of D2 gastrectomy for proximal 
gastric cancer regardless of the presence or absence 
of pancreatic invasion of the tumour, and actually 
was performed in the Dutch and British D1/D2  
trials.1,23 The aim of the routine use of this ag-
gressive procedure was complete dissection of the 
lymph nodes along the splenic artery (nos. 11p and 
11d) and those in the splenic hilum (no. 10).

It is of note that pathological assessment in appar-
ent T4b cases shows that the adhesion to the other 
organ is often inflammatory rather than neoplas-
tic.13 In order to avoid unnecessary DP + S in ambigu-
ous cases, it may be worthwhile surgically separating 
the adhesion without DP + S, paying special attention 
not to injure the pancreatic parenchyma.

Extended resections

The goal of surgery for potentially curable gas-
tric cancer is to achieve R0 resection by standard 
gastrectomy with sufficient resection margin and 

 Its impact on survival is yet to be established, 
but it does increase morbidity related to pancreatic 
fistula, and it is no longer a standard procedure 
even in Japan. A small RCT suggested its survival 
benefits42 and a new RCT recruiting 1000 patients is 
active in Japan.

 On the other hand, all clinical studies have 
shown that splenectomy or DP + S significantly 
increases operative morbidity and in the West, 
mortality, without obvious survival benefit.43–45 Today 
splenectomy or DP + S for gastric cancer is avoided 
in most countries. However, this needs some 
consideration.

 In the meantime, the JGCA treatment guidelines 
recommend splenectomy in a curative total 
gastrectomy for a T2–T4 tumour invading the 
greater curvature.32

 However, DP + S is associated with high 
operative morbidity including pancreatic leakage 
and abscess formation, even in specialist Japanese 
centres.50 Since the technique of complete 
dissection of no. 11 nodes without pancreatectomy 
has been established,51 DP + S is currently indicated 
only for tumours directly invading the pancreas.
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adequate lymphadenectomy. Some tumours may ex-
ceed this range but still be resectable. In such cases, 
extended resection should be considered.

En bloc resection of involved  
adjacent organs
Proximal gastric cancer may invade the distal pan-
creas, necessitating pancreatosplenectomy as discussed 
above. Middle to distal third gastric cancer may in-
vade and penetrate the transverse mesocolon. When 
the invasion involves major colic vessels then partial 
colectomy may be necessary for en bloc resection.

When a distal tumour invades the pancreatic head 
or extends to the duodenum for a long distance in-
tramurally, a pancreatoduodenectomy may enable 
en bloc tumour resection. However, this operation 
is rarely indicated because such tumours are fre-
quently associated with other non-curative factors 
such as peritoneal disease. Although some case se-
ries from high-volume centres suggest survival bene-
fit in R0 resection, the selection criteria are difficult 
to define.52

Tumours penetrating the anterior wall of the 
stomach may invade the lateral segment of the liver, 
and can usually be removed by partial liver excision 
without segmentectomy.

Extended lymphadenectomy

An Italian group of surgeons are still performing 
this surgery, aimed at improving the prognosis of 
patients.53

The retropancreatic lymph nodes (no. 13) are not 
regional nodes of gastric cancer and the prognosis of 
patients with positive no. 13 nodes is extremely poor. 
However, for distal tumours invading the duode-
num, no. 13 nodes are considered as regional nodes 
according to the TNM rules, and indeed some pa-
tients with a pyloric cancer invading the duodenum 
survive after dissection of positive no. 13 nodes.54

Resection of liver metastases
Unlike for colorectal cancer, liver resection for gas-
tric cancer is rarely indicated. In the literature, only 
some case series from Japanese high-volume centres 
suggest possible survival benefit in selected cases.55,56 
In Koga et al.'s study,56 for example, of 5520 pa-
tients who underwent gastric cancer surgery during 
a 20-year period, 121 (2.2%) had synchronous liver 
metastases and 126 (2.3%) developed metachronous 

ones, and only 42 patients underwent liver resection, 
of whom eight had survived more than 5 years at 
the time of analysis. In these reports, the authors' 
proposals for selection criteria of liver resection are 
not consistent. They mostly agree that liver resection 
should be considered for solitary liver tumours with-
out other non-curative factors.

Summary

Radical surgery for gastric cancer consists of a 
gastric resection with adequate margins and sys-
tematic lymphadenectomy. Total gastrectomy ‘de 
principe’ should be abandoned. The Japanese 
Association has totally renovated and simplified 
the definition of D2, which has the potential to 
be the world standard. More extended surgery in-
cluding combined resections of the involved organs 
shows no evidence of improving survival, but may 
become necessary for R0 resection on an individ-
ual case basis.

Technique of gastric 
resection with D2 
lymphadenectomy

Incision

An upper midline incision is used for resection of 
non-cardia gastric cancer. For a bulky proximal 
tumour, especially in an obese patient, an inverted 
T-shaped or a bilateral subcostal incision is useful.

For a proximal gastric cancer invading the oe-
sophagus, either transhiatal (TH) or left thoracoab-
dominal (LTA) approach is selected. LTA provides 
excellent exposure of the paracardiac area and 
lower mediastinum, but is associated with an in-
creased morbidity. A Japanese randomised trial 
compared TH and LTA for Siewert type 2 and 3 
gastric cancer invading the oesophagus within 3 cm 
and showed no survival improvement but increased 
morbidity in LTA approach.57

Intraoperative staging

The sensitivity and specificity of diagnostic imaging 
to stage gastric cancer is not sufficient to allow pre-
operative selection of optimal treatments. Surgical 
exploration or staging laparoscopy  provides infor-
mation on the T and M categories, especially on 
peritoneal metastasis. However, even by careful in-
traoperative palpation and inspection, lymph node 
metastasis cannot be accurately staged. Sentinel 
node diagnosis is not yet reliable due to the com-
plicated lymphatic network around the stomach. 

 The role of extended lymphadenectomy 
exceeding D2 is ambiguous. Prophylactic para-
aortic nodal dissection did not improve the survival 
of standard D2 in a large-scale Japanese RCT24 and 
has been abandoned in Japan.
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Therefore, for radical gastrectomy, a systematic 
lymphadenectomy should always be considered un-
less the tumour is diagnosed as T1.

Procedure of D2 
lymphadenectomy

Distal gastrectomy
Kocherisation
Mobilisation of the duodenum facilitates a safe 
and smooth procedure for the subsequent infrapy-
loric lymphadenectomy. The assistant should hold 
the descending portion of the duodenum to stretch 
the parietal peritoneum. The peritoneum close 
to the duodenum should be incised and the inci-
sion extended along the duodenum. The assistant 
should then ‘roll up’ the duodenum and proceed 
to the back of the pancreatic head, staying close 
to the posterior pancreatic fascia, and mobilise 
the pancreatic head. The para-aortic area should  
be palpated and, if suspicious nodes exist, they 
should be sampled.

Omentectomy
Though omentectomy is not necessarily a part of 
D2 dissection, it is usually performed for T3/T4 tu-
mours to remove possible tumour spread into the 
omenta. The omentum is removed from the right 
side of the transverse colon and the duodenum. It is 
then dissected along the transverse colon toward the 
lower pole of the spleen.

When omentectomy is omitted in D2 gastrectomy, 
the incision line of the omentum should be at least 
3 cm away from the right gastroepiploic arcade so 
that the no. 4d lymph nodes along the arcade are 
completely dissected.

Division of left gastroepiploic vessels
At the lower splenic hilum and the pancreatic tail, 
the left gastroepiploic artery (LGEA) arises from the 
end of the splenic artery, sometimes as a branch of 
the lower polar splenic artery. The LGEA and the 
vein of the same name should be ligated and then 
cut. As the lymph nodes along the LGEA (no. 4sb) 
are rarely metastatic from distal gastric tumours, 
the dissection does not have to include the trunk of 
this artery. However, tumours in the gastric body, 
especially those located on the greater curvature, 
may metastasise to the splenic hilar nodes (no. 10) 
via no. 4sb. The LGEA should be dissected at the 
origin in these cases.

On the greater curve of the stomach, there is usu-
ally some avascular area between the first branch 
of the LGEA and the short gastric arteries, and this 
will be a landmark of the upper limit of dissection 
in distal gastrectomy.

Infrapyloric node dissection (no. 6)
In distal gastric cancers, a precise dissection of no. 6  
lymph nodes is essential because they are most 
frequently involved and the dissection of positive 
nodes can still bring cure.

The (second) assistant should hold the transverse co-
lon and gently stretch the mesocolon. The middle colic 
vein should be identified and pursued, to the approach 
of the gastrocolic venous junction point (Fig. 7.5). 
Identify the accessory right colic vein (ARCV), right 
gastroepiploic vein (RGEV), gastrocolic trunk and the 
anterior superior pancreaticoduodenal vein (ASPDV). 
The middle colic vein usually drains directly into the 
superior mesenteric vein (SMV).

The RGEV should be ligated and cut prior to its 
junction with the ASPDV. A small vein draining 
from the pancreas to the RGEV should be carefully 
cauterised. When no. 6 nodes are grossly metastatic, 
dissection of the nodes in front of the SMV (no. 
14v) should be considered.

Then, the gastric antrum should be pulled up and 
the gastroduodenal artery (GDA) identified between 
the duodenum and the pancreas. The GDA is exposed 
distally as far as the origin of the right gastroepiploic 
artery (RGEA) (Fig. 7.6). The infrapyloric artery arises 
either from the GDA or from the RGEA. The RGEA 
and the infrapyloric artery should be ligated and cut 
together or separately at their origin.

The GDA should be pursued proximally to its 
origin from the common hepatic artery (CHA). A 
large, flat lymph node (no. 8a) usually covers the 
CHA. The peritoneum covering this node at its 
right edge is opened and the surface of the CHA 
exposed. Using this procedure, no. 5  (suprapyloric) 
and no. 8a nodes are separated. A gauze is placed 
to the right of the no. 8a node, which will serve as 
a landmark of the correct layer in the subsequent 
suprapyloric dissection.

ASPDV

Accessory right
colic vein

Gastrocolic
trunk

6

14v

15

17

Right
gastroepiploic
vein

Middle colic
vein

Figure 7.5  • Infrapyloric veins and lymph nodes. ASPDV, 
anterior superior pancreaticoduodenal vein.
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Suprapyloric nodes dissection (no. 5) and 
transection of the duodenum
The assistant pulls down the pylorus and the duode-
num to stretch the suprapyloric area. The right gas-
tric artery (RGA) and the superior duodenal arteries 
(SDAs) are identified and the serosa between them 
incised. The previously placed gauze is encountered, 
protecting the GDA and CHA.

The SDA arising from the GDA and/or the proper 
hepatic artery (PHA) is cut. The origin of the RGA 
and the right gastric vein that runs just close to the 
artery and drains into the portal vein is then ex-
posed. The RGA and vein together are ligated and 
cut to dissect no. 5 nodes. The anterior peritoneum 
of the hepatoduodenal ligament is removed to ex-
pose the PHA for subsequent no. 12a dissection.

The duodenum is transected using a linear sta-
pler, and the staple line sutured with seromuscular 
stitches.

Exposure of the oesophageal hiatus
The assistant pulls down the stomach to stretch the 
lesser omentum. It is incised close to the liver, and 
the incision extended toward the right cardia. The 
accessory left hepatic artery is sometimes encoun-
tered and can be dissected. If it is large and re-
places the proper left hepatic artery then it should 
be preserved. In this case, the division of the left 
gastric artery needs special attention, as described 
later.

At the upper end of the lesser omentum, the peri-
toneum covering the right diaphragmatic crus is ex-
cised to enter the oesophageal hiatus. The crus is 
exposed towards the coeliac artery, which will be 
helpful for later dissection around the coeliac axis.

Dissection of the upper border of the  
pancreas (nos. 8a, 9, 11p and 12a)
This is the core of D2 lymphadenectomy. The nerve 
tissue surrounding the major arteries in this area does 
not have to be removed in lymphadenectomy for gas-
tric cancer because the lymphatic tissue between the 
nerve and the arterial adventitia is sparse and the 
perineural infiltration at this level is very rare.

The assistant should gently pull down the pancreas 
and expose the field of dissection. The peritoneal 
covering is incised along the upper border of the 
pancreas and the vascular structures (CHA, splenic 
artery (SpA), left gastric vein (LGV), etc.) broadly 
identified. The lymphadenectomy should be started 
at the no. 8a nodes that have already been exposed. 
There are small vessels between no. 8a nodes and 
the pancreatic parenchyma, which may require liga-
ture or coagulation. The surface of the CHA should 
be exposed towards the coeliac axis until the root 
of the SpA appears. The LGV often drains to the 
splenic vein across the CHA, and is ligated and cut.

Then a change of direction is necessary and the 
CHA should be exposed towards the hepatoduodu-
nal ligament. The lymph nodes are dissected along 
the PHA (no. 12a), exposing the left side of the por-
tal vein.

The dissection then turns back towards the coeliac 
artery behind the CHA. The LGV draining to the 
portal vein is most frequently encountered at this 
point and is ligated and cut. The lymph nodes on 
the right side of the coeliac artery are then dissected.

The bifurcation of the coeliac artery (to the CHA 
and SpA) is identified, and the anterior surface of 
the coeliac artery is exposed until the left gastric 
artery (LGA) appears, surrounded by thick nerve 
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Figure 7.6  • Branches of the common hepatic artery and lymph node numbers. CHA, common hepatic artery; GDA, 
gastroduodenal artery; LGA, left gastric artery; PDA, pancreaticoduodenal artery; RGA, right gastric artery; SA, splenic 
artery.
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fibres.The LGA sometimes arises very close to the 
aorta. The LGA is ligated (usually double) and cut 
at the origin. The surface of the diaphragmatic crus 
exposed previously is encountered, and the dissec-
tion of no. 9 lymph nodes is completed by removing 
lymphatic tissue in this area.

The left side of the coeliac artery is not easy to 
expose because, unlike the right side that can be 
accessed directly from the free peritoneal surface, 
the left side is covered by complicated fusion of the 
retropancreatic fascia and the parietal peritoneum.

When the accessory left hepatic artery arising from 
the LGA is to be preserved, the LGA should not be 
ligated but dissected at the origin, which exposes its 
trunk longitudinally until the origin of the ‘proper’ 
LGAs (usually two) appear. These are ligated and 
dissected to leave the arterial arcade from the co-
eliac artery to the left liver exposed.

The SpA originating from the coeliac artery imme-
diately passes behind the pancreas, then reappears 
on the upper border of the pancreas and winds to-
wards the spleen (Fig. 7.7). The left side of the co-
eliac artery and the proximal part of the SpA are 
dissected. In distal gastrectomy for distal tumours, 
dissection around the proximal 4–5 cm of the artery 
is sufficient. Note that there are lymphatic channels 
from the infrapyloric no. 6 area to the splenic artery 
nodes crossing the surface of the pancreas, and the 
no. 11p nodes often have metastases from pyloric 
tumors (Fig. 7.1).

Dissection of the upper lesser curvature  
nodes (nos. 1 and 3a)
The lymph nodes along the lesser curve (no. 3) are  
most frequently involved with tumours of the  gastric 
body, and therefore complete removal is  essential. 

The assistant should pull down the stomach. The 
lesser omental surface is lifted and incised close 
to the gastric wall, and then peeled away towards 
the cardia. The anterior trunk of the vagal nerve is 
cut and the left cardia nodes (no. 1) dissected. The 
posterior vagal trunk is then cut and the stomach 
reflected. Complete the no. 1 and 3 dissection by 
removing the lymphatics on the posterior aspect of 
the cardia.

Total gastrectomy
Most aspects of D2 lymphadenectomy in total gas-
trectomy are common to those in distal gastrectomy. 
Additional procedures are as follows.

Dissection of the upper greater curvature  
nodes (nos. 2 and 4sa)
Following the division of the LGEA at its origin, 
the upper stomach is raised to inspect the splenic 
hilum from inside the lesser sac. The wall of the left 
bottom of the lesser sac is the dorsal gastric mesen-
tery, which connects the upper greater curve of the 
stomach, the spleen, and the pancreatic body and 
tail. The gastrosplenic ligament is part of the dorsal 
mesentery.

The winding SpA and its terminal branches are 
broadly identified. The gastrosplenic ligament 
should be held and kept tense. The ligament is dis-
sected close to the spleen, dividing the short gastric 
vessels towards the superior pole of the spleen. The 
peritoneal fusion at the back of the gastric fundus is 
then incised and the upper stomach mobilised from 
the abdominal wall.

The left paracardiac area has arterial supply from 
either the oesophagocardiac branch of the left sub-
phrenic artery or the left cardiac branch of the LGA. 
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Figure 7.7  • Splenic artery and its branches. CHA, common hepatic artery; LGA, left gastric artery.
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Lymphatic flow from this area can directly reach the 
left para-aortic network.

Dissection along the distal splenic artery  
(no. 11d) and splenic hilum (no. 10)
Following the 11p dissection, the procedure is contin-
ued along the SpA towards the spleen. The winding 
SpA gives off several branches to both the pancreas 
and the stomach (Fig. 7.7). The great pancreatic ar-
tery, though not so large as its name suggests, is an 
important blood supply to the pancreatic tail. The 
caudal pancreatic artery arises near the splenic hi-
lum. These pancreatic branches are preserved.

The remaining dorsal mesentery connects the pos-
terior aspect of the upper stomach and the splenic 
artery and vein, and includes the posterior gastric 
artery and vein. This artery usually arises in the 
middle of the SpA and nourishes the dorsal part of 
the cardia. It should be ligated and cut at the root. 
Cancers in the upper stomach, especially those lo-
cated on the posterior wall, frequently metastasise 
to the SpA nodes through the lymphatic channels in 
this mesentery.

The dissection is sometimes dangerous owing to 
kinking of the artery. Appropriate traction by the 
second assistant is particularly helpful.

Splenectomy
Splenectomy is required when the tumour invades 
the tail of the pancreas and/or splenic hilum without 
other non-curative factors. It may also be indicated 
for complete dissection of no. 10 lymph nodes in tu-
mours invading the greater curvature of the proxi-
mal stomach.

Mobilisation of the pancreas and spleen is started 
at the lower border of the pancreas. The bottom of 
the anterior sheet of the mesocolon is incised close 
to the pancreas. Several vessels arising from the 
pancreas to the anterior mesocolon (posterior epi-
ploic arteries) should be cut.

The pancreatic body is lifted and entered behind 
the pancreas, leaving the retropancreatic fusion fas-
cia to the retroperitoneal space. This is continued 
towards the spleen until the pancreatic tail is lifted. 
If the proper layer is entered, no vessels are encoun-
tered in this procedure.

The assistant should pull down the left kidney. 
The pancreatic tail is pulled up with the lower 
pole of the spleen. Then the parietal peritoneum 
behind the spleen can be visualised from its medial 
aspect. It is then incised and the spleen mobilised. 
This incision is continued towards the cardia, mo-
bilising the whole dorsal mesentery from Gerota's 
fascia covering the kidney and left adrenal gland.

When the pancreas and spleen have been totally 
mobilised, the surgeon moves to the left side of the 
patient to continue the procedure.

The assistant should hold the reversed spleen. 
Holding the tail of the pancreas in the left hand, the  
lymph nodes are dissected along the distal SpA.  
The SpA is double ligated and cut, then the vein, 
and the spleen removed from the pancreas.

When the pancreas is also removed for tumour 
invasion, the SpA is ligated and dissected as close 
to the root as possible. Then the vein is ligated and 
cut close to the resection line, and the pancreas 
transected.

Summary

Modified surgery for early  
gastric cancer

Lymph node metastasis from early  
gastric cancer
In undertaking D2 lymphadenectomy, almost all 
regional lymph nodes that may contain metastases 
are removed. In T1 tumours (early gastric cancer, 
EGC), lymph node metastasis is infrequent (about 
10%) and mostly limited to the perigastric nodes.

There is a clear correlation between the depth 
of tumour invasion and the incidence of lymph 
node metastasis in gastric cancer. This is true be-
tween any two adjacent T categories, and even in 
the same T1 category, mucosal (T1a) and submu-
cosal (T1b) tumours show clearly different chances 
of metastasis. However, the reported incidence of 
lymph node metastasis from pT1 tumours has not 
been consistent.5,58 This is probably due to dif-
ferences in the pathological process. In Japan the 
sectioning method of gastric cancer has been stan-
dardised by the Japanese Classification of Gastric 
Carcinomas,39 and all lesions in the surgically re-
sected specimens are sectioned at 5-mm intervals. 
With sectioning at wider intervals, or with only one 
or two central sectioning, the deepest invasion of a 
lesion can be overlooked and the T category would 
be under-staged. Then a group of tumours diag-
nosed as T1a may include some deeper ones having 
a greater chance of lymph node metastasis and the 
‘incidence of lymph node metastasis from T1a’ will 

 D2 lymphadenectomy is a systematic, 
standardised, technically demanding procedure that 
necessitates thorough knowledge of the anatomy of 
major gastric arteries and veins.

 Therefore, when the clinical diagnosis of EGC is 
reliable, D2 lymphadenectomy is not necessary, and 
the extent of gastric resection can also be reduced.
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be reported as higher. With sectioning at smaller 
intervals, deeper invasion may be detected in a tu-
mour and a diagnosis of deeper T category is given, 
resulting in a lower incidence of metastasis in more 
strictly staged T1a tumours.

On the other hand, lymph node retrieval and the 
sectioning method of the nodes will also change 
the results. By meticulous retrieval and multiple 
sectioning, the chance of detection of metastasis in-
creases (by 20% according to one report59) and the 
incidence of metastasis in T1 tumours is reported 
as higher.

Considering these possibilities, the incidence of 
lymph node metastasis is broadly estimated to be 
3% and 20% from T1a and T1b tumours respec-
tively. It should be noted that once the tumour 
invades the proper muscle layer, the incidence in-
creases up to 50%.38

Limited lymphadenectomy
The Japanese treatment guidelines define D1 and 
D1+ lymphadenectomy for tumours clinically di-
agnosed as T1. Since most metastasis from T1 is 
limited to the perigastric nodes and no. 7 and 8a 
nodes, D1 is sufficient to remove all possibly posi-
tive nodes. The problem is that the preoperative 
diagnosis of T1 is not always accurate: even for 
endoscopists who have diagnosed more than 100 
ECGs, more than 10% of tumours they diagnose 
as T1 are pathologically T2 or deeper.60 Surgeons 
should always bear this in mind and be ready to 
perform D2 whenever deeper invasion is suspected 
during surgery.

Pylorus-preserving gastrectomy  
(PPG) (Fig. 7.8)
PPG was originally developed as surgery for pep-
tic ulcer disease,61 but due to its excellent func-
tional results it is currently applied for selected 

cases of EGC. A short cuff (usually 3 cm) of the 
pyloric antrum is preserved together with the py-
loric branch of the anterior vagal nerve and the 
infrapyloric artery. The upper gastric remnant 
should be large enough to function as a reservoir. 
For these restrictions, the dissection of no. 1 and 
5 nodes is incomplete compared to standard dis-
tal gastrectomy. Therefore, PPG is indicated for 
middle gastric  tumours that have very low pos-
sibility of metastasis to these nodes, i.e. clinical 
T1N0 in the middle portion of the stomach with 
the distal tumour border at least 4 cm proximal to 
the pylorus.

The quality of life after PPG is superior to that 
after distal gastrectomy. Low incidence of early 
and late dumping syndromes, low incidence of 
iron-deficiency anaemia and less body weight 
loss are reported.62,63 These are attributable to 
less rapid gastric emptying and prolonged acid 
contact of dietary iron. On the other hand, some 
patients suffer from early satiety and reflux due 
to malfunction of the pylorus and/or too small 
gastric remnant.

With careful selection of the cases, the oncological 
results are excellent and not at all inferior to stan-
dard distal gastrectomy.

Local tumour resection based on  
sentinel lymph node diagnosis
If the sentinel lymph nodes from a small gastric can-
cer are accurately detected and their negativity can 
be confirmed, gastrectomy can be omitted and local 
tumour resection is sufficient for cure. However, the 
lymphatic network surrounding the stomach is very 
complex and accurate identification of the sentinel 
nodes is not easy. Several prospective studies have 
failed to detect the ‘lymph nodes that first receive 
metastasis’.64 At present, this strategy still remains 
investigational.

Anterior trunk
of  vagus

Hepatic branch

Pyloric branch

Figure 7.8  • Pylorus-preserving gastrectomy for early gastric cancer in the middle gastric body.
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Summary

Reconstruction after gastric 
resection
A number of reconstruction methods have been pro-
posed for gastrectomy. Each has advantages and disad-
vantages, and should be selected according to surgical 
and oncological conditions in each patient. The fol-
lowing points should be considered in selection:

1. Safety of surgery. In gastrectomy for advanced 
tumours (curative or palliative) or for patients 
having high operative risk, any procedure after 
removal of the tumour should be simple and 

safe, so as not to prolong the surgical time or 
increase the postoperative complications.

2. Possible local recurrence. In locally advanced  
tumours with wide serosal involvement and/or 
apparent nodal metastasis, gastric bed recurrence 
should be prepared for and a  reconstruction with 
the least risk of obstruction should be selected.

3. Long-term quality of life. In gastrectomy with 
a high probability of cure, a reconstruction to 
maximise quality of life should be selected. Reflux 
of bile and alkaline duodenal juices into the 
 oesophagus should be prevented. At the same time, 
long-term nutritional status should be considered.

Reconstruction after distal 
gastrectomy (Fig. 7.9)

While Roux-en-Y (R-Y) and Billroth II (B-II) recon-
structions are widely used, Billroth I gastroduodenos-
tomy (B-I) is also frequently employed in Eastern Asia.

 Various less invasive or function-preserving 
surgeries have been developed for early cancers 
with good results. Indications for these treatments 
should be strictly confined to early cancers so as 
not to lose the chance of cure.

Figure 7.9  • Reconstructions after distal gastrectomy. (a) Billroth I. (b) Billroth II isoperistaltic. (c) Roux-en-Y.  
(d) Roux-en-Y (hand-sewing). (e) Roux-en-Y (stapler).
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Roux-en-Y
Indication
Advantages of R-Y over B-I are absence of duo-
denal juice reflux, safe anastomosis with very low 
leak rate, and low risk of obstruction at gastric 
bed recurrence. Weak points include loss of easy 
endoscopic access to the duodenal papilla and pos-
sible nutritional problems due to non-physiological 
food passage, though no clear evidence has proven 
this. R-Y procedure involves jejunum and this may 
cause adhesive obstruction or internal hernia in the 
future. So-called ‘Roux-en-Y syndrome’, character-
ised by chronic abdominal pain and nausea that are 
aggravated by meals and associated with malnutri-
tion, used to be reported mainly after ulcer surgery, 
but has not been observed as a serious problem 
lately.

R-Y reconstruction is applicable for most distal 
gastrectomies. The following are particularly good 
indications:

1. tumours involving the gastric body for which 
the remnant stomach after resection is small;

2. patients who suffer from reflux esophagitis 
before surgery;

3. patients with high operative risks for whom 
anastomotic leak must be prevented;

4. locally advanced disease with high risk of  
gastric bed recurrence.

In special patients with biliary tract problems or 
duodenal pathological conditions that require endo-
scopic access or follow-up, B-I reconstruction might 
be considered.

Procedure
The duodenum is transected using a linear-type 
stapler and many surgeons add covering seromus-
cular stitches. The jejunum 20–30 cm distal to the 
Treiz ligament is divided and the jejunal limb is 
pulled up either via the ante- or retrocolic route. 
In T4a/T4b tumours that have a significant risk 
of local recurrence involving the mesocolon, the 
antecolic route is preferred. Gastrojejunostomy 
is achieved either by stapler or hand-sewing; dif-
ferent anastomotic sites and jejunal directions are 
selected accordingly (Fig. 7.9d,e). The jejunojeju-
nostomy is made 40 cm distal to the gastrojejunos-
tomy. The mesentery holes are closed to prevent 
internal hernia.

When the retrocolic route is selected, the gastro-
jejunostomy site should be pulled down below the 
mesocolon and be fixed to it to prevent torsion or 
obstruction of the jejunal limb in the narrow space 
above the mesocolon.

Billroth I
Indication and procedure
Advantages of B-I over R-Y are physiological food 
passage, simple anastomosis without jejunal ma-
nipulation, and preserved endoscopic access to the 
duodenal papilla. B-I is useful for distal tumours at 
an early stage for which a relatively large proximal 
stomach can be preserved and recurrence is not 
thought likely. Weak points of B-I are duodenal 
juice reflux, possible anastomotic leak and pos-
sible obstruction at recurrence. Thus, B-I should 
be avoided in cases with high operative risks, small 
remnant stomach, preoperative presence of oesoph-
ageal reflux or locally advanced disease.

Gastroduodenostomy is made either by hand-
sewing or using a circular stapler. When the anasto-
motic tension is high, Kocher's mobilisation of the 
duodenum is useful to reduce it.

Reconstruction after total 
gastrectomy (Fig. 7.10)

R-Y is the standard reconstruction after total gas-
trectomy. It is simple, safe and gives relatively good 
functional results. Weak points are early satiety due 
to lack of reservoir and consequent long-term mal-
nutrition. Careful dietetic surveillance and educa-
tion is essential.

Roux-en-Y
Indication
There is virtually no contraindication for R-Y. In rare 
cases where endoscopic access to the duodenum needs 
to be maintained for biliary tract problems, a jeju-
noduodenostomy is added at about 30–40 cm from 
 oesophagojejunostomy (double-tract R-Y, Fig. 7.10b).

Procedure
The jejunum is transected 20–30 cm from the Treiz 
ligament. Either the ante- or retrocolic route is 
 selected according to the criteria mentioned in the 
section on distal gastrectomy. The retrocolic path-
way provides the shortest route and the least tension 
on the limb mesentery, especially in obese patients 
with a large omental residue.

Jejunal vessels are carefully prepared so that the 
mesentery tension is reduced, preserving the blood 
supply to the anastomotic site.

Oesophagojejunostomy is undertaken using a cir-
cular stapler. A 25-mm anvil is applicable in most 

 Several RCTs and case series comparing 
these methods have been published with 
inconsistent results. A recent meta-analysis 
suggests that R-Y shows some clinical advantages 
over the other two methods.65
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cases. A larger size can be selected in patients with 
large oesophagus and jejunum.

Jejunojejunostomy is performed 40–50 cm below 
the oesophageal anastomosis. A shorter limb may 
cause reflux and a longer one may be disadvanta-
geous from a nutritional viewpoint. In the double 
tract method, jejunojejunostomy is made 20 cm dis-
tal to the jejunoduodenostomy.

Jejunal interposition
This method is employed to maintain the physiolog-
ical food passage to the duodenum.

The length of the interposed jejunum can be 
shorter (20–30 cm) than the jejunal limb in R-Y, 
probably because the jejunal juice can flow down 
the natural route without reflux.

Pouch formation
Various operations were devised to increase the 
reservoir capacity of the jejunum, with inconsistent 
results: some patients eat remarkably well but some 
others suffer from severe stasis or regurgitation.

Pouch formation does not significantly increase 
morbidity or extend the operation time, while 
 patients with pouch have better food intake and 
 improved quality of life. The technique is expected 
to be standardised in the near future.

Reconstruction after proximal 
gastrectomy (Fig. 7.11)

Jejunal interposition
Indication
The original method was described by Merendino 
and Dillard in 1955 for reflux disease.67 The 
 interposed isoperistaltic jejunum prevents  gastric 
juice reflux to the oesophagus, and strangely 
 anastomotic ulcers do not appear. This reconstruc-
tion method is applicable to proximal gastrectomy 
for small tumours of the oesophagogastric junc-
tion in which resection of the oesophagus and 
stomach can be minimal. Note that even a short 
segment of the interposed jejunum could cause 
early dumping syndrome due to rapid food inflow.

Procedure
A short segment jejunum (10–15 cm) is used and 
anastomosed to the anterior wall68 (Fig. 7.11). 
Pyloroplasty is usually made. It is not necessary 
when the anterior trunk and the hepatic branch of 
the vagal nerve are preserved.

a b c

Figure 7.10  • Reconstructions after total gastrectomy. (a) Roux-en-Y. (b) Double tract Roux-en-Y. (c) Jejunal 
interposition.

 However, there is no solid evidence that this 
reconstruction has long-term nutritional advantage 
over standard R-Y.

 The pouch technique has been improved, 
and a recent meta-analysis of 13 RCTs comparing 
R-Y or jejunal interposition with and without pouch 
showed some clinical advantages for a pouch 
reconstruction.66



www.ketabpezeshki.com          66485457-66963820

Chapter 7

138

 There is no single best reconstruction method 
after gastrectomy. Priority should be given to safety 
for poor risk patients, and to function for those 
with high possibility of cure. Roux-en-Y, following 
both distal and total gastrectomy, could be the 
first choice. Pouch formation seems to improve 
quality of life, and its procedure is expected to be 
standardised.

Oesophagogastrostomy
Indication
Although this is a simple and safe reconstruction 
after proximal gastrectomy, some patients suf-
fer from severe reflux oesophagitis and cannot 
quit medication. This is indicated for proximal 
gastrectomy in which the abdominal oesopha-
gus is preserved. Reconstruction after lower oe-
sophagectomy using a gastric tube is described in 
Chapter 5.

Procedure
Oesophagogastrostomy is performed on the ante-
rior wall of the remnant stomach, usually using a 
circular stapler. A hand-sewing method is not very 
difficult, and the soft opening of the anastomosis 
instead of the fixed ring of the stapler seems to 
 function as a protector for the reflux. Many sur-
geons add some extra stitches between the oesopha-
gus and the stomach to prevent reflux.

Summary

Early postoperative 
complications
Two major complications after gastrectomy for 
cancer are anastomotic leak and pancreatic fis-
tula. They cause abdominal abscess, peritonitis, 
sepsis or massive haemorrhage. Complications are 
more common in total gastrectomy and extended 

Figure 7. 11  • Jejunal interposition after proximal gastrectomy. (a) Jejunal interposition. (b) Oesophagojejunostomy. 
(c) Jejunogastrostomy. (d) Post operative Gastrografin swallow. Modified from Katai H, Sano T, Fukagawa T et al. 
Prospective study of proximal gastrectomy for early gastric cancer in the upper third of the stomach. Br J Surg 2003; 
90:850–3.

d

10-20cm
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 lymphadenectomy than in distal gastrectomy and 
limited lymphadenectomy respectively. Most pro-
spective studies have shown that splenectomy and 
distal pancreatectomy significantly increase postop-
erative morbidity and mortality. Close management 
by  experienced surgeons, especially for pancreatic 
fistula, is essential to avoid mortality.

Use of prophylactic drains after gastrectomy is con-
troversial. There is no evidence that drains decrease 
postoperative complications or death.69 Distal gas-
trectomy without intraoperative problems usually 
needs no drains. However, in total  gastrectomy or 
extended D2 dissection along the upper border of 
the distal pancreas, a suction drain along the pan-
creas gives useful information on pancreatic fistula 
or early anastomotic leak.

Anastomotic leak

Most anastomotic leaks after gastrectomy occur at 
the oesophagojejunostomy. Possible causes are tis-
sue ischaemia or tension on the anastomotic line. 
These should be avoided by careful preparation 
of the jejunal loop. Correct usage of the anasto-
motic circular stapler is also important. Covering 
stiches are usually unnecessary, but should be used 
when the continuity of the ‘doughnut’ of the resected 
 oesophagus or jejunum is incomplete.

Early anastomotic leak occurring within 72 hours 
would be life threatening without proper man-
agement. It may present as septic episodes or 
 contaminated drain discharge. Contrast swallow 
(Gastrografin) should be done whenever a leak 
is suspected. Drainage is crucial to treat anasto-
motic leakage. When a prophylactic drain has been 
 appropriately placed and the leak is minor without 
evidence of local diffusion, a conservative treatment 
with fasting and adequate nutrition will suffice. 
When there is no drain or septic signs are evident, 
re-operation is strongly advised. Anastomotic fail-
ure can be repaired in some early cases, or at worst 
a drain can be placed close to the leak site. In either 
case, a feeding jejunostomy should be constructed.

The management of a delayed leak is controver-
sial. Usually drains have already been removed and 
meals are started. The patient may have some dif-
ficulty in swallowing and, though perhaps being 
 afebrile, blood tests suggest continuous inflam-
mation. When a contrast study reveals only a mi-
nor leak, fasting and adequate nutrition will be 
 sufficient. A naso-intestinal tube placed beyond the 
jejunojejunostomy may be useful for enteral feed-
ing. If the patient is septic, a drain must be placed. 
Contrast-enhanced computed tomography will be 
helpful whether the intervention is achieved sur-
gically or radiologically. Surgery at this point is 
 technically difficult due to severe adhesions in the 

upper abdomen, but should be carried out when the 
abdominal infection is diffuse.

Duodenal stump leak

A properly stapled duodenal stump rarely leaks. 
However, stump leak occurs when the duodenal tis-
sue is damaged or becomes ischaemic. There is no 
evidence that covering stiches reduce leak, but some 
surgeons use them. Duodenal stump leak may also 
occur when the intraduodenal pressure increases 
due to afferent limb obstruction or possibly unusu-
ally strong peristalsis.

A prophylactic drain that is placed near the stump 
gives good information. If its discharge contains 
bile, it is an indication for immediate re-operation. 
Re-closure of the stump is usually very difficult due 
to tissue inflammation. If there is a major defect, a 
Foley-type catheter can be placed in the duodenum 
with a plan to form a controlled fistula. When the 
leak is from a pinhole on the staple line, a suction 
drain is placed close to it and retrograde insertion 
of a duodenal decompression tube from the jejunum 
should be considered. Feeding jejunostomy is useful 
not only for nutrition but also for returning the suc-
tioned duodenal content to the intestine. With good 
duodenal decompression, enteral feeding does not 
have to be stopped or reduced.

Pancreatic fistula

After D2 lymphadenectomy, pancreatic leak may oc-
cur even without pancreatectomy. It is more com-
mon when the pancreatic capsule has been removed 
as a part of bursectomy or the pancreas has been mo-
bilised for splenectomy. Placement of a  prophylactic 
suction drain along the upper border of the pancreas 
is recommended in these operations. Increased amy-
lase content in the drain fluid on the first or second 
postoperative day is a useful marker to predict later 
development of pancreatic fistula. The fluid contain-
ing high amylase usually takes on a dark red (wine) 
colour. Suction drainage is also useful to prevent dif-
fusion of pancreatic fluid and localise the fistula.

When the tail of the pancreas is resected, pancreatic 
leak is more common and drain placement is strongly 
recommended. A suction tube should be placed close 
to the stump via the shortest percutaneous route.

It is controversial as to whether the use of soma-
tostatin analogues prevents pancreatic fistula. RCTs 
for pancreatic surgery showed inconsistent results, 
and meta-analyses did not support a positive ef-
fect.70 No RCT has been conducted on this subject 
in gastrectomy.

When pancreatic leak occurs, the management 
should concentrate on prevention of infection and 
abscess control. Adequate drainage is essential 
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and radiological intervention should be consid-
ered. Abscess drainage takes time and may require 
 frequent adjustments of the drain tip. When the 
 abscess is localised and surrounded by a solid wall, 
saline irrigation of the cavity will enhance healing.

Haemorrhage

Haemorrhage within the first few hours of surgery 
should be treated by early re-laparotomy. It must be 
remembered that drains can occlude with blood clot 
and the clinical suspicion of bleeding in a haemody-
namically unstable patient is a sufficient indication 
to operate.

Secondary haemorrhage caused by intra-abdominal 
infection following anastomotic leak and/or pancreatic 
fistula is truly life threatening. A poorly drained ab-
scess causes pseudo-aneurysm of a major artery (most 
frequently the splenic artery)and then causes massive  
haemorrhage. In the stage of pseudo-aneurysm,  
a small amount of bleeding may precede massive haem-
orrhage, which must not be overlooked. Immediate 
radiological intervention may detect an unruptured 
pseudo-aneurysm that can be embolised. Once mas-
sive bleeding occurs, immediate angiography again 
should first be considered because it not only provides 
the chance of embolisation but can also identify the 
bleeding point. In immediate re-laparotomy, the bleed-
ing artery is sometimes difficult to identify or reach 
due to severe adhesion and/or inflammation.

Postsplenectomy infections

There is increasing evidence that splenectomy pre-
disposes the patient to an increased risk of bacterial 
infections in both the early postoperative period and 
probably for the remainder of their life. Immediate 
prophylaxis with twice daily oral penicillin is now 
recommended for patients of all ages. The patient 
should also be immunised with vaccines against 
pneumococci, meningococcus and Haemophilus 
influenzae. If the splenectomy has been planned as 
part of a radical procedure these vaccines are most 
effective if administered preoperatively. The patient 
should have an annual influenza vaccine and an up-
dated pneumococcal vaccine about every 3 years.

Late sequelae and 
complications

Side-effects and postprandial 
sequelae

No gastrectomised patient can eat in the same way 
he or she used to eat, at least during the first few 

postoperative months. Good dietary advice is es-
sential and patients should understand what their 
stomach used to do and how they can cope with 
their status without part or all of their stomach. The 
author usually explains this as follows: ‘The stom-
ach has three major functions:(1) it stores the food 
that has been swallowed; (2) it digests and dilutes 
it; and (3) it slowly pushes it out to the duodenum 
(taking many hours after a greasy meal). These 
functions help the small bowel to effectively absorb 
nutrients. When the stomach has been removed, it is 
necessary to change eating habits to help the small 
intestine to work as before: chew well, take time to 
have the next bite, and have frequent small meals.’

Patients should also be able to accept that their 
stomach will never come back, and that the lost 
stomach functions are compensated not by medi-
cine but by an appropriate eating style. Additional 
specific advice from a dietician will help further.

Early dumping syndrome
Early dumping syndrome appears within 30 min-
utes after a meal, or even during a meal. The rapid 
filling of the proximal small intestine with hyper-
tonic food leads to rapid movement of fluid from 
the extracellular fluid compartment into the gut, 
and also triggers a complex neurohumoral re-
sponse. This produces various gastrointestinal 
and cardiovascular symptoms such as palpitation, 
bloating, cramping, diarrheoa and nausea, requir-
ing some patients to lie down for an hour after each 
meal. Most  patients with early dumping syndrome 
can be treated by appropriate dietary adaptation. 
In severe cases, however, quality of life is restricted 
and malnutrition can occur rapidly. Careful man-
agement involving an experienced dietician should 
be considered.

Late dumping syndrome or reactive 
hypoglycaemic attacks
Late dumping syndrome appears 2–3 hours after 
a meal, and is characterised by faintness, severe 
hunger, dizziness and cold sweating, which are 
symptoms of hypoglycaemia. Rapid inflow of car-
bohydrate to the jejunum causes oxyhyperglycae-
mia, which induces hyperinsulinemia followed by 
hypoglycemia. Glucagon-like peptide-1 (GLP-1) se-
creted from the proximal jejunal mucosa is thought 
to play some role in this hypersecretion of insulin.

Dietary adaptation is again the main treatment 
for late dumping syndrome. Patients are advised 
to decrease the carbohydrate load in their main 
meals and to take small amounts of carbohydrate 
between main meals. Those with frequent attacks 
should carry dextrose tablets to eat at the first sign 
of symptoms.
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In a large-scale investigation into dumping syn-
drome after gastrectomy (N = 1153),71 early dump-
ing syndrome was more commonly experienced 
than late dumping syndrome (68% vs. 38%) and 
the incidence varied according to the type of gas-
trectomy but not the postoperative period. Early 
and late dumping syndromes have different aetiolo-
gies and appear independently. During follow-up, 
a careful history should be taken and appropriate 
dietary advice should be given.

Nutritional problems

Gastrectomy may cause deficits of specific nutri-
ents. Of the three major nutrients, fat absorption 
particularly decreases because mixing with duo-
denal contents (bile acid, pancreatic lipase) and 
jejunal absorption become insufficient. Patients 
with fat malabsorption complain of steatorrhoea, 
which can be treated with pancreatic enzyme 
supplements.

Vitamin B12

Vitamin B12 binds to intrinsic factor secreted by the 
parietal cells of the stomach and is absorbed in the 
ileum. After total gastrectomy, patients absorb no 
vitamin B12, and body stores are gradually depleted 

resulting in megaloblastic anaemia, although this 
may take up to 24 months to become clinically ap-
parent. All patients after total gastrectomy should 
receive 1 mg of hydroxycobalamin intramuscularly 
every 3 months for life.

Vitamin D
Absorption of fat-soluble vitamins (A, D, E, K) 
may decrease in patients with fat malabsorption. 
Of these, vitamin D malabsorption is clinically im-
portant, particularly in postmenopausal women. 
Combined with decreased calcium absorption after 
gastrectomy, it leads to metabolic bone disorders 
from 2 years after surgery. It is recommended that 
postmenopausal women and all patients over 70 
should take an oral calcium and vitamin D supple-
ment for life after a total gastrectomy.

Iron
Iron absorption occurs predominantly in the duode-
num and upper jejunum. In the presence of gastric 
acid, ferric iron (Fe3+) in foodstuffs is deoxidised to 
easily absorbable ferrous iron (Fe2+). Iron absorp-
tion may be reduced after gastric resection due to 
decreased acid and rapid food passage in the intes-
tine. Iron-deficiency anaemia is common, and oral 
iron supplement is useful.

Key points
• Lymphatic spread is the most common mode of dissemination in gastric cancer.
• Among the four patterns of spread of gastric cancer (lymphatic, peritoneal, haematogenous 

and direct), lymphatic metastasis occurs at the earliest stage and this can lead to other types of 
metastases. Surgical control of this spread at an early phase of the disease may prevent later 
systemic failure and patients can still be cured by adequate dissection.

• Peritoneal metastasis is the most common type of failure after radical surgery for gastric 
cancer. Peritoneal metastasis is much more common in diffuse-type cancers than the 
intestinal type.

• Surgery itself can be a cause of cancer spread, especially in terms of peritoneal dissemination. 
Even serosa-negative tumours can recur in the peritoneal cavity after surgery. These cases are 
usually associated with lymph node metastasis. Adherence to the principles of good surgical 
cancer practice reduces the risk of spread.

• There is an increasing move towards tailoring gastric cancer operations, taking not only the stage 
of the disease but also patient-related factors into account.

• According to the Japanese treatment guidelines a 5-cm resection margin is recommended for 
tumours showing an infiltrative growth pattern with indistinct borders or diffuse-type histology, 
but 3 cm is usually sufficient for those showing an expansive growth pattern with grossly distinct 
borders, the histology of which is most frequently the intestinal type.

• Randomised trials comparing total and distal gastrectomy in distal gastric cancer failed to show 
any survival benefit for total gastrectomy (known as total gastrectomy de principe).

• The Japanese Gastric Cancer Association (JGCA) recommends that non-early, potentially curable 
gastric cancer should be treated by D2 lymphadenectomy. D1 or D1+ should be considered as an 
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Endoscopic and surgical treatment of 
early gastric cancer

Introduction

Definition of early gastric cancer

Early gastric cancer (EGC) is defined as a tumour 
that is limited to the mucosal or submucosal layers 
(T1 cancer) and by definition absence of invasion 
into the proper muscle layer. This is irrespective of 
the presence of lymph node metastasis.1

Risk and development of early 
gastric cancer

The incidence of gastric cancer has steadily de-
clined over many decades, yet it remains world-
wide one of the most common malignancies. Most 
gastric cancers arise as a result of lifelong coloni-
sation with Helicobacter pylori, inducing chronic 
active gastritis. An abundance of research over 
the past 20 years has yielded endoscopic and non-
invasive methods to recognise both this infection 
and the various stages of the cascade leading from 
chronic gastritis via atrophic gastritis, intestinal 
metaplasia and dysplasia to early and advanced 
gastric cancer. Cohort studies with these meth-
ods have revealed the cancer risks associated with 
each premalignant condition, and showed that 
these risks increase with each subsequent stage of 
the cascade.2 These advances have led to common 
identification of patients with  dysplasia and early 

cancer of the stomach, a development which likely 
will be further enhanced by the recent introduction 
of a guideline for surveillance of patients with in-
testinal metaplasia and dysplasia of the stomach,3 
in particular when present in both antrum and 
 corpus.4 This chapter deals with the management 
of early gastric cancer.

Classification of early 
gastric cancer
Early gastric cancer usually arises in a mucosa that 
has undergone atrophic and metaplastic changes. 
These are recognisable with modern high- definition 
endoscopic equipment, in particular when com-
bined with additional image enhancement tech-
niques such as narrow-band imaging (NBI). 
Against this background, most EGCs amenable for 
endoscopic resection can be recognised by experi-
enced endoscopists.5 Complete staging and classifi-
cation of EGCs is usually done in three steps. The 
first step is a pre-interventional endoscopic staging 
determining depth of tumour infiltration (with or 
without endoscopic ultrasonography) combined 
with histopathological sampling. The second step 
is the actual endoscopic resection, where the most 
valuable information is gathered from the submu-
cosal lifting properties of the lesions. The third step 
is the final histopathological staging of the resected 
lesion.
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Endoscopic appearance

Experienced endoscopists performing endoscopic 
mucosal resections (EMRs) or endoscopic sub-
mucosal dissections (ESDs) are trained to recog-
nise and delineate early neoplasia, which includes 
assessment of invasion depth and thus the endo-
scopic resectability of the lesion. EGCs are clas-
sified by their endoscopic appearance according 
to the Paris classification (Fig. 8.1).1 Superficial 
lesions are classified as either protruding (Paris 
0-I), elevated (0-IIa), depressed (0-IIc) or exca-
vated and often ulcerated lesions (0-III). Lesions 
that have both elevated and depressed compo-
nents are classified into two groups: depressed 
lesions in which most of the surface is depressed 
and there is elevation in a portion of the periph-
eral ring are classified as 0-IIc + IIa, while elevated 
lesions with a central depression encircled by the 
elevated ring at the periphery are called 0-IIa + IIc. 
The combined patterns of excavation and depres-
sion are called 0-III + IIc or 0-IIc + III, depending 
on the relative surface area of the ulcer and of the 
depressed area. The classification helps to pre-
dict the extent of invasion into the submucosal 
layer and thus the choice between endoscopic or 
surgical treatment (Table 8.1). For instance, true 
protruding lesions in the stomach demonstrate a 

57% relative frequency of submucosal invasion, 
whereas non-protruding, non-excavated lesions 
demonstrate submucosal invasion in frequencies 
between 20% and 40%. In excavated lesions, of-
ten the proper muscle layer is already involved. 
Although the exact percentage of involvement of 
the proper muscle layer is not reported in the lit-
erature, this number comes close to 100% and 
the Paris 0-III excavated types of lesions are usu-
ally not resectable by endoscopic means.

Additional characteristics that predict submucosal 
or deeper invasion are larger tumour size (>30 mm), 
presence of discoloration (remarkable redness) and 
ulceration.5 Lesions that are confined to the mucosa 
tend to move over the peristaltic waves, whereas 
peristaltic waves seem to curve around tumours 
that have invaded the proper muscle layer. The lat-
ter provides a strong argument against endoscopic 
resection.

In most EMR and ESD techniques, submucosal 
injection of fluid is used to lift the early cancer 
from the proper muscle layer. This method has 
three major benefits: (i) it provides information on 
invasion depth and thus endoscopic resectability; 
(ii) it facilitates endoscopic resection; and (iii) it 
provides a safety fluid cushion for resecting the 
superficial lesion without damaging the deeper 
 layers when using snares, knives or electrocautery.6

Protruding types

Pedunculated (0±Ip) 0-Ip

Sessile (0±Is) 0-Is

Nonprotruding and nonexcavated types

Slightly elevated (0±IIa)

Completely flat (0±IIb) 0-IIb

Slightly depressed (0±IIc) 0-IIc

Excavated type (0±III)

0-III

0-IIa Combination types

Elevation 0-IIa + IIc

Depression 0-IIa + IIc

Combination types 0-IIc + III

0-III + IIc
Ulcer and depression

0-IIc + IIa

Figure 8.1  • Paris classification. Endoscopic appearance of superficial neoplastic lesions.
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The amount of lifting provides information on the 
invasion depth of the lesion. Mucosal or superficial 
submucosal lesions usually demonstrate complete  
lifting (m–sm1), whereas the lesions that infil-
trate into the deeper submucosal layers often lift 
 incompletely (sm2–sm3). A non-lifting sign most 
often represents invasion deeper than sm3.6

Lymph node metastasis

Endoscopic staging before resection does provide 
useful information on the prediction of lymph 
node metastasis. Differentiation grade can be as-
sessed through simple biopsy. A large retrospec-
tive study from Japan assessed the occurrence of 
lymph node metastasis in 5265 patients who had 
undergone gastrectomy with lymph node dissec-
tion for early gastric cancer.7 All specimens were 
reassessed for macroscopic appearance, size, ulcer-
ation, invasion depth and extent of submucosal in-
vasion, differentiation grade and lymphovascular 
involvement.

The results are summarised in Table 8.2 and define 
the criteria for EMR and ESD.7,8

Endosonography

The role of endosonography remains debatable in 
EGCs. Endosonography lacks sufficient diagnos-
tic accuracy in discriminating T1 from T2 lesions. 
The combined results of large recent studies show 
a diagnostic accuracy for T3 and T4 tumours 

Macroscopic appearance Paris classification
Relative frequency of submucosal 
invasion in gastric lesions

Protruding 0-I 57%
Pedunculated 0-Ip  
Sessile 0-Is  

Non-protruding and non-excavated

Slightly elevated 0-IIa 29%
Completely flat 0-IIb 20%
Slightly depressed 0-IIc 40%
Elevated and depressed types 0-IIa + IIc  
 0-IIc + IIa  
Excavated

Ulcer 0-III –
Excavated and depressed types 0-IIc + III  
 0-III + IIc  

Table 8.1  •  Paris classification of type 0 superficial lesions

 It turned out that depressed or ulcerated 
lesions, larger than 30 mm in size, of the undifferentiated 
histological type or with lymphovascular 
involvement, were associated with an increased 
risk of nodal metastases (7.3%). In contrast, none 
of the differentiated EGCs less than 30 mm in size, 
regardless of ulceration, were associated with lymph 
node metastases. None of the differentiated lesions 
without ulceration were associated with nodal 
metastases regardless of the size of the lesion and 
none of the undifferentiated lesions without ulceration, 
less than 20 mm in size, were associated with positive 
lymph nodes. The results of this study provided 
the necessary evidence to widen the indications for 
endoscopic resections of EGCs.7

Depth Mucosal cancer Submucosal cancer

 No ulcer Ulcer SM1 SM2

Differentiation ≤20 mm >20 mm ≤30 mm >30 mm ≤30 mm Any size
Good/moderate EMR ESD ESD S ESD S
Poor/undifferentiated CS S S S S S

Table 8.2  • Criteria for EMR and ESD, according to the proposed guidelines

CS, consider surgery; EMR, suitable for endoscopic mucosal resections; ESD, suitable for endoscopic submucosal dissection; S, surgery.
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of 88–100%, with 64–85% accuracy for T2 le-
sions and 75–82% accuracy for T1 tumours.9,10  
T1 lesions are often overstaged, probably because 
of submucosal fibrosis, connective tissue hyper-
plasia or ulceration. Diagnostic accuracy can be 
improved using mini-probes; however, complete 
assessment of larger lesions is difficult and bears 
the risk of underestimating the deepest invasion 
when parts of the lesion are missed and subse-
quently not assessed.11 Many endoscopists rely, 
for these reasons, on endoscopic assessment alone 
followed by histopathological assessment of the 
resected specimen. A German study demonstrated 
a similar diagnostic accuracy of 83.4% and 79.6% 
using either high-resolution endoscopy or endo-
sonography, respectively, in assessing infiltration 
depth in early neoplasia in the oesophagus.12 The 
authors believe the same applies for early neopla-
sia in the stomach.

Revised Vienna classification

Large discrepancies between Western and Japanese 
pathologists in the diagnostic criteria for adenoma, 
dysplasia and carcinoma in the gastrointestinal 
tract have led to considerable problems in the 
comparison between Western and Japanese data. 
This led to a consensus meeting in 1998 in Vienna, 
ultimately resulting in the Vienna classification of 
gastrointestinal epithelial neoplasia and the revised 

Vienna classification in 2002.13 This classification 
allows not only for a more universal nomenclature 
of gastrointestinal epithelial neoplasia but also 
corresponds more properly with clinical manage-
ment. The revised Vienna classification is shown 
in Table 8.3.

Endoscopic treatment

Endoscopic mucosal resection

The basic principle of what is nowadays termed en-
doscopic mucosal resection (EMR) is the removal of 
a mucosal lesion by resecting it from its deeper lay-
ers using a snare instrument. This method does not 
allow for lesions larger than 2 cm to be removed en 
bloc.14 Larger lesions can be removed by EMR, but 
only in a piecemeal fashion. The technique is funda-
mentally different from ESD, where the submuco-
sal layer is carefully and stepwise dissected. Using 
EMR, early neoplasia is often lifted from the proper 
muscle layer before resection using different solu-
tions of saline for submucosal injection.15–17 The le-
sions can then be sucked into a cap that is placed 
at the tip of the endoscope with a snare preloaded 
on to the rim of the cap. After sucking the lesion 
into the cap, the snare is pulled. The content of the 
snare is then resected using high-frequency current. 
An alternative resection method that is  frequently 
used is the so-called ‘band-and-cut’ method. A le-
sion is sucked into a modified multiband ligator. 
By ligating the mucosa bearing the lesion, a pseudo-
polyp is created that can be resected using a snare. 
This multiple band mucosectomy allows for larger 
segments of neoplasia to be completely resected.18 
This method is increasingly used in larger Barrett's 
segments but is also applicable in the cardia and the 
antrum of the stomach.

 Conventional endoscopic assessment of 
depth of infiltration in EGC has a similar accuracy 
compared to endosonography. For this reason, 
most highly experienced interventional endoscopists 
rely on endoscopic assessment and do not routinely 
perform endosonography before proceeding to 
EMR or ESD.12

Category Diagnosis Clinical management

1 Negative for neoplasia Optional follow-up
2 Indefinite for neoplasia Endoscopic follow-up
3 Mucosal low-grade neoplasia Endoscopic resection or follow-up
  Low-grade dysplasia  
  Low-grade adenoma  
4 Mucosal high grade neoplasia Endoscopic or local surgical resection
 4.1  High-grade adenoma/dysplasia  
 4.2  Non-invasive carcinoma (carcinoma in situ)  
 4.3  Suspicious for invasive carcinoma  
 4.4  Intramucosal carcinoma  
5 Submucosal invasion by carcinoma Surgical resection

Table 8.3  •  The revised Vienna classification of gastrointestinal epithelial neoplasia
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Endoscopic submucosal 
dissection

Endoscopic submucosal dissection (ESD) was origi-
nally developed in Japan for the local treatment of 
superficial EGC limited to the mucosal layer or with 
a minimal invasion of the submucosal layer. The 
main goal of submucosal dissection is to retrieve 
the lesion en bloc for histopathological staging and 
to minimise the chance for local recurrence. ESD is 
performed in several steps. First, the lesion is de-
lineated by placing circumferential dots using elec-
trocautery around the lesion with a few millimetres 
of free margin. The lesion is then lifted from the 
proper muscle layer by submucosal injection in the 
same fashion as in EMR.15–17 The solutions used are 
often stained with either indigo carmine or methy-
lene blue. This dye will colour the submucosal layer 
and facilitate recognition of the separate layers and 
blood vessels. After lifting the lesion a circumfer-
ential incision of the mucosal layer is made, plac-
ing the markers just inside the circumferential cut. 
From this point onwards the submucosal layer is 
carefully dissected from the muscle layer, often with 
additional submucosal injections. In Fig. 8.2 an ex-
ample of a Paris 0-IIa + IIc is shown, which is subse-
quently removed by ESD. Different speciality knives 
have been developed for ESD. A breakthrough in 

ESD was the development of the insulated tip (IT) 
knife in 1996.14 This is a speciality endoscopic knife 
with an insulated tip. An insulated small ceramic 
sphere is mounted on the top of a high-frequency 
needle knife, allowing safe and easy incision and 
separation of the mucosal and submucosal layers. 
Subsequently, the design of the original IT knife 
has been further adapted leading, for example, to 
the IT-2 knife, the hook knife, the flex knife, the 
triangular tip (TT) knife and the hybrid knife, the 
latter combining radiofrequency with a water-jet 
application.19 This novel technique combines radio-
frequency with a distance-dependent water-jet ap-
plication, allowing for easier and safer submucosal 
lifting and cutting in ESD.20,21

Complete resections

The aim of both EMR and ESD is to strive for com-
plete resection of the neoplastic lesion.

In theory, using the ESD technique, lesions of all 
sizes can be removed. However, attempts at cura-
tive resection are limited by a number of anatomical 
factors that relate to the primary lesion. These fac-
tors are related to the relative frequencies of lymph 
node metastasis, as described earlier in this chap-
ter. Larger lesions, poorer differentiation or deeper 
penetration in the submucosal layer are associated 

Figure 8.2  • Early gastric cancer removed by ESD. (a) A Paris 0-IIc + IIa early gastric cancer located in the antrum. 
(b–e) Markings are placed around the lesion (b) and after submucosal lifting and circumferential incision (c), the lesion 
is stepwise dissected (d) and finally fully removed (e). Histopathological assessment demonstrated a well-differentiated 
adenocarcinoma confined to the mucosal layer with a maximum extent into the muscularis mucosae and tumour-free 
resection margins.

a b c

d e
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with a rapidly increasing incidence of lymph node 
metastases.

Routinely, after endoscopic resection, the resected 
specimens are stretched and pinned on cork or par-
affin and sent for pathological assessment. This fi-
nal staging step by the pathologist should provide 
the necessary information on (i) quantitative criteria 
(lateral margins, deeper margins, maximum extent 
of submucosal invasion) and (ii) qualitative crite-
ria (differentiation grade, lymphovascular involve-
ment), which correspond with the risk of lymph 
node metastasis.7,8 This ultimate information is 
pivotal for further management. It mandates ad-
ditional surgery or allows for a surveillance policy. 
Because of an approximately 14% chance of meta-
chronous gastric cancer over a 5-year period23 and 
possible remnant neoplastic tissue, surveillance is 
usually carried out after endoscopic resection at 
6-month intervals during the first year, followed by 
annual surveillance thereafter. Early detection of 
metachronous neoplasia can be treated by repeated 
endoscopic resection.

Complications of endoscopic 
resections

Endoscopic treatment is now accepted worldwide 
for early gastrointestinal neoplasia as it replaces 
the need for major surgery associated with consid-
erable morbidity and mortality. Endoscopic treat-
ment is also superior in terms of post-procedural 
functional results. The obvious example is the 
avoidance of gastrectomy by endoscopic resection 
of an early neoplastic lesion.

However, these novel endoscopic techniques also 
come with a risk of complications, ranging from 
bleeding and perforation to post-treatment stric-
tures and, potentially, leading to considerable mor-
bidity and even mortality.

Most bleeding complications occur during the pro-
cedures and can be dealt with instantly. Superficial 

bleeding vessels are identified and treated either by 
using coagulation, adrenaline injections or clips. 
Delayed bleeding also occurs and might necessi-
tate subsequent re-intervention. A large prospective 
study found no risk factors for bleeding besides the 
presence of a gastric malignancy itself.24

In expert hands, perforations occur during EMR 
and ESD in about 0.2% and 1–4% of cases, respec-
tively. A recent European study reported a 20% 
perforation rate after ESD at a tertiary referral cen-
tre.25 This study clearly demonstrates a difference 
in expertise in some Western referral centres com-
pared to Japanese and Korean expert centres. This 
is mostly due to a much lower incidence of EGCs 
in the Western world, resulting in an insufficient 
exposure to this type of pathology and resection 
techniques. Recently, a panel of European experts 
has attempted to set standards for quality criteria 
for ESD in European countries.26 Perforations can 
lead to pneumoperitoneum and in severe cases to 
generalised peritonitis. Usually, perforations are 
recognised immediately during the procedure and 
endoscopic management is possible and frequently 
adequate.27 Closure with clips is a safe treatment 
option together with nasogastric drainage and fast-
ing.28 Recently, in a small case series the use of 
the over-the-scope clip (OTSC) was described for 
closure of perforations in a clinical setting.29 The 
OTSC device is a promising novel technique with a 
reported closure success rate of 92%.

Strictures after EMR and ESD occur mainly in the 
more narrow parts of the gastrointestinal tract such 
as the oesophagus, gastric cardia and pyloric region. 
Stricture formation is more frequent with circum-
ferential resections or large size perimeters and is 
induced through ulcer scar healing. These strictures 
are often relatively easy to treat with balloon dila-
tion, with the exception of strictures after circum-
ferential ESD, which can prove quite difficult to 
treat because of severe scar fibrosis.

Surgical resection
As described in Chapter 7, the type of gastrec-
tomy and extent of lymphadenectomy for EGC 
depend on the location of the tumour. In general, 
a total gastrectomy is performed for tumours in 
the middle and upper third of the stomach and a 
distal gastrectomy for tumours in the distal third. 

 In expert hands, perforations occur during 
EMR and ESD in about 0.2% and 1–4% of cases, 
respectively. Immediate endoscopic closure with 
clips is a safe treatment option in combination with 
nasogastric drainage and oral fasting.28

 In the endoscopic treatment for early gastric 
cancer conventional EMR has been proven to be 
inferior to ESD, especially when it comes to lesions 
larger than 20 mm or with ulceration. Piecemeal 
resection of these lesions leads to lower rates of 
complete resection and higher local recurrence rates 
up to 26%, even when histopathology of piecemeal 
fragments suggested complete resection. Even en 
bloc EMRs of lesions smaller than 20 mm resulted 
in no more than a 45% margin-free resection 
rate, where ESD was clearly superior with an 87% 
margin-free resection rate.14 Lesions up to 10 mm 
can be removed either by EMR or ESD, with a 
comparable recurrence-free rate.22
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Unfortunately, these extensive resections are as-
sociated with substantial postoperative short- and 
long-term complications and impaired quality of 
life. The low recurrence rates and high 5-year sur-
vival rates of EGC have led to the development 
of less extensive resections with a potentially im-
proved postoperative quality of life and a compa-
rable excellent long-term survival. In Japan and 
Korea proximal gastrectomy for EGC in the up-
per third of the stomach and pylorus-preserving 
gastrectomy (PPG) for EGC in the middle por-
tion of the stomach are well-accepted procedures. 
Segmental or local gastric resections with or with-
out lymphadenectomy have been described for 
gastric tumours, but still have to be considered 
experimental.

Proximal gastrectomy

Total gastrectomy with D1 or D2 lymphadenec-
tomy is still the standard treatment for tumours 
in the upper third of the stomach. This type of 
resection is associated with the postgastrectomy 
syndrome, including dumping, epigastric pain, 
diarrhoea, hypoglycaemia, malnutrition and 
anaemia. As nodal metastases in the distal gastric 
lymph nodes (stations 5 and 6) are rare in EGC 
of the proximal stomach, less extensive resec-
tions have been proposed. Proximal gastrectomy 
(Fig. 8.3a) was developed as an alternative to to-
tal gastrectomy in order to reduce the long-term 
postoperative problems without compromising the 
oncological outcome. In proximal gastrectomy the 
proximal half of the stomach is resected, includ-
ing a D1 or D1+ lymphadenectomy.30 Several tech-
niques for surgical reconstruction after proximal 
gastrectomy have been described, including re-
construction by jejunal interposition and a gastric 
tube (Fig. 8.3b,c), but the optimal method remains 
controversial.

As could be expected due to the relatively high in-
cidence of EGC in the East, most studies on proxi-
mal gastrectomy are from Japan and Korea,31–35 
while data from Western countries are scarce.36 
Several studies have shown that proximal gas-
trectomy for upper EGC is a safe procedure with 
comparable 5-year survival rates.31–34,36 However, 
conflicting data have been reported on the long-
term complications and quality of life. Some studies 
showed an improved clinical outcome after proxi-
mal gastrectomy with oesophagogastrostomy or je-
junal interposition, while others report a markedly 
higher complication rate including anastomotic 
stenosis and reflux oesophagitis.32–35 Therefore, fur-
ther evaluation on this type of gastric resection for 
proximal EGC is needed. As yet, randomised data 
are not available.

Pylorus-preserving gastrectomy

PPG is a function-preserving procedure initially de-
scribed for the treatment of peptic ulcer disease37 
(Fig. 8.4). For patients with EGC, favourable func-
tional results have been reported with PPG compared 
to conventional distal gastrectomy. PPG is feasible 
for early tumours in the middle third of the stomach 
with the distal border at least 4 cm proximal to the 
pylorus. In PPG a distal gastrectomy is performed 
with preservation of the pylorus and both the right 

a

b

c

5cm

5cm

Figure 8.3  • Proximal gastrectomy (a), with 
reconstruction by jejunal interposition (b) or gastric tube (c).
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gastric artery and the pyloric branch of the vagal 
nerve, followed by a stomach-to-stomach anasto-
mosis.38 As a result, it is assumed that the pyloric 
function remains intact, preventing gastrointestinal 
symptoms such as dumping syndrome, epigastric 
fullness, reflux oesophagitis, bile regurgitation and 
cholelithiasis.39 In contrast to conventional distal 
or total gastrectomy, the suprapyloric (second-tier) 
lymph nodes are not resected in PPG. In EGC this is 
probably justified as 80–90% of EGCs are negative 
for lymph node metastases and the vast majority 
of positive lymph nodes are located in the first-tier 
lymph nodes only. Retrospective data of a Japanese 
database of 3646 T1 tumours located in the middle 
third of the stomach showed only 0.2% metasta-
ses to the pyloric lymph nodes.40 High 5-year sur-
vival rates up to 98% are reported after PPG with 
modified D2 lymph node dissection in patients 
with clinically diagnosed mucosal or submucosal 

 gastric cancer (cT1) without lymph node metastases 
(cN0).41 Similar to studies on proximal gastrectomy, 
most data on PPG are derived from studies done in 
Japan and Korea. In Western countries PPG is still 
considered investigational.

Local (or wedge) segmental 
resection

Local or wedge resection involves removal of only 
the tumour including the nearby lymph nodes and 
primary closure of the stomach (Fig. 8.5). In a seg-
mental resection a limited segment between the 
lesser and the greater curvature of the stomach is 
resected including the nearby lymph nodes and a 
formal gastro-gastrostomy is performed (Fig. 8.6). 
Local and segmental gastric resections for (early) 
gastric cancer have the obvious potential advan-
tage of a better functional postoperative outcome, 
because digestive and reservoir functions of the 
stomach are mostly preserved. Several small studies 
show superior results on nutritional status and the 
occurrence of dumping and reflux oesophagitis after 
local or segmental resection, compared to a total 
or distal gastrectomy.42–45 These procedures can be 
safely performed in EGC with favourable features 
that cannot be resected by EMR or ESD for tech-
nical reasons. As mentioned before, the likelihood 
of lymph node metastases in these patients is very 
low and local or segmental resection with a limited 
lymphadenectomy seems justified.

For EGC with unfavourable features local or seg-
mental resection with only limited lymphadenec-
tomy is still investigational. In these patients the risk 
of lymph node metastases and local recurrence is rel-
atively high and no clear evidence exists that similar 
recurrence and survival rates can be achieved com-
pared to standard gastric resections. Intraoperative 
investigation of lymph nodes for tumour metastases 
by sentinel lymph node biopsy (SLNB) may lead to 

a

b

Vagal nerve

Right gastro-omental artery

Right gastric
artery

Pancreatoduodenal
artery

3cm pyloric cu�

Figure 8.4  • Pylorus-preserving gastrectomy.

Figure 8.5  • Local or wedge gastric resection.
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a better selection of patients eligible for a local or 
segmental resection, as will be discussed later.

Minimally invasive surgery

Over the past decade there has been a notable trend 
towards laparoscopic or laparoscopically assisted sur-
gery for EGC, especially in Japan and Korea. The role 
of laparoscopy in gastric cancer is less clear in Western 

countries. Minimally invasive surgery has the obvious 
advantage of less postoperative pain for the patient, a 
faster recovery and better cosmetic results. In laparo-
scopic gastric cancer surgery the discussion has been 
mainly focused on whether the oncological outcome is 
comparable to open surgery.

Several large Japanese and Korean randomised 
controlled trials (RCTs) on laparoscopic versus 
open surgery have been conducted.

Some smaller studies from Europe and the USA 
showed similar results.49,50 Thus, laparoscopic gas-
tric resection for EGC is a technically safe  procedure 
and seems to be justified for selected patients. 
However, results from RCTs will have to prove the 
oncological safety of laparoscopic gastrectomy.

Recently, natural orifice transluminal endoscopic 
surgery (NOTES) has been proposed as a new tech-
nique for the treatment of EGC. One study has re-
ported the feasibility of a combined NOTES and 
laparoscopic resection of EGC in 14 patients.51 
Further studies have to define whether there is a role 
for NOTES in the treatment of EGC.

Lymphadenectomy

In gastric cancer, lymph node status is one of the 
crucial prognostic factors,52 and the type of resec-
tion and the extent of lymphadenectomy are largely 
based on the likelihood of lymph node metastases 
to first- and second-tier lymph nodes. However, in 
parallel with many other tumours it is still debat-
able whether (extended) lymphadenectomy in gas-
tric cancer really leads to improved survival.53

As mentioned at the beginning of this chapter, 
mucosal and submucosal tumours with favourable 
features (Table 8.2)8 can be safely treated by EMR 
or ESD. This is based on the fact that these tumours 
have a very low risk of lymphatic dissemination. 
EGCs with unfavourable tumour characteristics har-
bour a high risk of lymph node metastases and are 
not amenable for endoscopic treatment. For these 
patients a gastric resection with lymphadenectomy is 
indicated. As discussed in Chapter 7, the extent of 

a
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c

Figure 8.6  • Segmental gastric resection.

 A meta-analysis of six RCTs that included a 
total of 629 patients with EGC reported decreased 
blood loss, less postoperative early morbidity and 
a decreased but adequate number of harvested 
lymph nodes in laparoscopic surgery. Mortality and 
time to oral intake were similar.46 A retrospective 
multicentre study47 including 1294 patients with 
EGC and a single-centre retrospective study48 
with 601 patients with EGC showed similar short-
term morbidity and mortality compared to open 
gastrectomy. Also, 5-year disease-free and overall 
survival rates were comparable to open surgery.
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lymph node dissection in gastric cancer remains con-
troversial. The discussion is mainly focused on the 
adequacy of a limited D1 lymphadenectomy versus 
the necessity of extended D2 or even D3 lymphad-
enectomy. In general, surgeons in Western countries 
tend to perform a more limited lymphadenectomy 
(D1), while surgeons in Japan and Korea perform 
a more extended lymphadenectomy (D2). The ra-
tionale for extended lymphadenectomy is improved 
staging, enhanced locoregional control and improved 
survival. The clearance of possible metastatic nodes 
in the region outside the perigastric nodes is pre-
sumed to have an impact on overall survival rates.

In Taiwan an RCT was performed comparing D1 
with D3 lymphadenectomy; in the extended arm 
a level 3 lymph node dissection (hepatoduodenal 
ligament, retropancreatic region and superior mes-
enteric vein lymph nodes) and an optional hemi-
pancreatosplenectomy were performed. This trial 
demonstrated an overall survival benefit in favour 
of a D3 lymphadenectomy, with 5-year overall sur-
vival rates of 59.5% versus 53.6%.57 These data 
suggest that extended (D2) lymphadenectomy can 
result in survival benefit for patients with advanced 
gastric cancer.

The optimal extent of lymph node dissection for 
EGC remains controversial. The incidence of lymph 
node metastases for mucosal EGC is only 2–4%, but 
increases to up to 45% in mucosal tumours with un-
favourable features such as depressed or ulcerated 
lesions, tumours larger than 30 mm in size, tumours 
with undifferentiated histological type or with lym-
phovascular involvement.7,58 Most patients with mu-
cosal EGC are safely treated by EMR or ESD without 
lymphadenectomy (Table 8.2). In submucosal EGC 
lymph node metastases are found in approximately 
20%, with a wide range from 10% to 64%.59–61 In 
addition, approximately 5% of lymph node metasta-
ses from submucosal EGC are located in second-tier 
lymph nodes (mainly node stations 7, 8a and 9).62,63 
Because of the relatively high risk of lymph node me-
tastases in submucosal EGC and mucosal EGC with 
unfavourable features, a lymphadenectomy is gener-
ally performed in these patients. However, there is 

no consensus on the required extent of the lymphad-
enectomy. The Japanese Gastric Cancer Association 
(JGCA) recommends D2 lymphadenectomy for pa-
tients with EGC clinically positive node(s) (cN+),30 
but this guideline lacks clear evidence.

For patients without suspicion of positive lymph 
nodes (cN0), currently no evidence exists that 
D2 dissection can improve survival rates in EGC. 
Considering the fact that in EGC the rate of lymph 
node metastases is relatively low and, when posi-
tive, generally confined to the first-tier lymph nodes, 
D2 resection can probably be omitted in EGC. 
Therefore, in Europe and the USA D1 resection is ad-
vocated for these patients, and also the JGCA recom-
mends a D1 resection for all EGCs that are clinically 
node negative and do not meet the criteria for EMR 
or ESD. In Japan and Korea an additional so-called 
D1+ lymphadenectomy is advocated for submucosal 
EGC with unfavourable features (poorly differenti-
ated, size >1.5 cm) based on the 5% risk of second-
tier lymph nodes.30 D1+ lymphadenectomy includes 
a D1 lymphadenectomy plus a selective dissection of 
second-tier lymph nodes dependent on the location of 
the tumour (nodes 8a, 9 and 11p in total or proximal 
gastrectomy; 8a and 9 in distal or pylorus-preserving 
gastrectomy). However, no randomised controlled 
studies have been conducted that prove the useful-
ness of these selective additional lymphadenectomies.

Sentinel node biopsy

In breast cancer and melanoma surgery, sentinel 
lymph node biopsy (SLNB) has proved to be a valu-
able tool in lymph node mapping, with a sensitivity 
of more than 95%. When SLNB is negative in these 
tumours, lymphadenectomy can safely be omitted.

Obviously, gastric cancer patients with suspicious 
or proven lymph node metastases are not eligible 
for SLNB and a routine D2 lymphadenectomy is 
deployed. Also, in patients with advanced tumours 
(T3 and more) SLNB seems inappropriate. These 
patients already have a high probability of hav-
ing first- or second-tier lymph node metastases. 
Moreover, in advanced tumours original lymphatic 
drainage routes might be obstructed or altered, re-
sulting in a lower accuracy of the SLNB.

In EGC the incidence of lymph node metastasis is 
relatively low, i.e. approximately 3% for mucosal 
and 20% for submucosal tumours. Consequently, 
when D1 or D2 lymphadenectomy is performed for 
these tumours as part of standard surgical treat-
ment, in the majority of patients no lymph node 
metastases are found. In these patients probably a 
less extensive resection without lymphadenectomy 
would probably have resulted in the same excellent 
disease-free survival rates, but without the inherent 
surgical morbidity and mortality.

 However, two large randomised trials from 
the Netherlands and the UK comparing D1 and D2 
dissection have not demonstrated that an improved 
overall survival or decreased relapse rate can be 
obtained by D2 dissection, while morbidity and 
mortality are increased.54–56 A meta-analysis of the 
two randomised trials did show a possible survival 
benefit for serosa positive tumours (T3+)54,55 and 
10-year survival results from the Dutch Gastric 
Cancer Trial showed only a trend towards survival 
benefit in a subgroup of patients with N2 disease.56
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Therefore, SLNB in EGC has been a focus for 
research in the past 10 years. Many different tech-
niques and protocols have been employed. In most 
study protocols a double tracer method is preferred 
using a radioactive colloid, e.g. technetium-99 m, in 
combination with a dye agent such as isosulfan blue, 
patent blue violet or indocyanine green. The day  
before surgery the radioactive colloid is injected en-
doscopically in four quadrants into the submucosal 
layer at or in the vicinity of the primary lesion. The 
dye is injected intraoperatively in the same manner. 
By this means the sentinel node can be located by 
both a gamma probe for detection of a radioac-
tive sentinel node and by visualisation of a blue or 
green coloured sentinel node.64 Most studies show 
increased rates of successful identification of senti-
nel lymph nodes by combining both techniques.65,66

Various studies have shown the technical feasibility 
of SLNB in EGC. However, the accuracy of SLNB 
in gastric cancer remains to be determined. The 
difficulty of the SLNB technique in gastric  cancer 
is that, unlike the single-course lymphatic flow in 
breast cancer, the lymphatic flow of the stomach is 

multidirectional, which can result in multiple senti-
nel lymph nodes located in different first-tier lymph 
node stations (greater and lesser curvature), but also 
in second-tier stations.67,68

However, although it has been suggested that SLNB 
in gastric cancer is a useful tool for individualising 
the extent of lymphadenectomy in patients,70 these 
figures are currently too low to justify the introduc-
tion of SLNB as a standard procedure in EGC.

 A meta-analysis69 of 38 studies with 2128 
patients with T1, T2 or T3 gastric cancer showed 
an identification rate of 93.7%, a sensitivity of 
76.9%, a false-negative rate of 23.1% and a 
negative predictive value of 90.3%. These rates are 
very disappointing compared to SLNB in breast 
cancer and melanoma. It seems that identification 
rate, sensitivity and negative predictive value are 
decreased with an increase in T stage. For EGC a 
higher identification rate of 95.6% and an improved 
sensitivity of 81.6% have been reported.69

Key points
• EGC is classified by the endoscopic appearance according to the Paris classification.
• This classification helps to predict the depth of infiltration into the submucosal layer and thus the 

choice between endoscopic or surgical treatment.
• Differentiated EGCs less than 30 mm in size and undifferentiated lesions without ulceration and less 

than 20 mm in size have a negligible chance of lymph node metastases.
• Endoscopic assessment of depth of infiltration in EGC has similar accuracy compared to 

endosonography.
• Submucosal dissection allows for an en bloc removal of EGC, full histopathological staging and 

also minimises the chance of local recurrence.
• Piecemeal resection of EGC is associated with relatively low rates of complete resection as 

compared to ESD, and local recurrence rates up to 26%.
• The most common complications of ESD/EMR are bleeding, perforations and post-treatment strictures.
• Perforation rates during ESD range from 1–4% in expert hands up to 20% with less expertise.
• Proximal gastrectomy for tumours in the upper third of the stomach is a safe procedure, with 

survival rates comparable to conventional total gastrectomy.
• Pylorus-preserving gastrectomy is feasible for early tumours in the middle third of the stomach 

with the distal border at least 3 cm proximal to the pylorus, with survival rates comparable to 
conventional distal gastrectomy.

• For EGC with unfavourable features (and therefore not eligible for endoscopic resection) local or 
segmental resection with only limited lymphadenectomy has to be considered investigational.

• Laparoscopic gastric resection for EGC is a technically safe procedure. Although randomised data 
are lacking, several non-randomised studies have shown that laparoscopic gastric resection may 
be oncologically justified.

• For EGC without clinical suspicion of positive lymph nodes (cN0), currently no evidence exists that 
D2 dissection can improve survival rates.

• The role of sentinel node biopsy in gastric cancer still has to be considered investigational.
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Radiotherapy and chemotherapy in treatment 
of oesophageal and gastric cancer

Introduction
The treatment of oesophagogastric cancer has be-
come more complex, with evidence of the benefits 
of multimodality therapy. The limitations of surgery 
alone in producing acceptable long-term survival 
rates have driven the changing patterns of man-
agement of both oesophageal and gastric cancer. 
Improvements in staging, imaging and pathology 
have demonstrated that the majority of patients 
present with either locally advanced or metastatic 
disease. High local recurrence rates and early fail-
ure with metastatic disease are easier to understand 
in past series of patients who would have been ac-
cepted as operable and treated as potentially cur-
able. In addition, the changing pattern of disease, 
with rapidly increasing rates of adenocarcinoma of 
the distal oesophagus and oesophagogastric junc-
tion but reducing numbers of cancers of the body 
and antrum of the stomach, challenges the interpre-
tation of historical trials and may necessitate a dif-
ferent approach to treatment.

Oncology is moving steadily towards a more per-
sonalised therapeutic approach. The factors that may 
determine treatment choice can be broadly divided 
into factors relating to the patient and those to their 
disease. The former may include age, performance 
status, comorbidities/physiological fitness and their 
preference for one treatment modality over another. 
Disease factors may include macroscopic features 
such as the location of disease in the oesophagus and 
stomach and local invasions of mediastinal struc-
tures, and microscopic features such as histologi-
cal type and biological characteristics. Again, more  

research is required to determine biomarkers that 
may predict response to specific therapies.

The identification of improved activity when che-
motherapy and radiotherapy are given synchro-
nously has already led to chemoradiotherapy (CRT) 
becoming the primary organ-preserving approach 
in anal, cervix and certain head and neck cancers, 
with surgery being reserved for salvage.1,2 There is 
now good evidence that primary CRT has a role in 
oesophageal cancer treatment.

With mounting evidence of the benefit of a multi-
disciplinary approach to care and assessment, it is 
important for surgeons and oncologists to under-
stand more of the strengths and weaknesses of their 
own and each other's treatments. This will neces-
sitate a greater effort to improve and standardise 
information disclosure regarding different thera-
peutic approaches. Only then can treatment be 
truly integrated and improved outcomes achieved 
with minimal morbidity.

Both oesophageal and gastric cancers have high  
response rates to chemotherapy, although they are dis-
appointingly short. There is a clearly established role 
for chemotherapy in palliative treatment of advanced 
and metastatic disease. It has taken longer to confirm 
and define the role for its use in the neoadjuvant or 
adjuvant setting. In the relatively unusual finding of 
early disease, single modality disease may produce 
excellent results and certainly does not justify the 
additional toxicities that accompany multimodality 
disease. However, in the vast majority of diagnoses 
suitable for a potentially curative approach, combi-
nations of chemotherapy, radiotherapy and surgery 
have led to improved outcomes, although the exact 



www.ketabpezeshki.com          66485457-66963820

Radiotherapy and chemotherapy in oesophageal and gastric cancer

161

role and timing of these modalities is the subject of 
ongoing research.

The definition of adjuvant treatment and poten-
tially curative therapy is worth stressing. Adjuvant 
therapy usually means additional treatment given 
after potentially curative therapy, in an attempt 
to improve the long-term outcome. Neoadjuvant 
therapy is the use of a treatment prior to planned 
definitive therapy such as surgery or radiotherapy. 
The role of chemotherapy and radiotherapy should 
be seen in the context of how they combine with 
surgery to alter patterns of relapse and improve sur-
vival or provide a viable alternative to surgery. In 
this context, surgery can really only be described as 
potentially curative if the tumour is resected with no 
residual macroscopic disease and clear histological 
margins (R0), in the absence of metastatic disease.

The following sections are intended to allow the 
role of chemotherapy and radiotherapy to be put 
into context, and the strength of evidence assessed. 
The sections on potentially curative approaches are 
more detailed. This is the area in which most treat-
ment will be integrated with surgery in current or 
future approaches.

Oesophageal cancer

Potentially curative treatment

The following sections will review the numerous pos-
sible combinations and trials of combined modality 
therapy. As well as the use of specific treatment mo-
dalities, the timing of such treatment has been exten-
sively studied. Some general principles regarding the 
timing of adjuvant therapies are outlined.

Theoretical and generic issues of preoperative ver-
sus postoperative therapy treatment include:
Advantages

•	 a	more	easily	defined	target	volume;
•	 improved	tumour	oxygenation	at	the	time	of	
treatment;

•	 the	potential	to	improve	resectability	and	reduce	
the	impact	of	tumour	cell	spillage	at	surgery;

•	 improved	chance	of	an	R0	resection	and	thereby	
the	reduction	of	local	recurrence;

•	 improved	chance	of	treating	micrometastatic	
disease;

•	 patient	likely	to	be	better	able	to	tolerate	
adjuvant therapy prior to major surgery than 
following	it;

•	 may	improve	swallowing	and	therefore	
nutrition	prior	to	surgery;

•	 spare	those	patients	that	progress	early	with	
metastatic disease major surgery.

Disadvantages

•	 the	overtreatment	of	some	patients	that	will	not	
benefit from non-targeted therapy as opposed 
to targeting patients with factors that may 
determine the likely risk and site of residual 
disease;

•	 may	make	patient	less	well	physiologically	prior	
to major surgery, increasing risk of perioperative 
morbidity	and	mortality;

•	 may	allow	disease	progression	prior	to	definitive	
treatment.

Preoperative radiotherapy alone
This approach has been shown to be of value in 
rectal cancer.3 There have been six randomised tri-
als of preoperative radiotherapy. Three trials were 
restricted to squamous carcinoma. One of these, 
by Gignoux et al., reported an improvement in lo-
cal/regional recurrence (46% vs. 67%).4 Nygaard 
et al. report improved survival, but this series is 
complicated by the inclusion of some patients also 
receiving chemotherapy.5 One trial included both 
squamous and adenocarcinoma,6 and two do not 
specify the histology. Overall it is difficult to draw 
firm conclusions from these trials.

Postoperative radiotherapy
Postoperative radiotherapy can be challenging in 
terms of tolerance for the refashioned gastric con-
duit, avoiding the critical normal tissues such as the 
spinal cord with a posteriorly placed anastomosis 
and where the anastomosis is situated some dis-
tance proximal to the surgical bed, if both require 
treatment.

There are four randomised trials in the litera-
ture. The numbers are small (totalling 843 adju-
vant patients), and three out of the four include 
only squamous carcinoma. Teniere et al.8 showed 
no survival advantage in 221 patients. There was 
a small improvement in the failure rate but at the 
cost of significant side-effects. The benefit appears 
to be limited to node-negative patients. Fok et al.9 
included both adenocarcinoma and squamous car-
cinoma. Whilst both curative and palliative resec-
tions were included, the patients were separately 

 A meta-analysis of updated individual 
patient data from 1147 patients in randomised trials 
reported a hazard ratio of 0.89 (95% confidence 
interval (CI) 0.78–1.01) with an absolute survival 
benefit of 4% at 5 years.7 This result did not reach 
conventional statistical significance. The benefit 
therefore seems likely to be small, if present, and 
with little evidence of improved resectability.



www.ketabpezeshki.com          66485457-66963820

Chapter 9

162

analysed and received different radiotherapy doses. 
The results show a significant morbidity (37%) and 
mortality related to bleeding from the transposed 
intrathoracic stomach. It should be noted that the 
dose per fraction of the radiotherapy was high 
(3.5 Gy), which may be significant. There was a 
lower intrathoracic recurrence rate, particularly re-
lating to tracheobronchial disease.

A larger randomised study from China included 
495 well-staged patients with squamous carcinoma 
randomised to receive either surgery alone (S) or sur-
gery and postoperative radiotherapy (S + R).10 Whilst 
there are significant concerns about the ethics (the 
patients were not aware they were in a trial and so 
did not give appropriate consent), the study was still 
published because of its significant results. The sur-
gery appears to be of a high standard and included 
a radical lymph node dissection. The radiotherapy 
was wide field and included the bilateral supracla-
vicular fossae (SCF), mediastinum and anastomo-
sis to an initial dose of 40 Gy. A further 10 Gy was 
given to the SCF and 20 Gy to the mediastinum by 
a different technique, allowing a maximum dose to 
the transposed stomach of 50 Gy. There was a rela-
tively high proportion of earlier stage IIA disease 
in the study compared with a UK population. The 
analysis showed a highly significant difference in 1-, 
3- and 5-year survival in stage III disease between 
the S and S + R arms (67.5%, 23.3%, 13.1% vs. 
75.5%, 43.2%, 35.1%, respectively). The pattern 
of relapse was different between the two arms, with 
significantly fewer recurrences in the neck, SCF and 
mediastinum. Unlike other studies, toxicity to the 
transposed stomach was minimal.

The role of postoperative radiotherapy-based treat-
ment in the case of a histological R1 resection is 
even less clear. There have been no randomised trials 
addressing	 this	group	of	patients;	 indeed,	 the	qual-
ity of reporting of circumferential resection margin 
(CRM) involvement by microscopic disease, which is 
influenced by postoperative surgical dissection of the 
operative specimen, is variable. In the absence of ran-
domised evidence, the knowledge that radiotherapy 
has a proven role in oesophageal cancer probably jus-
tifies considering patients with longitudinal resection 
margin involvement for postoperative radiotherapy 
on an individual patient basis. When undertaken, 
there is some evidence that one should attempt to en-
compass both the anastamosis and the tumour bed 
but in the case of a high anastomosis for a lower oe-
sophageal cancer, which is difficult to see radiologi-
cally, this can be challenging and requires specialised 
multidisciplinary input. The role for radiotherapy 
treatment in the case of CRM involvement is unclear, 
but it would seem sensible to target those patients 
where the risk of systemic disease relapse is lower, i.e. 
those with a lower ratio of involved lymph nodes.11

Preoperative chemotherapy
Preoperative chemotherapy in both squamous and 
adenocarcinoma appears to achieve consistently 
good clinical response rates, ranging from 47% to 
61%.12,13 Early studies, predominantly in squamous 
carcinoma, used combinations of cisplatin, vinde-
sine and bleomycin. More recently, cisplatin and 
5-fluorouracil (5-FU) combinations have been used 
in important randomised trials. New 5-hydroxy-
tryptamine-3 (5-HT3) antagonist antiemetic drugs 
have allowed cisplatin to be used with dramatically 
reduced toxicity. Protracted venous infusion (PVI) of 
5-FU, and more recently capecitabine, an oral 5-FU 
prodrug, in combination with cisplatin and epiru-
bicin (the ECF regimen) has produced increased re-
sponse rates in non-randomised studies. These more 
modern cisplatin–5-FU combinations seem to be 
active in both squamous14 and adenocarcinoma,13 
although the benefit of anthracycline therapy, i.e. 
epirubicin, in squamous cell carcinoma is less cer-
tain and is therefore often omitted.

Randomised trials of preoperative 
chemotherapy
The American Intergroup Trial (INT 0113) pro-
duced data on 440 randomised patients with a me-
dian follow-up of 46.5 months.15 Adenocarcinoma 
(54%) was the predominant histology. The chemo-
therapy given was three preoperative courses (cis-
platin and 5 days of infusional 5-FU) and in stable 
or responding patients two postoperative courses. 
Overall, 83% of patients received the intended two 
preoperative cycles of chemotherapy. However, only 
32% of patients received both postoperative chemo-
therapy cycles. There was no difference in treatment-
related mortality between the two arms (6% surgery 
(S)	vs.	7%	chemotherapy	(C)	+	surgery	(S);	P = 0.33). 
On an intent-to-treat basis there was no difference in 

 There is thus reasonable evidence that 
postoperative radiotherapy may be offered to 
pathological stage III squamous carcinoma of 
the oesophagus. To translate the results into 
UK practice, where many patients will have had 
preoperative chemotherapy, would require a step 
away from a pure evidence base, but is perhaps 
justifiable given the effect on relapse patterns. 
For adenocarcinoma the justification is less clear 
outside the context of a clinical trial. Use for 
patients with an R1, resection should be given 
within the context of specialised multidisciplinary 
team care with adequate expertise in radiology, 
pathology, surgery and oncology, taking into 
account risk of local failure, i.e. longitudinal or CRM 
involved margins, involved lymph node burden and 
postoperative patient fitness.
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 median survival (16.1 months C + S vs. 14.9 months 
S), and 1-, 2- and 3-year (23% C + S vs. 26% S) sur-
vivals. Disappointingly, there was no difference in 
the pattern of metastatic disease between the two 
arms. However, there was a significantly higher rate 
of R1 resections in the surgery-alone arm.

The Medical Research Council (MRC) OEO2 
study is the largest and arguably the most influen-
tial trial in this area.16 A total of 802 patients were 
randomised to receive two courses of cisplatin and 
a 4-day infusion of 5-FU followed by surgery (CS) 
after 3–5 weeks or immediate surgery alone (S) and 
showed a significant survival advantage for patients 
receiving preoperative chemotherapy.

The majority of patients (66%) had adenocarci-
noma histology. The two arms appear balanced and 
criticisms of the staging, which was relatively poor 
by modern standards and could have been as little 
as a chest radiograph and an abdominal ultrasound, 
are largely mitigated by the size of the study. The 
majority of patients in the CS arm received both of 
the cycles of chemotherapy (90%), with another 6% 
having just one cycle. The overall operation rate was 
similar in both arms but there was a significant differ-
ence in the microscopic complete resection rate (60% 
CS	vs.	53%	S;	P < 0.0001). There was good evidence 
for a downstaging effect in terms of size of primary 
and extent of nodal involvement. The postoperative 
mortality was equivalent in both arms at 10%.

The overall survival rate was significantly im-
proved with preoperative chemotherapy (P	=	0.004;	
hazard ratio 0.79, CI 0.67–0.93), with an estimated 
reduction in risk of death of 21% and 2-year sur-
vival figures of 43% CS vs. 34% S. There was no 
evidence that the effect of chemotherapy varied 
with histology. Long-term follow-up with a median 
follow-up of 6 years has confirmed these results, 
with 5-year survivals of 23% CS vs. 17% S.17

The differing results between the two US and 
European trials are difficult to explain. Concerns 
about a low operation rate of 80% in the chemo-
therapy arm of the Intergroup Trial may reflect 
the more ambitious and prolonged chemotherapy 
regimen, leading to more toxicity. In the MRC trial 
there was no real difference in the rate of death 
from cancer and one could hypothesise that the im-
portant determinant of survival is the achievement 
of a potentially curative R0 resection, enhanced by 
the local downstaging effect of chemotherapy (it 
must remembered this trial was performed in the 
era prior to improved staging with endoscopic ul-
trasound (EUS) and computed tomography (CT)/
positron emission tomography (PET) scans). Any 
factor that precludes such a resection, resulting 
from chemotherapy, such as excess toxicity or delay 
in surgery in non-responding patients, might coun-
ter any gains in the responding patients.

The recently completed MRC/NCRI trial in the UK 
(OEO5) compared OEO2 chemotherapy with four 
cycles of ECX (epirubicin–cisplatin–capecitabine) 
in adenocarcinoma alone. The high completion rate 
and positive results of preoperative chemotherapy 
in the MRC MAGIC (ST02) study19 for gastric and 
gastro-oesophageal cancer pointed to the strategy of 
using a modified ECF regimen, which is accepted in 
the UK as the best standard of care for advanced 
gastro-oesophageal cancer, and using it in a neoad-
juvant setting to try and improve on the results of 
OEO2. The results of the REAL2 study,20 a phase 
III trial of palliative chemotherapy, showed that the 
oral fluoropyrimidine (capecitabine) could be sub-
stituted for infusional 5-FU with safety and at least 
equivalent efficacy. The advantage of easier chemo-
therapy delivery without the use of Hickman lines 
and their associated morbidity is a step forward. 
This study is also important in that it places an em-
phasis on high-quality assurance of staging, surgery, 
chemotherapy and pathology. There is little doubt 
that at least one of the reasons for differing results 
in trials in the whole area of gastro-oesophageal 
cancer has been a wide variation in the quality of 
staging modalities and surgery, as well as the hetero-
geneity in the regimens tested and trial design. The 
MRC OEO5 trial attempted to set high standards 
that should translate into improved patient selec-
tion and outcomes, even within the control arm.

Postoperative chemotherapy
There are few useful trials that address the question 
of adjuvant postoperative chemotherapy. The trials 
reported by Roth et al.21 and Kelsen et al.15 both 
have an adjuvant component, coupled with pre-
operative treatment. The fact that only 32% com-
pleted the postoperative phase in the Intergroup 
study underlines a problem with this approach.15 
Patients undergoing major resections for oesopha-
geal carcinoma often have a prolonged postop-
erative phase. The start of chemotherapy may be 
delayed due to performance status. Patients may 
also choose not to continue. A strategy that re-
lies solely on postoperative treatment may have 

 An updated Cochrane review of 11 
randomised trials involving 2051 patients concludes 
that there was a 21% increase in survival at 
3 years with preoperative chemotherapy, but 
that statistical significance was not reached until 
5 years.18 Increased toxicity and mortality due to 
chemotherapy were evident and the pathological 
complete response (pCR) rate was a disappointing 
3%. Preoperative chemotherapy has been 
adopted as a standard of care in the UK, although 
chemoradiation is more widely used in the USA.
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significant problems. Improved patient selection 
and postoperative supportive care may allow this 
approach to be practical. The MAGIC gastric 
cancer trial latterly included tumours of the gastro-
oesophageal junction and lower oesophagus and 
intended three postoperative courses of ECF as 
well as three given preoperatively in the protocol. 
Again, only 40% completed the postoperative che-
motherapy. The trial has shown an improvement 
in overall survival, as described in the section on 
gastric cancer,19 which lends further support for the 
concept of neoadjuvant chemotherapy for cancers 
of the oesophagus or gastro-oesophageal junction.

Preoperative chemoradiotherapy
The rationale in using chemotherapy and radiother-
apy together is that enhanced tumour cell kill might 
lead to improved outcomes. Chemotherapy can 
lead to a decreased ability of tumour cells to repair 
radiation-induced DNA damage. Many of the com-
monly used chemotherapy drugs with significant 
activity in oesophageal and gastric cancer appear to 
be radiation sensitisers (5-FU, cisplatin, mitomycin 
C and taxanes). There is good evidence that pCR 
rates are significantly higher with CRT than with 
radiotherapy or chemotherapy given alone. There 
is the significant attraction of achieving enhanced 
local therapy coupled with a systemic benefit as 
sought with preoperative chemotherapy alone. 
When added to surgery, it is not clear that pCR is 
necessarily the only useful end-point. Preoperative 
CRT has the added advantage in providing direct 
evidence to guide the process of developing and 
optimising combination chemotherapy and radio-
therapy schedules for use as definitive treatments.

Both radiotherapy and chemotherapy rely on 
achieving an acceptable balance between increased 
response rates in the tumour on one hand and nor-
mal tissue morbidity coupled with patient tolerance 
on the other. Whilst many of the side-effects of che-
motherapy are relatively early in presentation, for 
example hair loss, emesis and myelosuppression, 
radiotherapy side-effects can present late, from 
6 months to years out from treatment. If radical 
surgery is added in combined modality therapy then 
the potential for high levels of morbidity becomes 
significant.

Non-randomised studies of CRT have appeared in 
the literature since the late 1980s. The review article 
by Geh et al.22 summarises 46 trials containing 20 
patients or more. Overall, pooled data from these 
studies show that, of 2704 patients (squamous 68% 
and adenocarcinoma 32%), 79% were operated on 
with a pCR rate of 24% of those treated and 32% 
of those resected. As experience with this modality 
of treatment has grown, lessons have been learned. 
Attempts to escalate the dose of radiotherapy can 

lead to unacceptable rates of morbidity, especially 
if higher doses per fraction are used.23,24 Reported 
CRT-related deaths in the non-randomised series 
ranged from 0% to 15% (mean 3%). Postoperative 
deaths ranged from 0% to 29% (mean 9%). Adult 
respiratory distress syndrome, anastomotic leak and 
breakdown, pneumonia and sepsis were the com-
monest causes of death following oesophageal re-
section. Treatment-related deaths ranged from 3% 
to 25% (mean 9%) of all patients treated. It seems 
clear that the risk of chemotherapy-related toxic-
ity, particularly myelosuppression, rises with the 
number of drugs used and the intensity of the CRT 
regimen.25,26 An increased risk of tracheobronchial 
fistula has been reported.27 However, most of the 
reported series did not have the latest sophisticated 
radiotherapy techniques that allow greater preci-
sion and sparing of organs and tissues to within 
normal tissue tolerance.

Consistent reporting of pathology is important, 
and a grading of CRT response has been described 
by Mandard et al.28 Five grades of response ranging 
from no identifiable tumour to complete absence 
of regression allow a more objective approach to 
be adopted. In this paper the significant predictor 
of disease-free survival after multivariate analysis 
was the tumour regression grade. There is evidence 
that pCR confers a survival advantage over those 
patients not achieving pCR.29–34 In Fig. 9.1, differ-
ent comparative outcomes, such as median survival 
in months, overall or disease-free survival in years, 
are plotted together in the series, quoting outcomes 
separately. The importance is in the consistent na-
ture of the difference in outcomes in each series. It 
becomes clear that prediction of this response prior 
to treatment either through molecular markers or 
PET activity after induction chemotherapy alone 
might allow very different algorithms of treatment 
modalities (also see Chapter 3).

Table 9.1 summarises nine reported randomised 
trials of preoperative CRT compared with surgery 
alone. In four of these the chemotherapy was given 
sequentially to the radiotherapy and in four syn-
chronously. Two trials using sequential treatment 
in squamous carcinoma received relatively low 
doses of radiotherapy and showed no convincing 
evidence of improved survival with the combined 
treatment.6,35 In a larger European Organisation for 
Research and Treatment of Cancer (EORTC) trial 
involving 282 patients, the cisplatin chemotherapy 
was given in close sequence with the radiotherapy.24 
The radiotherapy was given in a split course and at 
a relatively high dose per fraction (two courses of 
18.5 Gy in five daily fractions split 2 weeks apart). 
The CRT patients were more likely to have a curative 
resection. The disease-free survival was significantly 
longer (3-year CRT + S 40% vs. S 28%). There was 
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no difference in the overall survival, largely due to 
a significantly higher postoperative mortality in the 
CRT arm (12% vs. 4%). Apinop et al.36 reported a 
synchronous CRT series of 69 squamous histology 
patients with no improvement in survival.

There are four larger trials of preoperative syn-
chronous CRT.

The University of Michigan trial38 randomised 
100 patients including both squamous and adeno-
carcinoma. The surgery was a transhiatal resection. 
Patients in the CRT arm received 45 Gy in 30 frac-
tions with cisplatin, 5-FU and vinblastine. At first 
analysis there was no significant difference between 
the arms but at 3 years a statistically significant 
benefit to the combined treatment emerged, with 
overall survival of 32% vs. 15%. A final analysis 
has shown no survival advantage and demonstrates 
the danger of early publication of a trial that was 
essentially underpowered.

The results of the Australasian Gastro-Intestinal 
Trials Group (AGITG)39 have been criticised for 
having a low radiotherapy dose and only one cycle 

of cisplatin and 5-FU chemotherapy. Although the 
trial was negative overall there are some clues for 
the direction of future approaches. There was a 
significant survival difference in patients with squa-
mous histology (36% of the total) with the addition 
of CRT and a much higher pathological complete 
response rate.

The US trial NCCTG-C9781 (CALGB 9781) 
closed prematurely as a result of poor recruitment 
due to a reluctance to recruit patients to a trial 
with a no treatment arm. However, mature re-
sults from CALGB 9781 are available and despite 
small numbers show a significant improvement in 
overall survival in preoperative CRT compared to 
surgery alone (5-year survival of 39% vs. 16%).40 
Resection rates were high in the preoperative CRT 
arm (87%) and there was no increase in operative 
mortality. The trial included higher quality staging 
and surgery.

Interpretation of such heterogeneous trials, in the 
regimen being tested, design and outcomes, is dif-
ficult. Nevertheless, a meta-analysis of randomised 
trials has shown that this approach increases R0 re-
section rates, reduces locoregional recurrence and 
improves survival compared with surgery alone.41 
More recently, and not included in the meta-anal-
ysis above, a randomised phase III study compar-
ing surgery alone to preoperative CRT has shown 
a near doubling of overall survival (OS) in favour 
of the preoperative arm (OS 49 vs. 26 months, haz-
ard ratio (HR) 0.67), a pCR rate of 32% and no 
increase in surgical mortality (3.8% (S) vs. 3.4% 
(CRT-S)).42 In the ‘CROSS’ trial, 363 patients with 
operable oesophageal or gastro-oesophageal junc-
tion tumours were randomised to surgery alone or 
to a preoperative CRT regimen of weekly carbopla-
tin (AUC2) and  paclitaxel (50 mg/m2) concurrent 

 The Walsh et al. study has been influential in 
changing practice, particularly in the USA.37 In 113 
patients with adenocarcinoma, cisplatin and 5-FU 
were given with 40 Gy in 3 weeks of radiotherapy. 
There was an overall survival benefit in favour of 
the CRT arm (median 16 months vs. 11 months; 
3-year survival 32% vs. 6%). Morbidity in this 
series was not inconsiderable. The radiotherapy 
technique and fractionation may explain this. Most 
open to question, however, is the noticeably poor 
survival in the surgery alone control arm. The basic 
standards of staging could potentially have led to 
an imbalance of true staging in the treatment arms.
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Figure 9.1  • Relative survival outcomes – pathological complete response (pCR) to CRT.
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Reference
Sequential or 
concurrent

Squamous or 
adenocarcinoma Patients Chemo*

Radiotherapy 
dose (Gy) Resection rate

Mortality in 
CRT arm Result†

Nygaard et al.5 Seq Sq 88 Cis–Bleo 35 66% 24% Negative
Le Prise et al.35 Seq Sq 86 Cis–5-FU 20 85% 8% Negative
Bosset et al.24 Seq Sq 282 Cis 37 78% 12% Improved DFS 

only
Apinop et al.36 Con Sq 69 Cis–5-FU 40 74% 12% Negative
Walsh et al.37 Con Adeno 113 Cis–5-FU 40 90% 10% Improved OS
Urba et al.38 Con Adeno/Sq 100 Cis–5-FU–Vbl 45 Not reported Not reported Negative
Burmeister et al.39 Con Adeno/Sq 256 Cis–5-FU 35 85% 4.6% Negative
Tepper et al.40 Con Adeno/Sq 56 Cis–5-FU 50.4 87% 0% Improved OS
Gaast et al.42 Con Adeno/Sq 363 Carbo–Tax 41.6 90% 3.4% Improved OS

Table 9.1  • Randomised trials of preoperative chemoradiation

*Bleo, bleomycin; Carbo, carboplatin; Cis, cisplatin; 5-FU, 5-fluorouracil; Tax, paclitaxel; Vbl, vinblastine.
†DFS, disease-free survival; OS, overall survival.
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with radiotherapy (41.4 Gy in 23 fractions). Of the 
175 patients assigned to the CRT arm, 163 com-
pleted protocol treatment and the study reported a 
low incidence of grade 3/4 CRT toxicity (haema-
tological,	 6.8%;	 non-	haematological,	 16%).	 The	
R0 resection rates in the surgery and CRT + surgery 
arms were 67% and 92.3%, respectively (P = 0.002). 
The results of this study, performed in patients with 
a similar stage and morphological distribution to 
those in the UK, would suggest that where preop-
erative CRT is delivered safely, this may lead to a 
significant improvement in outcome.

Neoadjuvant chemoradiotherapy  
or chemotherapy?
There are still major questions to be answered, but 
a surgery-alone arm is not likely to be considered 
acceptable in the UK or in the USA for stage III 
disease. The good outcomes from surgery alone in 
stage I and II disease make neoadjuvant therapy dif-
ficult to justify.

Early experience with neoadjuvant CRT in the UK 
was very variable in terms of its impact on operative 
risk and toxicity. The results of OEO2 have meant 
that the UK has continued with a chemotherapy ap-
proach in the current OEO5 study.

There is rightly a clear separation in future trials for 
adenocarcinoma and squamous carcinoma. As the 
trend moves towards squamous cancers being treated 
with primary CRT, the role of preoperative CRT may 
be revisited as a means of improving the outcome 
for patients with adenocarcinoma. The majority of 
such patients will present with stage III disease (at 
least T3 with lymph node metastases). Such tumours 
frequently threaten the circumferential margin of  

surgical resection (CRM), although a clear plane for 
surgical excision does not exist as it does for other 
anatomical sites such as the rectum. Disease present 
at or within 1 mm of the circumferential margin (R1) 
occurs in more than 50% of stage III cases11,44 and 
is a poor prognostic factor. In the OEO2 study, the 
3-year and median survival for patients with R0 and 
R1 resection were reported as 42.4% vs. 18% and 
2.1 years vs. 1.1 years, respectively.16 Preoperative 
chemoradiotherapy (CRT) has become a standard 
management strategy in rectal cancer for patients 
who have a threatened CRM on preoperative staging.

There has been only one randomised phase III trial 
comparing preoperative chemotherapy with pre-
operative CRT. This study by Stahl et al. aimed to 
recruit 354 patients to detect a 10% improvement 
in OS in favour of CRT (from 25% to 35%) but 
closed early as only 126 patients could be recruited 
in 5 years. Nonetheless, it showed a non-significant 
trend towards improved 3-year survival in favour of 
CRT (47.4% vs. 27.7%, P = 0.07).45

The undoubted extra toxicity may be justified for 
this selected group and is infinitely preferable to 
postoperative treatment. New radiotherapy tech-
nology allows more accurate treatment delivery and 
lower morbidity, and when coupled with higher 
quality surgery and perioperative care should allow 
the sort of overall results from the Dutch trial42 to 
be reproduced. Whatever improvements in locore-
gional treatments are proposed, the highest risk to 
be faced and addressed with new trials for stage III 
adenocarcinoma is ultimate systemic relapse. Trials 
with new biological agents added to standard che-
motherapy or selective CRT are likely to be the next 
step, with advance knowledge from their use in the 
advanced and metastatic disease setting.

Definitive radiotherapy and 
chemoradiotherapy

Surgery as a local treatment modality with neoad-
juvant chemotherapy or CRT for stage III disease 
still remains a gold standard against which new ap-
proaches to potentially curative treatment must be 
compared. However, it is clear that there are long-
term survivors in series of definitive non-surgical 

 A recent meta-analysis of both chemotherapy 
and CRT raises some interesting questions.43 It  
included 10 randomised neoadjuvant CRT versus  
surgery-alone trials and eight neoadjuvant 
chemotherapy versus surgery-alone trials. It concluded 
that the hazard ratio for CRT was 0.81 (corresponding 
to a 13% absolute difference in survival at 2 years), 
with similar results for adenocarcinoma and squamous 
carcinoma. The hazard ratio for chemotherapy was 
0.90 (corresponding to a 7% absolute difference in 
survival at 2 years), with a marked difference between 
a benefit demonstrated for adenocarcinoma and 
no benefit for squamous carcinoma. The results of 
the most recent Gaast study, not included in the 
above meta-analysis, performed in patients with a 
similar stage and morphological distribution to those 
in the UK would suggest that where preoperative 
CRT is delivered safely, this may lead to a significant 
improvement in outcome.

 At present preoperative CRT in the UK should 
be considered within the context of a clinical trial, 
or at least within the context of a specialist upper 
gastrointestinal multidisciplinary team (MDT) that 
can demonstrate the safe delivery of preoperative 
CRT. A trial should be designed to directly compare 
neoadjuvant chemotherapy and neoadjuvant 
chemoradiotherapy approaches, possibly targeting 
those patients likely to have an R1 resection.
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treatment. With an ageing population it must be 
remembered that ‘inoperable’ due to the nature of 
local disease or comorbidity and performance status 
does not mean treatment is therefore palliative.

Definitive radiotherapy

Classical figures quoted for survival from radical ra-
diotherapy come from the paper from Earlam and 
Cunha-Melo.46 Mean survival figures of 8489 pa-
tients at 1, 2 and 5 years were 18%, 8% and 6%, 
respectively. Approximately 50% of patients were 
treated with curative intent. Older series tend to 
be of squamous carcinoma treated with radiother-
apy alone. Modern radiotherapy in more selected 
patients can produce impressive survival results. 
In a series of 101 patients treated at the Christie 
Hospital in Manchester between 1985 and 1994, 
3- and 5-year survival figures of 27% and 21%, 
respectively, were recorded.47 There was a slightly 
better survival for adenocarcinoma, but not reach-
ing statistical significance. The majority of tumours 
(96/101) were of 5 cm or less in length. Importantly, 
the only significant prognostic factor was the use of 
diagnostic CT, introduced during the latter part of 
the study. This was used to plan the radiotherapy 
and led to an increase in field sizes. The conclusion 
of the paper was that radiotherapy provided an ef-
fective alternative to surgery and that modern radio-
therapy planning techniques may improve results.

There is no reason to compromise on staging or 
treatment planning standards and with modern 
technology high doses can be given with low mor-
bidity. A selected series of 51 patients 80 years and 
over with squamous carcinoma treated with 66 Gy 
of radiotherapy in Japan produced median survival 
of 30 months and a 3-year survival rate of 39%.48

Definitive chemoradiotherapy
The adoption of CRT stems from high response 
rates and in particular high pCR rates seen in pa-
tients going on to resection. There are four ran-
domised trials comparing radiotherapy alone with 
CRT. Three of these use low doses or low intensity 
of chemotherapy. A small series of 59 patients from 
Brazil did not demonstrate a significant survival ad-
vantage.49 The response rates and 5-year survival 
rates (6% vs. 16%) were better in the CRT arm but 

at a cost of increased acute toxicity. An important 
non-randomised series is reported by Coia et al.50 
Treatment was with infusional 5-FU and mitomycin 
C with 60 Gy of radiotherapy. Patients with early-
stage disease are reported separately. The respective 
5-year survival and local failure rates, in clinical 
stages I and II combined, were 30% and 25%. 
There was no treatment-related mortality, although 
there was increased acute toxicity (22% grade III 
and 6% grade IV).

In a confirmatory study, 69 non-randomised pa-
tients were treated with the CRT protocol and 
achieved similar results in terms of median survival 
and a 3-year survival of 26%. The acute toxicity 
in the combined treatment arm was significantly 
higher, with notably haematological and renal pa-
thology and mucositis as the major problems. There 
was no significant difference in the late complica-
tion rates. In all, 80% of patients in the combined 
modality arm received the protocol treatment. The 
poor overall survival in the radiotherapy-alone con-
trol arm remains a question mark against the study.

 With an increasingly elderly population it is not 
uncommon to be faced with patients who have 
localised disease on staging, particularly squamous 
cancers, but who clearly are not candidates for 
an operation and who, because of comorbidity, 
may not tolerate the chemotherapy component 
of a CRT treatment. There still is a role for radical 
radiotherapy alone.

 The biggest series with a major impact on 
treatment patterns has been the RTOG 85-01, 
Herskovic study.51 A total of 123 patients were 
randomised to receive either radiotherapy alone 
to a dose of 64 Gy or two courses of cisplatin 
and infusional 5-FU concurrent with 50 Gy of 
radiotherapy. Two more courses of chemotherapy 
were scheduled after the completion of the 
radiotherapy. A summary of the results of the 
randomised patients is shown in Table 9.2 
and demonstrates the significant advantage of 
combined therapy.

 RT RT + CT P value

Median survival 
(months)

9.3 14.1  

Overall survival (%):    
•  1-year 34 52  
•  2-year 10 36  
•  5-year 0 30 0.0001
Rate distant 
metastases (%)

37 21 0.0017

Two-year local 
recurrence rate (%)

59 45 0.0125

Overall disease  
free (%)

11 36 <0.001

Table 9.2  •  Summary of results of the RTOG 85-01 
study of Al-Sarraf et al. (1997)51

CT, chemotherapy; RT, radiotherapy.
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The high local failure rate of 45% in the Herskovic 
trial led to the Intergroup study 00123 (Minsky) 
that compared a regimen similar to the Herskovic 
regimen (modified with narrower radiotherapy 
fields, radiotherapy using 1.8 Gy/fraction and an 
alteration in the chemotherapy schedule to reduce 
anticipated toxicity), to the same schedule but with 
a higher dose of radiotherapy (64.8 Gy in 36 frac-
tions).52 In total, 236 patients, once again predomi-
nantly with squamous cell cancer, were randomised 
within this study. The trial had to be closed prema-
turely due to an excess of treatment-related deaths 
in the experimental arm (11 vs. 2), although the 
majority of these occurred before the higher dose 
section of the treatment protocol had been received. 
Although this trial did not show better disease con-
trol with higher doses of radiotherapy (56% failure 
at 2 years compared to 52% in the standard arm) 
it did demonstrate remarkably consistent outcomes 
of, approximately 30% survival at 3 years with de-
finitive chemoradiotherapy.

Another approach to improve local control was 
to use brachytherapy to intensify the radiotherapy 
dose to the tumour. Study RTOG 92-07 used the 
50-Gy external beam and chemotherapy protocol 
from the Herskovic protocol and added an intralu-
minal brachytherapy boost with one of two meth-
ods of delivery, high dose rate or low dose rate.53 Six 
of the 35 patients developed an oesophageal fistula 
and this toxicity was deemed unacceptable.

Following successful CRT or radiotherapy alone 
there is a significant rate of benign stricture forma-
tion. This ranges from 12%54 to 25%50 in more 
modern studies. However, good swallowing func-
tion can be maintained in the majority of patients. 
Even in those with a benign stricture, a full or soft 
diet can be maintained by dilations in 71% of 
cases.55 The treatment of post-CRT benign stricture 
with stents has not been successful in the authors' 
experience and gives rise to mediastinal pain.

The higher pCR rates seen with CRT, the improved 
local control rates and altered patterns of failure in 
the literature have all contributed to CRT being 
largely adopted as a standard of care. The manage-
ment of patients with CRT is complex and requires 
good support from specialist nurses and dieticians, 
and high standards of technical radiotherapy. The 
risk of morbidity is real but can be overcome. It 
should be seen as a single integrated modality of 
therapy rather than two different treatments that 
happen to be delivered at the same time.

Future directions in definitive 
chemoradiation
The ability to predict which patients will respond to 
chemotherapy or CRT would allow greater certainty in 
a primary non-surgical approach. Molecular markers 

predicting response to chemotherapy hold some prom-
ise.56–58 Conventional reassessment following treat-
ment, with a negative endoscopic biopsy35 and CT,59 
appears unreliable. However, the use of a positive sur-
veillance endoscopic biopsy to direct salvage surgery in 
squamous carcinoma treated with definitive CRT has 
been reported.60 Reports of the value of endoscopic ul-
trasound (EUS) are more variable, with some showing 
a good correlation with final pathological stage61 and 
others suggesting it is not reliable.62 There are reports 
advocating that this failure to reliably predict pCR ne-
cessitates resection.34

Improvements in CRT outcomes are likely to come 
from refinements in chemotherapy and radiother-
apy technique. Results from preoperative phase II 
studies suggest a steady improvement in pCR rates, 
with more acceptable toxicity. The rates of pCR 
range from 24%31 in 1993 to reports of 56%64 in 
1998. Care must be taken in interpreting the litera-
ture as pCR rates can vary depending upon whether 
rates are quoted as intent to treat or of completed 
resections, and in the protocols and quality assur-
ance procedures associated with the histological 
examination. Careful staging can ensure that pa-
tients with established metastatic disease are appro-
priately managed. There has been a trend to accept 
lower standards of staging in non-surgical series. 
It is important that all patients who are deemed to 
have a potentially curative therapy have access to 
comparable staging, including EUS and PET. In the 
preoperative setting new protocols can be assessed 
for toxicity and response rates before use in a phase 
III randomised setting.65

Central to improving treatment strategies is an 
understanding of patterns of treatment failure. An 
important series of a detailed analysis of CRT has 
been published from Australia using combined data 
from Trans-Tasman Radiation Oncology Group 
studies.66 This looks at results from 274 patients 
treated with definitive CRT and 92 patients treated 
with preoperative CRT. A summary of survival and 

 There is increasing evidence to show that PET 
scanning may be extremely useful in predicting 
which patients are responding to chemotherapy 
and CRT.63 Changes in metabolic activity on PET, 
14 days after the start of treatment, appear to be 
significantly correlated with tumour response and 
patient survival. The ability to predict response in 
this way might be an attractive tool to determine 
if definitive CRT should be continued or a change 
made to a policy of resection. This would avoid 
surgical delay and increased morbidity in patients 
who are unlikely to benefit from chemotherapy or 
CRT. Such a policy would clearly need validation in 
a trial setting.
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recurrence patterns is given in Table 9.3. The over-
all local control rate for definitive CRT is almost 
55%, rising to 70% in upper squamous cancers. 
The striking difference in outcome for these upper 
cancers includes an apparently lower distant fail-
ure rate and improved overall survival. It may be 
that these tumours are inherently different and re-
spond more like squamous carcinomas of the head 
and neck. The persisting high distant failure rate 
in adenocarcinoma treated with CRT and surgery 
underlines a need for either earlier diagnosis and 
treatment or improved systemic therapy. There 
is no doubt that the success of CRT as definitive 
treatment is determined by similar factors to the 
outcomes of surgery, namely stage, performance 
status and the length of the tumour.

There are huge changes in the technology avail-
able for radiotherapy treatment. The development 
of three-dimensional and conformal radiotherapy 
treatment planning systems directly linked to spi-
ral CT data allows the shape of radiotherapy fields 
to be individually tailored to an irregular-shaped 
target volume. In order for this to be successful, 
however, reliable imaging techniques are essential, 
including using EUS67 and PET68 to help delineate 
the gross tumour volume, and also localise the tu-
mour on the axial planning CT scans. A reduction 
in normal tissue damage and so potentially the 
toxicity of combining therapy will be possible. The 
ability to define varying dose intensity within a ra-
diotherapy field (intensity-modulated radiotherapy 
treatment, IMRT) may be helpful in being able 
to safely increase the dose, especially to tumours 
in the upper third of the oesophagus. One of the 
major concerns for tumours in the lower third is 
the movement of these tumours during treatment 
as a result of peristalsis, cardiac ejection cycles 
and especially respiratory motion. This can be up 
to 2 cm in the superior–inferior direction. There 

is no doubt that even better distributions of dose 
can be achieved with proton therapy but availabil-
ity and cost may preclude this being feasible for 
some years. Improvements in CRT will also come 
from a better understanding of the effects on nor-
mal tissue near the clinical target volume, such as 
heart and lung.

The use of new radiosensitising chemotherapy 
drugs in combination with radiotherapy may al-
low some small incremental gains in response rates 
(oxaliplatin/taxanes/capecitabine) and hence local 
control. Lastly, more attention to the treatment of 
elective nodal irradiation, perhaps wider fields to a 
lower dose, may reduce locoregional failure.

The current NCRI study of definitive CRT  
(SCOPE 1) aims to compare cisplatin and capecitabine 
with 50 Gy of radiotherapy in the control arm and 
add the epidermal growth factor receptor (EGFR) 
monoclonal antibody cetuximab to the investiga-
tional arm. There is evidence that one mechanism 
of radiotherapy resistance is through activation of 
the EGFR pathways and clinical evidence from a 
randomised trial in squamous cancer of the head 
and neck of improved local control and overall sur-
vival.69 This study is important in also defining very 
high radiotherapy technical standards for the UK, en-
suring the accuracy of target volume definition and 
minimising normal tissue morbidity. It is open to both 
adenocarcinoma and squamous carcinoma selected 
by multidisciplinary teams, the entry criteria broadly 
being patients with disease treatable by chemoradio-
therapy who have been deemed unsuitable for surgery 
due to the extent of local disease, patient comorbidi-
ties or patient choice.

Definitive CRT versus surgery
Definitive CRT treatments now report good sur-
vival figures51,59 rivalling those of surgery, stage for 
stage.70,71

Treatment 
regimen* Site Histology Number Survival (%)

Local failure 
(%)

Distant failure 
(%)

Def CRT All All 274 28.8 42.4 33.5
Def CRT Upper Squamous 54 49.2 29.9 26.0
Def CRT Middle Squamous 81 24.7 41.8 37.3
Def CRT Lower Squamous 68 22.0 44.4 29.2
Def CRT Lower Adenocarcinoma 54 18.2 50.7 31.9
CRT + surgery All All 92 22.5 28.4 43.2
CRT + surgery Middle Squamous 31 26.7 30.3 36.4
CRT + surgery Lower Squamous 18 23.7 16.7 44.4
CRT + surgery Lower Adenocarcinoma 26 3.8 38.5 57.7

Table 9.3  • Five-year survival and cumulative incidence of relapse in the study of Denham et al. (2003)66

*Def CRT, definitive chemoradiation; CRT + surgery, preoperative chemoradiation + surgery.
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Date Series Patient numbers
Median  
survival LD

Median survival 
ED

Overall median 
survival

2007 Hudson et al.76 16 24.4 9.1 13.2
2008 Ku et al.77 25 22.5 8.5 19.8

Table 9.4  • Outcomes of small-cell oesophageal cancer series

ED, extensive disease; LD, limited disease.

Many squamous cancers are in the mid and upper 
oesophagus and their pattern of lymph node spread 
is less predictable. These areas can be safely treated 
with CRT with increasing sophistication. The evi-
dence base for equipoise in efficacy in the treatment 
of patients with oesophageal adenocarcinoma is less 
robust. Tumours primarily of the lower oesophagus 
or limited to the gastro-oesophageal junction might 
be candidates for CRT but target volumes are more 
difficult and perhaps CRT should be reserved where 
a surgical approach is ruled out by age, performance 
status or comorbidity.

There have been few trials that allow a direct com-
parison between a primary CRT policy and surgery, 
and indeed CRT studies may have had a selection 
bias against them. The results of CRT alone tend 
to have 5-year survival figures generally comparable 
to those seen in Tables 9.2 and 9.3, of the order 
of 30% overall, which are similar to surgical series. 
Squamous cancers, in particular of the mid and up-
per thirds, have better outcomes. It does allow CRT 
to be considered as a viable option to chemotherapy 
and surgery for adenocarcinoma and as primary 
treatment for squamous carcinoma.

In a French study, patients were assessed after in-
duction CRT using 5-FU and cisplatin.73 If they had 
achieved an objective response they were randomised 
(295 of 455 patients) to carry on with CRT or go to 
surgery. There was no significant difference between 
the 2-year survival rates for patients who had surgery 
(33.6%) and those who had CRT alone (39.8%). 
There were more early deaths in the surgery arm but 
CRT required more dilatations and stents.

In a German trial, 177 patients with T3 or T4 
squamous carcinoma were randomised to receive 
CRT + surgery or CRT alone.74 The rate of response 
to initial CRT was the same for both arms. There was 
a strong trend towards improved local tumour con-
trol in the arm with surgery. In responding patients 
the 3-year survival (45% and 44%, respectively) was 
equivalent in both arms, whereas in non- responding 
patients the rates were 18% and 11%, respectively. 
The 3-year survival rate  improved to 35% in  
non-responding patients undergoing complete tumour 
resection, implying that a subgroup of non-responding 
patients may benefit from surgery as an elective 
salvage procedure. Longer-term results confirm no 
clear survival difference between a surgical versus 
CRT approach. This trial did show that a clinical 
response to induction chemotherapy may be a valu-
able surrogate for predicting prognosis.

There is evidence collected from the literature that 
selected salvage surgery is possible after CRT failure, 
with acceptable operative mortality of 11.4% and 
5-year survival rates of 25–35%.75 Clearly such a 
high-risk policy should be after CT-PET restaging 
and only within the context of a tertiary MDT with 
audited results for the safe delivery of both chemo-
radiation and surgery.

Small-cell oesophageal cancer

Small-cell oesophageal cancer (SCOC) is a rare entity, 
accounting for up to 2.5% of primary oesophageal 
cancers and associated with a poor prognosis due to 
a high rate of metastatic disease. It thus requires a 
distinct approach to management with similarities 
to primary small-cell lung cancer (SCLC), which has 
similar histological features.

The literature is made up of small retrospective 
series from major institutions. It tends to have male 
preponderance and occurs in the mid and lower oe-
sophagus. Series vary but most, even with staging 
that would be considered less than optimum today, 
have a majority of patients with metastases at presen-
tation. The median survival of untreated metastatic 
patients is less than 3 months.

The treatment of SCOC is dependent on a separa-
tion between limited disease and extensive disease. 
Table 9.4 shows the outcomes in two of the larger 

 There are two trials that address the 
additional value of surgery after CRT and would 
give some support to a selective approach to its 
use, particularly in squamous carcinoma. The 
conflicting results of these trials suggest surgery is 
not routinely necessary following definitive CRT.

 In squamous carcinoma there seems to be 
increasing evidence that a policy of primary CRT 
with surgery as salvage may be the direction for the 
future.72
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and most recent series in the literature.76,77 Both 
have good references and discussion.

Due to the very high rate of systemic relapse, lim-
ited stage disease requires primary treatment with 
chemotherapy, again based on etoposide- and plat-
inum-containing regimes. There is a role for con-
solidation treatment to enhance local control and 
to prevent local symptomatic progression. There 
are surgical series with good local control rates, but 
the majority of series concentrate on radiotherapy 
(doses up to 50 Gy) or chemoradiotherapy as would 
be considered for SCLC, thus avoiding the mortality 
risk and morbidity of surgery.

Local control rates with surgery are high but over-
all prognosis poor, with survival dictated by meta-
static disease and median survivals in the range of 
15–24 months. There is no literature on prophylac-
tic cranial irradiation, which has been shown to be 
an advantage in SCLC after successful systemic and 
local therapy.

Gastric cancer

Potentially curative treatment

Perioperative adjuvant chemotherapy
The goal of systemic therapy for gastric cancer is to 
reduce the late patterns of failure following success-
ful surgical resection. The pattern of spread includes 
nodal, transcoelomic and haematogenous. A signifi-
cant proportion of patients with intra-abdominal, he-
patic, peritoneal or omental disease will fail. Extended 
lymphadenectomy has been advocated to improve 
the local/regional control rates. Chemotherapy, either 
systemic or intraperitoneal, has been used to try to re-
duce the incidence of widespread recurrence. Despite 
encouraging results for chemotherapy in advanced 
disease, proof of a benefit for adjuvant postoperative 
chemotherapy has been elusive. Standard approaches 
have been with postoperative chemotherapy but more 
recent studies have looked at a combination of preop-
erative and postoperative treatment.

There have been a wide range of randomised adju-
vant chemotherapy trials. Regimens with significant 
activity in the advanced disease setting have been 
tested since the 1980s. There are variations in the 
surgery used, the timing of the start of  chemotherapy 

and the toxicity, which all make interpretation and 
comparisons difficult.

However, many of the regimens in the older studies 
have low response rates (10–30%) in advanced dis-
ease, compared with the higher expected response 
of more modern regimens such as ECF.

The MRC STO2 (MAGIC) trial was opened in 
1994 and aimed to recruit 500 patients testing the 
role of three courses of ECF before and after resec-
tion in operable gastric cancer. The results suggest 
a significant downstaging effect of the chemother-
apy.19 As the MRC OEO2 neoadjuvant oesopha-
geal trial was completed, the eligibility criteria were 
widened in 1999 to include adenocarcinoma of the 
lower oesophagus. The type of resection was left to 
the discretion of the participating surgeon and the 
staging was relatively permissive by modern stan-
dards. The arms of the study were well balanced 
and included 74% stomach, 14% oesophageal and 
12% junctional cancers. Toxicity of the chemo-
therapy was acceptable but only 40% of patients 
received both cycles of postoperative treatment. In 
fact, the majority of resections were at least D1, 
with 40% having a D2. The proportion deemed to 
have had a potentially curative resection was 10% 
higher with chemotherapy (79% vs. 69%). There 
was a significant effect on tumour size, T stage and 
nodal status. Recent results with a median follow-
up of >3 years have demonstrated an improvement 
in overall survival (hazard ratio of 0.75, P = 0.009), 
with 5-year survival rates of 36% for chemotherapy 
and surgery vs. 23% for surgery alone. Progression-
free survival was also significantly prolonged.

In a similar French multicentre trial, of periopera-
tive fluorouracil plus cisplatin in resectable gastro-
oesophageal adenocarcinoma, 224 patients with 
resectable adenocarcinoma of the lower oesopha-
gus, gastro-oesophageal junction (GEJ) or stom-
ach were randomly assigned to either perioperative 
chemotherapy	 and	 surgery	 (CS	 group;	 n = 113) or 
surgery	 alone	 (S	 group;	 n = 111).81 Chemotherapy 
consisted of two or three preoperative cycles of 
intravenous cisplatin (100 mg/m2) on day 1, and 
a continuous intravenous infusion of fluorouracil 
(800 mg/m2/day) for 5 consecutive days (days 1–5) 
every 28 days and three or four postoperative cycles 
of the same regimen. The CS group had a better 
overall	survival	(5-year	rate	38%	vs.	24%;	HR	for	
death:	0.69;	95%	CI	0.50–0.95;	P = 0.02). The post-
operative morbidity was similar in the two groups.

 Three meta-analyses exist.78–80 In summary, 
these demonstrate a small survival benefit of 
borderline significance that was more marked in 
trials, with greater than two-thirds of patients having 
node-positive disease.

 The treatment of patients with extensive disease 
is palliative chemotherapy based on etoposide- and 
platinum-containing regimens if the performance 
status allows. Response rates to treatment are high 
and there is definite improvement in overall survival, 
but outcomes are universally poor, with median 
survivals of 8–11 months.
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The current NCRI study ST03 or ‘MAGIC 2’ com-
pares three cycles of pre- and postoperative ECX 
with the addition of bevacizumab and three cycles 
of maintenance bevacizumab, a humanised mono-
clonal antibody against vascular endothelial growth 
factor (VEGF).

Intraperitoneal chemotherapy
The pattern of peritoneal and hepatic recurrence 
in gastric cancer makes the early use of intraperi-
toneal chemotherapy attractive. The most positive 
trial is from Japan,82 using mitomycin C adsorbed 
on to activated charcoal, acting as a delayed-release 
preparation. Fifty patients with serosal involvement 
were randomised to immediate treatment or obser-
vation. A highly significant difference in survival at 
2 years was seen (68.6% vs. 26.9%), with the treat-
ment group maintaining its advantage at 3 years. 
The treatment was reported to be well tolerated. 
However, when an attempt was made to repeat these 
results, in an Austrian multicentre study,83 serious 
toxicity caused the trial to be suspended. A signifi-
cantly higher postoperative complication rate (35% 
vs. 16%) and 60-day mortality rate (11% vs. 2%) 
were seen in the treatment arm of the study. No bene-
fits were found in overall or recurrence-free survival.

Postoperative chemoradiotherapy
Radiotherapy has not been routinely used in the 
management of stomach cancer. However, local re-
currence can be a significant problem. The stomach 
and nodal areas are close to many crucial normal 
tissues with dose-limiting susceptibility to toxicity, 
such as kidney, spinal cord and small bowel.

In the British Stomach Cancer Group trial,84 post-
operative radiotherapy was one of the arms of the 
study. The other arms were FAM chemotherapy and 
a control surgery-only group. There was no differ-
ence in survival but the local recurrence rate was 
significantly better (54% surgery vs. 32% with ra-
diotherapy;	P < 0.01).

The regimen consisted of 5-FU–leucovorin (folinic 
acid) given in the first and last weeks of radiotherapy 
(45 Gy) and two 5-day courses of 5-FU–leucovorin 
given monthly. With a median follow-up of 3.3 years 

both the disease-free survival (49% vs. 32%) and 
overall survival (52% vs. 41%) were improved in 
the CRT arm. There was some significant haemato-
logical and gastrointestinal morbidity. However, the 
treatment-related mortality was only 1%. The need 
for great care in the technical quality and placement 
of the radiotherapy was apparent. However, a sig-
nificant proportion of the patients (54%) had only 
a D0 resection and the survival in the surgery-alone 
arm was relatively poor (41% 3-year survival). It 
is possible that the CRT is making up for less than 
adequate surgery, and may not translate into rou-
tine practice where more extensive surgery is under-
taken. It is the most obvious source of criticism of 
the trial. However, in a subsequent paper,86 using a 
different surgical quality assurance measure for the 
likelihood of undissected disease (the Maruyama 
Index), the group concluded that surgical under-
treatment clearly undermines survival. Major con-
cerns about the toxicity and chemotherapy used 
and the poor radiotherapy technique are being 
 addressed, which should significantly reduce the po-
tential for long-term morbidity and make the most 
of sophisticated IMRT and radiotherapy planning 
techniques. Despite criticisms, postoperative CRT 
has been patchily adopted throughout the world.

Palliative chemotherapy

Squamous carcinoma of 
the oesophagus

Cisplatin-containing combination chemotherapy is 
the standard for the treatment of advanced and recur-
rent squamous carcinoma. The indications for use are 
limited by the relative infrequency of the disease, and 
in particular the age and performance status of pa-
tients requiring palliation. Very often the indication is 
to improve symptoms and quality of life caused by the 
primary leasion and local therapy with a stent or ra-
diotherapy will be adequate. However, good response 
rates of the order of 35% can be achieved with cispla-
tin and 4- or 5-day 5-FU infusion.87 Response dura-
tion is variable and can range from 3 to 6 months. 
Consideration should be given to consolidation pal-
liative radiotherapy after successful chemotherapy to 

 It is thus reasonable to adopt a standard 
approach using perioperative chemotherapy for 
tumours other than early-stage gastric cancer.

 The American Intergroup INT 0116 (SWOG 
9008) study (commonly referred to as the Macdonald 
study) has produced important results. Postoperative 
CRT has been reported to show a significant benefit 
to survival following gastric resection.85

 Thus there are now two major trials 
demonstrating improved survival with the addition 
of perioperative therapy in gastric cancer. One 
study (MAGIC)19 involves pre- and postoperative 
chemotherapy, and the other (INT 0116)85 the 
use of postoperative CRT. Whilst one can argue 
the relative merits of each approach, one certain 
conclusion is that for all but early-stage tumours 
surgery alone is no longer a standard of care.
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improve local control where recurrent growth may 
produce symptoms for patients with a better perfor-
mance status and expectation of life. There is some 
evidence that the improved response rates seen with 
PVI of 5-FU in adenocarcinoma can be achieved in 
squamous carcinoma.14 New agents such as pacli-
taxel are clearly active as single agents but have yet 
to demonstrate their clear superiority in combination 
regimens. Some results are promising, with response 
rates nearer 50%.88

Adenocarcinoma of the 
oesophagus and stomach

Whilst earlier literature tends to report activity in 
pure gastric cancer, the changing pattern of disease 
has meant that more recent reports deal with oesoph-
agogastric cancer. The single agents most commonly 
used in the treatment of advanced oesophagogastric 
cancer include 5-FU, methotrexate, mitomycin C, 
the anthracyclines doxorubicin and epirubicin, cis-
platin and etoposide. More recently the oral 5-FU 
prodrugs such as UFT and capecitabine, the taxane 
drugs, irinotecan and gemcitabine all feature in new 
phase II studies. Biological agents such as EGFR 
monoclonal antibodies represent a new potential 
means of improving outcomes.

The FAM regimen (5-FU, doxorubicin and mito-
mycin) initially seemed to have a high response rate 
of 40%.92 However, in the setting of a randomised 
trial by the North Central Cancer Treatment Group, 
it seemed to be no better than 5-FU alone.93 In an 
attempt to modulate the activity of 5-FU within the 
FAM regimen, high-dose methotrexate was given 1 
hour before the 5-FU in the FAMTX regimen (fluo-
rouracil, doxorubicin and methotrexate). Klein pro-
duced impressive results in a study of 100 patients.94 
The response rate was 58%, with a complete remis-
sion rate of 12%. There were only 3% treatment-
related deaths and a long-term survival rate of 6%. 
The response rate seen in subsequent studies was 
slightly lower but still confirmed acceptable toxic-
ity. This regimen has now been tested against other 
combinations. A randomised EORTC trial with 
208 evaluable patients demonstrated its superi-
ority against FAM.95 Median survival was better 
(42	weeks	vs.	29	weeks;	P = 0.004), with 41% and 
9% of the FAMTX patients alive at 1 and 2 years, 
respectively, compared with 22% and 0% for FAM 

patients. The EAP regimen (etoposide, doxorubicin 
and cisplatin) was found to have similar survivals, 
similar overall response rates but lower complete 
remission rates and was significantly more toxic.96 
The recent EORTC trial has compared three regi-
mens, FAMTX, ELF (etoposide, leucovorin and 
bolus 5-FU) and FUP (infusional 5-FU and cispla-
tin), in 399 randomised patients.97 There was no 
significant difference in median survivals between 
the regimens. The response rates were lower than in 
some previous trials (ELF 9%, FUP 20%, FAMTX 
12%) but this trial had tight objective response cri-
teria and required measurable disease. The conclu-
sion is that they all produce modest response with 
comparable survival and toxicity.

Patients were predominantly of good performance 
status with a median age of 60 years. The overall 
objective response rate was 45% in the ECF arm 
and 21% in the FAMTX arm (P = 0.0002). The re-
sponse of locally advanced disease to ECF has pre-
viously been shown to be higher than in metastatic 
disease.13 This was confirmed in both arms of the 
trial (56% ECF vs. 23% FAMTX). Of the 121 pa-
tients receiving ECF, 10 were able to undergo a re-
section due to improved status, six of whom remain 
disease free. There were three cases of histological 
pCR. Only 5% of patients had progression whilst 
on either chemotherapy regimen.

The 2-year survival figures and median survival 
were 14% and 8.7 months for ECF and 5% and 
6.1 months for FAMTX, respectively (P = 0.03).

The ECF results have opened up a grey area in  
locally advanced gastric and junctional cancer man-
agement. Whilst a patient may not be operable,  
or it may be deemed inadvisable to operate due to 
the extent of disease at presentation, it may be pos-
sible to consider a potentially curative resection in 
some cases after chemotherapy. The intent of treat-
ment may therefore need to be revisited by close 
reassessment after chemotherapy. This emphasises 
the need for teamwork between the surgeon and on-
cologist within a multidisciplinary setting.

In a study from Leeds of advanced upper gastroin-
testinal cancer patients, oral UFT and leucovorin were 
substituted for PVI of 5-FU in ECF in an attempt to 

 There are early randomised clinical trials of 
palliative chemotherapy versus best supportive care 
that clearly show improved survival (8–12 months 
chemotherapy vs. 3–5 months best supportive 
care).89–91

 The ECF regimen developed at The Royal 
Marsden Hospital was shown to have high activity 
against advanced oesophagogastric cancer.13 It 
has become widely used in the UK and is well 
tolerated. Its status as the current gold standard 
was confirmed in a multicentre randomised trial of 
ECF against FAMTX.98 A total of 274 patients with 
adenocarcinoma or undifferentiated carcinoma 
of the oesophagus, oesophagogastric junction or 
stomach were treated.
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create a more practical, acceptable and cheaper alter-
native (the ECU regimen) without the need for central 
lines and pumps.99 In this dose-escalation pilot study 
30 patients were treated. Toxicity was acceptable and 
of 20 assessable patients, nine of the 15 with gastro-
oesophageal cancer had an objective response and 
two of these were complete radiological responses.

The NCRI REAL2 trial was designed to address 
some practical problems that surrounded deliv-
ery of the gold standard ECF regime.20 Infusional 
5-FU has problems associated with Hickman lines, 
 particularly thrombosis and infection. Cisplatin 
causes renal toxicity and requires prehydration 
and inpatient admission for higher doses. It tested 
the toxicity and response rates of oxaliplatin as a 
 substitute for cisplatin, and of capecitabine (an 
oral fluoropyrimidine) as a substitute for infusional 
5-FU in a randomised 2 × 2 study based on statistics 
of non-inferiority against ECF.

The EOX regimen has been taken forward as 
the control arm in the next REAL3 study, with the 
 addition of panitumumab (an EGFR antibody) in 
the investigational arm. Other attempts to improve 
treatment outcomes using the addition of docetaxel 
to cisplatin and 5-FU have uncovered high poten-
tial toxicities with neutropenia, treatment withdrawal 
rates of nearly 50% due to grade 3 and 4 toxicity, 
and no improvement in response rates or survival, 
raising a question as to whether a plateau has been 
nearly reached with conventional approaches to che-
motherapy.100 New biological agents possibly bring 
new distinctions between different agents even within 
antibodies to the same receptor and very different 
response rates of gastric and gastro-oesophageal/oe-
sophageal cancers.101 This emphasises the need for 
good tissue collection and analysis in parallel with 
clinical studies. The recent closure of REAL3 as a re-
sult of insufficient benefits seen in the trial arm of 
EOX plus panitumumab suggests that we have not 
yet found the right targets or the optimum agents 
with which to counter these targets.

Trastuzumab (herceptin), a monoclonal  antibody 
against human epidermal growth factor  receptor 2 
(HER-2;	also	known	as	ERBB-2),	was		investigated	

in combination with chemotherapy for first-line 
treatment of HER-2-positive advanced gastric or 
gastro-oesophageal junction cancer. The ToGA 
trial was an international phase 3 study under-
taken in 594 patients, randomised to capecitabine 
or fluorouracil plus cisplatin plus or minus 
trastuzumab.102 Median overall survival was 
13.8	 months	 (95%	 CI	 12–16;	 16.0	 months	 in	
those who would be considered HER-2 positive 
by today's definition (HER-2 3+ or HER-2 2+ + 
FISH+)) in those assigned to trastuzumab plus che-
motherapy compared with 11.1 months (95% CI 
10–13) in those assigned to chemotherapy alone 
(HR	0.74;	P = 0 · 0046). There were no significant 
differences in toxicities, including cardiac, between 
the two groups. The proportion of HER-2-positive 
tumours ranges from approximately 10% to 30% 
of all gastric cancers, being higher in gastro- 
oesophageal junctional cancers, Caucasians and 
intestinal type pathology.

The selection of patients who are likely to benefit 
from palliative chemotherapy may be helped by the 
development of prognostic scoring methods. One 
study has demonstrated that performance status, 
liver metastases, peritoneal metastases and alkaline 
phosphatase can be used to separate different risk 
groups.103 Problems in the literature with myelo-
suppression, and in particular toxic deaths, may be 
avoided by the use of growth factors to reduce the 
incidence of neutropenic sepsis. Many of the prob-
lems of severe emesis have already been improved 
by the use of 5-HT3 antiemetic drugs.

Second-line chemotherapy using taxanes and 
 irinotecan has been reported, with some evidence 
of worthwhile activity. In practice, however, great 
care will need to be taken in the selection of suitable 
patients, and such treatment should really only be 
undertaken within the context of a trial.

The success in palliative chemotherapy has brought 
about problems and patterns of recurrence that have 
not been common before. Brain metastases and bone 
metastases are increasingly seen. Palliative radio-
therapy can be helpful in controlling symptoms.

Palliative radiotherapy

External beam radiotherapy

The whole literature surrounding radiotherapy in 
a palliative setting is poor. Nonetheless, the role 

 The REAL2 results demonstrated that 
oxaliplatin can be substituted for cisplatin with 
less renal toxicity and neutropenia and that 
capecitabine is a valid substitution for 5-FU.20 
Although a secondary end-point, there was a 
significant improvement in median survival for the 
EOX (epirubicin–oxaliplatin–capecitabine) regimen 
compared to the ECF regimen (11.2 months vs. 
9.9 months). There was no significant difference in 
response rates between regimens and a response 
rate of 40.7% in the ECF arm.

 Trastuzumab in combination with chemotherapy 
can be considered as a new standard option for 
patients with HER-2-positive advanced gastric or 
gastro-oesophageal junction cancer.102
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of  radiotherapy is important. There are many 
 instances where patients have local symptoms from 
metastatic disease. With a high proportion of pa-
tients presenting with T3N1 disease it is not surpris-
ing that many will fail despite more complex and 
 aggressive therapy. The pattern of metastases seems 
already to be changing in that patients are living to 
get metastases in brain, bone and skin, as well as 
recurrent nodal masses. These clinical problems are 
amenable to short fractionated radiotherapy, which 
provides good symptomatic relief.

The role of external beam radiotherapy to treat 
dysphagia has changed with the ready availability of 
oesophageal stents. Radiotherapy can be very effec-
tive in relieving dysphagia but it can take weeks to 
accomplish this, and it can even temporarily worsen 
symptoms with radiation oesophagitis. The role of 
radiotherapy following successful stent placement 
is unproven. A UK trial has been  proposed, largely 
to explore the possibility of improvements in sur-
vival and symptom-free survival. The attraction is in 
achieving a measure of local disease control and in 
treating the mediastinum. There is also an intermedi-
ate group of patients with good performance  status 
and relatively localised disease who are clearly not 
appropriate for potentially curative treatment. Some 
short CRT regimes or primary chemotherapy with 
consolidation radiotherapy have been used, with 
some suggestion of improved  results. This group of 
patients deserves greater study to optimise palliation.

There is a major difference between the fractionation 
regimens used in the USA and in the UK. ‘Palliative’ 
doses of 40–60 Gy in 4–6 weeks are quoted in the 
US literature. These are in the radical dose range and 
are felt to be inappropriate for UK practice, where 
doses of 20–30 Gy in 1 or 2 weeks are more likely to 
be used. These can be combined with brachytherapy. 
Good resolution of tumour and symptom relief in a 
majority of patients have been reported.104 Often, 
however, whichever palliative technique is used first, 
other modalities have a role for patients with longer 
survival, to maintain swallowing.

Brachytherapy

Brachytherapy involves the placement of a high-
dose-rate radioactive source, usually iridium-192, 
down the oesophagus in proximity to the tumour. 
The aim is to get direct tumour cell kill, thereby 
relieving dysphagia, or in the case of its use as a 
boost to external beam radiotherapy, to achieve an 
increased dose to the tumour with minimal dose to 
surrounding normal tissues. It does not require a 
general anaesthetic and can be done as a day-case 
procedure. Occasionally, placement of a  nasogastric 
guide tube is required under endoscopic vision. 
Pagliero and Rowlands105 describe a single dose of 

15 Gy with a response rate of about 60% measured 
at 6 weeks from treatment. It can be repeated in 
cases of symptomatic relapse.

The optimum dose of brachytherapy has been 
addressed in a randomised trial using three sched-
ules.106 Three doses and schedules were tested in 
172 patients with advanced oesophageal cancer 
These were 12 Gy/two fractions (A), 16 Gy/two 
fractions (B) and 18 Gy/three fractions (C).

Patients were assessed for relief of dysphagia and 
survival. Dose and tumour length were found to 
be significant for survival on multivariate  analysis. 
Brachytherapy dose had a significant effect on 
 tumour control. Overall survival for the whole 
group was 19.4% at 1 year.

Future strategies
In order to achieve the best outcomes for patients, 
assessment, staging and treatment need to be closely 
coordinated and integrated in a multidisciplinary 
setting. Poor outcomes from single- modality 
 therapy and increasing evidence of the value of 
 multiple modalities will be powerful  drivers  towards 
higher quality and more centralised  services. Site 
specialist clinicians and support services can only 
meet demands for quality assurance in all possible 
modalities of treatment with appropriate resources 
and infrastructure. The essential role of high- quality 
radiology, including EUS, and expert pathology 
cannot be underestimated. The routine use of PET, 
both as a diagnostic tool to pick up early metastatic 
disease, and also to help target volume localisation 
in radiotherapy planning and predict response to 
non-surgical treatment, seems likely to become a key 
 decision-making tool (see Chapter 3). Support ser-
vices such as  specialist nursing and dietetic  services 

 The survival by group, although not 
statistically significant, suggests a trend towards 
better outcomes with the higher dose schedules of 
brachytherapy (at 12 months: A = 9.8%, B = 22.5%, 
C = 35.3%).106

 There are good published guidelines107 for 
the use of brachytherapy, taking into account 
the potential wide range of applications for this 
technique.

 A randomised multicentre trial with 209 
patients has shown that single-dose brachytherapy 
gave better long-term relief of dysphagia than 
metal stent placement, with equivalent costs.108 The 
time to symptom relief was, however, worse for 
brachytherapy but there were fewer complications.
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are particularly important in this area of disease 
management.

Radiotherapy is undergoing rapid technological 
developments through computer technology and im-
proved imaging, both in terms of primary tumour 
localisation and treatment verification. Intensity-
modulated treatment uses computer algorithms to 
optimise the delivery of radiation and spare normal 
tissue injury. This more accurate radiotherapy tech-
nique may allow safe dose escalation in cancers in the 
upper third of the oesophagus, where there is close 
proximity of the target volume to the  spinal cord and 
where radiotherapy doses used are significantly lower 
than those used to treat hypopharyngeal carcinomas 
a few centimetres higher. Image-guided radiotherapy 
used various techniques in target volume localisa-
tion and on treatment verification to ensure the tar-
get volume is actually being treated  every day. This 
is  especially important where the target is prone to 
movement, for example as a result of respiration. This 
is particularly important for  tumours of the lower 
third of the oesophagus. The use of evidence-based 
modern radiotherapy techniques is a prerequisite for 
dose escalation and for better local disease control if 
non-surgical therapies are going to be increasingly 
used with the aim of primary organ preservation.

As with radiotherapy treatments, systemic therapy is 
moving towards an era of personalised oncology. This 
is where treatments are selected based on the character-
istics of the individual tumour rather than on prognos-
tic risk factors. Many patients will never benefit from 
current chemotherapy and biological therapies, includ-
ing monoclonal antibodies, and  biomarkers are needed 
to select those that will benefit the most from what may 
be relatively toxic and/or expensive treatment. We have 
seen the first of these in the form of HER-2-positive 
oesophagogastric cancer, which predicts the benefit of 
the  addition of herceptin to combination chemother-
apy.102 ERCC1 may predict for cisplatin resistance and 

future studies must define the role of these biomarkers 
in routine treatment. If the lessons from past trials are 
to be learned, namely the poor and variable results in 
control arm treatments, attention will have to be paid 
to rigorous quality assurance within each area of de-
fined treatment. This will aid the process of new high-
quality research trials aiming to develop new treatment 
strategies.

The need for quick assessment by site specialist 
teams, able to offer a full range of treatments, ranging 
from complex combined modality therapy all the way 
through to quick and efficient palliative care, is only 
likely to be achieved by teamwork and some degree 
of reorganisation. Reconfiguration of surgical ser-
vices has probably contributed to improved outcomes 
from surgery and it is likely that some further spe-
cialisation of non-surgical services might reduce vari-
ability in therapeutic options being offered to patients 
and use of new radiotherapy techniques. Ultimately, a 
greater improved understanding of the epidemiology 
of these diseases will be necessary to allow the iden-
tification of disease at a far earlier stage. The current 
presentation with predominantly nodal and advanced 
stage disease is likely to limit the improvements that 
are possible with existing treatments.

The need for continued randomised trials is im-
portant. Major centres with high-quality assurance 
and good research support can recruit sufficient pa-
tients to answer major questions that are important 
to improve the outcome for these diseases.

 As chemoradiotherapy emerges as an alternative 
to radical surgery, particularly in squamous carcinoma, 
accurately predicting and defining those patients who 
will achieve good remission prospectively is important, 
as is the identification of patients who require salvage 
surgery. New molecular markers may be important 
tools for the future.

Key points
• Chemotherapy and radiotherapy have a major role, integrated with surgery, in the treatment of 

oesophageal and gastric cancer. Poor outcomes from single-modality therapy and increasing 
evidence of the value of selective use of multiple modalities are powerful drivers towards higher 
quality and more centralised services.

• Effective staging is essential as surgery alone is now indicated only for early-stage disease.
• The benefit of preoperative radiotherapy in oesophageal cancer seems to be small.
• Preoperative chemotherapy has been demonstrated to improve survival and is accepted in the UK 

as a standard of care in oesophageal cancer. Cisplatin–5-FU combinations seem to be active in 
both squamous carcinoma and adenocarcinoma.

• Postoperative radiotherapy has a possible role in selected cases of oesophageal cancer (e.g. 
pathological stage III squamous cell carcinoma). The justification is less clear for adenocarcinoma 
outside the context of a clinical trial.
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Palliative treatments of carcinoma 
of the oesophagus and stomach

Despite improvements in the detection of oesophageal 
and gastric cancer the majority of Western patients 
present with advanced disease that is not  amenable 
to cure. There are also patients with localised 
disease whose comorbidities or general frailty 
prohibits radical treatment. In these situations 
effective palliative therapy is required, with the 
aim of  improving quality of life and maintaining 
survival with minimum risks until death occurs. 
This chapter concentrates on treatment modali-
ties used for the palliation of oesophageal and 
gastric cancer.

Epidemiology and survival
Accurate information about the proportion of 
 patients with oesophageal and gastric cancer who 
are treated with palliative intent is difficult to 
 obtain. This largely reflects variations in the selec-
tion of patients for treatment. National audit data 
from England and Wales show that about 64% of 
new patients with oesophageal or gastric cancer 
 undergo primary palliative treatment, although this 
varies between cancer networks and worldwide.1–3 
Trials continue to examine the role of palliative 
 chemotherapy or radiotherapy in oesophageal 
 cancer, but currently there is no evidence to show a 
survival benefit when compared to best  supportive 
care.4 The median survival is less than 8 months 
and few survive beyond 1 year. It is recommended, 
therefore, that treatment is tailored to the general 
status of the patient in order to reduce symptoms 
with minimal risks and side-effects.5

The resection rate for patients with gastric 
 cancer is greater than that for oesophageal cancer 
(25%), probably because distal gastrectomy is still 
widely employed to overcome gastric outlet ob-
struction even in patients with advanced disease.1 
Gastrojejunostomy (laparoscopic or open) or endo-
scopic stenting are also commonly performed if the 
tumour is very advanced or the patient frail. There 
is a lack of well-designed and conducted trials com-
paring distal gastrectomy with bypass or duodenal 
stenting, but systematic reviews comparing gastro-
jejunostomy with endoscopic stenting suggest that 
stent placement may be more favourable in patients 
with a very short life expectancy, although bypass is 
preferable in patients with a prolonged prognosis.6,7 
The randomised trials examining these issues are 
often small, however, and well-designed studies are 
still needed. Palliative chemotherapy, either alone or 
in combination with biological therapies, may lead 
to improved survival in gastric cancer. A Cochrane 
systematic review shows that chemotherapy sig-
nificantly increases survival in comparison with 
best supportive care and that combination chemo-
therapy improves survival compared to single-agent 
5-fluorouracil (5-FU).8 It is also recommended that 

 There is little evidence to show that any 
single or combination of palliative treatment 
modality changes survival for patients not amenable 
to potentially curative treatment for oesophageal 
cancer4. Future trials comparing palliative treatment 
modalities should assess survival and health-related 
quality of life using validated measures.
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patients are tested for human epidermal growth 
 factor receptor 2 (HER-2) status and a monoclonal 
antibody (trastuzumab) be added in patients with 
HER-2-positive tumours.8,9 Despite these improve-
ments in the treatment of advanced gastric can-
cer overall outcomes remain poor, with a median 
 survival of less than 14 months.

Disease stage, age and general performance  status 
influence outcomes and survival, although the  effect 
of age may be largely due to more comorbidity in 
older patients.10 Another predictor of mortality is 
the length of the oesophageal tumour, mainly be-
cause this increases the likelihood of nodal involve-
ment with large tumours.11 All these factors need 
to be taken into consideration when planning 
treatment.

Patient selection and 
multidisciplinary teams
Since the introduction of the National Health 
Service Cancer Plan in the UK in 2000, treatment 
decisions for patients with cancer are mandated to 
be made within the context of a multidisciplinary 
team.12 Guidelines for the constitution and pro-
cesses for upper gastrointestinal multidisciplinary 
teams have been published and national peer review 
processes audit team working.12,13 Teams consist 
of core members, specialist nurses, gastroenterolo-
gists, oncologists, pathologists, radiologists, admin-
istrators, palliative medicine experts and surgeons. 
Additional members may include cytologists, dieti-
cians and researchers from clinical trials units. The 
aim of the team is to review available evidence for 
each new patient and make optimal treatment deci-
sions. Evidence includes information about the cell 
type, disease stage, patient comorbidity and choice, 
and expert discussion of best available treatments. 
Although team working has been widely imple-
mented across the UK and is recommended by some 
continental European centres, in North America a 
similar role of ‘tumour boards’ is not mandatory 
within cancer care.14 Currently, evidence to support 
team working is sparse, based upon longitudinal or 
retrospective case series. It is also uncertain how to 
best evaluate the quality of multidisciplinary teams 
because outcomes are dependent upon so many 
variables. It has been suggested that monitoring 
implementation of team decisions further evaluates 
team working. In one centre it has been shown that 
15% (95% confidence interval (CI) 10–20%) of 
team decisions change after the meeting.15 The most 
common reason cited for changing team decisions 
was lack of available information about patient 
choice and comorbidity. There is also uncertainty 

whether upper gastrointestinal multidisciplinary 
teams should routinely discuss patients who develop 
disease recurrence following radical treatment.16 If 
this becomes mandatory in the UK the workload of 
teams would increase; however, patients with recur-
rence should be offered the full range of palliative 
treatments and so this requires further consider-
ation. Team working is an area that is likely to de-
velop over the next decade; professionals may need 
training in team-working skills and the infrastruc-
ture to support these processes is required.17

After establishing a diagnosis, new patients 
require careful assessment to decide whether 
treatment should be directed towards attempt-
ing a cure, or if palliation of symptoms is more 
appropriate. Careful patient selection has been 
shown to significantly influence results. Principal 
factors to consider are the type and stage of the 
tumour, physical and psychological well-being of 
the patient, and knowledge of patient preferences. 
Decisions should be considered in the  knowledge 
of treatment outcomes, including impact on 
 patients' health-related quality of life. Figs 10.1 
and 10.2 illustrate pathways that can be used to 
select patients for palliative treatment.

Fitness for treatment

The place of oesophagectomy in many older  patients 
is often easily settled because of general debilita-
tion or multiple coexistent medical problems. Age 
in itself does not preclude octogenarians from sur-
gery, but in most series older patients are carefully 
 selected. In general, patients who are not fit enough 
for oesophagectomy are also unable to  tolerate 
a radical course of radiotherapy or  definitive 
 chemoradiation. On the whole, surgery for gastric 
tumours is better tolerated than oesophageal surgery 
by the elderly population, but patients still require 
careful preoperative assessment before undergoing 
major resection. Anaesthetic assessment for surgery 
is considered in more detail in Chapter 4.

 Multidisciplinary cancer teams are a mandatory 
part of cancer care in the UK. The opportunity 
to elicit multiprofessional expertise in treatment 
decision-making is likely to benefit patient outcomes, 
but evidence to support this hypothesis is currently 
lacking. In the UK, selecting patients for palliative 
or potentially curative treatment is made within the 
context of a multidisciplinary team meeting, and 
full expert review of tumour type and stage, patient 
comorbidity and their wishes is required to make 
these decisions.
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Staging investigations

Accurate tumour staging plays a crucial part in 
any therapeutic protocol, enabling patients to be 
assigned appropriately to treatments with either 
curative or palliative intent. Clear evidence of 
haematogenous tumour spread or irresectability 
directs patients with oesophageal cancer to pal-
liative treatment. Despite advances in staging 
procedures, no single investigation is perfect and 
a small percentage of patients still require explor-
atory surgery to determine resectability. Palliative 
resection or bypass surgery to ameliorate bleed-
ing or obstruction may be indicated for some pa-
tients with gastric cancer even in the presence of 
haematogenous tumour spread. The decision to 
proceed with palliative surgery requires careful 
consideration, as many patients rapidly deterio-
rate in this situation.

Patient preferences and 
information provision

Information about the diagnosis and prognosis of 
oesophageal and gastric cancer should be offered 
to all patients and it is essential that a nurse spe-
cialist is involved in this process whenever possi-
ble. The volume and type of information required 
will vary between individuals, although evidence 
from studies of patients' information needs per-
formed in other disease sites generally shows that 
patients wish to have as much information as pos-
sible and prefer the information to be provided 
by a health professional, as well as in other forms 
such as a booklet or CD-ROM.17 It is necessary 
to inform patients of the potential treatments and 
alternatives together with treatment-related ben-
efits and risks, both in the short and long term. 
Surveys of patients' information needs also show 
that information about impact on health-related 
quality of life is considered important to patients 
during treatment decision-making.18 Ensuring that 
consultations provide this information in a way 
that is understood is difficult and requires that 
professionals are trained. In the UK it is recom-
mended that all specialist cancer teams undergo 
training in advanced communication skills.19 All 
 clinicians will be faced with patients who demand 
 every small chance of cure, despite its risks, and 
 others who wish to receive minimal, dignified in-
tervention. Communicating outcomes, providing 
adequate information and listening to patients' 
views is necessary so that patients and their fami-
lies have access to as much information and sup-
port as required.

Reason for palliationPatient informed 
and assessed

PET/CT chest and
abdomen (MDT review)

Endoluminal ultrasound

Laparoscopy 
if T3 below diaphragm

Potentially 
curative treatment

(MDT review)

Patient wishes
Comorbid disease
Clinical metastases

Distant metastases
M1 nodal metastases

T4 airway invasion
T4 aorta or cardiac

Peritoneal disease
Distant metastases

Patient wishes

Figure 10.1  • Algorithm for selection for palliative or 
curative treatment of oesophageal and junctional tumours. 
CT, computed tomography; MDT, multidisciplinary team; 
PET, positron emission tomography.

Reason for palliationPatient informed 
and assessed

CT chest and abdomen

EUS

Laparoscopy 

Potentially 
curative treatment

Patient wishes
Comorbid disease
Clinical metastases

Distant metastases

M1 nodal disease

Peritoneal disease
Distant metastases

Patient wishes

Figure 10.2  • Algorithm for selection for palliative or 
curative treatment for cancers of the gastric body or 
antrum. CT, computed tomography; EUS, endoscopic 
ultrasonography.
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Symptoms and signs of 
advanced oesophageal  
and gastric cancer

Tumours of the oesophagus  
and gastric cardia

Dysphagia is the predominant symptom for most 
 patients with tumours of the oesophagus, oe-
sophagogastric junction or proximal stomach. 
The progressive nature of malignant dysphagia is 
usually apparent. Initial difficulties in swallowing 
solid food may cause bolus obstruction and ody-
nophagia. Solid food intake gradually reduces and 
 patients are finally unable to even swallow saliva. 
Complete dysphagia may lead to aspiration pneu-
monia. Less than 5% of patients with oesophageal 
cancer develop an aero-digestive fistula, but this is 
generally associated with locally advanced disease 
and a very poor prognosis. Oesophageal tumours 
may also present with vomiting, haematemesis or 
gastro-oesophageal reflux. Many patients  present 
with symptoms of advanced disease including 
 fatigue, anorexia, upper abdominal pain caused by 
lymphadenopathy, ascites or liver metastases, and 
constipation. Rapid weight loss frequently occurs 
because of cancer cachexia exacerbated by poor 
oral intake. Hoarseness caused by tumour infiltra-
tion of the recurrent laryngeal nerves may be the 
result of advanced local disease or mediastinal re-
currence after oesophagectomy.

Tumours of the gastric body  
and antrum

Gastric cancer commonly has an insidious presenta-
tion and some patients have few symptoms. Slow 
blood loss may eventually result in symptoms of anae-
mia. Haematemesis is a rare first presentation. Vague 
upper gastrointestinal problems, such as epigastric 
discomfort, early satiety and gastro-oesophageal  
reflux, are common. Tumours of the distal stomach 
cause outlet obstruction and patients describe epi-
gastric fullness, reflux and nausea, finally leading 
to effortless vomiting. The presence of an epigastric 
mass, supraclavicular lymphadenopathy, jaundice, 
ascites or pleural effusions all reflect advanced dis-
ease. Less commonly, bony pain and symptoms of 
increased intracranial pressure are seen related to 
metastatic spread. Symptoms of  oesophageal and 
gastric cancer are listed in Box 10.1.

The provision of rapid relief of dysphagia or 
gastric obstruction for patients with advanced oe-
sophageal and gastric malignancies is the initial 
priority of palliative treatment for patients who 

are  symptomatic. When patients with disease not 
amenable to cure have minimal symptoms related 
to the primary tumour, the main aim of palliative 
treatment is to extend survival and maintain or im-
prove health-related quality of life. Many patients 
undergoing palliative treatment will also need di-
etary advice. Appropriate end-of-life care should be 
implemented.

Palliative treatments for 
cancer of the oesophagus 
and gastric cardia
A variety of approaches are available for the pal-
liation of advanced tumours of the oesophagus 
and gastric cardia. These include rigid plastic tube 
insertion, self-expanding metal stents (SEMS), 
brachytherapy, external beam radiotherapy, che-
motherapy, chemical and thermal ablation, pal-
liative resection (for gastric cancer) and bypass 

Oesophageal cancer
Dysphagia
Odynophagia
Reflux
Chest pain
Haematemesis
Cough
Dyspnoea
Hoarseness
Gastric cancer
Dysphagia
Epigastric fullness/discomfort
Effortless vomiting
Haematemesis
Nausea
Reflux
Symptoms of anaemia
Metastatic disease
Upper abdominal pain
Epigastric fullness/discomfort
Anorexia
Bone pain
Constipation
Dyspnoea
Cough
Weight loss
Fatigue

Box 10.1  •  Symptoms of oesophageal and gastric 
cancer
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surgery either as single or combination treatment 
modalities. These different treatment modalities 
can treat and palliate the cancers and therefore 
there is no longer a role for palliative surgery for 
oesophageal cancer, which has a major detrimen-
tal impact on patients' quality of life.20 Generally, 
patients undergoing palliative surgery do not 
have sufficient time to recover from the operation 
before they experience symptoms of metastatic 
disease. Historical data also show that palliative 
resection is associated with high perioperative 
mortality and morbidity rates. It is possible that 
the improved surgical techniques and periopera-
tive care may mean that minimal access surgical 
resection may in certain situations be suitable for 
the palliation of oesophageal cancer; however, 
well-designed studies are needed to corroborate 
this. Evidence for the effectiveness of non-surgical 
interventions for the palliation of malignant dys-
phagia in the treatment of primary oesophageal 
cancer is summarised in a recent Cochrane review 
that includes 40  studies.21 Overall, it concluded that 
SEMS insertion is safe, quick and effective in palliat-
ing malignant dysphagia compared to other modali-
ties. High-dose intraluminal brachytherapy may be a 
suitable alternative and provide additional survival 
benefit and quality of life. The individual studies 
examining endoscopic methods of relieving luminal 
obstruction are considered below, with other sec-
tions concentrating on treatments for palliation of 
other common problems in oesophageal or oesoph-
agogastric junctional cancer:

1. Endoscopic methods of relieving luminal 
obstruction.

2. Chemotherapy, radiotherapy, chemoradiother-
apy and monoclonal antibody treatments.

3. Management of aero-digestive fistulas.
4. Management of recurrent laryngeal nerve palsy.
5. Management of chronic bleeding.

The endoscopic relief of luminal 
obstruction

Malignant dysphagia may be relieved by stent 
insertion, brachytherapy, external beam radio-
therapy, chemotherapy or tumour ablation with 
photothermal, photodynamic therapy, or by the 
injection of cytotoxic substances.20 Many mo-
dalities are complementary and SEMS insertion is 
safe, effective and quicker in palliating dysphagia 
compared to other modalities. No one method 
or combination is greatly superior to the rest in 
terms of relief of dysphagia, although some evi-
dence is emerging to show better long-term re-

lief of dysphagia with high-dose intraluminal  
brachytherapy. This might provide a suitable al-
ternative and may provide additional survival 
with a better quality of life compared to metal 
stent placement.22 Historically, dilatation was ad-
vocated for the palliation of malignant dysphagia 
and rigid plastic tubes were inserted following 
this. Because of the short-lived benefits of dilata-
tion alone and the associated risks of perforation, 
its use nowadays is reduced to that of a prelimi-
nary measure before definitive management of 
dysphagia. Minimal  oesophageal dilatation may 
be performed to allow insertion of an SEMS or to 
place a brachytherapy bougie. Guidelines on the 
use of dilatation in clinical practice recommend 
careful preparation, polyvinyl wire-guided bou-
gies or hydrostatic  balloons.23 Strictures with se-
vere narrowing and angulation are best negotiated 
under X-ray screening.

The majority of randomised trials evaluating 
palliative treatments for dysphagia have been 
small and single-centred, and may therefore have 
lacked power to detect differences between treat-
ment arms. Table 10.1 summarises the randomised 
controlled trials published before the end of 2011, 
evaluating interventions of the palliation of malig-
nant dysphagia. The table includes only trials that 
randomised more than a total of 50 patients, ex-
cluding smaller studies because they are less likely 
to influence practice. Even within the included 
studies, eight (50%) may be at risk of selection 
bias because methods used to conceal the alloca-
tion sequence were unclear (i.e. intervention allo-
cations could have been foreseen before or during 
enrolment).

Intubation
Intubation is probably the most widely used form 
of palliation of malignant dysphagia at present and 
allows rapid relief of dysphagia with associated low 
morbidity. Prostheses may be placed endoscopi-
cally, radiologically or surgically at laparotomy, 
although there is little place for open insertion of 
a prosthesis when a tumour is unexpectedly found 
to be irresectable because endoscopic insertion is 
safer and has fewer complications. Self-expanding 
metal stents are now routinely employed for this 
purpose and plastic rigid tubes are generally no lon-
ger in use.21,24–26

 A tissue diagnosis is desirable prior to 
dilatation of a malignant stricture and wherever 
possible oesophageal dilatation should be un dertaken 
as a planned procedure with informed consent. It 
should be undertaken by experienced endoscopists 
with contrast radiology available.
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Authors n Group 1 Group 2 Dysphagia
Clinical 
outcomes

Health-
related 
quality of 
life*

Allocation 
concealment†

Blomberg 
et al., 201062

72 Antireflux 
stent 
(oesophageal 
Z-stent with 
antireflux 
valve)

SEMS: Oesophageal 
Z-stent, Ultraflex or 
Wallstent

Worse in 
Group 2

No difference In favour of 
Group 1

B

Verschuur 
et al., 200863‡

83 SEMS: 
Ultraflex

SEMS: Polyflex Worse in 
Group 1

No difference 
except 
more stent 
migrations in 
Group 2

Not assessed B

Verschuur 
et al., 200863‡

44 SEMS: 
Ultraflex

SEMS: Niti-S Worse in 
Group 1

No difference Not assessed B

Conio et al., 
200727

101 Self-
expandable 
plastic stent

SEMS: covered 
Ultraflex

No difference Morbidity 
higher with 
expandable 
plastic stents

Not assessed B

Bergquist 
et al., 200540

65 SEMS Brachytherapy Not assessed Not assessed In favour of 
SEMS

B

Shenfine 
et al., 200926

217 SEMS (then 
randomised 
to 18- or 
24-mm-
diameter 
stent)

Standard treatment 
(then randomised 
to plastic tube or 
no tube treatment)

Worse quality 
swallowing 
with plastic 
tubes

Survival 
advantage in 
standard group 
randomised 
to no tube 
treatment

18-mm stents 
reported less 
pain than with 
24-mm SEMS

A

Fu et al., 
200464

53 SEMS SEMS and 
chemotherapy or 
chemoradiotherapy

No difference No difference Not assessed B

Homs et al., 
200422,41

209 SEMS: 
covered 
Ultraflex

Brachytherapy SEMS better 
short-term 
relief. 
Brachytherapy 
better  
long-term 
relief

Morbidity 
higher with 
SEMS

In favour of 
brachytherapy

A

Sabharwal 
et al., 200365

53 SEMS: 
covered 
Wallstent

SEMS: covered 
Ultraflex

No difference No difference Not assessed A

O'Donnell 
et al., 200266

50 Cook plastic 
tube

SEMS: covered 
Wallstent

No difference No difference No difference A

Canto et al., 
200267

56 SEMS PDT SEMS better 
short-term 
relief, similar 
long-term 
relief

Not  assessed In favour of 
PDT

B

Table 10.1  • Prospective randomised controlled trials of endoscopic palliation of malignant dysphagia (n > 50)
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Self-expanding metal stents (SEMS)
The design of SEMS has evolved since they were 
first introduced for the palliation of malignant  
dysphagia in the early 1990s with the introduction of 
covering and also fixtures to allow endoscopic stent 
removal. They are made from a flexible metal mesh 
that expands after deployment for up to 48 hours, 
leading to rapid relief of dysphagia and  creation of 

an internal luminal diameter of 16–25 mm. Early 
disadvantages of tumour ingrowth and stent migra-
tion have been largely overcome by newer materi-
als and designs, although migration may still occur 
when stents are placed at the oesophagogastric junc-
tion. Although initially stents were expensive (about 
£500–800), the cost is now reducing. Current design 
developments are centred upon  using expandable 
plastic rather than metal to reduce the manufac-
turing costs, and developing removable stents and 
possibly dissolvable stents to use in temporary  
settings.27 Stents nowadays, therefore, may be 
fully or partially covered (partially covered self- 
expanding metal stents, PCSEMS). Several studies 
have  investigated the addition of a valve in the distal 
part of the stent to reduce acid reflux.28

 Self-expanding metal stent insertion is 
safe, effective and quick in palliating dysphagia 
compared to other modalities.21 High-dose 
intraluminal brachytherapy is a suitable alternative 
and might provide additional survival benefit with a 
better quality of life.22,41,42

Authors n Group 1 Group 2 Dysphagia
Clinical 
outcomes

Health-
related 
quality of 
life*

Allocation 
concealment†

Siersema 
et al., 200168

100 SEMS: 
covered 
Wallstent

SEMS: covered 
Ultraflex or 
Gianturco Z stent

No difference No difference Not assessed B

Vakil et al., 
200169

62 SEMS: 
covered

SEMS: uncovered No difference Fewer 
reinterventions 
in covered 
SEMS group

Not assessed A

Dallal et al., 
200129

65 Nd:YAG laser SEMS: uncovered 
Ultraflex

No difference Morbidity 
similar, survival 
better Group 1

Significant 
HRQOL 
deterioration 
in stent group 
at 1 month

A

Adam et al., 
199730

60 SEMS either: 
covered 
Wallstent or 
uncovered 
Ultraflex

Nd:YAG laser Worse in 
Group 2

Stent migration 
worse in Group 
1, covered 
Wallstent

Not assessed B

Sargeant 
et al., 199770

67 Nd:YAG laser Nd:YAG laser and 
external beam 
radiotherapy

Longer 
treatment 
intervals in 
Group 2

No difference Not assessed A

Lightdale 
et al., 199533

218 Nd:YAG laser Photodynamic 
therapy + argon 
pumped dye laser

No difference Perforations 
more common 
in Group 1

Not assessed A

Note: 30-day mortality rates were similar in all of the above trials.
HRQOL, health-related quality of life; Nd:YAG, neodymium yttrium–aluminium–garnet laser; SEMS, self-expanding metal stent.
*Health-related quality-of-life results in article reported from a valid multidimensional questionnaire.
†The risk of bias in the trial was judged as A = low, B = unclear or C = high, using the Cochrane risk of bias tool assessing allocation 
concealment.71 The tool allows an author to judge whether the randomisation process described in the study has clear evidence that the 
treatment allocation was concealed to the person randomising the patient before the patient is entered into the study.
‡This randomised controlled trial had three treatment arms and subsequently two comparisons.

Table 10.1  • (cont.) Prospective randomised controlled trials of endoscopic palliation of malignant dysphagia (n > 50)
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Method of insertion
Self-expanding metal stents may be inserted 
 endoscopically or radiologically. There are  several de-
signs with very similar delivery devices. The Ultraflex 
Esophageal Stent (Boston Scientific Inc.) is made of an 
alloy of titanium and nickel and has a shape ‘memory’ 
as well as superelastic behaviour. It is loaded in a small-
diameter delivery catheter, constrained in a compressed 
form by a double plastic membrane. During expan-
sion the stent shrinks by approximately one-third. It 
is available either uncovered or partially covered. The 
design incorporates a proximal flare for secure place-
ment and to reduce the possibility of food entrapment. 
The conical ‘Flamingo’ Wallstent is designed to reduce 
problems with migration, and the proximal and distal 
1.5 cm of the stent remain uncovered. It may be recov-
ered during deployment and repositioned, provided 
less than 50% of the endoprosthesis has been released. 
The Gianturco Z stent also uses stainless steel and it 
is entirely coated with a  polyethylene film. It has long 
wire hooks at its  mid-portion to facilitate anchoring. 
Unlike the Ultraflex and Wallstents it undergoes very 
little shortening upon release. A ‘windsock’ design to 
reduce the possibility of gastro-oesophageal reflux is 
available. Other stents are variations on these basic 
designs. Comparative studies show that reintervention 
rates for tumour ingrowth are higher with uncovered 
than covered stents. Other comparative studies of 
SEMS show conflicting results and although these tri-
als may have design weaknesses, there is currently no 
good evidence that one design is superior to another in 
terms of morbidity or relief of dysphagia.

Contraindications to metal stent placement are 
tumours requiring stent placement within 2 cm of 
the upper oesophageal sphincter. This is not recom-
mended because of concerns about proximal migra-
tion, laryngeal compression, intractable pain and a 
globus sensation. Relative contraindications to stent 
placement are more dependent on operator exper-
tise, but these include: total luminal obstruction; 
non-circumferential tumour growth prohibiting 
proper anchoring of the prosthesis; almost horizon-
tal orientation of the malignant lumen; prior chemo-
radiation; and multiangulated lesions, particularly 
with tumours at the gastro-oesophageal junction. 
All of these situations render endoscopic intubation 
hazardous or make the stent less likely to relieve 
dysphagia.

Preparation
Endoscopic prosthesis insertion is usually possible 
under intravenous sedation, although some endos-
copists continue to use general anaesthesia. Routine 
monitoring is required with intravenous sedation, 
as is continual attention to the airway. Saliva and 
regurgitated fluids should be constantly removed to 
prevent aspiration during the procedure.

Endoscopic insertion with fluoroscopy
After endoscopic assessment and measurement of 
the tumour, a guidewire is passed into the stom-
ach (after successful negotiation of the tumour 
with the endoscope or under fluoroscopic control). 
Occasionally, dilatation may be required to a mini-
mum of 10 mm before passage of the delivery sys-
tem over the guidewire. The proximal and distal 
extents of the tumour may be marked with radio-
opaque skin markers or the tumour limitations 
injected with contrast. The slim delivery device 
is advanced over the guidewire until the radio-
opaque markers of the compressed stent are cor-
rectly aligned with the tumour. Once in position the 
stent is deployed. It is possible to reposition some 
of the stents after partial deployment. The guide-
wire and delivery  device are then carefully removed 
under fluoroscopic guidance. After release of the 
stent, the endoscope may be reinserted to check 
the final  position. Immediate balloon dilatation is 
recommended to improve expansion and prevent 
early migration, but may still be performed up to 
several days after stent insertion.

Radiological insertion
Morphological imaging of the malignant stricture 
with oral contrast is performed prior to stent in-
sertion. This assesses length and position of the 
tumour. A fine steerable catheter is then negoti-
ated over a guidewire through the stricture to the 
stomach and skin markers aligned. The proximal 
and distal ends of the tumour are marked (simi-
lar to endoscopic positioning). Balloon dilatation 
to 10–15 mm may be performed if the stricture 
is very narrow. The stent insertion device is then 
passed safely and positioned radiographically over 
the guidewire and released according to the type 
of stent.

Postoperative management
After stent insertion the patient must be instructed 
to sit upright. Oral fluids are usually allowed the 
same day unless there is concern about complica-
tions or symptoms or signs of perforation. Clinical 
and radiological examination may be performed 
to exclude perforation before oral fluids are com-
menced. Patients should receive written dietary in-
formation with advice to chew food carefully and 
drink regularly during and after meals. A daily intake 
of 10 mL hydrogen peroxide (20 vol.) is sometimes 
recommended.

Complications
Even in experienced hands, intubation with SEMS 
has a procedure-related mortality of about 1–2% 
and early complication rates of between 0% and 
30%. Complications are listed in Box 10.2.
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Early complications

1. Malposition of the stent may require insertion 
of a second or even third stent (if the tumour is 
long). This may overlap the malpositioned stent 
to adequately cover the tumour.

2. Incomplete stent expansion and early dysphagia 
may require balloon dilatation if no improve-
ment is seen within 48 hours.

3. Early stent migration. This occurs in about 1% 
of patients and is more prone in stents placed 
at the oesophagogastric junction than in stents 
with both ends anchored within the oesopha-
gus. Endoscopic retrieval may be performed 
safely, especially with the newer devices. Stents 
that have migrated into the stomach may also 
be safely left as they rarely obstruct the pyloric 
channel or cause intestinal perforation.

4. Oesophageal perforation is the most serious 
complication and is more likely if the stricture 
has been dilated before stent insertion, there has 
been prior use of radiotherapy and/or chemo-
therapy, if the tumour is sharply angulated or 
if it extensively encases the oesophagus. Rapid 
development of subcutaneous emphysema, 
severe pain, radiological evidence of pneumome-
diastinum, air under the diaphragm or a pleural 
effusion should all raise suspicion. The extent of 
the leak is confirmed by contrast radiography. 
The most appropriate form of therapy depends 
on the time of detection and the extent of the 

leak. If recognised at endoscopy, the insertion 
of the prosthesis itself may seal off the perfora-
tion and prevent mediastinitis. Alternatively, the 
procedure may be abandoned and conservative 
treatment undertaken. This involves administra-
tion of broad-spectrum antibiotics, cessation of 
oral intake and feeding either parenterally or by 
jejunostomy. An intercostal drain may need to 
be inserted if there is evidence of pleural con-
tamination. Specific management of this serious 
complication is covered in detail in Chapter 19.

5. Severe upper gastrointestinal haemorrhage oc-
casionally occurs. This is difficult to treat, and 
only supportive measures may be possible.

Late complications
Long-term problems occur in at least 20% of pa-
tients and are most frequently related to eating. 
Problems often require hospital admission, further 
endoscopic manoeuvres and occasionally replace-
ment of the prosthesis.

1. Prostheses may block because of tumour 
overgrowth at either end of the stent or tumour 
ingrowth through the metallic stent lattice-
work if an uncovered design is used. This leads 
to recurrent dysphagia and occurs in 5–30% 
of  patients. Tumour ingrowth is best man-
aged with laser, argon-beam coagulation or 
 photodynamic therapy. Overgrowth at either 
end of the stent may be successfully treated 
with placement of a second stent.

2. Food bolus obstruction occurs in metallic stents 
despite their wide diameter. Spontaneous resolu-
tion can occur or endoscopy may be required 
to displace the impacted food bolus into the 
stomach.

3. Reflux of gastric acid occurs in all  patients  
whenever the tube crosses the  gastro- oesophageal 
junction. It may lead to  oesophagitis and 
 occasionally benign stricture formation above the 
tube. This can be  controlled by conservative  
measures, dilatation and acid suppression 
therapy. The use of a stent with an antireflux 
valve may reduce reflux symptoms.

4. Pressure necrosis and late oesophageal 
 perforation leading to mediastinal fistulation 
has been reported.

5. Stents can fracture or twist, leading to serious 
morbidity. These are rare problems as most 
patients do not live long enough. Operative 

Early complications
Malposition/migration
Incomplete expansion
Oesophageal perforation
Upper gastrointestinal bleeding
Aspiration pneumonia
Pain
Late complications
Migration
Tumour ingrowth or overgrowth
Aspiration pneumonia
Pain
Reflux
Late perforation and fistulation
Disintegration of prosthesis
Stent torsion
Bleeding

Box 10.2  • Complications of stent insertion
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removal of these tubes is only very occasionally 
required.

6. Eating difficulties exist due to incomplete relief 
of dysphagia. Once a prosthesis is in place all 
food must pass through a tube with a fixed 
diameter. Patients therefore need appropriate 
nutritional support and advice.

Manufacturers continue to develop new designs 
to decrease the risk of migration, increase the ease 
of insertion and enable stents to be repositioned or 
extracted. A new self-expanding plastic stent (SEPS) 
prosthesis has been evaluated but may lead to par-
ticular problems of stent migration. However, it is 
likely that future developments will overcome these 
issues.27 Despite the associated morbidity with stent 
insertion, the immediate relief of dysphagia in one 
endoscopy session has made intubation an attrac-
tively simple palliative treatment, particularly for 
patients with poor performance status whose life 
expectancy is short.

Laser treatment
Laser therapy as a treatment for palliation of 
 malignant dysphagia is diminishing because it is 
time-consuming and requires repeated hospital 
visits. Where patients are fit enough for multiple 
hospital treatments they may be offered palliative 
chemotherapy or brachytherapy. Laser treatment 
may still be useful for overgrowth or ingrowth of 
tumour in patients with oesophageal stents and it 
is valuable for tumours of the cervical oesophagus 
(where a stent is contraindicated). The principles of 
tumour ablation with laser treatment are similar to 
those used in other techniques such as argon-beam 
coagulation. Successful recanalisation and relief of 
dysphagia may be achieved after a mean of two 
treatment sessions, although most patients will con-
tinue to manage only semisolid or liquid foods. The 
mean dysphagia-free interval after laser treatment 
varies from 4 to 16 weeks. Repeated recanalisations 
can be performed with a laser or argon beam as 
many times as necessary.

The most popular type of laser in Britain is the 
non-contact neodymium yttrium–aluminium–
garnet (Nd:YAG) laser. Laser energy is conveyed 
through a single monofibre, which is enclosed 
in a Teflon sheath. At an irradiation distance of 
5–10 mm, multiple pulses for a duration of about 
0.5–1 s are given. It causes tissue necrosis with 
eventual vaporisation, depending on the power 
used, the duration of application, the distance 
 between the fibre tip and  target, the aim of the 
application and the colour of the  tissue. Coaxial 
gas (usually CO2 or NO2) is administered around 
the quartz fibre, to cool the probe tip and clear de-
bris. Gas is  removed with the suction channel of the  

endoscope. A nasogastric tube next to the endo-
scope can be used to vent the oesophagus. The low-
power contact Nd:YAG system uses coaxial water 
to cool the tip, remove debris and reduce adherence 
of the  contact probe. This employs a sapphire tip, 
which acts like a hot knife. Lower power settings 
theoretically mean that the chances of perforation 
by excessive laser energy are reduced. Tissue dam-
age only occurs up to 0.5 mm beyond the treatment 
site. Each laser treatment session may recanalise the 
whole or part of the stricture. Some recommend 
routine  endoscopic review at 48–72 hours, when oe-
dema has subsided and accurate assessment of the 
overall  effect can be made. The destroyed tumour 
may then be evacuated with forceps, polyp graspers, 
lavage or pushed distally with the endoscope. Others 
administer treatment as dictated by clinical response.

Endoscopic technique
Laser treatment is usually carried out with 
 intravenous sedation, although some centres use 
a rigid endoscope requiring general anaesthesia 
and endotracheal intubation. Those in favour of 
a rigid scope believe its advantages are that it al-
lows better suction of fluid, smoke and debris, 
with improved visualisation of the tumour. If a 
malignant stricture is negotiable, the laser is first 
applied to the distal end of the tumour. The scope 
is then withdrawn in a circular fashion into the 
more proximal tumour. If complete obstruction is 
encountered, tumours can be vaporised in the an-
tegrade direction or first dilated to allow passage 
of the endoscope. Antegrade therapy may be more 
dangerous because information about the luminal 
axis is lacking and the area first treated rapidly 
becomes oedematous, thus impairing visualisation 
and access more distally.

Early complications
The incidence of major complications and mortality 
(which is in the region of 1–5%) was usually lower 
for laser destruction than endoscopic intubation 
with rigid plastic stents. Few studies have compared 
laser treatment with metal stents (Table 10.1). Early 
complications after laser treatment are listed in 
Box 10.3.

1. Chest pain may result from extensive mucosal 
burning. It is common but not severe.

2. Oesophageal perforation is less common follow-
ing laser recanalisation than intubation with a 
rigid endoprosthesis. The risk is about 5% and 
is said to be related to predilatation rather than 
a direct complication of the laser treatment.

3. A benign pneumoperitoneum or pneumomedias-
tinum is sometimes detected by chest X-ray after 
laser treatment. This is thought to be related to 
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jets of coaxial gas passing through abnormal, 
often necrotic, tumour tissue. Patients rarely 
have symptoms. Contrast studies do not show 
a leak and patients usually make an uneventful 
recovery.

4. Gastric distension as a result of carbon dioxide 
infusion can be quite uncomfortable despite 
adequate decompression. The pain is visceral 
in nature and may be confused with chest pain 
from excessive mucosal burning.

5. Haemorrhage after laser treatment is rare, oc-
curring in about 1%.

Late complications
Late complications frequently occur following la-
ser destruction and require repeated endoscopic 
treatment.

1. The main problem is tumour recurrence. 
Patients require about monthly treatment ses-
sions. It is perceived by the medical profession 
that this is burdensome and disruptive, but 
there have been few studies that have objectively 
measured patients' views about this matter. 
Some may feel that continued hospital contact 
contributes to their sense of well-being.

2. Delayed laser-associated benign strictures can 
occur in up to 20% of patients. They require 
repeated dilatation and occasionally stent 
insertion.

3. Persistent dysphagia for solids. Laser treatment 
may recanalise 90% of all stenoses, but a wide 
luminal diameter does not necessarily equate to 
normal swallowing. Distal tumours may cause 

‘pseudoachalasia’ that impairs swallowing. 
Residual intramural tumour may cause impaired 
oesophageal body motility and, together with 
progressive cachexia, may make it impossible 
for some patients to take solid foods again.

Combination laser treatment
In view of the varied responses with laser treatment 
alone, means of improving the efficacy of laser treat-
ment by increasing the period between laser therapy 
and symptomatic relapse have been explored through 
combination treatments. Laser therapy can be com-
bined with external- or internal-beam radiotherapy to 
prolong the interval between treatments, although the 
patient must attend for radiotherapy, which does in-
crease hospital attendance. Intraluminal radiotherapy 
is useful for treating mural invasion following laser 
debulking of the tumour.

Thermal recanalisation or stenting?
Although laser therapy is rapid, safe and effec-
tive, and may have superior relief of dysphagia 
 compared to rigid intubation, it also has drawbacks 
related to the need to attend hospital on a regular 
basis and the capital cost of the equipment. It may 
be preferable for non-circumferential, polypoid or 
exophytic tumours, but it is not suitable for pa-
tients with a fistula, an extrinsic lesion causing oe-
sophageal compression, or patients with a diffuse 
subepithelial tumour. Two randomised controlled 
trials that included 125 patients comparing SEMS 
with thermoablative therapy (predominantly laser) 
showed no evidence to suggest that either modality 
is different in improving dysphagia, the interval to 
recurrent dysphagia or procedure-related mortal-
ity.29,30 It is noted, however, that both procedures 
have certain adverse effects that are more common 
in each group. Laser may therefore increasingly be 
viewed as a complementary rather than competing 
palliative treatment, to deal with tube overgrowth 
or ingrowth or local recurrence after surgery.

Argon-beam plasma coagulation
High-frequency diathermy electrocoagulation has 
become widely used for surgical haemostasis and to 
ablate tumour tissue. The argon-beam coagulator 
utilises a jet of ionised argon gas to limit conduction 
of high-frequency electrical energy to the desired 
point, i.e. tumour and unhealthy tissue. This is read-
ily applied through an endoscope. Once the surface 
of the tumour has been coagulated and dried, the 
electrical current passes through to an adjacent 
area. Unlike laser light, the argon beam will arc to 
the nearest point of contact. The depth of extension 
is minimal (2–3 mm) and this reduces the risk of 
perforation. The gas flow is high, which means that 

Early complications
Pain
Perforation
Pneumatoperitoneum
Pneumomediastinum
Gastric distension
Bleeding
Aspiration pneumonia
Late complications
Repeated hospital admissions
Tumour recurrence
Benign strictures
Functional swallowing problems

Box 10.3  • Complications of laser treatment
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 Injection of chemicals to relieve malignant 
dysphagia has all the hallmarks of a good 
technique, being safe, inexpensive and readily 
available. The technique is less precise than laser 
treatment because it is difficult to be sure where 
the alcohol is going once it enters the tissue. The 
summaries of the evidence available do not support 
its use; therefore, it should only be used where 
other modalities are not available or to temporise 
a situation before a definitive treatment plan is 
instituted.

regular aspiration is required to prevent gastric dis-
tension. It is not expensive and operator confidence 
is high, given the low risk of perforation. Because of 
these pragmatic features it has largely replaced laser 
treatment as a primary debulking treatment.31 As 
with laser treatment, it is time-consuming and there 
is a need for repeated treatments.

Photodynamic therapy
Photodynamic therapy (PDT) is an investigational 
treatment that modifies conventional laser treat-
ment. It uses a selective technique that targets tu-
mour tissue and limits damage to adjacent tissue. It 
essentially has three elements: light, a photosensitis-
ing drug (a haematoporphyrin derivative) and oxy-
gen. The drug acting as a photosensitiser is injected 
intravenously 3–4 days before irradiation of the 
tumour. Laser light (administered endoscopically) 
then activates the drug within the tissue. Once stim-
ulated, the photosensitiser interacts with oxygen to 
create a highly reactive oxygen species that is cyto-
toxic. Retention of the photosensitiser is longer in 
dysplastic or frankly neoplastic than normal tissues, 
at a ratio of about 2:1. Damage to normal  tissue 
heals by regeneration.32

Clinical indications
The role of PDT in palliative treatments is yet to be 
determined and is likely to be small. It may be used 
to treat patients with small mucosal tumours (uT1, 
N0) who are unfit or who do not wish to undergo 
major surgery (see Chapter 6), or it can be used on 
larger inoperable lesions where other treatments 
have failed. Two prospective randomised studies 
have compared PDT with laser therapy.33,34 There 
was no evidence to suggest differences between PDT 
and laser treatment in dysphagia or 30-day mortal-
ity and equivocal evidence that PDT decreased the 
need for repeated endoscopic interventions com-
pared to laser treatment.

Complications
A number of specific complications have been rec-
ognised. The activated photosensitiser creates an 
iatrogenic porphyria, which may persist for up to 
6 weeks after injection of the drug and leads to skin 
photosensitivity. Patients are advised to avoid sun-
light. Perforation and fistulas may occur as well as 
oesophagitis leading to stricture formation. PDT 
has yet to enter widespread clinical use, partly be-
cause of cost. New photosensitisers with shorter 
durations of action may make the treatment more 
acceptable. At present, there are no data to support 
PDT as first-line palliative treatment, but it may be 
considered for high oesophageal tumours, for sal-
vage treatment if stents have migrated or for stent 
over/ingrowth.

Bipolar electrocoagulation
Bipolar electrocoagulation (BICAP) is another 
thermal endoscopic treatment that has been used 
to relieve dysphagia.35 Usually 2–4 mm of coagu-
lation occurs at the tumour surface and one or 
two treatment sessions are required to treat the 
entire tumour. Although dysphagia may be par-
tially relieved, problems with perforation, fistula 
formation, strictures and bleeding have occurred, 
and the technique has never been widely used.

Chemically induced tumour necrosis
The use of intralesional injection of alcohol (usu-
ally ethanol) to induce tumour necrosis is a simple 
and readily available palliative treatment, suitable 
for exophytic tumours and tumours in the proxi-
mal oesophagus.36,37 It may also be used to control 
haemorrhage from bleeding tumours.

Endoscopic technique
Patients require intravenous sedation and flexible en-
doscopy. A sclerotherapy needle is used to inject 0.5- 
to 1-mL aliquots of alcohol into the protuberant part 
of the tumour. Endoscopic observation of the tumour 
blanching and swelling confirms needle position. In 
patients with long tumours it is best to start injections 
distally so that induced oedema does not impede the 
passage of the endoscope. There is no limit to the 
total volume injected in one session (1–36 mL have 
been reported). Dilatation is needed if the endoscope 
is unable to traverse the stricture. Several treatment 
sessions may be required to improve swallowing, but 
it usually does so within a week of injection.

Outcome
An improvement in dysphagia score is reported in 
most patients after treatment with absolute alco-
hol, although it may be made temporarily worse 
because of initial tumour oedema and swelling. 
Retrosternal chest pain and low-grade pyrexia may 
occur. Perforation and fistula formation have been 
reported.38 The pattern of necrosis may be unpre-
dictable and the main disadvantage is the need for 
repetitive treatments.



www.ketabpezeshki.com          66485457-66963820

Palliative treatments of carcinoma of the oesophagus and stomach

195

External beam and intracavity 
radiotherapy

The aim of palliative radiotherapy is to recanalise 
the oesophagus and inhibit local tumour progres-
sion. It may be delivered by an external beam or an 
intraluminal source (brachytherapy).

External beam radiotherapy
External beam radiotherapy is widely used. It is 
straightforward to plan and does not require admis-
sion to hospital. Regimens are based on 30–60 Gy 
in 10 or more fractions given over a 5- to 6-week 
period. Initially, swallowing may deteriorate because 
of radiation-induced oedema and swelling of the tu-
mour. For patients whose nutrition is at risk prior to 
treatment, a form of nutritional support may first be 
required (endoscopic recanalisation or enteral feed-
ing by gastrostomy, jejunostomy or nasogastric tube).

Complications
Side-effects are common and often serious, particu-
larly if initial treatment seems successful: pulmonary 
fibrosis, fistula and benign stricture formation have 
all been described. Data from the 1970s show that 
less than 40% of patients experience acceptable pal-
liation of dysphagia with external beam radiother-
apy. Problems with recurrent dysphagia, as a result of 
cicatricial narrowing of the oesophagus, also occur.39 
As a single modality it has probably been superseded 
by intracavity irradiation or combination treatment. 
A new NIHR HTA (National Institute of Health 
Research, Health Technology Assessment) trial com-
paring the addition of external beam radiotherapy to 
SEMS is just starting in the UK. This will provide 
clarity about whether this leads to improved control 
of dysphagia in patients with a poor life expectancy.

Brachytherapy (intracavitary irradiation)
The development of the Selectron (Nucleotron, 
Zeersum, the Netherlands) remote control after-load-
ing machine has generated considerable interest in 
recent years because it places the radiotherapy source 
close to the tumour and maximises the tumour radia-
tion dose. It is a simple and safe procedure, and there 
is no radiation exposure to staff. The brachytherapy 
applicator, only 8 mm in diameter, is passed over an en-
doscopically placed guidewire and positioned in the tu-
mour by fluoroscopy. This is immobilised at the mouth 
or nose. The patient is then transferred to a protected 
treatment room and connected to the Selectron ma-
chine. A microprocessor controls the pneumatic trans-
fer of caesium-137 pellets down a flexible tube inserted 
into the applicator. The optimal dose is unknown and 
varies from 15 to 20 Gy to a depth of 1 cm in single 
or multiple fractions. Treatment may be  repeated on 
alternate days leaving the nasogastric tube in situ or 

replacing it as necessary, although it is usually given 
as a single-dose fraction of 10–15 Gy. It is necessary to 
precisely map the tumour by endoscopy, fluoroscopy 
or computed tomography, and planning aims to in-
corporate a few centimetres of normal oesophagus at 
either end. The great merit of brachytherapy is that the 
radiation dose is highest to the tumour while adjacent 
normal tissues are relatively spared. It can be used in 
combination with other treatments.

Relief of dysphagia and patient-reported outcomes
Two well-designed randomised trials have been 
reported that compare single-dose brachytherapy 
(12 Gy) with SEMS (Ultraflex covered stent) in 
patients not suitable for curative treatment.22,40,41 
The main end-point of these trials was dysphagia. 
Results showed that SEMS provided better short-
term relief of dysphagia but was associated with 
increased morbidity. Longer-lasting relief of dys-
phagia was achieved in the brachytherapy group. In 
the larger trial, survival was similar in both arms 
(median survival 155 days (95% CI 127–183 days) 
after brachytherapy and 145 days (95% CI 103–
187 days) after stent placement), but morbidity 
was significantly higher after stent insertion than 
after brachytherapy. Major complications included 
perforation, haemorrhage and fistula formation. 
Major haemorrhage occurred more significantly 
after metal stent insertion. Other complications in-
clude the development of post-irradiation strictures 
or tracheo-oesophageal fistula. This trial also in-
cluded a robust assessment of health-related quality 
of life and costs. Health-related quality-of-life dif-
ferences between treatments were initially small but 
increased over time. Indeed, for emotional, cogni-
tive and social function, differences in effect over 
time were statistically significant and differences 
were also seen in the dysphagia scale.41 There were 
only minor differences in costs between the two 
treatments. The authors of the trial concluded that 
brachytherapy should be the primary treatment for 
palliation of dysphagia from oesophageal cancer.

 Intracavity irradiation (brachytherapy) with 
a single high dose appears to be a good palliative 
treatment of malignant dysphagia. High-quality 
randomised evidence including patient-reported 
outcome measures supports this approach.22,41,42 
Changes in the delivery of radiotherapy services 
may be necessary if this is to be widely adopted 
in the UK. Selecting patients for this treatment is 
important and some frail patients will still require 
immediate relief of dysphagia with a single 
admission for placement of an SEMS. Otherwise, 
for patients who require palliation of malignant 
dysphagia, brachytherapy is recommended if 
available locally.
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Palliative chemotherapy or combination 
chemoradiotherapy for oesophageal 
cancer
The role of palliative chemotherapy for oeophageal 
cancer remains ill defined. The aim of treatment is to 
control local and distant tumour to improve quality 
of life and prolong survival. A recent Cochrane sys-
tematic review included only two randomised con-
trolled trials, with a total of 42 patients,  comparing 
chemotherapy with best supportive care for meta-
static oesophageal cancer.4 Median survival in the 
intervention group was 6 months compared to 3.9 
in the control group and there was no difference in 
quality of life (although only one aspect, oral in-
take, was measured); the small number of  included 
patients means robust conclusions cannot be drawn. 
In the five randomised trials assessing different che-
motherapeutic regimes in 1242 patients, two com-
pared monotherapy with combination treatments 
and found non-significant improved response rates 
in the latter group, with similar survival. The re-
maining three trials compared different combina-
tion therapies; no consistent benefit to any specific 
regimen was observed and it was not possible to 
perform a formal pooled analysis. Although qual-
ity of life was measured, response rates were very 
poor and validated questionnaires designed specifi-
cally for oesophageal cancer patients were not used. 
There is therefore a need for well-designed trials to 
assess the effect of palliative chemotherapy on sur-
vival and quality of life in patients with advanced 
oesophageal cancer.

It is possible that combination chemoradiotherapy 
may improve response rates and survival, although 
evidence is also limited. Additionally, there is a 
lack of evidence to support the role of second-line 
chemotherapy, although a current trial is investi-
gating the use of gefitinib (tyrosine kinase inhibi-
tor) and results are awaited.43 Patients suitable for 
palliative chemotherapy often require attention for 
nutritional needs. If the initial course of chemo-
therapy can be tolerated and a response achieved, 
it is possible that relief of dysphagia will occur and 
last for some months before further progression is 
experienced.

Epidermal growth factor receptor 
inhibitors in the palliation of 
oesophageal cancer

Growth factors such as epidermal growth factor 
(EGF) and transforming growth factor α (TGFα) 
that bind and activate the erbB1 receptor, also 
known as the EGFR, are known to be involved 
in the mitogenic process in both adenocarcinoma 

and squamous cell cancer of the oesophagus. EGF 
over-expression has been found in Barrett's oe-
sophagus and in oesophageal cancers, and a high 
level of EGFR expression is associated with poor 
prognosis.44 Both phase I and II trials have used 
small-molecule inhibitors to target EGFR and 
data are encouraging in both oesophageal can-
cer cell types.45–48 In the UK, the COG (Cancer 
Oesophagus Gefitinib) trial has now completed re-
cruitment of over 400 patients and results will be 
available in 2013.43

Aero-digestive fistulas

Aero-digestive fistulas cause paroxysmal cough-
ing fits, aspiration and, if untreated, eventually 
death from recurrent chest infections. They occur 
in about 5% of patients with oesophageal can-
cer, either  because of spontaneous necrosis of the 
tumour and/or local nodes through the oesopha-
geal wall into the bronchial tree, or as a result of 
treatment. Such fistulas are difficult to treat and 
life expectancy is usually short. The creation of 
a cervical oesophagostomy and gastrostomy may 
relieve symptoms, but is not usually appropriate. 
Palliative bypass surgery with stomach or colon 
for interposition is highly invasive and is also 
not generally recommended because of the poor 
general health and prognosis of patients in these 
situations. Endoscopic insertion of a prosthesis 
is the treatment of choice, although results fol-
lowing the use of rigid prostheses have not been 
encouraging, despite the availability of modified 
cuffed prostheses. The use of covered metal stents 
to seal aero-digestive fistulas seems to be a more 
promising development, although no randomised 
trials have been performed.49 Fistulas close to the 
cricopharyngeus are particularly difficult to man-
age. In this situation simultaneous tracheal and 
oesophageal stenting may be performed. The pos-
sibility that an oesophageal prosthesis may cause 
significant airway compression should always be 
considered for tumours in the upper half of the 
oesophagus and particularly when a fistula of the 
airway is known or suspected. Preliminary bron-
choscopy may clarify this and indicate that tra-
cheal stenting may be preferable to oesophageal 
stenting, or at least should be performed before 
oesophageal stenting. Tracheal stenting may also 
be necessary before commencing chemoradiation 
treatment for T4 tumours close to, but not actu-
ally invading, the airway.50 At present the role of 
chemotherapy or radiotherapy in this regard needs 
further evaluation. The endoscopic placement of 
fibrin tissue glue may be worthwhile where stent-
ing is not achievable.
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Recurrent laryngeal nerve palsy

Recurrent laryngeal nerve palsy caused by tu-
mour infiltration results in eating difficulties, a 
weak voice, poor cough and repeated chest infec-
tions because of aspiration pneumonia. Patients 
are usually hoarse and complain of swallowing 
difficulties in the oropharyngeal phase. Coughing 
and a sensation of choking are typical on consum-
ing solids and liquids. The diagnosis is confirmed 
by laryngoscopy. Endoscopy may be required to 
exclude other problems contributing to dyspha-
gia. Aspiration can be confirmed during the pha-
ryngeal phase of swallowing on barium studies. 
The left nerve is more commonly involved be-
cause of its intrathoracic course. Teflon injection 
to re-establish glottic competence should help 
swallowing, speech and problems with cough-
ing. In a series of 15 patients, all improved  except 
one, who developed stridor and required emer-
gency tracheostomy.51 Recurrent laryngeal nerve 
damage at the time of oesophagectomy usually 
causes a temporary paralysis that resolves within 
6 weeks.

Bleeding

Bleeding from inoperable oesophageal and cardia 
tumours causes problems with refractory anaemia 
and occasionally acute upper gastrointestinal haem-
orrhage. It is often difficult to deal with because of 
the advanced nature of the tumour and it may be 
a terminal event. Symptoms may be controlled en-
doscopically using laser energy, adrenaline injection 
or electrocoagulation. External-beam radiotherapy 
is also said to reduce bleeding and extend the inter-
val between blood transfusions, although there is no 
evidence for this practice.

Palliative treatments of 
tumours of the gastric body 
and antrum
Patients in whom potentially curative radical 
 surgery for gastric cancer is not appropriate often 
require palliation of symptoms. Many with ad-
vanced disease may be asymptomatic but even for 
patients with obstructive symptoms or bleeding, 
palliative chemotherapy is recommended for symp-
tom relief. There are also situations where prob-
lems with gastric outlet obstruction or bleeding are 
severe and palliative surgery or endoscopic therapy 
is necessary. The role of palliative chemotherapy 
or radiotherapy, and the management of gastric 

outflow obstruction and chronic and acute gastric 
bleeding, will be discussed separately.

Chemotherapy for advanced 
gastric and oesophagogastric 
cancer

Systemic chemotherapy is the main treatment 
 option for patients with inoperable gastric tumours. 
A recent systematic review and  meta-analysis of 
randomised controlled trials on first-line chemo-
therapy in advanced gastric cancer has summarised 
current knowledge.8 Palliative chemotherapy of-
fers survival benefits compared with best support-
ive care (hazard ratio 0.37, 95% CI 0.24–0.55), 
which can be interpreted as an improvement in 
median survival from 4.3 months (best supportive 
care) to 11 months (chemotherapy). Combination 
versus single agents also confers survival 
 advantages ( hazard ratio 0.82, 95% CI 0.74–0.90). 
Combinations of 5-FU/ cisplatin/anthracycline were 
found to  significantly benefit overall survival com-
pared with 5-FU/cisplatin ( hazard ratio 0.77, 95% 
CI 0.62–0.95) and, similarly, benefits were found 
when comparing 5-FU/cisplatin/anthracycline with 
5-FU/anthracycline (epirubicin). Although the sur-
vival benefit of oral 5-FU (capecitabine) compared 
with intravenous formulations did not reach statisti-
cal significance in this review, another meta- analysis 
confirmed the non-inferiority of capecitabine52 and 
a further review found significant survival ben-
efits.53 This oral preparation is advantageous as it 
eliminates the need for continuous infusions and 
associated risks of long-term venous lines, and has 
been approved by NICE for use in these patients. 
Evidence also indicates that oxaliplatin is non-
inferior to cisplatin in the treatment of advanced 
gastric cancer.8,54 Epirubicin, cisplatin/oxaliplatin 
and capecitabine is therefore recommended to 
achieve best survival results and minimise rates 
of toxicity. More recently, the use of monoclonal 
antibodies has been examined in the context of 
advanced gastric cancer and in a phase III study 
median overall survival was 13.8 months (95% 
CI 12–16 months) in those assigned to trastu-
zumab (herceptin) plus chemotherapy compared 
with 11.1 months (95% CI 10–13 months) in 
those receiving chemotherapy alone (hazard  ratio 
0.74, 95% CI 0.60–0.91).9 It is therefore also 
 recommended that patients are routinely tested 
for HER-2 overexpression and potentially  receive 
trastuzumab in combination with cisplatin and 
capecitabine. To date, effectiveness of trastu-
zumab has not been assessed using any other drug 
combinations.
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Irrespective of the positive impact of any of the 
presently available palliative regimens for gastric 
cancer, the median survival is only 7–10 months 
in most large clinical trials. Full, frank and kind 
discussion with patients considering palliative 
treatments is therefore recommended. The main 
drawbacks of chemotherapy are the potential 
complications. Toxicities include haematological 
problems, thrombovenous embolism and infective 
complications. During treatment itself, generic as-
pects of quality of life deteriorate (physical, role 
function) but symptoms are relieved (dysphagia, 
eating restrictions). Patients with a good baseline 
performance status usually tolerate temporary 
problems well. Patients require information to 
help them cope with treatments and to meet in-
formation needs, and this will include data about 
treatment advantages (survival) and disadvantages 
(morbidity and temporary negative impact on 
quality of life).

Gastric outlet obstruction

Obstruction associated with cancer of the gastric 
corpus or antrum can be difficult to manage. Many 
of these extend proximally to involve extensive seg-
ments of the stomach, resulting in interference with 
both reservoir function and empyting. Resection 
of the primary tumour may provide symptomatic 
relief and generally provides a better guarantee of 
success than bypass surgery. The problem is that 
many  patients with incurable distal gastric cancer 
with  obstruction are nutritionally depleted and 
frail. Surgery may therefore be best avoided, as 
patients never sufficiently recover from surgery to 
benefit from it during their remaining life (median 
survival 6 months). There are also differing opin-
ions about the type of palliative gastrectomy that 
should be performed in this situation (subtotal or 

total). In the Western world, where morbidity as-
sociated with total gastrectomy is high, it is not 
generally recommended for palliative purposes. The 
role of gastric resection in linitis plastica remains 
controversial. It probably has little to offer for 
those patients who additionally have peritoneal or 
liver metastasis or contiguous organ involvement, 
where life expectancy is very poor at around only 
4 months. Patients with linitis plastica who have 
disease limited to the stomach or regional lymph 
nodes may, however, survive beyond 12 months and 
thus be appropriately palliated by total gastrectomy. 
In the authors' unit palliative total gastrectomy is 
rarely performed for linitis plastica. Wherever pos-
sible, endoscopic palliative treatment of obstructive 
symptoms or palliative chemotherapy is offered to 
these patients, in combination with support from 
palliative care services.

Patients with non-resectable distal lesions may 
undergo gastrojejunostomy. The loop of jeju-
num is anastomosed close to the greater curve of 
the  stomach. There is little consensus regarding 
 anterior or posterior loops. The latter may theoreti-
cally be more prone to recurrent obstruction due 
to proximity to the tumour. The Devine exclusion 
bypass operation for inoperable antral tumours 
was thought to increase survival by preventing 
recurrent tumour obstructing the gastrojejunos-
tomy.55 There is some evidence that laparoscopic 
gastrojejunostomy for palliation of incurable gas-
tric outlet obstruction causes less morbidity than 
standard open surgery. Systematic reviews of the 
role of stents versus gastrojejunostomy for the pal-
liation of gastric outlet obstruction suggest that 
stent placement may be associated with more fa-
vourable results in patients with a relatively short 
life expectancy and that gastrojejunostomy was the 
recommended palliative treatment in patients with 
a better prognosis.6,7

Metal stents can be more successfully placed 
across recurrent tumours at oesophagojejunal anas-
tomoses and in recurrent peritoneal disease caus-
ing high small-bowel obstruction following total 
gastrectomy. Recanalisation of the gastric outlet 
with laser coagulation has not been used success-
fully. The insertion of nasogastric tubes, percu-
taneous endoscopically placed feeding tubes and 
jejunostomies enables nutrition to be delivered to 

 Duodenal stents may be used as first-line 
treatment in patients with a poor prognosis requiring 
palliation of gastric outlet obstruction. Fitter patients 
with longer life expectancy may benefit more from 
surgical gastrojejunostomy. High-quality evidence 
with large clinical trials is still required to compare 
these treatment modalities.

 Chemotherapy improves survival in 
advanced gastric cancer in comparison to best 
supportive care, and combination chemotherapy 
(most commonly including a platinum and 
fluoropyrimidine drug) is superior to single-agent 
treatment8,54. Patients should be tested for HER-2 
status by immunohistochemistry and those with 
HER-2 strongly positive tumours should be offered 
trastuzumab in addition to a standard regimen9. 
Median life expectancy is 9–14 months. Patients 
require realistic information about expected survival 
benefits, toxicity and impact on quality of life before 
undergoing this type of treatment, and further 
studies comparing novel therapies should include 
robust assessment of patient experience and 
detailed assessment of quality of life.
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patients with inoperable tumours. These manoeu-
vres alone, however, fail to palliate most of the pa-
tient's symptoms. Many believe that such palliation 
merely perpetuates suffering except in situations 
where they are used as an adjunct to recanalisation. 
They may be indicated to provide preliminary nu-
tritional support in patients selected for palliative 
chemotherapy.

Chronic bleeding

Surgery remains a useful therapeutic manoeuvre 
to palliate the symptoms and problems of chronic 
blood loss from gastric tumours. Laser therapy can 
successfully achieve haemostasis in bleeding gas-
tric malignancies and there are increasing reports 
of argon-beam coagulation to limit bleeding from 
gastric tumours.56 Both methods require repeated 
hospital admissions. Radiotherapy may also be used 
to control chronic bleeding from gastric tumours, 
although there are no published data to support this 
practice.

Summary
The number of therapeutic options available for 
the palliation of patients with oesophageal and gas-
tric cancer has increased significantly over the past 
decade. No single treatment completely relieves all 
symptoms without side-effects and median life expec-
tancy for patients with either tumour type is only be-
tween 6 and 12 months. Common clinical situations 
such as the management of fistulas, high oesopha-
geal tumours and bleeding inoperable gastric lesions 
 continue to present formidable management problems. 
The introduction of self-expanding metal stents, argon-
beam coagulation, brachytherapy, chemotherapy and 
combination treatments offers new hope, although 
evidence of significant survival benefits or improve-
ments in quality of life with new treatments has yet 

to be  realised. The increasing centralisation of cancer 
services in order to provide high-technology special-
ised care may improve outcomes and increase recruit-
ment into national randomised trials that focus on 
palliative treatments. There are still many patients 
who present with advanced disease who are severely 
debilitated and have a limited life expectancy. Such 
patients need to be identified early to prevent travel-
ling long distances to a centre with specialised endo-
scopic facilities only to find that treatment has to be 
performed more than once. Genuine efforts should be 
made to see if patients with very short survival times 
(less than 4 weeks) can be identified and perhaps 
spared unnecessarily aggressive attempts at palliation.

There remains a need to define outcomes for patients 
with inoperable malignancies of the upper gastroin-
testinal tract. Although it would be useful to stan-
dardise dysphagia scores and improve audit, in the 
palliative setting the most important outcome should 
be patients' assessment of benefits of treatment. The 
use of self-report quality-of-life questionnaires in 
clinical practice will provide such data, although at 
present these are mainly research tools.57–59 The role 
of the specialist upper gastrointestinal nurse to sup-
port patients undergoing palliative treatment and to 
provide nutritional support is increasing, and links 
between palliative care and upper gastrointestinal 
cancer teams need to be well established and used.60,61

The selection of palliation for patients with ad-
vanced disease is difficult. Every patient is unique 
with regard to tumour histology, stricture location, 
clinical stage, premorbid state and emotional re-
quirements. Choosing one technique over another 
must be justifiable on the grounds of treatment 
efficacy, ease of application, overall adaptability 
to other therapeutic areas and patient acceptance, 
while minimising both complications and cost. 
Skilled multidisciplinary teams with a thorough 
 understanding of all the available palliative treat-
ments are needed and close liaison with palliative 
care services is essential to minimise suffering.

Key points
• Patients with oesophageal cancer selected for palliative treatment have a median survival of less than 

8 months and few survive beyond 1 year. There is little evidence to show that any single or combination 
of palliative treatment modalities changes survival for patients with incurable oesophageal cancer.

• The median survival for patients with gastric cancer undergoing palliative treatment is poor; 50% 
of patients die within 8 months of diagnosis and the remainder within 2 years. Combination 
chemotherapy increases survival compared with best supportive care, and it is recommended 
for patients with sufficient performance status and desire to undergo this intervention. Recent 
evidence shows that patients fit for palliative chemotherapy should be tested for HER-2 status and 
monoclonal antibodies (trastuzumab) be added in patients with HER-2-positive tumours.
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Richard H. Hardwick

Other oesophageal and gastric neoplasms

Introduction
This chapter will cover a less common group of up-
per gastrointestinal tumours whose treatment has 
changed greatly in the past decade; some can be 
cured by surgery alone while others are managed 
almost exclusively by chemotherapy. By far the larg-
est group are the gastrointestinal stromal tumours 
(GISTs). A large part of this chapter will therefore 
cover the presentation, diagnosis and management 
of upper gastrointestinal GISTs. Better under-
standing of the pathophysiology of these interest-
ing tumours has occurred simultaneously with the 
introduction of effective medical treatment in the 
form of imatinib (Glivec®, Novartis Pharma AG, 
Basel, Switzerland). The importance of accurate 
histological diagnosis of gastric tumours cannot 
be overemphasised; the treatment and prognosis of 
gastric lymphoma is very different from adenocar-
cinoma and this will be covered in its own section, 
as will gastric carcinoid. In the final section on ‘rari-
ties’ we will look briefly at leiomyomas, leiomyo-
sarcomas and small cell tumours of the oesophagus.

Gastrointestinal stromal 
tumours (GISTs)

Pathophysiology

GISTs are soft-tissue sarcomas of mesenchymal ori-
gin that arise in the gastrointestinal tract; they are 
rare, representing 0.1–3% of all gut tumours and 
5% of all soft-tissue sarcomas.1 Historically, these 

tumours were considered to be of smooth muscle 
origin and were generally regarded as leiomyomas 
(benign) or leiomyosarcomas (malignant). Electron 
microscopy and immunohistochemical studies in-
dicated, however, that only a minority of stromal 
tumours have the typical features of smooth muscle, 
with some having a more neural appearance and 
others appearing undifferentiated.2 ‘Gastrointestinal 
stromal tumour’ was subsequently introduced as 
being a more appropriate term for these neoplasms, 
with the variable histological features (smooth mus-
cle, neural or undifferentiated) considered to be of 
little clinical relevance. Gastrointestinal autonomic 
nerve tumour (GANT) was also introduced to de-
scribe sarcomas with ultrastructural evidence of au-
tonomic nervous system differentiation,3 but these 
tumours are now recognised as a variant of GIST.4 
The discovery of CD34 expression in many GISTs 
suggested that they were a specific entity,5 distinct 
from smooth muscle tumours. It was also observed 
that GISTs and the interstitial cells of Cajal (ICCs) 
express the receptor tyrosine kinase KIT (CD117).6 
This has led to the now widely accepted classifica-
tion of mesenchymal tumours of the gastrointestinal 
(GI) tract into GISTs, true smooth muscle tumours 
and, far less frequently, true Schwann cell tumours.7 
GISTs are microscopically classified into three his-
tological subtypes: spindle cell (70%), epithelioid 
(20%) and mixed (10%). Immunohistochemically, 
more than 90% of GISTs stain positive for CD117. 
A new antibody, DOG-1, is also highly sensitive and 
specific for GISTs.8 The commonest sites of mutations 
in the c-kit gene are in exon 11 (60–70%), followed 
by exon 9 (18%), and exons 13 and 17 (3%). It is 
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important that an experienced pathologist examines 
the immunohistochemical profile of any mesenchy-
mal tumour as CD117-positive staining can be seen 
in other tumours such as seminomas, small-cell lung 
cancer, thyroid cancer and melanomas.

Incidence and malignant potential

Studies using diagnostic markers including CD117 
immunoreactivity have shown that GISTs are 
 under-diagnosed.6 The morphological spectrum of 
GISTs was also wider than previously recognised. 
The estimated annual incidence of GISTs is around 
15 per million,9 which equates to approximately 
900 new cases per year in the UK. A true measure 
of the incidence, prevalence and ratio of ‘benign’ 
to ‘malignant’ GISTs may not be possible as these 
tumours appear to possess varying degrees of ma-
lignant potential. The size of the tumour, the symp-
toms at diagnosis, the organ of origin (small-bowel 
GISTs have the worst prognosis) and mitotic count 
seem to be the most important factors when assess-
ing prognosis.10

Disease-specific survival after complete resection of 
primary GIST is based on tumour size. Eighty patients 
underwent gross resection of primary GISTs. Patients 
with tumours >10 cm (n=27) had significantly worse 
survival than those with tumours between 6 and 
10 cm (n=30) or ≤5 cm (n=23).

Patient demographics and 
anatomical distribution

No marked sex difference is apparent for GISTs. Two 
larger series of malignant GI sarcomas did, however, 
demonstrate a slight male predominance.12,13 The 
age distribution appears to be unimodal, with a me-
dian age at presentation of 58 years (range 16–94). 
The peak incidence in men occurs in the fifth de-
cade, slightly before that in women, where it peaks 
in the sixth decade. The median age at presentation  
appears constant in several series, ranging from 58 
to 61 years.14 Only 1–2% of GISTs present in pa-
tients before 30 years of age.12

Most GISTs arise in the stomach or small intestine, 
and infrequently in the oesophagus, mesentery, omen-
tum, colon or rectum13,15 (Table 11.1). Approximately 
10–30% of GISTs are overtly malignant at presenta-
tion;16 the principal sites of metastasis are the liver 
and the peritoneal cavity, and spread to lymph nodes 
is very rare.12

 A scheme for defining the risk of aggressive 
behaviour in GIST based on tumour size and 
mitotic count has been proposed11 (Fig. 11.1). 
Most GISTs <2 cm have negligible mitotic activity 
(usually <5 per 50 high-power fields), and are 
considered very low or low risk in all sites when 
completely removed. Large tumours have a much 
poorer prognosis, even after apparently complete 
resection (Fig. 11.2).12

Size

Risk

*A high-power field approximates to 0.2 mm2

Mitotic count per 50
high-power fields*

< 2 cm

Very low risk

< 5 < 5 > 5 > 10< 5

Low risk Intermediate risk

6 – 10

2 – 5 cm 6 – 10 cm

Any rate

High risk

> 10 cm Any size

Figure 11.1  • Algorithm based on the consensus approach for assessing the risk of malignancy of GIST reached at 
National Institutes of Health workshop.11
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Figure 11.2  • Disease-specific survival after resection of 
primary GIST.12 Eighty patients underwent gross resection 
of primary GISTs. Patients with tumours >10 cm (n=27) 
had significantly worse survival than those with tumours 
between 6 and 10 cm (n=30) or ≤5 cm (n=23).
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Presentation

The symptoms of GISTs are non-specific and de-
pend on the size and location of the lesion. Small 
GISTs (2 cm or less) are usually asymptomatic 
and are detected during investigations or surgical 
procedures for unrelated disease. The vast ma-
jority of these are of low risk for malignancy.17 
In many cases the mucosa is normal so that en-
doscopic biopsies are unremarkable. Incidental 
discovery accounts for approximately one-third 
of cases.18

The most common symptom is GI bleeding, 
which is present in approximately 50% of pa-
tients19 (Table 11.2). In addition, systemic symp-
toms such as fever, night sweats and weight loss 
are common in GIST and rare in other sarcomas. 
Patients with larger tumours may experience ab-
dominal discomfort or develop a palpable mass.20 

GISTs are often clinically silent until they reach a 
large size, bleed or rupture. Symptomatic oesopha-
geal GISTs, although rare, typically present with 
dysphagia, while gastric and small-intestinal GISTs 
often present with vague symptoms leading to their 
eventual detection by gastroscopy or radiology. 
Most duodenal GISTs occur in the second part of 
the duodenum, where they push or infiltrate into 
the pancreas.21

Investigation

Approximately 60% of GISTs are submucosal and 
grow towards the lumen where, if in the proximal 
GI tract, they may be visualised endoscopically as 
smooth submucosal projections. If a small submu-
cosal mass is seen as an incidental finding at the 
time of endoscopy, endoscopic ultrasound (EUS) 
should be the first investigation, as a significant 
proportion will be due to extrinsic impression from 
normal adjacent structures, e.g. gall bladder in the 
antrum, and spleen in the proximal stomach. If this 
is the case, no further investigation is required. For 
larger palpable masses, or where the patients pres-
ent with haemorrhage, abdominal pain or obstruc-
tion, computed tomography (CT) is usually the first 
investigation after endoscopy to both assess the pri-
mary and look for metastases.22

Endoscopic ultrasound (EUS)
The classical features are of a hypoechoic mass  
contiguous with the fourth (muscularis propria) or 
second (muscularis mucosae) layers of the normal 
gut wall, both of which are hypoechoic (Fig. 11.3a,b). 
The EUS features most predictive of ‘benign’ tu-
mours are regular margins, tumour size ≤30 mm and 
a homogeneous echo pattern. Larger tumours with 
irregular extraluminal margins and cystic spaces are 
more likely to behave aggressively.23,24

Site Percentage

Stomach 60–70%
Small intestine 20–30%
Oesophagus, mesentery, 
omentum, colon or rectum

10%

Table 11.1  • Anatomical site of GISTs

Symptoms Incidence

Abdominal pain 20–50%
Gastrointestinal bleeding 50%
Gastrointestinal obstruction 10–30%
Asymptomatic 20%

Table 11.2  • Symptoms of GIST at diagnosis19

Figure 11.3  • (a) Endoscopic view of a small incidental gastric GIST. (b) A 12-MHz EUS image of the incidental gastric 
GIST seen in (a), showing the lesion arising from the muscularis propria.

a b
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To further aid diagnostic accuracy it is possible 
to use a linear EUS scope through which needle 
aspirates and core biopsies can be taken without 
breaching surgical resection planes. EUS with fine-
needle aspiration (EUS-FNA) in experienced hands 
has a diagnostic accuracy of up to 97% for GIST 
lesions,25 is becoming more widely available and 
should be considered in the diagnostic work-up of a 
possible GIST lesion if the result could change clini-
cal management.

CT scanning
GIST imaging by CT typically shows an extralumi-
nal mass, often with central necrosis, arising from 
the digestive tract wall.18 Small tumours typically 
appear as sharply margined, smooth-walled, ho-
mogeneous, soft-tissue masses with moderate con-
trast enhancement.26 Large tumours tend to have 
mucosal ulceration, central necrosis and cavitation, 
and heterogeneous enhancement following i.v. con-
trast.26 As well as defining the presence and nature 
of a mass, if possible, the likely organ of origin 
should be defined. Multiplanar reconstruction can 
assist this, particularly with large masses. Negative 
oral contrast (e.g. water) and intravenous contrast 
for the assessment of gastric GISTs is recommended. 
CT of chest, abdomen and pelvis is recommended 
for staging of GIST, with the exception of small in-
cidental tumours or when a patient presents as an 
emergency requiring urgent surgery. With regards to 
assessing treatment response, traditional CT criteria 
(RECIST criteria) have been shown to be inaccurate 
for measuring GIST response to imatinib and the 
Choi criteria are recommended (10% reduction in 
size and 15% reduction in density).27

Magnetic resonance imaging (MRI)
In general, MRI offers no additional information 
regarding the intralesional tissue characterisation of 
primary GISTs. However, MRI provides excellent 
soft-tissue contrast resolution and direct multipla-
nar imaging, which can help delineate the relation-
ships of the tumour and adjacent organs, and is 
useful in anorectal disease.26

Positron emission tomography (PET)
PET scanning using a standard fluorodeoxyglucose 
(FDG)-PET technique has proven extremely useful 
in the prediction of tumour response to the tyrosine 
kinase inhibitor imatinib (Glivec, Norvartis Pharma 
AG) now used in the treatment of unresectable and 
metastatic malignant GISTs.28 Glucose uptake of the 
tumours decreases within a few hours to days of the 
start of treatment, which can be verified with FDG-
PET.17 The PET scan can be utilised to distinguish 
between tumour progression and increase in volume 
due to intratumoral bleeding. PET scan responses 

have also been demonstrated to predict subsequent 
tumour volume reductions found on CT or MRI.29

GIST syndromes

Families have been reported with single-base ‘gain 
of function’ mutation in the kinase domain of KIT. 
The resultant effect is the development of multiple 
GISTs in the small bowel. Diffuse hyperplasia of 
spindle-shaped cells within the myenteric plexus 
at sites unaffected by GIST formation was also 
noted.30,31 The association of three uncommon neo-
plasms – gastric GIST, functioning extra-adrenal 
paraganglionoma and pulmonary chondroma – was 
first reported in 1977 and has since been recognised 
as ‘Carney's triad’ (Fig. 11.4).32 A subsequent review 
of 79 cases demonstrated that, unlike isolated spo-
radic GIST, where no significant sex difference was 
noted, 85% were female.33 Twenty-two per cent of 
the patients had all three tumours; the remainder 
had two of the three, usually the gastric and pul-
monary lesions. Adrenocortical adenoma has since 
been identified as a new constituent of the disorder. 
The presence of two of the three main tumours is 
considered sufficient for the syndrome.

Treatment and prognosis (Box 11.1)

A chest, abdominal and pelvic CT should be included 
in the preoperative assessment for all patients. If the 
tumour is located in the right or left upper quadrant 
then the patient should have an endocrine assess-
ment to exclude a large functioning adrenal tumour. 
Male patients (under the age of 40 years) presenting 
with large centrally placed retroperitoneal tumours 
should have α-fetoprotein and β-human chorionic 
gonadotrophin levels measured to exclude non- 
seminomatous germ-cell tumour.

Figure 11.4  • Specimen from completion gastrectomy 
for bleeding GIST (ulcer clearly visible) in a 34-year-old 
woman with Carney's triad.
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Percutaneous (ultrasound or CT) or laparoscopi-
cally guided biopsies should not be used in resect-
able disease due to the risk of tumour rupture or 
seeding, unless it may result in a change of treat-
ment.17 Laparoscopy may be considered in the stag-
ing of large lesions to exclude peritoneal metastases 
but an exploratory laparotomy is usually required 
to decide whether a large primary tumour is techni-
cally resectable or not.

At all sites the extent of resection is therefore 
dictated by the size of the tumour and its location 
in relation to, or invasion of, adjacent structures 
(Fig. 11.5). Oesophagectomy is the standard pro-
cedure for oesophageal GISTs but these are very 
rare and submucosal lesions in the oesophagus are 
much more likely to be leiomyomas. EUS-FNA 
core biopsy from these lesions is recommended 
to make a preoperative diagnosis so that surgi-
cal planning is appropriate.25 Oesophageal GISTs 

and  leiomyosarcomas require an oesophagectomy 
whereas leiomyomas can safely be enucleated with-
out removing the oesophagus.

In the stomach, R0 resection may involve a par-
tial, subtotal or total gastrectomy, although ‘wedge’ 
excision and ‘sleeve’ resections are also frequently 
performed to preserve as much stomach as possible. 
Small gastric lesions lend themselves well to lapa-
roscopic resection (Fig. 11.6a–c). Resection of GIST 
tumours arising at the gastro-oesophageal junction 
creates particular problems as a poor quality of life 
may result from simple excision with anastomosis 
of stomach to oesophagus. Alternatively, recon-
struction using a short jejunal interposition should 
be considered for these patients, the ‘Merendino 
procedure’ (Fig. 11.7),36 as it results in a better qual-
ity of life compared to an oesophagogastric anasto-
mosis.37 The most important factors, as stated, are 
that the tumour is not ruptured and that negative 
resection margins are obtained. Simple enucleation 
of the tumour is inadequate as these lesions do not 
possess a true capsule. Direct invasion of adjacent 
structures occurs in 10–15% of GISTs and surgery 
in such cases should include en bloc resection of in-
volved adjacent organs.12,14 Nodal metastases are 
extremely rare and routine extended lymph node 
dissection is therefore unjustified.38

As very few studies address the issue of GISTs 
found incidentally, there are no clear data to sup-
port one definitive management plan over another. 
In their study of 39 GISTs, which included 16 iden-
tified incidentally, Ludwig and Traverso concluded 
that as a consequence of the frequency of serious 
complications in symptomatic patients, complete 
excision should also be recommended for asymp-
tomatic patients.39 However, the UK guidelines for 
the management of GISTs recommend that small 
asymptomatic incidental lesions can be treated  

Locoregional disease
Principles of surgery
• A wide local resection with macroscopic and microscopic 

removal of the entire tumour is recommended (R0)
• The surgeon should aim to preserve function, but not at 

the expense of an R0 resection
• Extended lymphadenectomy is normally not required
• Some small tumours may be resected laparoscopically
• Where adjacent organs are involved, en bloc resection 

is recommended whenever possible – input from 
other specialist surgeons should be considered prior to 
embarking on a resection

• Endoscopic resection is not recommended

Unresectable and/or metastatic disease
• Conventional cytotoxic chemotherapy and radiotherapy are 

not recommended
• Imatinib should be used as treatment for unresectable 

and/or metastatic GISTs
• The recommended starting dose of imatinib is 400 mg/day

Box 11.1  • Principles of GIST treatment

 The main goal of GIST management is complete 
macroscopic and microscopic removal of the 
tumour, i.e. R0 resection.34 Complete excision offers 
a good chance of cure and must be attempted 
whenever possible; the presence of a positive 
resection margin or tumour rupture leads to a 
significant reduction in survival.35 In one study, only 
11% of patients died of recurrent disease after R0 
resection compared with 75% of those in whom the 
resection was R1 or R2, with a median follow-up of 
2.2 years.14

Figure 11.5  • Operative specimen following en bloc total 
gastrectomy, splenectomy and distal pancreatectomy for 
locally advanced GIST.
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conservatively, particularly if serial examination 
shows no change in size over 1–2 years.40 However, 
there are no long-term studies of the natural history 
of these lesions, and surgeons should explain these 
uncertainties to their patients and discuss the pros 
and cons of resection before proceeding to surgery. 
In patients with borderline fitness for resection, or 
those who decline surgery at initial presentation, 
monitoring the lesion with EUS and/or CT for evi-
dence of enlargement is acceptable so long as the re-
sults of surveillance influence the final management.

Imatinib
Imatinib mesylate is a receptor tyrosine kinase inhibi-
tor that inhibits the constitutively activated tyrosine 
kinases of ABL (including the stable transfection 
product fusion kinase BCR-ABL seen in chronic 
myeloid leukaemia), platelet-derived growth factor 
receptor (PDGFR) and KIT. The drug is adminis-
tered orally, and its use, dosage and side-effect profile 
are well established following use in the treatment 
of chronic myeloid leukaemia. It has very little ef-
fect on normal cells, where the kinase is not con-
stitutively active. Experiments on human tumour 
cell lines dependent upon the KIT pathway demon-
strate that imatinib blocks the kinase activity of KIT,  
arrests proliferation and causes apoptotic cell death.41 
Imatinib is generally well tolerated, although most 

Figure 11.6  • (a) Endoscopic view of a moderate-
sized gastric fundal GIST. (b) Laparoscopic image 
of the lesion seen in (a). (c) Completed harmonic 
scalpel dissection of the gastric GIST in (a) prior to 
removal of specimen in a retrieval bag and closure 
of the resulting gastric defect with a linear EndoGIA 
stapler.

a b

c

Figure 11.7  • Completed Merendino procedure showing 
distal anastomosis between the jejunal interposition and 
the stomach.
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patients experience some mild or moderate adverse 
events. Serious adverse events occur in around 20% of 
patients, the most serious of which is life-threatening 
tumour haemorrhage in approximately 5%.

Unresectable or metastatic 
disease

Prior to the introduction of imatinib mesylate, pa-
tients with advanced GISTs faced severe morbidity 
and short life expectancy. Untreated, the median 
overall survival for unresectable or metastatic 
disease is around 12 months (ranging from 2 to 
20 months).42 Conventional chemotherapy and ra-
diotherapy is ineffective in patients with metastatic 
GISTs.43

Early phase 1 studies of imatinib (then coded 
ST1571) took the oncology world by storm.44 
Never before had response rates of 80–90% been 
seen in metastatic sarcomas and a new era of ‘smart’ 
compounds was born. Over 50% of patients with 
metastatic or unresectable GISTs will survive more 
than 5 years if treated with imatinib.

Although 80% of GISTs respond to imatinib, 20% 
demonstrate initial resistance to the drug and, of 
those that respond initially, some will develop late 
resistance.48

Adjuvant therapy post-resection

Surgery has a limited role in metastatic disease except 
when patients present with low-volume liver metas-
tases; about a third of such patients may be cured 
by hepatic resection.51 In selected patients with large 
incurable tumours, surgery may play a limited role 
in palliation of symptoms, but whether to operate is 
best decided by a multidisciplinary team who have 
expertise in GIST management.52 Downsizing of un-
resectable primary tumours and hepatic metastasis 
following treatment with imatinib can render lesions 
resectable, but long-term survival is uncommon, 
particularly if imatinib resistance has developed.53 
Randomised studies in the USA and Europe are un-
der way to assess the value of neoadjuvant imatinib 
for unresectable GISTs that might be rendered re-
sectable (and potentially curable).

Gastric lymphoma
Primary gastric lymphoma is rare, accounting for 
about 5% of gastric tumours but one of the com-
monest sites for ‘extranodal’ lymphoma.54 It is 
twice as common in men as in women and median 
age of diagnosis is 60–65 years,55,56 except in hu-
man immunodeficiency virus (HIV)-infected pa-
tients, who develop the disease earlier.57 It often 
presents with the same non-specific signs of dyspep-
sia and vague epigastric discomfort seen in both be-
nign peptic ulceration and gastric adenocarcinoma. 
However, it may take longer than epithelial cancer 
to grow and cause persistent pain and weight loss. 
Diagnosis is by endoscopy and biopsy. It is essen-
tial that patients who fulfil the National Institute 
for Clinical Excellence (NICE) criteria for urgent 
upper GI endoscopy are referred and that the en-
doscopist performs a thorough investigation and 
takes adequate diagnostic biopsies.58 If the biopsies 
are non-diagnostic they should be repeated immedi-
ately; accurate histological diagnosis is essential as 
the treatment and prognosis of gastric lymphoma is 
very different from adenocarcinoma.

Staging

Once a diagnosis of gastric lymphoma is made the 
paient should undergo a CT scan of chest, abdo-
men and pelvis, an endoluminal ultrasound (EUS), 
as this is the most accurate way of assessing depth 

 In a randomised controlled trial of 147 
patients with metastatic or unresectable GISTs the 
median survival was 54 months regardless whether 
the 400- or 600-mg dose regimen of imatinib was 
used.45 A larger phase III trial recruited 746 patients 
and compared 400 mg with 800 mg imatinib and 
again found no difference in survival between 
the two doses, but 33% of patients on the lower 
dose who progressed appeared to stabilise when 
transferred to the higher dose.46 Similar results 
were obtained from an even larger randomised 
trial involving 946 patients, although a longer 
progression-free survival was seen for patients on 
the higher dose of imatinib.47

 The role of imatinib in the adjuvant setting 
has now been investigated in randomised controlled 
trials in the USA, Europe and Australasia. The 
ACOGSOG Z9001 study examined the role of 
adjuvant therapy for 12 months post-curative 
resection for GISTs greater than 3 cm in diameter 
and found improvement in progression-free survival 
but not overall survival for those patients given 
imatinib versus placebo.49

 The SSG XVIII study randomised patients 
with high-risk resected GISTs to 12 months versus 
36 months of adjuvant imatinib and found significant 
improvement in both progression-free and overall 
survival for the patients having the longer course of 
treatment.50 Imatinib is now licensed in the USA and 
Europe for resected GIST patients deemed at high 
risk of recurrence.
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of invasion and regional node involvement,59,60 
and a bone marrow aspirate to look for distant 
spread of the disease. Many staging systems have 
been employed over the years but the most clini-
cally useful is the modified Blackledge system61 
(Table 11.3).

Classification

Low-grade MALT lymphomas arise from the 
mucosa-associated lymphoid tissue, hence MALT, 
and behave in an indolent fashion. The WHO 
classifies MALT as extranodal marginal zone 
B-cell lymphomas and they are a form of non-
Hodgkin's lymphoma.58,62,63 Men and women 
are equally affected and they account for about 
4% of all gastric tumours and 50% of gastric 
lymphomas.64,65

Histopathologically they can be difficult to dif-
ferentiate from chronic gastritis and experienced 
pathologists will look for lymphoepithelial lesions 
that are diagnostic.68 Treatment of stage I disease 
is with HP eradication and 6-monthly endoscopic 
biopsy for 2 years. More advanced tumours, those 
that persist after HP eradication or those that recur 
are treated with chlorambucil and rituximab, and 

those with large-cell transformation require CHOP 
chemotherapy (cyclophosphamide, doxorubicin, 
vincristine and prednisolone) and rituximab.69,70 
Surgery is very rarely indicated for low-grade 
MALT lymphomas.

High-grade MALT lymphomas and diffuse B-cell 
lymphomas do not regress with HP eradication. 
Histologically they consist of sheets of destructive 
blast cells, do not contain lymphoepithelial lesions, 
and have frequent mitoses and apoptotic bodies.71 
They may resemble diffuse carcinomas, sarcomas, 
T-cell lymphomas and even metastatic melanoma.

Surgery, therefore, has a limited role in the modern 
management of gastric lymphoma.74 It is used for 
resection of locoregional disease if medical treat-
ment fails or in the emergency setting for bleeding 
or perforation.

Neuroendocrine 
gastroenteropancreatic 
tumours (GEP-NETs)
GEP-NETs are classified into intestinal neuroendo-
crine tumours (carcinoids), accounting for about 
two-thirds, and pancreatic endocrine tumours 
(PETs), accounting for the remaining one-third. 
Gastric carcinoid tumours make up just under 2% 
of all gastric neoplasms and there is some evidence 
that the incidence has been rising over the past two 
to three decades.75 The appendix is the commonest 
site for carcinoid tumours (48%), followed by the 
rectum (17%) and the ileum (12%); the stomach 
only accounts for 9%.76,77 Carcinoid tumours have 
characteristic histological and ultrastructural fea-
tures and contain chromogranin A (CgA).77 They 
were first described by Oberndorfer in 1907, who 
named them ‘karzinoide’, meaning ‘carcinoma-
like’ in recognition of their more benign behaviour 
compared to adenocarcinomas.78 Gastric carcinoids 
arise from histamine-containing enterochromaffin-
like (ECL) cells, which are found in the fundus and 
body of the stomach. Gastric acid is produced by 
parietal cells when they are stimulated by gastrin 

Stage I Tumour confined to GI tract without serosal 
penetration:
Single primary or multiple non-contiguous lesions

Stage II Tumour extends into abdomen nodes from the 
primary:
II

1
 Local nodes (regional gastric)

II
2
 Distant nodes (para-aortic or intercaval)

Stage II
E

Perforation of the serosa with involvement of 
adjacent structures:
e.g. stage II

E
 (pancreas) or stage II

E
 (colon)

Also patients who present with perforated 
tumours and peritonitis

Stage IV Disseminated extranodal disease (lung, bone 
marrow, etc.) or supradiaphragmatic nodal 
involvement

Table 11.3  •  Modified Blackledge system for staging 
gastrointestinal lymphoma61

 Low-grade gastric MALT lymphomas are 
associated with Helicobacter pylori (HP) infection 
and early tumours will often regress with HP 
eradication therapy.58,66 More advanced lesions that 
involve the full thickness of the stomach wall and 
have spread to local lymph nodes are much less 
likely to regress with HP eradication.67

 A randomised controlled trial of treatment 
with CHOP alone versus CHOP and rituximab 
showed improved 5-year survival from 63% to 
76%.72 A large randomised trial involving 589 
patients with diffuse B-cell gastric lymphoma 
compared four treatment arms: surgery alone, 
surgery with radiotherapy, surgery with CHOP, and 
CHOP alone. Aviles et al. found that CHOP alone 
gave the best 10-year survival rates and had the 
lowest morbidity.73
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directly (secreted by the G cells in the gastric an-
trum) or by histamine released locally by ECL cells 
when these are stimulated by gastrin. Negative 
feedback is provided by D cells that release soma-
tostatin (SST) when stimulated by rising luminal H+ 
concentrations; SST binds to G cells and ECL cells  
and inhibits the production of gastrin and histamine, 
respectively, hence reducing stimulation to parietal 
cells to produce acid. In patients with chronic atro-
phic gastritis the lack of acid production by parietal 
cells results in decreased SST levels, with excess pro-
duction of gastrin and an over-stimulation of ECL 
cells. As gastrin is trophic to ECL cells, this can lead 
to ECL hyperplasia, dysplasia and eventually carci-
noid tumour.

Presentation, classification  
and treatment

Gastric carcinoids are often discovered incidentally 
during upper GI endoscopy. Alternatively, they may 
present with bleeding (iron deficiency anaemia or 
frank GI blood loss), abdominal pain or dyspepsia. 
Rarely, they present late with metastatic disease and 
symptoms from the release of bioactive substances. 
Atypical carcinoid syndrome is due to histamine re-
lease and presents with a patchy cutaneous flush, 
oedema, watering eyes, bronchoconstriction and 
headaches, whereas classical carcinoid syndrome 
presents with cutaneous flushing, bronchospasm 
and diarrhoea, and is probably due to circulating 
serotonin and tachykinins.79 Diagnosis is made by 
histology of endoscopic biopsies and the argyrophil 
reaction with the presence of CgA mRNA or pro-
tein.80 Raised plasma CgA is a very sensitive and 
specific test for diagnosing metastatic carcinoid 
in patients with suspected carcinoid syndrome.77 
Initial staging is by EUS and CT. Gastric carcinoid 
tumours express somatostatin-2 receptors and these 
will bind the synthetic octapeptide, octreotide; ra-
diolabelled octreotide is used in the OctreoScan™.

There are a number of different classification 
systems for GEP-NETs. The WHO classification 
separates tumours on the basis of differentiation; 
the European Neuroendocrine Tumour Society 
(ENETS) classification has three groups (G1-3) 
based upon mitotic count and Ki67 index; and the 
TNM classification separates tumours according to 
the extent of the local tumour, regional lymph nodes 

and distant metastases (Tis-4, N0–1, M0–1).82 
Gastric carcinoids are usefully classified accord-
ing to their behaviour and are rare under the age 
of 50 years.83 Type I tumours are the commonest 
(75%), arise in patients with chronic atrophic gas-
tritis (often those with pernicious anaemia) and are 
more common in women than men (3:1). They are 
usually small, well-differentiated polypoid lesions 
that behave in a benign fashion but, when larger 
(1–2 cm), can occasionally metastasise to regional 
lymph nodes. Small lesions (<1 cm) can be removed 
by endoscopic mucosal resection (EMR), although 
long-term follow-up for this treatment is lacking.

Type II gastric carcinoids are rare (8%) and  occur 
in patients with a gastrinoma as part of the auto-
somal dominant disorder multiple endocrine neo-
plasia syndrome type 1 (MEN-1). They have an 
intermediate behaviour between type I and type 
III carcinoids, with a 10–30% risk of metastasis-
ing. For early lesions the treatment is the same as 
for type I tumours, although great care should be 
taken to find and remove the gastrinoma whenever 
possible. Prognosis is again good, with about 70% 
5-year survival, but the MEN-1 syndrome dictates 
outcome more than the carcinoid tumour.85

For patients with symptomatic metastatic carci-
noid the initial treatment of choice is with somata-
statin analogues such as octreotide or lanreotide, 
which is longer acting.85 Phase II trials of the mono-
clonal antibody bevacizumab89 have shown promise 
and phase III studies are now awaited. Surgery can 
play an important role in the management of meta-
static GEP-NETs by reducing tumour mass (debulk-
ing) and can occasionally be curative when an R0 

 In a prospective study, Gibril et al.81 found 
this test to have positive and negative predictive 
values of 63% and 97%, respectively, for the 
detection of gastric carcinoid and its use should be 
considered in all patients with carcinoid tumours.

 Type III lesions constitute 21% of gastric 
carcinoids and are much more aggressive.86 
They usually present as a large ulcerating solitary 
mass, sometimes with liver metastases, and are 
not associated with atrophic gastritis, MEN-1 or 
hypergastrinaemia. Treatment for non-metastatic 
type III tumours is by gastrectomy, usually total, 
with clearance of the local lymph nodes (D2 
resection).87 Local resection is not recommened for 
these tumours. Survival is around 50% at 5 years.88

 The gold standard treatment for a lesion 
under 2 cm diameter is local surgical resection 
and antrectomy, as this reduces gastrin levels.84 
Background ECL hyperplasia will often regress after 
antrectomy. Surgery may be open or laparoscopic 
depending upon local preference and experience. 
Patients should have endoscopic surveillence after 
surgery and the prognosis is excellent, with >90% 
5-year survival.
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resection is possible, particularly for liver metasta-
ses.90 Radiofrequency ablation and embolisation/
chemoembolisation can similarly be used with suc-
cess to treat isolated hepatic lesions.

Rarities
Leiomyomas are benign smooth muscle tumours of 
the upper GI tract, are usually located in the oe-
sophagus and may be very large at presentation.91 
They may present as an incidental submucosal swell-
ing found at endoscopy or with dysphagia or, rarely, 
with GI bleeding. Similar lesions found in the stom-
ach are nearly always GISTs. Incidental leiomyomas 
of the oesophagus can be treated conservatively, 
although an EUS to confirm the diagnosis is recom-
mended and a follow-up EUS examination 1–2 years 
later will provide reassurance that the lesion is not 
growing. Symptomatic leiomyomas can be excised 
by dividing the muscularis propria and enucleating 
the lesion without disrupting the mucosa. This is  
usually done now using minimally invasive tech-
niques (thoracoscopically).92 Leiomyosarcomas look 

exactly like their benign counterparts but behave 
differently. A large submucosal lesion in the oe-
sophagus (>2 cm) or one that is enlarging rapidly 
should be treated as potentially malignant. EUS-
guided fine-needle or core biopsy of such a lesion 
is now possible and should be attempted if leio-
myosarcoma is suspected.93 If confirmed, or doubt 
continues after biopsy, a formal oesophagectomy 
is recommended, as long-term survival is dependent 
upon achieving an R0 resection.94

Small-cell carcinoma of the oesophagus is thank-
fully rare. It has an even worse prognosis than 
squamous or adenocarcinoma. As with most oe-
sophageal tumours it presents late and has already 
spread to locoregional nodes when diagnosed.95 
Even radical surgery with three-field lymph node 
resection results in 5-year survival of less than 10%. 
Treatment should therefore be by chemoradiation 
as this will occasionally result in a cure and, if it 
does not, provides moderately good palliation with 
less morbidity than radical surgery. There are no  
randomised studies of treatment but much has 
been extrapolated from experience with small-cell 
tumours of the lung.

Key points
• Complete surgical resection (R0) of gastric GISTs is often curative and is the treatment of choice 

whenever possible.
• Patients who have had resection of a high-risk GIST benefit from adjuvant imatinib.
• Metastatic and unresectable GISTs should be treated with 400 mg imatinib daily in the first instance 

and their overall care managed by a multidisciplinary team.
• Gastric carcinoid tumours are now classified as a subgroup of gastroenteropancreatic 

neuroendocrine tumours (GEP-NETs).
• Type I gastric carcinoids can safely be treated with minimal surgery (including endoscopic 

resection) and have a good prognosis, whereas type III carcinoid tumours require a gastrectomy 
and nodal resection and have a poorer prognosis.

• Low-grade B-cell gastric MALT lymphoma is caused by Helicobacter pylori (HP) and will often 
regress after HP eradication therapy.

• Surgery has a limited role in the treatment of gastric lymphoma and primary treatment is usually 
with chemotherapy.

• Submucosal lesions in the oesophagus are usually leiomyomas and, if symptomatic, can be 
enucleated thoracoscopically.
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Pathophysiology and investigation 
of gastro-oesophageal reflux disease

Introduction
Gastro-oesophageal reflux disease (GORD)  describes 
symptoms or mucosal damage caused by reflux of 
gastric contents into the oesophagus.1 Symptoms are 
variable and along with damage are associated with 
many permutations of motility, endoscopic and physi-
ological abnormalities. GORD is the major factor 
leading to the increasing incidence of oesophageal ad-
enocarcinoma,2 and is one of the commonest health 
problems in the developed world.

Epidemiology
Gastro-oesophageal reflux is universal, and as such 
can be viewed as a normal physiological process. 
Such physiological episodes are asymptomatic and 
rapidly cleared. They occur mainly after meals, in 
the upright position and when awake.3,4 By con-
trast, pathological reflux results in chronic symp-
toms or mucosal damage. However, the subjectivity 
of symptoms is such that the boundary between 
the two is blurred, with many people viewing oc-
casional reflux symptoms as normal, without seek-
ing medical attention. For example, the reflux of air 
(belching) due to gastric distension is a universal ex-
perience, yet depending upon frequency and patient 
perception may be either normal or or a symptom of 
GORD. Unsurprisingly, the epidemiology of GORD 
is difficult to determine. A 2011  population-based 
cohort study of 45 000 people from Norway5 found 
the prevalence of any symptoms to be 41%, weekly 
symptoms to be 17% and severe symptoms to be 

6.7% The figures had  increased by 30%, 24% 
and 47%, respectively, over the previous decade. 
Incidence of any symptoms was 3%, with that of 
severe symptoms 0.2%, with spontaneous resolu-
tion of these symptoms occurring in 2% and 1%, 
respectively. A systematic review of 15 studies esti-
mated a similar prevalence of weekly symptoms in 
10–20% in the Western world (5% in Asia).6

These findings were similar to a smaller Finnish 
study of 1562 consecutive patients referred for en-
doscopy. With the caveat of this selection bias, the 
overall incidence was estimated as 3%, of which 
2% had endoscopic mucosal damage.7 Two ad-
ditional studies have reached similar conclusions, 
with 32–38% of those with symptoms having nor-
mal endoscopies.8,9 Importantly, the converse may 
be true, with up to 20% of those with oesophagitis 
or Barrett's being asymptomatic.10

Traditionally, GORD has been viewed as a spec-
trum of a single disease, with endoscopy-negative 

 One large population-based study and 
one systematic review estimated the Western 
prevalence of symptomatic GORD (at least weekly 
heartburn/acid regurgitation) to be 10–20%.5,6

 Two studies of patients with reflux symptoms 
found a normal oesophagus on endoscopy in 
32% and 38% of subjects.8,9 Up to 20% of those 
with oesophagitis or Barrett's oesophagus are 
asymptomatic.10
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symptoms at the mild end, increasing grades of oe-
sophagitis representing progressively severe disease, 
culminating in Barrett's metaplasia.1 However, this 
approach is undermined by a number of clinical, en-
doscopic and physiological findings, suggesting that 
the three may in fact be distinct groups and disease 
processes in themselves (Box 12.1).11,12 Most impor-
tantly, endoscopic progression from one end of the 
spectrum to the other is rare.12

Symptoms
Symptoms tend to occur in combination rather than 
isolation, and are classed as typical and atypical. 
Typical symptoms comprise heartburn, acid brash 
and regurgitation (‘volume reflux’). Heartburn 
is defined as discomfort or burning behind the 
sternum; regurgitation as the perception of flow 
of gastric contents into the oro/hypopharynx. 
Intermittent dysphagia may also occur. Atypical 
symptoms include non-heartburn chest pain, epi-
gastric pain and bloating, and can blur with other 
functional symptoms of the gastrointestinal tract so 
that even if excessive reflux is demonstrated physi-
ologically, attributing causality may be difficult. 
Extra-oesophageal manifestations occur in the up-
per aerodigestive tract and lungs. GORD may be as-
sociated with a changing/hoarse voice, pharyngitis, 
tonsillitis and sinusitis, ‘globus’ symptoms (resulting 
from cricopharyngeal dysfunction) as well as throat 
clearing, chronic cough, dental decay and poor oral 
hygiene. GORD has also been implicated in exacer-
bations of asthma, possibly due to micro-aspiration.

Symptoms typically vary between the three GORD 
groups discussed above. Those with symptomatic 
endoscopy-negative disease (or non-erosive reflux) 
tend to have severe, often atypical symptoms with 
variable response to acid suppression (presum-
ably representing oesophageal hypersensitivity 
to acid and non-acid reflux).12 By contrast, those 
with erosive reflux and oesophagitis tend towards 
more typical symptoms responding well to acid sup-
pression.12 Finally, those with Barrett's often have 
minimal symptoms, possibly due to the relative in-
sensitivity of metaplastic epithelium to acid.13

These discrepancies emphasise the challenging 
multifactorial nature of GORD; central to its un-
derstanding is normal oesophageal anatomy and 
physiology.

Normal oesophageal anatomy
The oesophagus is a muscular tube, approximately 
25 cm in length. It extends from the pharynx to the 
stomach, and is subdivided into three (arbitrary) 
anatomical segments: cervical, thoracic and ab-
dominal. The cervical oesophagus (approximately 
5 cm long) is a direct continuation of the hypophar-
ynx, between cricopharyngeus and the thoracic inlet 
(T1). The thoracic segment (approximately 18 cm) 
ends at T10 at the oeophageal hiatus. The abdomi-
nal oesophagus (approximately 1–2 cm) ends at the 
gastro-oesophageal junction.

The muscle configuration of the body of the oe-
sophagus is unique, with both smooth and striated 
muscle comprising a single functional unit. The 
muscularis propria consists of outer longitudi-
nal and inner circular layers (the former spiralling 
slightly). These are exclusively striated muscle at the 
proximal end (including cricopharyngeus), mixing 
progressively with smooth muscle over the proxi-
mal and middle thirds. The lower third is entirely 
composed of smooth muscle. The epithelial lining is 
non-keratinising stratified squamous, abruptly be-
coming glandular columnar (evident endoscopically 
as the z-line) at the level of, or at a variable distance 
above, the gastro-oesophageal junction.

Between the mucosa and muscularis mucosa, and 
the circular muscle layer, lies the submucosa, which 
contains neurovascular and support tissue. Blood 
supply is predominantly from the inferior thyroid 
arteries, direct aortic branches and left gastric ar-
tery for the cervical, thoracic and abdominal seg-
ments, respectively. Parasympathetic innervation is 
predominantly from the vagus nerves, with some 
indirect contribution proximally from the recurrent 
laryngeal nerves. Sympathetic innervation is from 
the middle cervical ganglion proximally, and upper 
four thoracic ganglia distally. The oesophagus has 
two sphincters: upper and lower. The former com-
prises the inferior constrictor muscle, cricopharyn-
geus and proximal oesophageal muscle. The latter is 
less discrete and is discussed in greater depth later.

Normal oesophageal 
physiology
On swallowing the upper and lower oesophageal 
sphincters relax, and the food or liquid bolus is 
propelled distally by peristalsis to the stomach. The 
responsible mechanisms involve complicated coor-
dination between central and local neuromuscular 
mechanisms. Peristalsis is the sequential contraction 
of the oesophageal body. Animal models demonstrate 
progression aborally in both longitudinal and circu-
lar layers, without torque.14 Primary peristalsis is 

• Symptomatic endoscopy-negative (non-erosive) GORD
• Oesophagitis and erosive reflux
• Barrett's oesophagus

Box 12.1  • Distinct subgroups of GORD
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 instigated centrally in the swallowing centre by swal-
lowing, with the wave arising in the pharynx. A per-
sistent bolus distends the oesophagus, triggering local 
neural mechanisms and a secondary peristaltic wave.15 
Tertiary contractions are aberrant, synchronous con-
tractions of oesophageal segments, which play no role 
in peristalsis. During peristalsis, the oesophageal body 
contracts segmentally, with the greatest pressure at the 
mid-point of the contracted segment, a few centime-
tres behind the bolus16 (Fig. 12.1).

Whether the longitudinal and circular layers con-
tract synchronously or not is disputed. A number 
of studies have suggested that the circular layer ini-
tially hyperpolarises, to contract two seconds after 
the longitudinal layer.17–19 However, this has been 
disputed, and it has been suggested that any delay 
is a function of the manometric techniques used.20 
In any case, the involvement of both layers confers 
mechanical advantages, with longitudinal contrac-
tions shortening the circular layer, allowing greater 
contractile force. In addition, contraction of both 
reduces wall tension at the site of contraction.21

Primary peristalsis is initiated centrally (via the va-
gus) and modified peripherally (via local myogenic 
and neuronal mechanisms). Vagal efferents from the 
nucleus ambiguous initiate skeletal muscle contrac-
tion, and those from the dorsomotor nucleus inner-
vate smooth muscle. These do so via intrinsic neurons 
of the myenteric plexus (between the muscle layers). 
Modification within the oesophageal body occurs in 
response to volume, temperature and acid receptors, 

with central feedback via vagal afferents. Warm bo-
luses initiate an exaggerated peristaltic wave, whereas 
cold boluses (e.g. ice cream) may not provoke distal 
peristalsis.22 This is true for wet and dry swallows, 
respectively. In addition, oesophageal acid receptors 
are believed to allow protective clearance of reflux-
ate. Crucial to successful peristalsis is the oesophageal 
latency period. Following initial stimulation of the 
circular muscle layers, a variable period of membrane 
hyperpolarisation occurs, primarily mediated by in-
trinsic nitric oxide inhibition.23 This period increases 
progressively, moving distally along the oesophageal 
body, with greater inhibitory inhibition.24 Initial (or 
deglutitive) inhibition describes a refractory period of 
the oesophageal body due to myogenic and inhibitory 
properties. Swallowing for a second time within sec-
onds causes the first peristaltic wave to be aborted.25 
This allows rapid sequences of swallows (used pri-
marily for drinking).

Antireflux mechanisms
A positive pressure gradient of approximately 
10 mmHg exists between the stomach and oesopha-
gus. The stomach and abdominal oesophagus lie 
within 5 mmHg of positive intra-abdominal pressure, 
with the thoracic oesophagus exposed to 5 mmHg of 
negative pressure. That gastro- oesophageal reflux is 
the exception rather than the rule is due to several 
factors: the lower oesophageal sphincter (LOS), the 

Oesophageal body
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Pharynx
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Figure 12.1  • A standard six-sensor manometry trace of normal oesophageal peristalsis. Adapted from Anggiansah A, Marshal R.  
Use of the oesophageal laboratory, 1st edn. Oxford: Isis Medical Media, 2000. With permission from Isis Medical Media.
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diaphragmatic sphincter or ‘pinch-cock’, distal oe-
sophageal compression, and other mechanical barri-
ers such as the cardio-oesophageal angle (of His) and 
the mucosal rosette (Box 12.2).

Lower oesophageal sphincter

The LOS is the primary antireflux mechanism. 
Although not an anatomically discrete sphincter, it is 
a resting high-pressure zone in the distal  oesophagus, 
which relaxes appropriately to allow swallowing, 
belching and vomiting.26 It is composed of  specialised 
smooth muscle, arranged in either clasp or sling forma-
tion, running in the distal 1–4 cm of the oesophagus  

and blending with the cardia.27 The basal tone of 
the LOS is both intrinisic (inherent muscular proper-
ties) and extrinsic (excitatory cholinergic vagal input). 
Clasp and sling fibres vary in resting tone and respon-
siveness to stimulation; sling fibres have lower tone 
but greater responsiveness, probably due to differing 
proportions of contractile proteins. These fibres are 
also asymmetrically arranged, potentially accounting 
for the longitudinal and radial asymmetry of basal 
pressure (being greatest posteriorly and on the right).28 
LOS muscle cells are tonic, and as such distinct from 
the phasic cells of the oesophageal body (which have 
no intrinsic tone).

Neurological control of the LOS is complicated. 
Central control is mediated by vagal efferents origi-
nating in the dorsal motor nucleus (with excitatory 
cell bodies cephalad and inhibitory cells caudally).29 
Sensory feedback from the LOS is relayed via the 
tractus solitarius. Central neurotransmitters include 
glutamate, adrenaline, dopamine, acetylcholine and 
nitric oxide. Peripherally, vagal fibres synapse in the 
myenteric plexus via acetylcholine.30 Both atropine 
and vagotomy reduce resting LOS pressure signifi-
cantly.31 Nitric oxide is the primary inhibitory neu-
rotransmitter of the LOS: in murine models nitric 
oxide knockout increases resting LOS pressure and 
prevents the transient LOS relaxations (TLOSRs) 
required for swallowing32 (Fig. 12.2). This inhibi-
tion may be further modified by the interstitial cells 
of Cajal.33

Intrinsic oesophageal mechanism
• Lower oesophageal sphincter
• Basal tone
• Adaptive pressure changes
Extrinsic mechanisms
• Diaphragmatic sphincter
• Distal oesophageal compression
• Angle of His
• Mucosal rosette
• Phreno-oesophageal ligament

Box 12.2  • Antireflux mechanisms

Figure 12.2  • High-resolution manometry demonstrating transient lower oesophageal sphincter relaxation (TLOSR). The 
upper oesophageal sphincter is demonstrated by the upper red and yellow zone, and the LOS by the lower red and yellow 
zone. On relaxation of the lower oesophageal sphincter a common cavity is created between the stomach and oesophagus – 
demonstrated by the light blue zone on the spatiotemporal plot (centre). These events are also observed on the axial pressure 
plot (right). The event is terminated and oesophagus cleared by primary peristalsis with intra-oesophageal pressure returning to 
baseline levels. Images acquired by 36-channel SSI Manoscan 360. Reproduced from Fox MR, Bredenoord AJ. Oesophageal 
high-resolution manometry: moving from research into clinical practice. Gut 2008; 57(3):405–23. With permission from BMJ 
Publishing Group Ltd.
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LOS resting pressure varies physiologically, in 
particular reducing with meals.34 It also reduces in 
response to pharyngeal tactile stimulation (in the 
absence of swallowing or peristalsis).35 In control 
subjects, transient increases in intra-abdominal 
pressure (e.g. induced by straight leg raising, cough-
ing and straining) are met with reflex increase in 
LOS pressure that is both greater and faster than 
the increase in gastric pressure.36 This response is 
due in part to neuromuscular reflexes (vagally me-
diated) and transmitted pressure from the crus of 
the diaphragm. Similarly, protective increases in 
pressure occur in response to drops in intrathoracic 
pressure.37

TLOSRs are appropriate short-lived (usually less 
than 10 seconds) relaxations instigated by primary 
or secondary peristalsis, gastric distension and 
vomiting.38,39 In asymptomatic controls, TLOSRs 
account for 94% of reflux episodes,40 primar-
ily occurring after meals and when upright rather 
than supine34,41 (correlating with the distribution 
of asymptomatic physiological reflux episodes dis-
cussed above). Fifty per cent of TLOSRs result in 
reflux episodes.40,42 Their genesis is incompletely 
understood, but seems to be a vagally mediated 
response to proximal gastric distension sensed by 
mechanoreceptors.41,43 Fundoplication reduces the 
frequency of TLOSRs, potentially via reducing car-
diac distensibility.44,45 Manometrically, TLOSRs 
are similar to the belch reflex, and many reflux 
episodes follow belching,46,47 suggesting that the 
former are aberrations of the latter. Pathological 
and physiological (swallow-induced) TLOSRs ap-
pear to be distinct, with pathological lasting longer 
(up to 45 seconds).48

In a small controlled study of patients with oe-
sophagitis, pathological reflux was found to be 
due to three primary mechanisms: TLOSRs (65%), 
spontaneous reflux due to low resting LOS pres-
sure (18%) and transient increased intra-abdominal 
pressure (17%).40 However, the commonest mecha-
nisms vary between individuals.

Diaphragmatic sphincter

The slings of the right crus constitute a ‘pinch-
cock’ mechanism. In the absence of a hiatus hernia, 
it is difficult to separate the relative contributions 
of the diaphragmatic sphincter and LOS. In those 
with a surgically resected LOS, however, a basal 

high-pressure zone is detectable (oscillating in line 
with ventilation), suggesting that the diaphragmatic 
sphincter has a tonic component.50 Such increases 
in high-pressure zone pressure with inspiration are 
abolished with curare in feline models, so as with 
the LOS the diaphragmatic sphincter seems to have 
both basal and reactive tonicity.51 These increases in 
pressure are related to depth of inspiration49 and are 
maximal during sleep (when the gastro-oesophageal 
pressure gradient is greatest).52 Functionally, in the 
absence of a hiatus hernia, both LOS and diaphrag-
matic sphincter contribute to the high-pressure 
zone.53 However, the mechanism of diaphragmatic 
sphincter relaxation differs neurochemically and 
functionally. Oesophageal distension (due to swal-
lowing) triggers incomplete diaphragmatic sphinc-
ter relaxation, whereas TLOSRs cause complete 
relaxation.54 As with the LOS, this relaxation is 
both central and local. Central control is medi-
ated via vagal afferents modifying control of the 
diaphragm,55 although this may be distal to the me-
dulla in site.56 Local control may be due to stretch-
ing of diaphragmatic sphincter fibres by contraction 
of longitudinal oesophageal fibres.57 Variation in 
the distensibility of the diaphragmatic sphincter 
affects reflux; greater distensibility predisposes to 
more reflux episodes.58

Distal oesophageal compression

The abdominal oesophagus is exposed to positive 
pressure within the abdomen. This has a compressive 
effect on the distal oesophagus/LOS, with a shorter 
length correlating with more frequent  reflux.59 This 
is particularly important with increasing age and a 
recumbent position. The phreno- oesophageal liga-
ment is a prolongation of abdominal fascia originat-
ing from the abdominal surface of the diaphragm, 
which anchors the oesophagus. As it approaches 
the oesophagus, it decussates into upper and lower 
leaves. The former inserts just above the squamo-
columnar junction, with the latter inserting a few 
centimetres below, but is less well defined and of-
ten absent. The upper leaf inserts into the submu-
cosa and intramuscular septae. This fibromuscular 
anchor is not absolute, allowing the oesophagus 
to slide 2 cm cranially when swallowing and, cru-
cially, up to 4 cm during TLOSRs.60,61 Whether 
the oesophagus herniates into the thorax under 
physiological conditions is unlikely, however, as the 
diaphragmatic hiatus moves almost as far crani-
ally. This arrangement serves to keep the distal oe-
sophagus within this positive pressure environment, 
ensuring that any increases in intra-abdominal 
pressure are transmitted to the LOS.62 Anatomical 
variations in strength and height of insertion of the 
phreno-oesophageal ligament presumably  influence 

 Overall, pathological reflux is due to three 
primary mechanisms: TLOSRs (65%), a hypotensive 
LOS (18%) and transient increases in intra-
abdominal pressure (17%).40 However, these 
proportions vary widely within individuals.
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the length of oesophagus to which this applies. 
Disruption of the ligament predisposes to sliding 
hiatus hernias, although the hernia sac will still 
envelop the LOS within the physiological (but not 
anatomical) abdomen.

Other mechanical barriers

The acute angle of the gastro-oesophageal junction 
may represent a partial barrier to reflux, function-
ing as a ‘flap valve’ (the cardio-oesophageal angle 
of His). This angle disappears after death, suggest-
ing that the angle is maintained by tonic contrac-
tion of the oblique sling fibres of the cardia.63 This 
‘valve’ lies below the physiological high-pressure 
zone determined with radiological contrast, and 
so its contribution is therefore limited. The mu-
cosal rosette of the gastro-oesophageal junction is 
also reported to act as a partial barrier.

Oesophageal mucosal acid 
defence mechanisms
The main defence mechanisms comprise oesopha-
geal clearance and tissue resistance. Reflex peristal-
sis is induced by oesophageal acid receptors and 
aided by gravity, both of which are impaired, par-
ticularly during sleep.64

The oesophagus has a number of further protective 
mechanisms, both intrinsic and extrinsic, termed tis-
sue resistance. These are such that continuous in vivo 
exposure of oesophageal epithelium to hydrochloric 
acid and pepsin does not cause damage for 1 hour.65 
Mechanisms are classed as pre-epithelial, epithelial 
and post-epithelial. Pre-epithelial resistance is con-
ferred by the oesophageal buffer layer, augmented 
by saliva. In contrast to the gastroduodenal buffer 
layer, the (non-Barrett's) oesophageal epithelium 
lacks a mucous gel barrier and the ability to secrete 
bicarbonate. However, the buffer needs only to raise 
pH above 3 to prevent pepsin-induced damage.66

This buffer is augmented by the neutralising prop-
erties of saliva. Swallowing saliva contributes to ap-
proximately 5% of acid clearance by neutralising 
acid remaining after peristaltic clearance.67 It has a 

pH of 7.02,68 but the solubility of its mucins means 
that it cannot contribute permanently to the oesoph-
ageal buffer.69 Consequently, when salivary produc-
tion and primary oesophageal peristalsis cease at 
night, the oesophagus is particularly vulnerable.70

The epithelium itself possesses a combination of 
properties: a protective transmural electrochemical 
gradient, tight cell junctions, pH-dependent cation 
channels and intracellular buffers. Post-epithelial 
characteristics include adaptive perfusion and epi-
thelial repair. For refluxed acid to cause epithelial 
cell death, hydrogen ions must enter the epithelial 
cytosol in sufficient quantities and for long enough 
to disrupt cytosol homeostasis and induce apop-
tosis/necrosis. One mechanism is transit of acid 
into the intercellular space, disrupting cell junc-
tions and increasing permeability into the space, 
resulting in greater levels of acid. However, acid 
levels below that required to cause cellular  damage 
may still be symptomatic. Nociceptors underlying 
heartburn can be found within the intercellular 
space within three cell layers of the oesophageal 
lumen,71 thus helping to explain the existence of 
heartburn without frank oesophagitis. Quite why 
pain and oesophagitis may be independent is not 
clear. Potentially this represents visceral hypersen-
sitivity,72 or a reduction in acid sensitivity due to 
chronic reflux acid.73

Risk factors for reflux
The complexity of the body's control of swallowing 
and reflux means that there are numerous opportu-
nities for disruption (and therefore pharmacologi-
cal and surgical intervention). Pathological reflux 
is caused by excessive frequency of TLOSRs, in-
adequate high-pressure zone resting pressure, and 
inability of the LOS and diaphragmatic sphincter 
to compensate for increases in abdominal pressure. 
A number of factors have been implicated in these 
mechanisms (Table 12.1).

Inherited factors

A small number of studies have demonstrated the 
role of a positive family history. A parental history 

Inherited Demographic Lifestyle Medical Structural

Family history Increasing age (weak) Smoking
Alcohol
Obesity

Comorbidities (gastrointestinal, 
cardiac, psychological)
Gastric dysfunction
Anticholisterases
Negative H. pylori status

Hiatus hernia
Oesophageal dysmotility

Table 12.1  • Risk factors for GORD
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of GORD conferred an odds ratio (OR) of 1.5 in 
one study,74 with an OR of 2.6 when symptoms are 
extended to that of an immediate relative.75 In the 
latter study, no association was found with GORD 
prevalence between spouses, implying genetic  
effects to be greater than shared environmental  
effects (although this has been disputed).76 Greater 
concordance has also been demonstrated between 
monozygotic than dizygotic twins.74

Demographic factors

No association between sex and GORD has been 
demonstrated. Findings assessing age have been 
equivocal; both European and US studies assessing 
symptomatology have found contradictory results. 
Overall, a marginally increased risk with increasing 
age seems likely (OR 1.1)77 up to the age of 55, and 
possibly beyond.78

Lifestyle factors

Longitudinal studies show that smoking increases 
the risk of GORD (OR 1.1–2.6)77,78 due to a 
chronic reduction in LOS pressure, combined with 
acute provocation of reflux (via coughing/deep in-
spiration). Particular foods and drinks are often felt 
to predispose to reflux episodes, although a Swedish 
case–control study of over 1000 subjects found no 
association between an extensive range of food-
stuffs (including chocolate, coffee, onions and acidic 
fruits) and chronic symptoms of reflux (although 
the authors admit this may be due to avoidance in 
sufferers).79 The study also found no correlation 
between portion size and eating late in the evening 
(albeit with the same caveat). Coffee is consistently 
cited as a factor, although one not demonstrated by 
additional studies.74 Any underlying mechanism is 
believed to be due to caffeine-mediated inhibition 
of phosphodiesterase, inducing LOS relaxation.80 
Alcohol is generally agreed to lead to reflux – the US 
study above78 found an OR of 1.8 between alcohol 
consumption and GORD. Again, this is thought to 
be via a reduction in LOS pressure, combined with 
direct irritation.80

Obesity has been repeatedy shown to correlate 
with GORD, with ORs between 1.378 and 2.8.77 A 
meta-analysis of nine studies found an OR of 1.4 
for a body mass index (BMI) of 25–30, and 1.9 for 
a BMI greater than 30.81 Multiple mechanisms have 
been proposed: impaired LOS pressure, increased 
intra-abdominal pressure and delayed gastric emp-
tying.81 A combination of GORD and obesity is 
a potent risk factor for oesophageal adenocarci-
noma.82 The effect of weight loss on symptoms var-
ies between studies, having been shown to improve 
symptoms83 or have no effect.84 Pregnancy induces 

progesterone-mediated LOS relaxation, in addition 
to increasing abdominal pressure.

Medical factors

GORD has been associated with a number of gas-
trointestinal and extragastrointestinal conditions, 
including irritable bowel syndrome, peptic ulcer-
ation, angina,78 psychosomatic symptoms, anxiety 
and depression.75,85 Anticholinergic medications 
increase risk (OR 1.5),74 but non-steroidal anti- 
inflammatory drugs do not.

Gastric function can influence GORD via a num-
ber of mechanisms. Overall, Helicobacter pylori 
seems to protect against GORD and its complica-
tions, via atrophic gastritis.86 A Japanese study found 
H.  pylori to be present in 71% of controls, 30% of 
those with oesophagitis and almost 0% of those with 
Barrett's.87 However, this relationship is not simple, 
and is dependent upon site of infection, extent and 
strain type. Indeed, antral infection induces acid 
hypersecretion and therefore may increase GORD. 
Helicobacter pylori eradication might therefore 
worsen GORD rates – however, associations with 
gastric carcinoma and ulceration are strong, and in 
practice eradication does not hamper treatment of 
oesophagitis with proton-pump inhibitors.88 The 
hypersecretion of acid seen in Zollinger–Ellison syn-
drome is unsurprisingly associated with higher rates 
of GORD and oesophagitis;89 however, supraphysi-
ological levels of acid secretion in those with ‘normal’ 
GORD has not been demonstrated.90 Delayed gastric 
emptying seems a plausible factor in GORD, and a 
recent study reported a prevalence of 26% in those 
with GORD.91 The consequent distension hypotheti-
cally may induce more TLOSRs and acid secretion, 
although this is unproven.

Hiatus hernia
For the reasons outlined above, sliding hiatus her-
nia is a strong risk factor for GORD. A multicentric 
study found the endoscopic prevalence of hiatus her-
nia overall to be 5.8%, rising to 32% in those with 
oesophagitis. One radiological study of those with 
oesophagitis found a much higher rate of 90%.92 
Two-thirds of those with a hiatus hernia have GORD, 
and oesophagitis is more common.93 The underlying 
mechanisms involve both an increase in duration and 
frequency of reflux episodes94 (Fig. 12.3).

 Hiatus hernia is a strong risk factor for GORD, 
present in 32% of those with oesophagitis;92  
two-thirds of those with a hernia have GORD.93
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Oesophageal dysmotility and 
GORD: cause or effect?
Oesophageal dysmotility (as distinct from inappro-
priate TLOSR and low resting LOS) is a common 
finding in GORD. This exists in many guises, but 
predominantly that of hypomotility and ineffective 
peristalsis. It remains unclear whether dysmotility 
predisposes to GORD, whether GORD predisposes 
to dysmotility, or indeed to what extent dysmotility 
is responsible for symptoms.

As discussed above, peristaltic acid clearance is an in-
tegral component of the body's antireflux mechanism. 
Surrogate radiological and manometric simulation 
using barium fluoroscopy in one study demonstrated 
complete clearance with a single effective peristaltic 
wave greater than 20 mmHg.94 In 1968, Booth et al.95 
described their standard acid clearance test, having 
demonstrated that those with GORD required more 
swallows to clear acid than controls. However, whilst 
subsequent studies have confirmed this, the utility of 
this test is very limited by both poor sensitivity and 
specificity96 for assessing GORD. The potential role 
of reduced or delayed acid clearance in GORD as a 
function of dysmotility is plausible and supported 
by a number of studies. Pathological reflux episodes 
last longer than physiological episodes, and this has 
been suggested to be due to impaired acid clear-
ance. Corroborating evidence by DeMeester et al.97 
expanded upon the different patterns of reflux seen 
between cases and controls. The former  experienced 

longer nocturnal supine episodes, compared with 
the more physiological transient upright episodes in 
the latter. These nocturnal episodes are due to re-
duced peristaltic acid clearance,97 both in terms of 
reduced frequency and probably quality of peristal-
tic waves,98,99 compounded by a lack of gravitational 
clearance.100 Elevating the head of the bed compen-
sates partially, and improves both acid clearance and 
microscopic oesophagitis.101

In one of the first such studies, Olsen and Schlegel102 
assessed motility in 50 subjects with oesophagitis, 
finding normal activity in 28%, incoordinated peri-
stalsis in 32%, hypotensive peristalsis in 37% and 
complete motor failure in 8%. Progressively worse 
motility was seen with worsening degrees of oe-
sophagitis. In a separate study, 48% of those with 
severe oesophagitis displayed peristaltic dysfunc-
tion.103 A later study supported this, finding non-
specific dysmotility or aperistalsis in 64% of those 
with benign peptic stricutres, compared to 32% of 
those with non-stricturing GORD.104

It is highly relevant, of course, that oesophageal 
sensitivity to acid is often reduced,1 and this combi-
nation of motor and sensory dysfunction may lead 

Figure 12.3  • High-resolution manometry showing a single high-pressure zone in the lower oesophagus crossing the 
diaphragm on the left (LOS). In this spatiotemporal plot higher pressures are presented in the yellow–red spectrum and 
lower pressures in the green–blue spectrum. On the right there is separation of the lower oesophageal high-pressure 
zone (iLOS) and the high-pressure zone created by the diaphragmatic crura (cLOS) suggestive of a transient hiatus 
hernia. The longitudinal red and yellow zone on the right demonstrates the propagation of a peristaltic wave down the 
oesophagus. LOS, lower oesophageal sphincter; cLOS, crural LOS; iLOS, intrinsic LOS; UOS, upper oesophageal 
sphincter. Reproduced from Fox MR, Bredenoord AJ. Oesophageal high-resolution manometry: moving from research 
into clinical practice. Gut 2008; 57(3):405–23. With permission from BMJ Publishing Group Ltd.

 Pathological reflux differs from physiological 
reflux. In the former, episodes are primarily supine 
or nocturnal and last longer. This is probably due 
in part to impaired acid clearance (both quality and 
quantity of protective peristalsis).98–100
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to particularly severe acid exposure, with resultant 
significant mucosal damage.105 Abnormal motility 
has been found in 46% of those with Barrett's oe-
sophagus, with a longer segment correlating with 
worse motility.106 These findings have recently 
been corroborated in a 1000-patient (with proven 
GORD) study by Diener et al.107 Peristalsis was 
normal in 56%, ineffective (hypotensive or incoor-
dinated) in 21% and non-specifically abnormal in 
23%. Those with ineffective peristalsis had worse 
symptoms, slower acid clearance and greater mu-
cosal injury.

Whether this dysmotility with consequent delayed 
acid clearance is a primary phenomenon or occurs 
secondary to reflux-induced damage is unclear. 
Eriksen et al.,108 using the solid bolus oesophageal 
egg transit test, compared the transit times of those 
with GORD and controls. Whilst delayed transit 
times correlated with the frequency of prolonged 
reflux episodes, no correlation was demonstrated 
between symptoms and oesophagitis and motility. 
The study authors argued that this dysmotility may 
be a primary phenomenon. Contradictory evidence 
exists in the form of improvements in oesopha-
geal motility seen after antireflux surgery.109 Other 
studies have found no such improvements, despite 
objective improvements in reflux, suggesting that 
either reflux-induced dysmotility may be permanent 
or it is a primary phenomenon.110,111 Perhaps both 
may be true, with reflux-induced dysmotility per-
petuating a vicious cycle of impaired peristalsis and 
LOS function.

Certainly, molecular mechanisms exist for this. 
Inflammation has been shown to impair both oesoph-
ageal motility and LOS function. Proinflammatory 
cytokines such as interleukin (IL)-1B, IL-6 and IL-8 
have been shown to inhibit in vitro motility.112 IL-1B 
induces prostaglandin E2 (PGE2)-mediated relax-
ation of the LOS,113 and IL-6 induces PGE2- and 
platelet activating factor-mediated relaxation of the 
LOS.114 Inflammation also increases nitric oxide and 
consequent inhibition of motility.115

Role of duodenogastric reflux
Whilst gastric acid (potentiated by pepsin) is the pre-
dominant source of inflammation and symptoms, 
the role of non-acidic duodenogastric reflux is not 

as clear cut. Observationally, oesophagitis is more 
common in those with both acid and duodenal re-
flux, compared with acid alone,116 and duodenal 
reflux is more frequently seen in those with peptic 
strictures and Barrett's.117 Bile acids  contribute to 
the sequence of oesophagitis, metaplasia and dys-
plasia, and with progressively severe disease (from 
endoscopy-negative reflux, to simple oesophagitis, 
to peptic stricturing, and on to Barrett's metapla-
sia and finally dysplasia) so the relative proportion 
of bile acids in the refluxate  increases.118 Despite 
this, abolition of acid seems adequate to prevent 
 progression.119 Bile acids cause pain independently 
of acid,120 but the two are probably synergistic, with 
biliary reflux the lesser culprit.121,122 Duodenogastric 
reflux is difficult to assess, but can be detected using 
bilirubin as a surrogate (via spectrophotometry).123 
This topic is being further assessed by the use of im-
pedance techniques.

Investigation and diagnosis
The oesophagus is readily accessible, and so a 
large array of investigations have been developed. 
Flexible endoscopy and simple contrast radiology 
are widely available, with more specialist investiga-
tions such as physiology and manometry confined 
largely to tertiary centres, and yet more specialist 
techniques (such as aspiration studies) restricted to 
research.

Symptomatic diagnosis

Symptoms alone have limited utility. Whilst heart-
burn and regurgitation are typical symptoms and 
highly suggestive of GORD, their utility is limited 
by subjectivity and lack of evidence comparing 
them with investigations. One systematic review 
concluded that reflux symptoms had limited sensi-
tivity (30–76%) and specificity (62–96%) in diag-
nosing oesophagitis.119 One meta-analysis reported 
response of chest pain to proton-pump inhibitors 
to be suggestive of GORD, but significantly less 
specific (74%) and sensitive (80%) than 24-hour 
pH studies.120 A number of standardised symptom 
questionnaires have been developed to aid diagno-
sis, but these are limited in terms of their diagnostic 
validity.121 They may have a greater role to play in 

 Dysmotility is common in GORD, present 
in 44%. Those with ineffective peristalsis have 
worse symptoms, acid clearance and mucosal 
damage.107 As motility worsens, so does severity of 
oesophagitis and Barrett's.103,105 What is not clear 
is whether dysmotility causes, results from or is 
synergistic with GORD.

 Duodenogastric reflux is synergistic with  
acid reflux, with increasing levels of bilious  
reflux correlating with worsening oesophagitis.118 
However, abolition of acid alone is usually 
adequate. With advances in impedance techniques, 
the role of duodenogastric reflux should be better 
delineated.
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assessing and standardising functional end-points of 
treatment (particularly in clinical trials), such as the 
Reflux Questionnaire (ReQuest).122

Endoscopy

Flexible endoscopy is typically first line for investi-
gation of oesophageal symptoms. The current UK 
National Institute for Health and Clinical Excellence 
(NICE) guidelines endorsed by the British Society of 
Gastroenterology suggest urgent endoscopy for pa-
tients of any age with dyspeptic symptoms plus any 
of: chronic gastrointestinal bleeding, progressive 
unintentional weight loss, progressive dysphagia, 
persistent vomiting, iron deficiency anaemia, epigas-
tric mass or suspicious contrast swallow radiology. 
In those aged 55 years or more, unexplained and 
persistent dyspepsia alone mandates  endoscopy.121 
In reality, endoscopy is used much more liberally. It 
allows diagnosis via inspection of the mucosa, and 
biopsy for histology, as well as various therapeutic  
interventions. Clues towards underlying dysmotility  
may be apparent, such as a dilated  oesophagus, 
the presence of food residue and diverticula. 
Oesophagitis and Barrett's mucosa indicate 
 reflux, but a subset of those with GORD will have  
normal endoscopies. Consequently, whilst the sensi-
tivity and specificity of diagnosing mucosal lesions 
is high (and assessment of oesophagitis is reliable 
between observers),122 those for diagnosing GORD 
are low relative to 24-hour pH monitoring. The 
roles of newer techniques (such as high- resolution, 
narrow-band and chromendoscopy) have yet to be 
determined.

Contrast radiology

Contrast radiology, whilst lacking the ability to 
biopsy and perform therapuetic procedures, has 
an important complementary role to endoscopy. 
A double-contrast barium swallow is highly sen-
sitive at diagnosing significant complications of 
GORD (mucosal abnormalities such as strictures 
or malignancy).123 It will also demonstrate associ-
ated anatomical abnormalities such as hiatus hernias 
and diverticula, and may give useful information as 
to motility via the presence and quality of peristal-
sis. In particular it may demonstrate the classical  
appearances of achalasia or diffuse  oesophageal spasm 
(‘corkscrew oesophagus’). However, the  diagnostic 

ability of contrast radiology for GORD is limited; 
radiological features of finely nodular or granular 
mucosa may be visualised, or frank reflux may oc-
cur during the study. One review found radiological 
evidence of reflux in just 35% of symptomatic pa-
tients.124 One study (n = 112) compared barium swal-
low to 24-hour pH monitoring, concluding that just 
30% of those with pH monitoring-diagnosed GORD 
had radiological abnormalities.125 This poor sensitiv-
ity may be somewhat improved by provocative ma-
noeuvres (such as the water siphon test).

pH studies

Since the original description in 1969 by Spencer, 
advances in nasogastric pH catheters, portable digi-
tal recorders and computer software have allowed 
24-hour ambulatory pH studies to become widely 
available. Of great importance is the ability of the 
patient to mark symptoms by pressing a button, al-
lowing correlation of symptoms with reflux episodes 
(Fig. 12.4). Computer analysis of the resultant data 
generates multiple variables, which are then com-
pared to those of controls (Table 12.1). Indications 
for 24-hour pH monitoring include refractory typi-
cal symptoms, assessment of atypical symptoms and 
suspected motility disorders (as pH studies are usu-
ally combined with manometry), and as such are a 
prerequesite when considering anti-reflux surgery.124

Positioning of the pH probe 5 cm above the top of 
the LOS is crucial. Too low and the probe will dip 
into the stomach on swallowing, too high and re-
flux will be underestimated. As distance from nose 
to LOS is variable, manometry is required to deter-
mine location. When the probe registers a pH less 
than 4, it records a reflux episode lasting usually un-
til the pH rises above 5 (or 4 in some laboratories). 
One limitation is that a prolonged reflux episode 
may be a single episode (implying poor clearance) 
or multiple overlapping transient episodes. In the 
case of doubt (e.g. whether the probe is too low  
and generating a falsely positive reading), a  
second probe can be positioned cranially to the first. 
Multiple probes may also be placed higher to assess 
more proximal symptoms (such as chronic cough).

Twenty-four-hour studies are considered the gold 
standard, although there is some evidence that shorter 
studies may be representative and better  tolerated.126 
Antireflux medications are usually stopped to increase 

 Contrast radiology has a limited role in diagnosing 
GORD, with abnormal studies in just 35% of those 
with symptoms124 and 30% of those with pH.125 
However, it is much more sensitive for structural 
complications of GORD and may demonstrate 
alternate diagnoses such as achalasia.123

 Symptoms have limited diagnostic utility, with 
or without oesophagitis.119 Symptomatic response 
to proton-pump inhibitors is more useful, but still 
significantly less specific (74%) and sensitive (80%) 
than 24-hour pH studies.120
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diagnostic yield,127 although performing the test whilst 
on treatment may be useful in assessing refractory 
symptoms. Patients should take a normal diet, but 
complete a food and drink diary to allow elimination 
of acidic foodstuffs from the analysis.

Parameters generated include the number of re-
flux episodes, those that are prolonged beyond 5 
minutes and the total reflux time (expressed as a 

percentage of the study time). This should be less 
than 5% of a 24-hour period.128 These parameters 
can be subdivided into periods, such as when su-
pine or upright. These may then be used to gener-
ate composite scores with reference to controls. The 
most commonly used is the DeMeester score. This 
combines the parameters in Tables 12.2 and 12.3 
(number of episodes, number over 5 minutes and 
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Figure 12.4  • A 24-hour pH study showing excessive acid reflux in a patient with Barrett's oesophagus. Note the 
correlation of the patient's pain with acid in the oesophagus.

 Total Upright Supine Eating Postprandial Fasting

Duration (h) 20:48 12:50 7:58 0:55 2:30 0:00
No. of reflux episodes 123 106 17 1 19 –
Time below pH 4.0 (min) 426:34 228:19 198:15 0:03 53:17 –
Time below pH 4.0 (%) 34.1 29.6 41.4 0.1 35.5 –
No. of episodes >5 min 24 15 9 0 4 –
Longest reflux (min) 42:27 27:15 42:27 0:03 12:16 –

Table 12.2  • Findings of pH study conducted on patient illustrated in Fig. 12.4

Component Patient value Normal values Score

Total time (%) 34.1 4.45 24.96
Upright time (%) 29.6 8.42 12.64
Supine time (%) 41.4 3.45 41.77
No. of episodes 123 46.90 9.08
No. >5 min 24 3.45 20.62
Longest episode 42:27 19.80 5.54
Composite score   114.61
A normal composite score is <14.72    

Table 12.3  •  Scores according to Johnson and DeMeester for pH <4 for findings in Table 12.1 (study of patient 
illustrated in Fig. 12.4)
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longest episode, with total reflux, upright and su-
pine times (weighted towards supine)).129 A normal 
value is <14.72.

However, the presence of increased reflux and 
symptoms does not prove causality as the mere 
presence of acid in the oesophagus often corre-
lates poorly with symptoms and inflammation. 
Correlation of episodes with symptoms is therefore 
central to diagnosis. A patient with both an abnor-
mal study and symptoms does not necessarily have 
GORD if these symptoms occur in the absence of a 
reflux episode. In contrast, the patient with a nor-
mal study but typical symptoms coinciding with 
proven reflux episodes may well have GORD. This 
is further complicated by the controversy regarding 
performing studies on or off medical treatment. An 
abnormal pH study off treatment implies reflux, 
yet if treatment does not improve symptoms, the 
 relevance of this reflux is questionable. To this end, 
three symptom-reflux values are usually generated 
(with a reflux episode generally considered to cause 
symptoms if occurring in the preceding 2 minutes).

Symptom Index (SI) is the proportion of symp-
toms relating to reflux:

An SI of 50% or more is usually considered to be 
positive, although with the caveats that it does not 
take account of the frequency or severity of symp-
toms. Consequently, in those with frequent reflux 
episodes or infrequent symptoms these may coin-
cide with symptoms purely by chance.130 Despite 
this, a positive SI has been demonstrated to corre-
late with greatest improvement with proton-pump 
inhibitor acid suppression.131

The Symptom Sensitivity Index (SSI) takes into ac-
count the number of reflux episodes:

An SSI ≥10% is considered positive, and strengthen-
ing evidence of GORD.

The Symptom Association Probability (SAP) was in-
troduced by Weuston and colleagues, and represents 
a more complex probability calculation. This aims to 
calculate the probability that the association of reflux 
and symptoms is not due to chance. This is performed 
by generating a 2 × 2 contingency table analysing 
each 2-minute segment of the study period. An SAP 
>95% represents a P value <0.05 and so is considered 
positive. Whilst the caveat of probability should not 
be forgotten, it has been shown to have (limited) suc-
cess in predicting successful response to both proton-
pump inhibitors132 and antireflux surgery.133

The Ghillebert Probability Estimate (GPE) was 
similarly developed to assess the probability of 
symptoms occurring by chance. It uses a binomial 
formula, inputting the number of symptom epi-
sodes, the number occurring within 2 minutes of 
demonstrated reflux, and the individual probability 
of an episode of pain coinciding with reflux.134

The concordance of SI, SAP and GPE was assessed 
in a recent study of 772 subjects. SAP and GPE were 
extremely concordant, with major discordance in 
2.8%. GPE underestimated symptom association, 
whereas SAP overestimated. This discordance in-
creased with greater frequency of symptoms and 
total reflux time. Similarly, SI became discordant 
with SAP when symptoms were less frequent than 
two or greater than 18. The authors concluded 
that SAP and GPE were interchangable.130 Taghavi 
et al.,132 using 50% reduction in heartburn with 
proton-pump inhibitor treatment as an end-point, 
calculated positive predictive vaules of SI (73%), 
SSI (81%) and SAP (79%). The imperfect diagnos-
tic and predictive characteristics of these indices re-
inforce the need to interpret pH studies within the 
context of symptoms, endoscopic and radiological 
findings, manometry and any response to acid sup-
pression. This is especially so when considering sur-
gical intervention.

Wireless pH monitoring
A major drawback to catheter-based pH studies is 
the catheter; this may preclude testing in the 5–10% 
who are intolerant,73 or inhibit the ability to eat or 
function normally in the remainder (due to discom-
fort or social embarrassment), possibly causing a 
false-negative test. Wireless capsule-based systems 
have been designed to avoid this. The second major 
drawback is reproducibility; significant day-to-day 
variation occurs (up to the order of 3.2),136 with 
overall reproducibility of 70–80%.137

The Bravo® pH system (Medtronic, Minneapolis, 
MN, USA) is a wireless capsule system that may 
avoid both disadvantages (Fig. 12.5). It consists of a 
26 mm × 6 mm capsule with an antimony electrode 
and radiofrequency transmitter, which is placed en-
doscopically 6 cm above the z-line (the high pressure 
zone being 1–1.5 cm above the squamocolumnar 
junction). Data are transmitted to a recorder at-
tached to the patient's belt. It is better tolerated than 

=
×

SI (Number of reflux - related symptom

episodes / Total symptom episodes) 100

=
×

SSI (Number of reflux - related symptom

episodes / Number of reflux episodes) 100

 Twenty-four-hour pH studies are the traditional 
gold standard of diagnosis,135 although their 
sensitivity and specificity are imperfect, as are 
derivative symptom-reflux values. Consequently, it 
remains crucial to interpret them within their clinical, 
endoscopic and manometric contexts; this is 
particularly so when considering antireflux surgery.
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conventional catheter-based  studies138 and allows 
prolonged measurement (up to 96 hours), which 
may be particularly useful in those with intermittent 
symptoms.139 One study found the Bravo® system to 
under-record acid exposure, although it concluded 
that this did not affect sensitivity provided it was al-
lowed for.140 It has a particularly useful role in those 
intolerant of a catheter (and as such is recommended 

by NICE for this subgroup;141 the largest study to 
date successfully used the Bravo® system in 129 of 
134 (96%) patients who failed a catheter system.142 
The authors also reported less oropharyngeal dis-
comfort, dysphagia and chest pain.

There are a number of disadvantages, however. 
Foremost is that of cost. A very small minority de-
velop pain on implantation of the capsule, requir-
ing removal. Furthermore, one small study reported 
that 25% of patients experienced significant hyper-
contractillity on placement of the capsule, leading 
to chest pain in six of 40.143

Oesophageal impedance 
monitoring

Multichannel intraluminal impedance (MII) 
was described by Silny in 1991144 and repre-
sents a novel direction in monitoring of reflux-
ate. Impedance is the opposite of current flow, 
measured by detecting resistance to alternating 
current. This allows detection and differentia-
tion of gas and liquid reflux (irrespective of pH). 
Paired electrodes are placed in the oesophageal 
lumen, separated by a non-conducting cath-
eter (Fig. 12.6). The circuit is completed by ions 
within the oesophageal mucosa and lumen, the 
availability of which varies with luminal content. 
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Figure 12.5  • Bravo® delivery system and capsule. 
The delivery system is inserted in the same way as a 
nasogastric tube, although it is usually delivered orally. 
Markings on the side depict the distance from the incisors. 
The capsule is deployed 6 cm above the anatomical 
z-line (or 5 cm above the proximal LOS high-pressure 
zone). The delivery system is then retracted and the 
receiver is synchronised. It remains attached to the patient 
(via belt clip or shoulder pouch) for 48 hours at least. 
Capsules all fall off inevitably within 10 days (usually 5–7). 
Complications requiring early removal are almost unheard 
of. Reprinted by permission from Macmillan Publishers 
Ltd: Pandolfino JE, Richter JE, Ours T et al. Ambulatory 
oesophageal pH monitoring using a wireless system. Am J 
Gastroenterol 2003; 98 (4):740–9, copyright 2003.
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Figure 12.6  • Example of impedance catheter. This 
one has six impedance sensors and two pH sensors. 
Reprinted by permission from Macmillan Publishers 
Ltd: Sifrim D, Blondeau K. Technology insight: the role 
of impedance testing for esophageal disorders. Nat 
Clin Pract Gastroenterol Hepatol 2006; 3(4):210–9, 
copyright 2006.
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When empty, ionic conduction is relatively stable.  
The presence of liquid (either swallowed or re-
fluxing), with its greater ionic concentration, 
improves conduction and therefore impedance 
drops. Conversely, the presence of air reduces 
conduction and increases impedance. Impedance 
for both returns to baseline when the refluxate has 
been cleared. Multiple electrodes along the cath-
eter determine the direction of flow. Sensitivity is 
high, and boluses of just 1 mL can be detected.145

MII can therefore determine the following:

•	 whether	the	bolus	is	swallowed	or	refluxed;
•	 how	long	it	takes	to	be	swallowed	or	cleared;
•	 the	velocity	of	transit;
•	 whether	the	bolus	is	liquid	or	gas;
•	 how	proximally	reflux	extends;
•	 whether	superimposed	episodes	of	reflux	occur	

(re-reflux).

Importantly, MII cannot determine the volume of 
refluxate.

The combination of MII and pH monitoring is 
easily achieved with a nasogastric catheter. MII–pH 
can be used to characterise the following for reflux 
episodes:

•	 nature	(i.e.	gas,	liquid	or	mixed);
•	 acidity	(acidic,	weakly	acidic	or	weakly	alkaline);
•	 height	(of	reflux	episode);
•	 the	presence	of	a	bolus;
•	 acid	clearance;
•	 superimposed	reflux.

This more comprehensive assessment allows a 
more sensitive approach to reflux, correlating 
symptoms beyond the somewhat arbitrary thresh-
old of a pH of 4 for reflux.146 This is important 
for both gastroduodenal reflux and postprandial 
reflux (which may be non-acidic yet still symp-
tomatic). It also allows consideration of the role 
of disturbances of bolus transport in oesophageal 
symptoms. It is reproducible147 and, consequently, 
MII–pH represents the most sensitive investigation 
for GORD, potentially increasing the detection of 
pathological reflux by a factor of four148,149 and 
improving symptom correlation by 10–20%.150 It 
has a particularly useful role in investigating the 
troublesome subgroup increasingly referred to 
surgeons: those with symptoms despite acid sup-
pression. This group are often considered not to 
have GORD as determined by conventional pH 
studies, yet may be shown to have symptoms cor-
relating with non-acidic or weakly acidic reflux.151 
Consequently, a negative MII–pH study is a more 
discriminatory tool in the selection of patients who 
will benefit from antireflux surgery.148

Manometry

Oesophageal manometry is the gold standard of 
assessment tools for motor function. Whilst there 
are no diagnostic criteria for GORD, manometry 
has a number of important functions. The role of 
dysmotility in GORD has been discussed, but it is 
important to exclude those with reflux-type symp-
toms due to a formal dysmotility disorder (in whom 
treatment will be entirely different). The typical 
example is achalasia; oesophageal stasis, with bac-
terial fermentation and production of lactic acid, 
may cause heartburn, odynophagia and volume 
reflux indistinguishable from GORD. However, 
fundoplication will be disastrous. Manometry al-
lows the position of the high-pressure zone to be 
determined, and therefore accurate placement of 
pH catheters. It also allows detection of those with 
GORD and major defects in peristalsis, which may 
impair surgical outcomes.

Standard static manometry
This measures a number of parameters. Multiple 
pressure sensors can be used to map and characterise 
peristalsis, and determine the resting and functional 
pressures of the oesophageal sphincters. Consequently, 
circumferential contraction, peristaltic wave duration 
and velocity can be determined. Normal peristaltic se-
quences (as previously discussed) consist of upper and 
lower oesophageal sphincter relaxation, followed by 
segmental contraction of adjacent oesophageal body 
segments, coordinated to give a smooth peristaltic 
wave. Contractions typically last for up to 6 seconds 
(in individual segments) and can reach pressures of 
180 mmHg distally, with an overall velocity of 5 cm/s.151

There are two major options available: intralu-
minal solid-state transducers versus water-perfused 
assemblies connected to external transducers. 
Ultimately both are roughly equivalent, with the ex-
ceptions of pharyngeal pressures (best assessed with 
solid-state transducers), the ability to use larger 
numbers of recording points (perfused systems) and 
better assessment of the LOS (sleeve-perfused sys-
tems). Perhaps most significantly, perfused systems 
are cheaper.

Measurements are taken using a manometry cathe-
ter, with multiple measurement ports. This is passed 
nasogastrically, then withdrawn from the stom-
ach via the LOS, with the multiple ports used to 

 The combination of multichannel intraluminal 
impedance and pH monitoring is the most powerful 
diagnostic test for GORD, although it is not readily 
available. It is up to 400% more sensitive than pH 
studies alone,148,149 with 10–20% greater symptom 
correlation.150
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estimate resting sphincter pressure and length. The 
ports are then positioned within the  oesophageal 
body (with at least three placed 5 cm apart, although 
typically five to eight are used). Motility is then as-
sessed using the standard 10 wet swallow test, with 
amplitudes, coordination and velocity compared 
to control values. Abnormal contractions (either 
simultaneous or non-peristaltic) can also be char-
acterised. Water-perfused systems can be  combined 
with a sleeve device that straddles the LOS, to allow 
for axial movement of the sphincter.

Clearly, this limited assessment has a number of 
caveats. Firstly, measuring just 10 of the approxi-
mately 1000–2000 peristaltic swallows occurring 
per day means that intermittent or subtle dysmotil-
ity may be missed. Secondly, the experimental con-
ditions are different to those of normal swallows; 
small-volume water swallows may not trigger 
symptoms occurring during normal activity. This is 
particularly true of GORD (with often postprandial 
symptoms triggered by physical activity or posi-
tion). Thirdly, anatomical resolution is limited: fo-
cal anatomical or physiological abnormalities may 
lie between measurement ports and be missed. In 
addition, the presence of a hiatus hernia may distort 
the position of the LOS and affect its measurement. 

However, the availability and cost-effectiveness 
of standard manometry is such that it is the com-
monest investigation used in assessing motility.152 
Although diagnosis may be limited to characteristic 
disorders such as achalasia and diffuse oesophageal 
spasm (with the rest characterised as inneffective or 
non-specific dysmotility), this may be adequate for 
the purposes of GORD assessment.

High-resolution manometry (HRM)
To circumvent some of these limitations, Clouse and 
Staiano developed HRM.153,154 A larger number of 
more closely spaced ports has become possible with 
the development of both micromanometric solid-state 
and perfused transducers. Up to 36 pressure sensors 
can be used to generate a three-dimensional represen-
tation, combining time, position and amplitude with 
greatly increased spatial resolution. This can be repre-
sented as a two-dimensional plot, with pressure rep-
resented with a colour spectrum (Fig. 12.7 and 12.8),  
and allows better characterisation of peristalsis.152 
This has three specific advantages within the as-
sessment of GORD: firstly, associated or causative 
dysmotility can be better defined; secondly, acid 
clearance can be better  predicted; and thirdly the 
LOS can be better assessed (in both function and 
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Figure 12.7  • (a) Early 1990s (Clouse and Staiano), foundations of HRM laid: time, catheter position and average 
pressure were reconstructed into pseudo-3-D ‘topographic plots’ that demonstrated the functional anatomy of the 
oesophagus. (b) Topographic display of normal oesophageal pressure data. The pseudo-3-D surface plot displays 
the characteristic peaks and troughs of the peristaltic pressure wave proceeding from the proximal oesophagus 
(background), until it merges with the LOS after contraction (foreground). The contour plot of the same swallow 
superimposed at the top of the figure demonstrates how 3-D data are represented using concentric rings at 10-mmHg 
intervals to indicate increasing amplitudes. Reproduced from Clouse RE, Staiano A, Bickston SJ et al. Characteristics of 
the propagating pressure wave in the oesophagus. Dig Dis Sci 1996; 41(12):2369–76. Used with permission from the 
American Physiological Society.

(Continued )
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Figure 12.8  • High-resolution manometry depicts oesophageal pressure activity from the pharynx to the stomach via 
pressure sensors spaced at <2 cm intervals apart. Recordings can be analysed and presented either as line plots (similar 
to conventional manometry) or spatiotemporal plots. The spatiotemporal plot presents the same information as the line 
plots. Time is on the x-axis, distance from the nares is on the y-axis and pressure amplitude on the z-axis (each pressure 
is assigned a colour (legend left)). The segmental functional anatomy of the oesophagus is clearly demonstrated. The 
synchronous relaxation of the upper oesophageal sphincter (UOS) and LOS (deglutitive inhibition) is obvious, as is the 
increasing pressure and duration of the peristaltic wave as it passes distally. The virtual ‘e-sleeve’ application provides a 
summary measurement of LOS pressure and relaxation (bold brown line plot). Similar to a conventional sleeve sensor, the 
maximum pressure over a 6-cm distance is displayed. Images acquired by 36-channel SSI Manoscan 360. Reproduced 
from Fox MR, Bredenoord AJ. Oesophageal high-resolution manometry: moving from research into clinical practice. Gut 
2008; 57(3):405–23. With permission from BMJ Publishing Group Ltd.
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anatomy; Table 12.4).152 A sophisticated develop-
ment is that of the ‘e-sleeve’. This is a software emu-
lation of the sleeve device of standard pull-through 
manometry. This allows better characterisation of 
the LOS and also more rapid positioning of the cath-
eter array. Furthermore, HRM can be used more 

easily to  assess the dynamics of more frequent liq-
uid swallows, and also solids, which may improve 
the sensitivity of GORD assessment (by being more 
physiologically representative and challenging).153–155 
Manometry can be combined with MII to provide a 
valuable functional perspective.156

Key points
• The oesophagus is a sophisticated peristaltic tube, protected by a sphincter at either end.
• The high-pressure zone of the lower oesophagus is formed from the LOS and diaphragmatic sphincter, 

and regulated by a complicated interplay of local and central, and myo- and neurogenic factors.
• Reflux occurs due to permutations of aberrant transient LOS relaxation (TLOSR), low resting LOS 

pressure and increases in gastric pressure.
• Oesophageal acid clearance is important in limiting both the symptoms and damage of reflux, and 

is a function of dysmotility.
• The role of dysmotility (as cause, effect or innocent bystander) in GORD remains controversial.
• The combination of motor and sensory dysfunction may lead to particularly severe acid exposure 

and significant mucosal damage.
• Endoscopy has an important role in excluding cancer, detecting Barrett's metaplasia, and 

assessing oesophagitis and hiatus hernia.
• Contrast swallows are less sensitive, although they provide greater clues as to function and motility.
• Twenty-four-hour ambulatory pH studies are currently the gold standard test for diagnosis of 

GORD, although may be superseded by combination impedance studies. Wireless pH monitoring 
is in the early stages of use, but seems to increase diagnostic reproducibility and sensitivity, 
although it is expensive and requires endoscopy.

• The total acid reflux time is the most reproducible and useful single measurement. pH measured 
5 cm above the LOS should be less than 4 for less than 5% of the time measured.

• The DeMeester score is the most commonly used validated score for assessing GORD. It takes 
into account the number and duration of reflux episodes in both supine and upright positions. A 
normal score is ≤14.72.

• Symptom–reflux association is crucial to both making a diagnosis and considering surgery; the 
most commonly used indices are:
• Symptom Index (SI);
• Symptom Sensitivity Index (SSI);
• Symptom Association Probability (SAP).

 

Conventional 
pull-through 
manometry

Conventional sleeve 
manometry

High-resolution 
manometry

Costs Inexpensive Inexpensive Expensive
Execution Relatively elaborate and 

time consuming
Relatively elaborate and 
time consuming

Relatively simple and fast

Interpretation Requires experience Requires experience Relatively easy
Measuring LOS function and relaxation Limited Yes Yes
Measuring UOS function and relaxation No Limited Yes

Table 12.4  • Comparison between standard and high-resolution manometry

LOS, lower oesophageal sphincter; UOS, upper oesophageal sphincter.
Reproduced from Fox MR, Bredenoord AJ. Oesophageal high-resolution manometry: moving from research into clinical practice. Gut 
2008; 57(3):405–23. With permission from BMJ Publishing Group Ltd.
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David I. Watson

Treatment of gastro-oesophageal reflux disease

Introduction
Gastro-oesophageal reflux disease (GORD) is com-
mon, affecting between 10% and 40% of the pop-
ulation of most Western countries.1,2 It is difficult  
to establish if the incidence of GORD is increasing 
but it is certainly the case that more and more pa-
tients are being treated for reflux. This is reflected 
in a dramatic rise in the overall cost of medical 
therapy for GORD in many countries over recent 
decades. In addition, the incidence of distal oe-
sophageal adenocarcinoma is increasing,3 which  
provides circumstantial evidence that complications 
of  gastro-oesophageal reflux, such as the develop-
ment of Barrett's oesophagus, are also increasing.

GORD is caused by excessive reflux of gastric 
contents, which contain acid and sometimes bile 
and pancreatic secretions, into the oesophageal lu-
men. Pathological reflux leads to heartburn, upper 
abdominal pain and the regurgitation of gastric 
contents into the oropharynx. A multifactorial aeti-
ology is most likely. Hiatus herniation is associated 
with reflux in approximately half of the patients 
who undergo surgical treatment.4,5 This results in 
widening of the angle of His, effacement of the 
lower oesophageal sphincter and loss of the assis-
tance of positive intra-abdominal pressure acting on 
the lower oesophagus. Reduced lower oesophageal 
sphincter pressure is also often found. In patients 
with normal resting lower oesophageal sphincter 
pressure, reflux may result from an excessive num-
ber of transient lower oesophageal sphincter relax-
ation events.6 Other factors that might contribute to 
reflux are abnormal oesophageal peristalsis (which 

causes poor clearance of refluxed fluid) and delayed 
gastric emptying.

The treatment of reflux is incremental, commenc-
ing with medical measures, surgery being reserved 
for patients with more severe disease who either fail 
to respond adequately to medical treatment or who 
do not wish to take lifelong medication. In basic 
terms, medical therapy treats the effects of reflux, 
as the underlying reflux problem is not corrected, 
and treatment is usually continued indefinitely.7 In 
contrast, surgery aims to be curative, preventing 
reflux by reconstructing an antireflux valve at the  
gastro-oesophageal junction.6,8 In the past,  surgery 
was reserved for patients with complicated  reflux 
disease or those with very severe symptoms. 
However, since the introduction of laparoscopic sur-
gical approaches some surgeons advocate utilising 
surgery at earlier stages in the course of reflux dis-
ease. Endoscopic (transoral) antireflux procedures 
have also been developed, although the outcomes 
following these treatments have been disappointing.

Medical treatment

Simple measures

Simple measures can be helpful for the management 
of patients who experience mild symptoms. These 
include antacids, avoiding precipitating factors, e.g. 
spicy foods and alcohol, weight loss (when appro-
priate), avoiding cigarette smoking, modification of 
the timing and quantity of meals (e.g. not going to 
bed with a full stomach), and raising the bed head. 
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Unfortunately, these measures are rarely effective 
for patients with moderate to severe disease, and 
most patients who present for surgery cannot be ad-
equately treated with these measures.

H2-receptor antagonists

When first used in the 1970s, histamine type 2 (H2)-
receptor antagonists, which reduce the production 
of gastric acid, revolutionised the medical approach 
to duodenal ulcer disease. However, they were less 
effective for reflux disease and although they some-
times relieve mild to moderate reflux symptoms, 
few patients achieve complete relief of symptoms.9 
With the current widespread availability of proton-
pump inhibitors, H2-receptor antagonists are now 
rarely used as first-line medical therapy.

Proton-pump inhibitors

Proton-pump inhibitors (omeprazole, lanzoprazole, 
pantoprazole, rabeprazole and esomeprazole) were 
introduced into clinical practice in the late 1980s.7 
Proton-pump inhibitors are much more effective 
at symptom relief and achieve better healing of oe-
sophagitis than H2-receptor antagonists. However, 
in patients with severe oesophagitis (Savary Miller 
grade 2/3) there is a high treatment failure rate,10 
and many patients who initially achieve good symp-
tom control develop ‘breakthrough’ symptoms at a 
later date, requiring an increased dose of medication 
to maintain symptom control. Failure may be due to 
inadequate acid suppression, although in some cases 
bile or duodenal refluxate may play a role. In patients 
who respond well to proton-pump inhibitors, symp-
toms usually recur rapidly (sometimes in less than 
24 hours) following cessation of medication, and for 
this reason lifelong medical treatment is likely to be 
required.7 The long-term use of proton-pump inhibi-
tors appears generally safe. One study has shown, 
however, that long-term use can be associated with 
the development of atrophic gastritis with intestinal 
metaplasia in patients with concurrent Helicobacter 
pylori infection.11 Long-term use can also be associ-
ated with parietal cell hyperplasia.12 This latter phe-
nomenon may be the reason why symptoms recur 
rapidly in some patients on cessation of therapy, and 
may be another reason why some patients require 
escalating dosages of proton-pump inhibitors to 
control their symptoms.

Prokinetic agents

Cisapride is the only prokinetic agent that has been 
shown to be better than placebo for the treatment 
of reflux.13 It acts by improving acid clearance from 

the distal oesophagus by accelerating gastric empty-
ing. Its therapeutic benefit is similar to that of the 
H2-receptor antagonists. Hence, its clinical role has 
been limited since proton-pump inhibitors became 
widely available. An incidence of cardiac arrhyth-
mias in the 1990s led to its withdrawal in most 
parts of the world.

Surgical treatment
The principle of surgery for gastro-oesophageal 
reflux disease is to create a mechanical antireflux 
barrier between the oesophagus and stomach. This 
therefore works independently of the composition 
of the refluxate, so whilst medical therapy is effec-
tive in relieving symptoms for many patients with 
acid reflux, only surgery achieves effective control 
of duodeno-gastro-oesophageal reflux.

Selection criteria for surgery

As a general rule, all patients who undergo anti-
reflux surgery should have objective evidence of 
reflux. This may be the demonstration of erosive oe-
sophagitis on endoscopy or an abnormal amount of 
acid reflux demonstrated by 24-hour pH monitor-
ing. Neither of these tests is sufficiently reliable to 
base all preoperative decisions on their outcome,14 
as a number of patients with troublesome reflux 
will have either a normal 24-hour pH study or no 
evidence of oesophagitis at endoscopy (and, very 
occasionally, both). For this reason the tests have 
to be interpreted in the light of the patient's clini-
cal presentation, and a final recommendation for 
surgery must be based on all available clinical and 
objective information.14 More recently, impedance 
monitoring (in combination with pH monitoring) 
has been used to measure ‘volume’ reflux, although 
the additional information obtained from this in-
vestigation appears unlikely to influence surgical 
decision-making.15

Patients selected for surgery fall into two groups: 
(1) patients who have failed to respond (or have 
responded only partially) to medical therapy; (2) 
patients whose symptoms are fully controlled by 
medications, but who do not wish to continue with 
medication throughout their lives. The first group 
represents the large majority of patients. The latter 
group are more likely to be younger patients who 
face decades of acid suppression to alleviate their 
symptoms. In the first group, the response to sur-
gery is usually more certain if the patient has had a 
good response to acid suppression in the past, or at 
least has had some symptom relief from medication. 
In patients who have had no response to proton-
pump inhibitors, particularly those presenting with 
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atypical symptoms, their symptoms are often due 
to something other than reflux, despite concurrent 
objective evidence of reflux (which may be inciden-
tal and/or asymptomatic). Such patients will usually 
not benefit from antireflux surgery.

Failure of medical treatment can be defined as con-
tinuing symptoms of reflux while on an adequate dose 
of acid suppression. In most countries this means at 
least a standard dose of a proton-pump inhibitor for 
a minimum period of 3 months. Proton-pump inhibi-
tors are more effective for the control of the symptom 
of heartburn than volume regurgitation, and it is the 
latter symptom that is often the dominant problem in 
patients who have failed on medical therapy.

Patients can be further subdivided into: (i) those 
with complicated reflux disease; and (ii) those who 
have straightforward disease without complications.

Patients with complicated reflux disease
Reflux with stricture formation
In the past, surgery was the only effective treatment 
for strictures, and when the stricture was densely fi-
brotic this even meant resection of the oesophagus. 
Fortunately, it is now unusual to see patients with 
such advanced strictures since proton-pump inhibi-
tors became available, so that the role of surgery 
seems to have lessened.16 Strictures in young and fit 
patients are usually best treated by antireflux sur-
gery and dilatation. However, many patients who 
develop strictures are elderly or infirm and the use 
of proton-pump inhibitors with dilatation is usually 
effective in this group.

Reflux with respiratory complications
When gastro-oesophageal regurgitation spills over 
into the respiratory tree, this can cause chronic respi-
ratory illness, such as recurrent pneumonia, asthma or 
bronchiectasis. This is a firm indication for antireflux 
surgery, as the predominant action of proton-pump 
inhibitors is to block acid secretion and the volume of 
reflux is not greatly altered.

Reflux with throat symptoms
Halitosis, chronic cough, chronic laryngitis, chronic 
pharyngitis, chronic sinusitis and loss of enamel on 
teeth are sometimes attributed to gastro-oesophageal 
reflux. Whilst there is little doubt that on occasions 
such problems do arise in refluxing patients, these 
problems in isolation are not reliable indications 
for surgery. Whether or not these symptoms will 
be relieved following surgery is unpredictable. If 
symptoms are associated with typical reflux symp-
toms such as heartburn and/or regurgitation, then 
response rates of approximately 80% are reported, 
whereas throat symptoms in the absence of typical 
reflux symptoms respond poorly to surgery, with 
success rates of less than 50% reported.17

Columnar-lined (Barrett's) oesophagus
Patients with Barrett's oesophagus who have  reflux 
symptoms should be selected for surgery on the ba-
sis of their symptoms and their response to medica-
tions, not simply because they have a  columnar-lined 
oesophagus.18 There is some experimental evidence 
to suggest that continuing reflux may be deleterious 
in regard to malignant change in oesophageal mu-
cosa,19 and one prospective randomised trial has sug-
gested that antireflux surgery gives superior results 
to drug therapy in this patient group.19 However, 
proton-pump inhibitors were only introduced into 
the medical arm of that trial in its later years.

There is also evidence that abolition of symptoms 
with proton-pump inhibition does not equate to 
‘normalising’ the pH profile in a patient's oesopha-
gus.20 Since antireflux surgery does abolish acid 
reflux, this may become a further reason to recom-
mend surgery in patients with Barrett's oesophagus. 
However, there is only limited evidence that either 
surgical or medical treatment of reflux in patients 
with Barrett's oesophagus consistently leads to 
regression of the columnar lining.21 A report by 
Gurski et al.22 suggested that although fundoplica-
tion is not followed by a reduction in the length of 
Barrett's oesophagus, it can be followed by ‘histo-
logical’ regression. In 68% of patients in this study 
with low-grade dysplasia, there was regression to 
non-dysplastic Barrett's mucosa. Equally, stud-
ies have shown that combining medical or surgi-
cal therapy with argon-beam plasma coagulation, 
photodynamic therapy or radiofrequency ablation 
of the columnar lining achieves complete or near 
complete reversion to squamous mucosa.23–25 There 
is no evidence to support that antireflux surgery  
reduces the risk of dysplastic or neoplastic progres-
sion of Barrett's oesophagus.

Patients with uncomplicated reflux 
disease
Medical therapy, in the form of proton-pump inhibi-
tors, is so effective that only a minority of patients 
do not get substantial or complete relief of their 
symptoms using these agents. Despite this, patients 
continue to present for antireflux surgery in large 
numbers for reasons already discussed. An addi-
tional factor that has emerged is the rising incidence 
of adenocarcinoma of the cardia associated with gas-
tro-oesophageal reflux disease.3 Whether  antireflux 

 Longer-term follow-up from a randomised trial of 
ablation versus surveillance in patients with Barrett's 
oesophagus who had a undergone a fundoplication 
showed a reduction in the length of Barrett's 
oesophagus in both study groups, although to a 
greater extent following ablative therapy.26
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surgery is more effective than long-term proton-
pump inhibition at preventing the development of 
columnar-lined oesophagus and subsequently car-
cinoma of the lower oesophagus is controversial. If 
duodenal fluid has a role in the pathogenesis of ade-
nocarcinoma of the oesophagus, then antireflux sur-
gery would be preferable to acid suppression alone 
in patients with Barrett's oesophagus, and of course 
it may also prevent the development of Barrett's oe-
sophagus in the first place. However, this hypothesis 
is not adequately tested and at present there is insuf-
ficient evidence to support a  position that antireflux 
surgery should be performed to prevent subsequent 
malignant transformation.

Medical versus surgical therapy

The issue of the most appropriate treatment for 
gastro-oesophageal reflux disease has long been a 
subject of disagreement between surgeons and gas-
troenterologists. However, most would agree that a 
single management strategy is unlikely to be appro-
priate for all patients. Equally, there is a need for 
better comparative data for medical versus surgical 
therapy. Eight randomised trials19,27–39 have been 
reported that have investigated this issue, but five 
of these were completed or commenced before the 
availability of both laparoscopic antireflux surgery 
and proton-pump inhibitor medication. All of these 
trials recruited patients who had reflux symptoms 
that were well controlled by medical therapy. In the 
latter trials this entailed complete symptom control 
with a proton-pump inhibitor at trial commence-
ment, thereby excluding patients with uncontrolled 
symptoms. Hence, the majority of patients who are 
currently selected for surgery were excluded from 
the surgical arms of these trials, i.e. patients with a 
poor response to a proton-pump inhibitor.

In 1992, Spechler28 reported a trial of 247 patients 
(predominantly men) randomised to either continu-
ous medical therapy with an H2 blocker, medical 
therapy for symptoms only or an open Nissen fun-
doplication. Overall patient satisfaction was high-
est following surgery at 1 and 2 years follow-up. 
However, neither the surgical nor medical treatment 
investigated is now considered optimal. The lon-
ger-term outcomes from this study were published 
in 2001, with median follow-up of approximately 
7 years and with proton-pump inhibitors now used 
for the medically treated patients.40 Follow-up was 
not complete and only 37 (45%) surgical patients 
were available for late follow-up, with 23% of the 
original surgical group lost to follow-up, and 32% 
died during follow-up. The later results did, however, 
show reasonable outcomes in both the medically 
and surgically treated groups. However, 62% of the 
surgical patients consumed antireflux  medications 

at late follow-up, although when these medications 
were ceased in both study groups the surgical group 
had significantly fewer reflux symptoms than the 
medical group, suggesting that most of the surgical 
patients did not actually need the medications!

In 2003, Parrilla et al.29 reported a randomised trial 
that randomised 101 patients with Barrett's oesoph-
agus. Medical therapy was initially an H2 blocker 
and later a proton-pump inhibitor. A satisfactory 
clinical outcome was achieved at 5 years follow-up 
in 91% of each group, although medical treatment 
was associated with a poorer endoscopic outcome. 
Progression to dysplasia was similar in both groups.

In 2000, Lundell et al.30,31,39 reported a trial of 
proton-pump inhibitor medication versus open 
antireflux surgery. Three hundred and ten patients 
were randomised, and antireflux surgery achieved 
a better outcome at up to 3 years follow-up. Later 
reports of 7 years follow-up in 228 patients, and 
12 years follow-up in 124, confirmed that surgery 
still achieved better reflux control than medication, 
although dysphagia and various wind-related side-
effects were more common after fundoplication.39,41

Rhodes et al. reported the first randomised trial to 
compare proton-pump inhibitor medication with lapa-
roscopic Nissen fundoplication; 217  patients were en-
rolled. Surgery was followed by less  oesophageal acid 
exposure 3 months after treatment and better symptom 
control at 12 months.32,33,42 A similar study by Anvari 
et al. enrolled 104 patients into a trial of proton-pump 
inhibitor therapy versus laparoscopic Nissen fundopli-
cation.34–36 Follow-up at 12 months and 3 years dem-
onstrated better control of reflux and better quality of 
life in the patients who underwent surgery.

In 2009, Lundell et al.37 reported the outcomes 
for a further multicentre randomised trial of laparo-
scopic Nissen  fundoplication versus esomeprazole 
proton-pump inhibitor therapy (20–40 mg per day). 
This trial, which was funded by the pharmaceuti-
cal company that provided the medical therapy, en-
rolled 554  patients and outcomes at up to 3 years 
have been reported. Similar success rates of approx-
imately 90% were reported for each treatment.

 It could be contended from the results of 
all of these trials that the majority of patients who 
have gastro-oesophageal reflux sufficient to require 
treatment with a proton-pump inhibitor should at 
least be offered the opportunity to undergo surgical 
correction of their reflux irrespective of whether 
their symptoms are well controlled by medication 
or not. The clinical trials all support an ongoing and 
important role for surgery in the treatment of reflux, 
and potentially a wider role in the management of 
reflux if offered to proton-pump inhibitor-dependent 
patients with symptoms that are well controlled by 
medication.
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Pros and cons of antireflux surgery

Advantages
The advantages of surgery are clear. An operation 
is the only treatment that actually treats the cause 
rather than the effect, i.e. stops reflux of gastric con-
tents into the oesophagus. Hence patients treated by 
surgery can usually eat whatever foods they choose, 
they can lie flat and bend over and do not need to 
take any tablets.

Disadvantages
The main disadvantage is operative morbidity (see 
discussion of complications). Laparoscopic surgery 
has greatly reduced the pain associated with open 
surgery; however, most patients experience some 
difficulty in swallowing in the immediate postop-
erative period, albeit temporary for the majority.43 
The time taken to improve is variable, often sev-
eral months.5 Furthermore, most patients experi-
ence early satiety leading to postoperative weight 
loss.5 In the patients who are overweight at the time 
of surgery (the majority!) this may be seen as an 
advantage. This restriction on meal size also usually 
disappears over a few months.

Fundoplication produces a one-way valve; thus, 
patients have to be forewarned that they may not 
be able to belch effectively after the operation, es-
pecially in the first 6–12 months after surgery, and 
hence they should be cautious about drinking gassy 
drinks.44 This applies particularly to patients who 
undergo a Nissen (total) fundoplication. For similar 
reasons, patients will be unable to vomit after an 
effective procedure, and should be informed of this. 
Failure to belch swallowed gas leads to increased 
passage of flatus after the procedure.45 Patients who 
undergo a partial fundoplication (particularly an-
terior) have a lower incidence of these problems.4 
Despite these negative sequelae, the overwhelming 
majority of patients claim that the disadvantages 
are far outweighed by the advantages of the opera-
tion.4,43,46 To date it has not been possible to pre-
dict preoperatively those patients who will develop 
problems following surgery.

Preoperative investigations

Apart from the assessment of each patient's general 
suitability for surgery by determining comorbidities, 
some specific investigations should be performed 
before undertaking antireflux surgery.

Endoscopy
Endoscopy is essential. It enables oesophagitis to 
be documented (confirming reflux disease), stric-
tures to be dilated, and other gastro-oesophageal 

 pathology to be excluded, documented and treated. 
The position of the squamocolumnar junction and 
the presence and size of any hiatus hernia is also 
assessed. The presence of a large hiatus hernia is 
not a contraindication to a laparoscopic approach, 
although the surgery is technically more difficult.47

Manometry

Oesophageal pH monitoring
While many surgeons advocate the routine as-
sessment of patients with 24-hour ambulatory 
pH monitoring before antireflux surgery, we use 
a selective approach. This test is not sufficiently 
accurate to be regarded as the ‘gold standard’ for 
the investigation of reflux, and if an abnormal 
pH profile is used to select patients for surgery, 
up to 20% of patients who have oesophagitis 
and typical reflux symptoms will be excluded un-
necessarily from antireflux surgery. Hence, we 
apply this investigation in patients with endos-
copy-negative reflux disease and in patients with 
atypical symptoms.14 This test's ability to clarify 
whether symptoms are associated with reflux 
events is useful.

Other investigations
The role of bile reflux monitoring remains un-
defined in gastro-oesophageal reflux disease, 
although it has been suggested that it may be help-
ful in patients who fail to respond to acid sup-
pression. This is measured using either ‘Bilitec’ or  
multichannel intraluminal impedance (MII) moni-
toring. ‘Bilitec’ measures intra-oesophageal biliru-
bin as an indirect marker of duodeno-oesophageal 
reflux, but has largely been superseded by MII, 

 Manometry is used to exclude primary 
motility disorders such as achalasia. It is also 
able to document the adequacy of oesophageal 
peristalsis.14 The presence of weak or poorly 
propagated peristalsis is not a contraindication 
to antireflux surgery. Although many surgeons 
recommend a tailored approach to patient 
selection by choosing a partial fundoplication 
in patients with poor peristalsis,48,49 there is no 
strong evidence to support this.50,51 Evidence from 
randomised trials52–55 has shown good results 
following the Nissen procedure in patients with 
poor peristalsis, suggesting that tailoring with a 
posterior partial fundoplication is not necessary. 
Nevertheless, common sense suggests that a 
partial fundoplication procedure is probably safer 
in patients with a true adynamic oesophagus and 
especially in patients with systemic scleroderma, in 
whom our preference would be to use an anterior 
partial fundoplication.56
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which measures ‘volume’ reflux. However, at this 
time, MII has only a limited role in the selection of  
patients for surgery.15

Antireflux surgery

To the non-surgeon, it might seem that there is a be-
wildering array of operations available for the treat-
ment of reflux. In fact, the fundoplication  introduced 
by Rudolf Nissen in 1956, or some variant of it, re-
mains overwhelmingly the most popular antireflux 
operation in the world today. The principles of fun-
doplication are to mobilise the lower oesophagus, 
wrap the fundus of the stomach, either partially or 
totally, around the oesophagus, and then stabilise 
this new anatomy long term. When the oesopha-
geal hiatus is enlarged, it is narrowed by sutures to 
prevent paraoesophageal herniation postoperatively 
and also to prevent the wrap being pulled up into the 
chest. Complications of reflux such as fibrotic stric-
turing with shortened  oesophagus are seen rarely 
compared to the past. In the circumstance of true 
oesophageal shortening, an oesophageal lengthen-
ing (Collis) procedure can be undertaken to provide 
a long enough oesophagus to reach the abdomen. 
The upper lesser curvature of the stomach is used 
to produce the new oesophagus and the stomach is 
then wrapped around this. However, in our experi-
ence the Collis procedure is now not indicated or 
required during primary antireflux surgery.

Mechanisms of action of antireflux surgery
Total fundoplications, such as the Nissen, or par-
tial fundoplications, whether anterior or posterior, 
probably all work in a similar fashion.8,57 The 
mechanisms of action of an antireflux operation are 
not completely clear; they may work as much in a 
mechanical as physiological fashion, as these proce-
dures are effective not only when placed in the chest 
in vivo,58 but also on the benchtop, i.e. ex vivo.8 
Some of the proposed mechanisms include:

1. The creation of a floppy valve by maintaining 
close apposition between the abdominal oe-
sophagus and the gastric fundus. As intragastric 
pressure rises the intra-abdominal oesophagus is 
compressed by the adjacent fundus.

2. Exaggeration of the flap valve at the angle of His.
3. Increase in the basal pressure generated by the 

lower oesophageal sphincter.
4. Reduction in the triggering of transient lower 

oesophageal sphincter relaxations.
5. Reduction in the capacity of the gastric fundus, 

thereby speeding proximal and total gastric 
emptying.

6. Prevention of effacement of the lower 
 oesophagus (which effectively weakens the 
lower sphincter).

Since the procedures seem to work, even ex vivo,8 
it seems likely that the first two mechanisms account 
for the efficacy of the majority of antireflux proce-
dures. Equally, the increase in lower oesophageal 
sphincter pressure following surgery is not impor-
tant, and in some partial fundoplication procedures 
there is very little increase in pressure, yet reflux is 
well controlled.4,59 The trend towards increasingly 
looser and shorter total fundoplications or greater 
use of partial fundoplication procedures suggests 
that there is no such thing as a fundoplication that 
is ‘too loose’.

Techniques of antireflux surgery
As ever, when there are a variety of different op-
erations performed for the same underlying condi-
tion, this denotes that no single procedure yields 
perfect results, i.e. 100% reflux control with mini-
mal side-effects. All techniques have their advo-
cates. Published reports can be found that support 
every known procedure, and it is probably better 
to consider results from randomised trials when as-
sessing the merits of these procedural variants (see 
below) rather than relying on uncontrolled out-
comes reported by advocates of a single procedure. 
Equally, the experience of the operating surgeon is 
of great importance for achieving a good postopera-
tive outcome.60 Variability can be reduced, but not 
eliminated, by detailed technical descriptions and 
effective surgical training. Over the last 20 years, a 
minimally invasive laparoscopic approach has be-
come standard for primary antireflux surgery, mak-
ing surgery more acceptable to patients and their 
physicians.

Nissen fundoplication (Figs 13.1 and 13.2)
Nissen originally described a procedure that en-
tailed mobilisation of the oesophagus from the dia-
phragmatic hiatus, reduction of any hiatus hernia 
into the abdominal cavity, preservation of the va-
gus nerves and mobilisation of the posterior gastric 
fundus around behind the oesophagus, without di-
viding the short gastric vessels, and suturing of the 
posterior fundus to the anterior wall of the fundus 
using non-absorbable sutures, thereby achieving 
a complete wrap of stomach around the intra-
abdominal oesophagus.61 The original fundoplica-
tion was 5 cm in length and an oesophageal bougie 
was not used to calibrate the wrap. This is now 
the commonest antireflux operation performed 
worldwide.
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Controversy still exists about the need to divide the 
short gastric vessels to achieve full fundal mobilisa-
tion. The so-called floppy Nissen procedure described 
by Donahue and Bombeck64 relies on extensive fun-
dal mobilisation. On the other hand, the modifica-
tion of the Nissen fundoplication using the anterior 
fundal wall alone, also first described by Nissen and 
Rossetti,61,65 does not require short gastric vessel divi-
sion to construct the fundoplication. This simplifies 
the dissection, although more judgment and experi-
ence may be required to select the correct piece of 
stomach to use for the construction of a sufficiently 
loose fundoplication. Both procedures have their 
advocates, and good results (90% good or excellent 
long-term outcome) have been reported for both vari-
ants.62,65 Nevertheless, strong opinions are held about 
whether the short gastric vessels should be divided or 
not, and this  controversy has been heightened by the 
introduction of laparoscopic fundoplication.

Posterior partial fundoplication (Fig. 13.3)
A variety of fundoplication operations have been 
described in which the fundus is wrapped partially 
round the back of the oesophagus, with the aim of 
reduction of the possible side-effects of total fun-
doplication due to overcompetence of the cardia, 
i.e. dysphagia and gas-related problems. Toupet de-
scribed a posterior partial fundoplication in which 
the fundus is passed behind the oesophagus and su-
tured to the left lateral and right lateral walls of the 
oesophagus, as well as to the right diaphragmatic 
pillar, creating a 270° posterior fundoplication.66 
A very similar procedure was described by Lind 
et al.67 This entails a 300° posterior fundoplication, 
which is constructed by suturing the fundus to the 
oesophagus at the left and right lateral positions, 

Figure 13.1  • Nissen fundoplication.

Figure 13.2  • Laparoscopic view of completed Nissen 
fundoplication.

 Because this procedure was associated with an 
incidence of persistent postoperative dysphagia, 
gas bloat syndrome and an inability to belch, the 
procedure has been progressively modified in an 
attempt to improve the long-term outcome. Most 
surgeons now agree that calibration of the wrap 
with a large (52 Fr) intra-oesophageal bougie, and 
shortening the fundoplication to 1–2 cm in length, 
achieves a better outcome.62 Furthermore, whilst 
the need for routine hiatal repair was uncertain in 
the era of open surgery, most surgeons routinely 
include this step during laparoscopic antireflux 
surgery. Omission of this step is associated with a 
higher incidence of postoperative hiatal herniation.63 
The hepatic branch of the vagus nerve is usually 
preserved during this procedure.

Figure 13.3  • Posterior partial fundoplication.
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and additionally anteriorly on the left, leaving a 60° 
arc of oesophageal wall uncovered. The hiatus is re-
paired if necessary.

Anterior partial fundoplication
Several anterior partial fundoplication procedures 
have been described, and all purport to reduce the 
incidence of dysphagia and other side-effects. The 
Belsey Mark IV procedure, popular in thoracic 
practice up the early 1990s, entails a 240° anterior 
partial fundoplication that is usually performed 
through a left thoracotomy approach.68 The dis-
tal oesophagus is mobilised, sutured to the gastric 
fundus and sutured to the diaphragm. Any hiatus 
hernia is repaired, and the anterior two-thirds of 
the abdominal oesophagus is covered by the fun-
doplication. The open thoracic access required is 
associated with significant morbidity, and for this 
reason it has fallen from favour since the arrival 
of laparoscopic antireflux surgery. A minimally 
invasive thoracoscopic approach was described 
15 years ago,69 although clinical outcomes have 
never been reported, and this procedure is rarely 
performed.

The Dor procedure is an anterior hemifundopli-
cation that involves suturing of the fundus to the 
left and right sides of the oesophagus.70 The Dor 
procedure is commonly used in combination with 
an abdominal cardiomyotomy for achalasia as it 
is unlikely to cause dysphagia, and it may reduce 
the risk of gastro-oesophageal reflux following 
cardiomyotomy.

A 120° anterior fundoplication has also been 
described.59 This entails reduction of any hiatus 
hernia, posterior hiatal repair, suture of the pos-
terior oesophagus to the hiatal pillars posteriorly, 
suture of the fundus to the diaphragm to accentu-
ate the angle of His, and creation of an anterior 
partial fundoplication by suturing the fundus to 
the oesophagus on the right anterolateral aspect. 
Satisfactory medium-term reflux control follow-
ing open surgery has been reported for this proce-
dure, and a low incidence of gas-related problems. 
However, published laparoscopic experience is 
more limited.

We have reported the results from prospective ran-
domised trials of laparoscopic anterior 180° partial 
fundoplication and laparoscopic anterior 90° par-
tial fundoplication versus a Nissen procedure4,71–75 
(see below). The anterior 180° fundoplication pro-
cedure entails hiatal repair, suture of the distal oe-
sophagus to the hiatus posteriorly, and construction 
of an anterior fundoplication that is sutured to the 
oesophagus and the hiatal rim on the right and an-
teriorly (Figs 13.4 and 13.5). The anterior 90° par-
tial fundoplication procedure entails hiatal repair, 
posterior oesophagopexy, narrowing of the angle of 

His and construction of a limited anterior fundopli-
cation that covers the left anterolateral aspect of the 
oesophagus (Fig. 13.6). These variants of anterior 
fundoplication show promise.

Other antireflux procedures
Hill procedure
Hill described a procedure that is often regarded as a 
gastropexy rather than a fundoplication.76 However, 
it also plicates the cardia and when examined endo-
scopically the intragastric appearances are similar 
to a fundoplication. The procedure entails sutur-
ing the anterior and posterior phreno-oesophageal  
bundles to the pre-aortic fascia and the median 
 arcuate ligament. Whilst excellent results have 
been reported by Hill and colleagues,77 it has not 

Figure 13.4  • One-hundred-and-eighty-degree anterior 
partial fundoplication performed by the transabdominal 
route.

Figure 13.5  • Laparoscopic view of completed 180° 
anterior partial fundoplication.
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been  applied widely because most surgeons have 
difficulty understanding the anatomical principles 
and, in particular, the phreno-oesophageal bun-
dles are not clear structures. Hill also emphasises 
the need for intraoperative manometry. This is not 
widely available, limiting the dissemination of his 
technique.

Collis procedure (Fig. 13.7)
The Collis procedure is useful for patients whose 
oesophagogastric junction cannot be reduced below 
the diaphragm.78 However, this situation is very rare 
in current practice. The Collis procedure entails the 
construction of a tube of gastric lesser curve to rec-
reate an abdominal length of oesophagus, around 

which a fundoplication can then be constructed to 
help with oesophageal shortening. It is often con-
structed by using a circular end-to-end stapler to 
create a transgastric window; a linear cutting sta-
pler is used from this hole up to the angle of His 
to construct the neo-oesophagus. Laparoscopic and 
thoracoscopic techniques for this procedure have 
been described, although longer-term outcomes are 
not available.79,80 A disadvantage of this procedure 
is that the gastric tube does not have peristaltic ac-
tivity and furthermore it can secrete acid. This leads 
to a poorer overall success rate for this procedure, 
although some of this could be due to the end-stage 
nature of the reflux disease that led to the choice of 
this procedure in the first place.

Augmentation of the lower oesophageal sphincter

LINX®

In 2010, Bonavina et al.81 described a new approach 
to surgery for gastro-oesophageal reflux that 
 entailed augmentation of the lower oesophageal 
sphincter with an implantable string of interlinked 
titanium beads with magnetic cores. This device 
(LINX Reflux Management System, Torax Medical, 
Shoreview, MN) is placed laparoscopically around 
the gastro-oesophageal junction, and aims to con-
trol reflux, but still allow normal swallowing and 
belching. Experience is limited to a case series of 44 
patients followed for up to 2 years.81 A success rate 
of approximately 90%, as measured by both clini-
cal scores and pH monitoring, has been reported, 
and this appears similar to the success rate follow-
ing fundoplication. It is easy to place, so the poten-
tial benefits in comparison to standard Nissen are 
a standard approach and the relative lack of hiatal 

Figure 13.6  • Laparoscopic view of completed anterior 
partial fundoplication. This particular fundoplication was 
fashioned as a 90° wrap, leaving an area of exposed 
oesophagus on the right side.

Figure 13.7  • Collis gastroplasty, with subsequent Nissen fundoplication.
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dissection. Clinicians familiar with the Angelchik 
prosthesis will be wary of placing a foreign body 
around the distal oesophagus, although placement 
appears to be safe. The outcomes of larger series 
and longer-term randomised comparative trials are 
required to prove clinical and cost-effectiveness be-
fore this procedures enters wide clinical practice.82

EndoStim®

Based on the premise of a dysfunctional sphincter, 
an innovative new approach to the management 
of GORD uses an implantable system to deliver 
electrical stimulation to the lower oesophageal 
sphincter in order to normalise its function and 
prevent acid reflux. The EndoStim® device is 
commercially available in the UK (CE-mark ap-
proved). A laparoscopic technique is used to 
implant the system's electrodes into the distal 
oesophageal muscle layers using minimal hiatal 
dissection. A wirelessly programmable pacemaker 
is then placed subcutaneously. It is thought that 
the avoidance of a ‘wrap’ will reduce the nega-
tive sequelae associated with various fundoplica-
tions. Also, the electrical stimulation is ‘tailored’ 
to the individual patient's GORD profile in terms 
of the number and timing of impulses. Initial data 
are promising when placed in patients at least 
partially responsive to proton-pump inhibition, 
with hiatal hernia ≤3 cm and only mild to moder-
ate oesophagitis. Most importantly, implantation 
and electrical stimulation were safe. However, a 
well-designed, randomised, sham-control trial is 
needed to validate this approach.83

Controversies and 
comparisons

Complete or partial 
fundoplication?

Because fundoplication is associated with an inci-
dence of postoperative dysphagia, gas bloat and 
other gas-related symptoms such as increased flatu-
lence, the relative merits of the Nissen fundoplica-
tion procedure versus various partial fundoplication 
variants have been debated for many years. The in-
troduction of laparoscopic approaches only served 
to heighten this controversy. On the one hand, 
the Nissen procedure produces an overcompetent 
gastro-oesophageal junction, which is the cause of 
some of the problems with dysphagia and gas bloat. 
On the other hand, it has been suggested that partial 
fundoplications reduce the risk of over-competence, 
but perhaps at the expense of a less durable antire-
flux repair.

Many prospective randomised trials of Nissen ver-
sus a partial fundoplication have been performed. 
DeMeester et al.84 had the distinction of reporting 
the first randomised study in the field of surgery for 
reflux disease in 1974. Their trial randomised 45 
patients to undergo either a Nissen, Hill or Belsey 
procedure, and they followed up their patients for 
6 months after surgery. The dysphagia and recurrent 
reflux rates were similar for all three procedures. 
However, the number of patients was too small to 
allow a meaningful comparison to be made.

Nissen versus posterior fundoplication
Eleven randomised trials have compared a Nissen 
with a posterior partial fundoplication. Some of 
the trials contribute little to the pool of evidence as 
they are either small and underpowered, or only re-
ported very-short-term outcomes.53,85–88

Lundell et al.89 reported the outcomes of the first 
large trial of Nissen versus a posterior (Toupet) par-
tial fundoplication; 137 patients were enrolled. The 
early outcomes at 6 months follow-up were similar. 
At 5 years follow-up90 reflux control and dysphagia 
rates were also similar, although flatulence was com-
moner after Nissen fundoplication at 2 and 3 years 
but not at 4 or 5 years follow-up. Re-operation 
was more common following Nissen fundoplica-
tion, with one patient in the posterior fundoplica-
tion group undergoing further surgery for severe gas 
bloat symptoms and five of the Nissen group under-
going re-operation for postoperative paraoesopha-
geal herniation. A reanalysis of the data from this 
trial45 sought to answer the question of whether a 
tailored approach to antireflux surgery should be 
applied. There were no demonstrable disadvantages 
for the Nissen procedure in those patients who had 
manometrically abnormal peristalsis before surgery. 
In 2011, minimum follow-up of 18 years was re-
ported.91 The outcomes at this very late follow-up 
were equivalent, with success rates of more than 
80% reported for both procedures, and no signifi-
cant differences in the incidence of side-effects at 
late follow-up, suggesting that the mechanical side-
effects following Nissen fundoplication improve 
progressively with very-long-term follow-up.

Zornig et al.92 reported a trial that enrolled 200 
patients to either total fundoplication with division 
of the short gastric vessels or posterior fundoplica-
tion. One hundred patients had normal preopera-
tive oesophageal motility and 100 had ‘abnormal’ 
motility. At 4 months follow-up an overall good 
outcome was obtained in about 90% of patients 
in each group, and reflux control was equivalent. 
Short-term dysphagia was less common following 
posterior partial fundoplication, and no correlation 
was seen between preoperative oesophageal motility 
and outcome, providing no support for the selective 
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application of a partial fundoplication in patients 
with abnormal preoperative motility. The 2-year 
follow-up outcomes were similar.55 Eighty-five per 
cent of each group were satisfied with their clini-
cal outcome, and dysphagia remained significantly 
more common after Nissen fundoplication (19 vs. 
8 patients).

A study by Guérin et al.93 enrolled 140 patients. 
At 3 years follow-up 118 patients were evaluated 
and no outcome differences could be identified. 
Similarly, Booth et al.54 enrolled 127 patients in a 
trial of Nissen versus Toupet fundoplication, Khan 
et al.94 enrolled 121 patients in another trial, and 
Shaw et al.95 enrolled 100. Each of these trials 
showed no differences in reflux control 1 year af-
ter surgery. Although dysphagia was more common 
following Nissen fundoplication in Booth et al.'s 
trial, there were no differences in the prevalence of 
side-effects in the other trials. Subgroup analysis in 
Booth et al.'s and Shaw et al.'s trials did not reveal 
any differences between patients with or without 
poor preoperative oesophageal motility.

Nissen versus anterior fundoplication
Six trials have evaluated Nissen versus anterior par-
tial fundoplication. In 1999 we reported the first 
prospective randomised trial to compare a Nissen 
fundoplication with an anterior partial fundoplica-
tion technique.4 Both procedures were performed 
laparoscopically. This study enrolled 107 patients 
to undergo either a Nissen or anterior partial fun-
doplication. The partial fundoplication variant 
entailed a 180° fundoplication that was anchored 
to the right hiatal pillar and the oesophageal wall 
(Figs 13.4 and 13.5). Whilst no overall outcome dif-
ferences between the two procedures were demon-
strated at 1 and 3 months follow-up, at 6 months 
patients who underwent an anterior fundoplication 
were less likely to experience dysphagia for solid 
food, were less likely to be troubled by excessive 
passage of flatus, were more likely to be able to 
belch normally, and the overall outcome was better. 
The outcomes at 5 years confirmed the results of the 
initial report.71 Reflux control was slightly better 
after Nissen fundoplication, but this was offset by 
significantly less dysphagia, less abdominal bloating 

and better preservation of belching, resulting in a 
greater proportion of patients reporting a good or 
excellent overall outcome 5 years after anterior fun-
doplication (94% vs. 86%). At 10 years follow-up, 
however, there were no significant outcome differ-
ences for the two procedures, with equivalent con-
trol of reflux, and no differences for side-effects,74 
a similar outcome to the very late follow-up for the 
Lundell and colleagues, trial of Nissen versus poste-
rior partial fundoplication.91

Baigrie et al.96 reported 2-year follow-up from a 
similar study in which 161 patients underwent ei-
ther a Nissen or anterior 180° partial fundoplica-
tion. This trial demonstrated equivalent control 
of reflux symptoms and less dysphagia following 
anterior 180° partial fundoplication, although the 
incidence of re-operation for recurrent reflux was 
higher after anterior fundoplication. Cao et al.97 
reported 5-year outcomes for a similar trial that 
enrolled 100 patients. Reflux control was similar 
for the two procedures, and flatulence was less 
common after anterior 180° partial fundoplica-
tion. Raue et al.98 reported equivalent outcomes at 
18 months mean follow-up in a smaller trial that 
enrolled 64 patients.

Two further trials have compared a laparo-
scopic anterior 90° partial fundoplication with 
a Nissen fundoplication. In the first of these, 112 
patients were enrolled in a multicentre randomised 
trial conducted in six cities in Australia and New 
Zealand.72,75 Side-effects were significantly less 
common following anterior 90° fundoplication, al-
though this was offset by a slightly higher incidence 
of recurrent reflux at 6 months follow-up.72 At 
5 years the outcomes were similar for side-effects, 
although reflux was worse after the partial fundo-
plication.75 Satisfaction with the overall outcome 
was similar for both fundoplication types. Similar 
 outcomes were reported from a parallel single-centre  
randomised trial that enrolled 79 patients – fewer 
side-effects offset by more reflux.73

Anterior versus posterior partial 
fundoplication
Two randomised trials have directly compared ante-
rior versus posterior partial fundoplication. Hagedorn 
et al.99–101 randomised 95 patients to undergo either 
a laparoscopic posterior (Toupet) or anterior 120° 
partial fundoplication. Their results showed bet-
ter reflux control, but more side-effects following 
posterior partial fundoplication. Unfortunately, the 
clinical and objective outcomes following anterior 
120° fundoplication in this trial were much worse 
than the outcomes from other randomised and non- 
randomised studies. The average exposure time to acid 
(pH <4) was 5.6% following anterior  fundoplication 

 If one combines all the data of the Nissen 
versus posterior fundoplication trials together, the 
available evidence supports the view that side-
effects are less common following a posterior 
partial fundoplication, particularly for wind-related 
problems. The hypothesis that dysphagia is 
less of a problem following a posterior partial 
fundoplication has only been substantiated by two 
of the 11 trials.
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in their study, whereas in other studies this figure 
is reported to be between 2.5% and 2.7%,4,72 sug-
gesting that the procedure performed in the study 
of Hagedorn et al. was less effective and therefore 
different to the procedures performed in other stud-
ies. More recently, Khan et al.102 reported 6 months 
follow-up from a trial that enrolled 103 patients to 
undergo anterior 180° versus posterior partial fun-
doplication. Reflux control was also better after 
posterior partial fundoplication, but offset by more 
side-effects.

Division/no division of short 
gastric vessels

Until the 1990s the issue of division versus non-
division of the short gastric vessels was rarely 
discussed. However, following anecdotal reports 
of increased problems with postoperative dyspha-
gia following laparoscopic Nissen fundoplication 
without division of the short gastric vessels,104,105 
this aspect of surgical technique became a much 
debated topic. Routine division of the short gastric 
vessels during fundoplication, to achieve full fundal 
mobilisation and thereby ensure a loose fundopli-
cation, is thought by some to be an essential step 
during laparoscopic (and open) Nissen fundoplica-
tion.62 This opinion was popularised by the pub-
lication of studies that compared experience with 
division of the short gastric vessels with historical 
experience with a Nissen fundoplication performed 
without dividing these vessels.62,64,104,105 However, 
other uncontrolled studies of Nissen fundoplication 
either with or without division of the short gastric 
vessels confuse the issue further, as good results 
have been reported whether these vessels were di-
vided or not.62,65

Six randomised trials have been reported that 
investigate this aspect of technique. Luostarinen 
et al.106,107 reported the outcome of a small trial 
of division versus no division of the short gastric 

 vessels during open total fundoplication. Fifty 
patients were entered into this trial and a later 
report107 described outcomes following median 
3-year follow-up. Both procedures effectively cor-
rected endoscopic oesophagitis. However, there was 
a trend towards a higher incidence of disruption of 
the fundoplication (5 vs. 2) and reflux symptoms  
(6 vs. 1) in patients whose short gastric vessels were 
divided, and 9 of 26 patients who underwent ves-
sel division developed a postoperative sliding hiatus 
hernia, compared to only 1 of 24 patients whose 
vessels were kept intact. The likelihood of long-term 
dysphagia or gas-related symptoms was not influ-
enced by mobilising the gastric fundus in this trial.

In 1997 we reported a randomised trial that en-
rolled 102 patients undergoing a laparoscopic 
Nissen fundoplication to have a procedure either 
with or without division of the short gastric vessels.5 
No difference in overall outcome was demonstrated 
at initial follow-up of 6 months and the trial failed 
to show that dividing the short gastric vessels dur-
ing laparoscopic Nissen fundoplication reduced the 
incidence or severity of early postoperative dyspha-
gia, or the outcome of any objective investigations. 
At 5 and 10 years follow-up,108,109 both procedures 
were equally durable in terms of reflux control and 
the incidence of postoperative dysphagia. At 5 years 
follow-up division of the short gastric vessels was 
associated, with more flatulence and bloating, and 
greater difficulties with belching.

Blomqvist et al.110,111 reported the outcome of a 
similar trial that enrolled 99 patients. At 12 months 
and 10 years follow-up, this study also showed that 
dividing the short gastric vessels did not improve 
the outcome. A recent meta-analysis of larger data 
with 12 years follow-up, generated by combining 
the raw Adelaide and Swedish data, confirmed 
equivalent reflux control, but more bloating after 
division of the short gastric vessels.112

Farah et al.,113 Kösek et al.114 and Chrysos et al.115 
all reported trials that showed equivalent reflux 
control and postoperative dysphagia irrespective of 
whether the short gastric vessels were divided or 
not. However, as with the Adelaide and Swedish 
data, they also demonstrated an increased incidence 
of bloating symptoms after division of the short gas-
tric vessels.

 Currently, the overall results from the eight 
trials that included an anterior fundoplication 
suggest that anterior fundoplication variants achieve 
satisfactory control of reflux, a reduced incidence 
of post-fundoplication dysphagia and other side-
effects, and a good overall clinical outcome. 
However, the reduced incidence of troublesome 
side-effects is, to some extent, offset by a higher 
risk of recurrent reflux. Nevertheless, excellent 
long-term outcomes and good reflux control have 
been reported in a series of 548 patients who 
underwent anterior 180° partial fundoplication, with 
approximately 90% of patients highly satisfied with 
the clinical outcome at up to 10 years follow-up.103

 The belief that dividing the short gastric 
vessels will improve the outcome following 
laparoscopic total fundoplication is not supported 
by the results of any published trials. Furthermore, 
dividing the vessels increases the complexity of the 
procedure and actually produced a poorer outcome 
in three of the six trials due to an increase in the 
incidence of bloating symptoms.
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Laparoscopic antireflux 
surgery
Laparoscopic Nissen fundoplication was first re-
ported in 1991116,117 and rapidly established itself 
as the procedure of choice for reflux disease, with 
the vast majority of antireflux procedures now 
performed this way. The results of several large 
series with long-term clinical follow-up have now 
been published.118,119 These confirm that lapa-
roscopic Nissen fundoplication is effective, and 
that 10 years after surgery it achieves an excellent 
clinical outcome in more than 85–90% of patients. 
Furthermore, with even longer follow-up, it is likely 
that this procedure will be as durable as open fun-
doplication, where a 70–80% success rate can be 
expected at up to 25 years follow-up.120

However, several complications unique to the 
laparoscopic approach have been described (see be-
low). Dysphagia could be more common following 
laparoscopic fundoplication, although this may be 
due to the more intense nature of the prospective 
follow-up applied in many centres. Furthermore, in 
our experience dysphagia has been less of a problem 
after fundoplication than it was before surgery, with 
a reduction in the incidence from approximately 
30% before surgery to less than 10% at 12 months 
following surgery,4,5 and for the majority of these 
patients dysphagia has not been troublesome in the 
long term.

Up to 10% of patients are dissatisfied. Some of 
this dissatisfaction is because of a complication of 
the original surgery. In our experience this has usu-
ally been either the development of a paraoesopha-
geal hernia or because of continuing troublesome 
dysphagia (with either the wrap or the hiatus being 
too tight). Some patients are dissatisfied, however, 
even though their reflux has been cured and they 
have not had any complications.121 This is usually 
because they do not like the flatulence that can fol-
low the procedure. It is also important to recognise 
that there is a learning curve associated with this 
form of surgery, and we have demonstrated that the 
first 20 patients in an individual surgeon's experi-
ence are associated with a higher complication rate, 
and as experience increases the re-operation rates 
fall to below 5%.60 There are no specific contraindi-
cations to the laparoscopic approach, and the repair 
of giant hiatal hernias and re-operative antireflux 
surgery are both feasible (although technically more 
demanding).

There are some differences between the manage-
ment of patients during and after laparoscopic and 
open fundoplication procedures. Laparoscopic sur-
gery may increase the risk of thromboembolic com-
plications (see below) and therefore prophylaxis for 

deep vein thrombosis is mandatory. Other differ-
ences are primarily due to the accelerated recovery 
following laparoscopic surgery. Our practice is to 
avoid the use of a nasogastric tube, commence oral 
intake within 6 hours of surgery, and to arrange a 
barium meal X-ray the day after surgery to check 
the postoperative anatomy at a time when prob-
lems are easily corrected. Since implementing this 
approach, a similar strategy has been applied to 
patients undergoing open surgery (usually revision 
procedures), and this has facilitated a quicker recov-
ery in some of these patients too.

Laparoscopic versus open 
antireflux surgery

Non-randomised comparisons between open and 
laparoscopic fundoplication generally showed that 
laparoscopic surgery required more operating time 
than the equivalent open surgical procedure,122,123 
that the incidence of postoperative complications 
was reduced, the length of postoperative hospital 
stay was shortened by 3–7 days, patients returned to 
full physical function 6–27 days quicker, and overall 
hospital costs were reduced. The efficacy of reflux 
control appeared to be similar between the two ap-
proaches. Ten randomised controlled trials have 
been reported that compare a laparoscopic fundo-
plication with its open surgical equivalent.124–138 
Nine of these investigated a Nissen fundoplication 
and one study compared laparoscopic versus open 
posterior partial fundoplication.132 The early reports 
that described follow-up extending up to 12 months 
confirmed advantages for the laparoscopic ap-
proach, albeit less dramatic than the advantages 
expected from the results of non-randomised stud-
ies. More recently, longer-term outcomes from some 
studies have been reported.133,135,137,139,140

Early reports from smaller trials125–127 that each 
enrolled 20–42 patients demonstrated equivalent 
short-term clinical outcomes, shortening of the 
postoperative stay by about 1 day (3 vs. 4 median), 
longer operating times (extended by approximately 
30 minutes), and an overall reduction in the inci-
dence of postoperative complications following lap-
aroscopic Nissen fundoplication. The reduction in 
the length of the postoperative hospital stay by only 
1 day was unexpected. This was achieved entirely 
by a shorter hospital stay following open fundo-
plication, suggesting that at least some of the ap-
parent benefits of the laparoscopic approach have 
been due to a general change in management policy 
to encourage earlier oral intake, avoiding nasogas-
tric tubes and encouraging earlier discharge from 
hospital.
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Chrysos et al.128 reported 12 months follow-up for 
a trial that enrolled 106 patients. Both approaches 
achieved effective reflux control, post-fundoplica-
tion dysphagia was similar, and the laparoscopic 
approach was followed by fewer complications, a 
quicker recovery and fewer symptoms of epigastric 
bloating and distension. Similar 12-month postop-
erative outcomes were demonstrated by Ackroyd 
et al.138 in a trial that enrolled 99 patients.

Håkanson et al.132 enrolled 192 patients into a 
trial of laparoscopic versus open posterior partial 
fundoplication. Their results were similar to the 
trials of laparoscopic versus open Nissen fundo-
plication. Early complications were more common 
after open surgery, the length of the hospital stay 
was longer (5 vs. 3 days) and return to work was 
slower (42 vs. 28 days). However, this was offset by 
a higher incidence of early side-effects and recur-
rent reflux in the laparoscopic group. At 3 years 
follow-up, however, there were no outcome differ-
ences, satisfaction with the surgery was similar for 
the two groups, and the need for re-operative sur-
gery of any sort was not influenced by the choice 
of technique.

Laine et al.124 reported 110 patients randomised 
to undergo laparoscopic or open Nissen fundopli-
cation. As with the other trials, hospital stay was 
shorter, being halved from 6.4 to 3.2 days and pa-
tients returned to work quicker (37 vs. 15 days), but 
operating time was also prolonged by 31 minutes. 
Subsequent reports from this group137,140 described 
11- and then 15-year follow-up in 86 patients. 
Whilst symptom control and side-effects were simi-
lar at late follow-up and 82% of the laparoscopic 
surgery group were satisfied with the late outcome, 
the incidence of wrap disruption at endoscopic as-
sessment was significantly higher following open 
surgery (40% vs. 13%) and there were 10 incisional 
hernias, all following the open technique. Similar 
outcomes were reported by Nilsson et al.136 in a 
smaller trial that followed patients for 5 years.

The study that created the most controversy in this 
area was published by Bais et al. in 2000.129 This 
multicentre study initially enrolled 103 patients. 
The early (3 months) results of this trial showed a 
disadvantage for the laparoscopic approach and the 
trial was stopped early because of an excess of ad-
verse end-points. The investigators were criticised 
for terminating the trial prematurely,141,142 as it can 
be argued that the conclusions were misleading. The 
decision to stop the trial was based primarily on 
postoperative dysphagia within the first 3 months. 
Other studies have reported that most patients who 
undergo a Nissen fundoplication still have some 
dysphagia 3 months after surgery,5,130 but that this 
dysphagia usually subsides as time passes. Hence, 
a follow-up period of 3 months is too short for the 

end-point of dysphagia to be adequately assessed. 
Subsequent reports of 5- and 10-year follow-up 
from this trial133,139 confirmed the validity of this 
critique. With further enrolment boosting the num-
ber of patients to 177, no differences in symptoms 
or subjective outcome could be demonstrated at 
late follow-up. In addition, 24-hour pH monitor-
ing confirmed equivalent reflux control. At 10-year 
follow-up, there was a higher rate of surgical rein-
tervention following open surgery, mainly due to an 
excess of incisional hernias. Hence, the late results 
of this trial actually support the application of lapa-
roscopic antireflux surgery.

Complications of laparoscopic 
antireflux surgery

As experience with laparoscopic approaches for 
antireflux surgery became standard  practice, com-
plications unique to the laparoscopic approach 
emerged (Box 13.1). These include  postoperative 

 If the overall results of these trials are 
synthesised, it is clear that laparoscopic antireflux 
surgery has short- and long-term advantages over 
the open approach in terms of reduced overall 
morbidity, quicker recovery and fewer incisional 
hernias. In addition, control of reflux and risk of 
side-effects at late follow-up (up to 15 years) is 
not influenced by the choice of a laparoscopic 
approach. For these reasons the laparoscopic 
approach offers advantages, and it has effectively 
superseded the open approach for most clinical 
situations.

• Pneumothorax143

• Pneumomediastinum144

• Pulmonary embolism145,146

• Injury to major vessels147

• Paraoesophageal hiatus hernia63,148

• Hiatal stenosis149

• Mesenteric thrombosis150,151

• Bilobed stomach145

• Oesophageal perforation145,146,152–154

• Gastric perforation145,146,152

• Duodenal perforation155

• Bowel perforation154

• Cardiac laceration and tamponade156

• Pleuropericarditis157

• Necrotising fasciitis158

Box 13.1  •  Unique or common complications following 
laparoscopic antireflux surgery
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 paraoesophageal hiatus hernia, re-operation 
for dysphagia, and gastrointestinal perforation. 
Nevertheless, the risk of complications should be 
balanced against the advantages of the laparo-
scopic approach, as the overall complication rate 
is reduced following laparoscopic surgery.139 The 
likelihood of complications can be influenced by 
a number of factors, including surgeon experi-
ence and expertise, operative technique and peri-
operative care. Furthermore, the final outcome 
of some complications can be moderated signifi-
cantly by applying appropriate early management 
strategies.

Complications that are more common 
following laparoscopic antireflux surgery
Paraoesophageal hiatus hernia
Paraoesophageal hiatus herniation was thought 
to be an uncommon finding following open fun-
doplication, presenting usually in the late follow-
up period, although its frequency was probably 
underestimated in the past. Most large series of 
laparoscopic procedures report the occurrence 
of paraoesophageal herniation following surgery 
(Fig. 13.8), particularly in the immediate postop-
erative period.63,148,158 The incidence of this com-
plication ranges up to 7% in published reports,63 
and it seems that this is exacerbated by some 
factors inherent in the laparoscopic approach. 
These include a tendency to extend laparoscopic 
oesophageal dissection further into the thorax 
than during open surgery, an increased risk of 
breaching the left pleural membrane143 and the 
effect of reduced postoperative pain. Loss of the 
left pleural barrier can allow the stomach to slide 
more easily into the left hemithorax, and less pain 
permits more abdominal force to be transmitted 
to the hiatal area during coughing, vomiting or 

other forms of exertion in the initial postopera-
tive period, pushing the stomach into the thorax, 
as the normal anatomical barriers have been dis-
rupted by surgical dissection. Early resumption of 
heavy physical work has also been associated with 
acute herniation. Strategies are available that can 
reduce the likelihood of herniation. Routine hia-
tal repair has been shown to reduce the incidence 
by approximately 80%.63 In addition, excessive 
strain on the hiatal repair during the early post-
operative period should be avoided by the routine 
use of antiemetics, and advising patients to avoid 
excessive lifting or straining for about 1 month 
following surgery.

Dysphagia
The debate in the laparoscopic era is whether 
dysphagia is more likely to occur following lapa-
roscopic antireflux surgery. Nearly all patients, 
including those who undergo a partial fundopli-
cation, experience dysphagia requiring dietary 
modification in the first weeks to months follow-
ing laparoscopic surgery. However, it is dysphagia 
that is severe enough to need further surgery that 
is of most concern. Early severe dysphagia requir-
ing surgical revision has been reported in a number 
of series.149,159,160 Conversion of a Nissen fundo-
plication to a partial fundoplication has been per-
formed for troublesome dysphagia following both 
open and laparoscopic techniques, usually with 
success.160,161

More common with the laparoscopic approach, 
however, is the problem of a tight oesophageal 
diaphragmatic hiatus causing dysphagia149,161 
(Figs 13.9 and 13.10). Two factors may cause this 
problem: over-tightening of the hiatus during hia-
tal repair and excessive perihiatal scar tissue for-
mation. Many surgeons use an intra-oesophageal 
bougie to distend the oesophagus, to assist with 
calibration of the hiatal closure. However, this 
will not always prevent over-tightening from oc-
curring. If a problem does arise in the immediate 
postoperative period, it can usually be corrected 
by early laparoscopic reintervention with release 
of one or more hiatal sutures. Later narrowing of 
the oesophageal hiatus due to postoperative scar 
tissue formation in the second and third postop-
erative weeks, even in patients not undergoing 
initial hiatal repair, has also been described. In 
our experience, endoscopic dilatation with stan-
dard bougies usually only provides temporary 
relief of symptoms rather than a long-term solu-
tion. Correction of this problem often requires 
widening of the diaphragmatic hiatus. This can 
be achieved by a laparoscopic approach, with an-
terolateral division of the hiatal ring and adjacent 
diaphragm until the hiatus is sufficiently loose. 

Figure 13.8  • Barium meal X-ray demonstrating a 
large paraoesophageal hiatus hernia 3 months after 
laparoscopic fundoplication.
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An alternative strategy, which is sometimes suc-
cessful, is pneumatic balloon dilatation (using a 
30-mm-diameter balloon).

Pulmonary embolism
Pulmonary embolism was more common in some 
of the early reports of laparoscopic Nissen fundo-
plication145 and in particular following conversion 

of cases to open surgery, suggesting that prolonged  
operating times might be an important aetiological 
factor. In addition, several mechanical factors inher-
ent in the laparoscopic antireflux surgery  environment 
create a scenario in which venous thrombosis is more 
likely. The combination of head-up tilt of the operat-
ing table, intra-abdominal insufflation of gas under 
pressure and elevation of the legs in stirrups greatly 
reduces venous flow in the leg veins, potentially pre-
disposing patients to deep venous thrombosis. This 
problem can be minimised by the routine use of vig-
orous antithromboembolism prophylaxis, including 
low-dose heparin, antiembolism stockings and me-
chanical compression of the calves.

Complications unique to laparoscopic 
antireflux surgery
Bilobed stomach
A technical error described during early experiences 
with laparoscopic Nissen fundoplication is the ‘bi-
lobed stomach’.145 This occurs when too distal a 
piece of stomach is used to form the Nissen fundo-
plication wrap, usually the gastric body rather than 
the fundus, resulting in a bilobular-shaped stom-
ach (Fig. 13.11). Most patients are asymptomatic; 
in extreme cases it is possible for the upper part of 
the stomach to  become  obstructed at the point of 
constriction in the gastric body, resulting in post-
prandial abdominal pain, which requires surgical 
revision (Fig. 13.12). Checking carefully to ensure 
that the correct piece of stomach (the fundus) is 
used for construction of the fundoplication prevents 
this problem from arising.

Pneumothorax
Intraoperative pneumothorax occurs in up to 2% of 
patients due to injury to the left pleural  membrane 

Figure 13.10  • Day 2 postoperative barium meal 
in a patient with total dysphagia following Nissen 
fundoplication due to a tight oesophageal hiatus. The 
problem was corrected by widening the hiatus and 
removing the hiatal repair sutures.

Figure 13.11  • Barium meal image of a ‘bilobed’ 
stomach. This patient continues to have an excellent 
clinical result at 7 years follow-up.

Figure 13.9  • Barium meal X-ray demonstrating usual 
appearance following laparoscopic Nissen fundoplication.
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during retro-oesophageal dissection, particularly if 
dissection is directed too high within the mediasti-
num.143 This is more likely to occur during dissection 
of a large hiatus hernia. Careful dissection behind 
the oesophagus, ensuring that the tips of instru-
ments passed from right to left  behind the oesopha-
gus do not pass above the level of the diaphragm, 
and experience with laparoscopic dissection at the 
hiatus reduce its likelihood. The occurrence of a 
pneumothorax does not usually  require the place-
ment of a chest drain, as CO2 gas in the pleural cav-
ity is rapidly reabsorbed at the completion of the 
procedure, allowing the lung to re-expand rapidly.

Vascular injury
Vascular injury to the inferior vena cava, the left 
hepatic vein and the abdominal aorta have all been 
reported.147,162 This problem may be associated 
with aberrant anatomy, inexperience, the excessive 
use of monopolar diathermy cautery dissection, 
the incorrect application of ultrasonic shears, or a 
combination of these. Intraoperative bleeding more 
commonly follows inadvertent laceration of the 
left lobe of the liver by the liver retractor or other 
instrument and haemorrhage from poorly secured 
short gastric vessels during fundal mobilisation. A 
rare complication is cardiac tamponade, which has 
been reported twice,156,163 once due to laceration of 
the right ventricle by a liver retractor and once due 
to an injury of the cardiac wall from a suture needle. 
The proximity of the heart, inferior vena cava and 
aorta to the distal oesophagus renders potentially 
life-threatening injuries a possibility if surgeons 
are unfamiliar with the laparoscopic view of hia-
tal anatomy. Nevertheless, the risk of perioperative 
haemorrhage during and after antireflux surgery is 

probably reduced by a laparoscopic approach, as is 
the likelihood of splenectomy.

Perforation of the upper gastrointestinal tract
Oesophageal and gastric perforation are  specific 
risks, with an incidence of approximately 1%.45,155 
Gastric perforation of the cardia can result 
from  excessive traction by the surgical assistant. 
Perforation of the back wall of the oesophagus 
usually occurs during dissection of the posterior 
oesophagus. The anterior oesophageal wall is prob-
ably at greatest risk when a bougie is passed to 
calibrate the fundoplication or the oesophageal 
hiatus. All these injuries can be repaired by sutur-
ing either laparoscopically or by an open technique. 
Awareness that injury can occur enables surgeons to 
institute strategies that reduce the likelihood of their 
occurrence. Furthermore,  injury is less likely with 
greater experience.

Mortality
Deaths have been reported following laparoscopic 
antireflux procedures. Causes include peritonitis 
secondary to duodenal perforation,155 thrombosis 
of the superior mesenteric artery and the coeliac 
axis,150 and infarction of the liver.164 However, the 
overall mortality of laparoscopic antireflux surgery 
is probably less than 0.1%.

Avoiding complications following 
laparoscopic antireflux surgery and 
minimising their impact
To avoid or minimise complications following a 
 laparoscopic antireflux procedure, a range of strate-
gies should be considered and applied whenever pos-
sible. Most agree that the oesophageal hiatus should 
be narrowed or reinforced with sutures, irrespective 
of whether a hiatus hernia is present or not.63 A bar-
ium swallow examination on the first or second 
postoperative day should be used to confirm that 
the fundoplication is in the correct position and that 
the stomach is entirely intra-abdominal. If there is 
any uncertainty endoscopic examination may  clarify 
the situation. If the appearances are not acceptable, 
or if other problems such as severe dysphagia or 
excessive pain occur, then re-exploration should 
be performed, as early laparoscopic reintervention 
is associated with minimal morbidity and usually 
delays the patient's recovery by only a few days. 
Most complications requiring reintervention can be 
readily dealt with laparoscopically within a week of 
the original procedure.43 Beyond this time, however, 
laparoscopic re-operation  becomes difficult, and for 
this reason we have a relatively low threshold for 
laparoscopic re-exploration in the first postopera-
tive week if early problems arise.

Figure 13.12  • Barium meal image of a more severe 
‘bilobed’ stomach. This patient developed gastric 
obstruction and required surgical revision.
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If complications become apparent at a later stage, 
laparoscopic re-operation may still be feasible if an 
experienced surgeon is available.161 However, the 
likelihood of success is reduced in the intermediate 
period following the original procedure, and in this 
case waiting until scar tissue has matured (i.e. at 
least 3–6 months) simplifies subsequent dissection 
and increases the likelihood of completing the pro-
cedure laparoscopically.

Synthesis of the results from 
prospective randomised trials
The results of randomised trials can be assessed 
together to facilitate the development of guidelines 
for antireflux surgery (Box 13.2). Some of these will 
meet with wide acceptance as they support the cur-
rent body of thought of the international surgical 
community. However, others are controversial, as 
they do not support the opinions of the majority of 
experts in the field.

Most surgeons performing surgery for reflux 
agree that the laparoscopic approach has been a 
major advance in surgical technique for antireflux 
surgery and that this has led to surgery becoming 
a more attractive management option. Controversy, 
however, will be raised by conclusions drawn about 
division of the short gastric blood vessels, and the 
place of partial fundoplications in the surgeon's 
armamentarium.

The large caseload of many surgical units perform-
ing laparoscopic surgery for gastro-oesophageal 
reflux continues to provide impetus for further tri-
als of antireflux surgery techniques, and these are 
contributing to the rapidly expanding evidence base 
from which future conclusions will be drawn.

Endoscopic therapies for 
reflux
Over the last decade, endoscopic procedures for 
the treatment of reflux have emerged as they offer 
the potential for reflux control without abdominal 
wall incisions These approaches appeal to patients 
and physicians and can be broadly categorised into 
four types (Box 13.3). Three of these approaches 
aim to narrow the gastro-oesophageal junction by 
using radiofrequency energy,165 injection of an  inert 
 substance166 or endoscopic suturing.167 Since the 
early 2000s these procedures have been applied with 
enthusiasm, particularly in the USA. However, none 
of these treatments apply the established principles 
that underpin the efficacy of antireflux surgery (see 
‘Mechanism of action of antireflux operations’ 
 section above) and the clinical outcomes were all 
predictably disappointing.168 More recently, how-
ever, a fourth technique has been described that 
constructs an anterior partial fundoplication using a 
totally endoscopic (transoral) technique.169 Because 
the latter approaches aim to fix the fundus of the 
stomach to a length of intra-abdominal oesophagus, 

 The longer-term outcomes from published 
trials that have investigated division of the short 
gastric vessels clearly support the position that 
this manoeuvre is not necessary for the creation 
of a satisfactory Nissen fundoplication and that it 
actually increases the likelihood of bloating side-
effects.

Evidence has now emerged from the larger trials 
of posterior versus Nissen fundoplication that 
demonstrate advantages for the posterior partial 
fundoplication technique. Whilst the combined data 
from the reported trials can be confusing, with most 
of the smaller trials showing no advantages for 
posterior partial fundoplication, the larger trials do 
support the proposition that this technique reduces 
the risk of gas-related side-effects and might 
reduce the risk of post-fundoplication dysphagia. 
However, the magnitude of these differences is 
probably less than for anterior partial versus Nissen 
fundoplication. Six of eight randomised trials 
support the anterior partial fundoplication approach, 
although poor results were reported in one study.99 
However, longer-term results for the anterior partial 
fundoplication techniques do confirm its efficacy as 
an antireflux procedure.71,103

• Laparoscopic Nissen fundoplication is associated with 
fewer complications overall and a shorter convalescence 
than open Nissen fundoplication*

• The longer-term outcome following laparoscopic Nissen 
fundoplication is at least as good as the equivalent 
open surgical procedure*

• Division of the short gastric blood vessels does not 
improve the outcome following Nissen fundoplication*

• The incidence of recurrent reflux is similar following 
posterior partial fundoplication and Nissen fundoplication*

• The incidence of dysphagia is probably less following 
posterior partial fundoplication compared to Nissen 
fundoplication*

• The incidence of dysphagia and ‘gas-related’ 
complications is reduced following anterior partial 
fundoplication*

• Partial fundoplications are associated with fewer wind-
related problems than total fundoplication*

Box 13.2  •  Evidence from prospective randomised trials 
for antireflux surgery

* All statements are supported by evidence from more than one 
randomised trial.
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first principles suggest that these approaches should 
be more successful, although the clinical reality has 
also been disappointing.

Radiofrequency

The Stretta procedure165 used a purpose-built device to 
apply radiofrequency energy to the muscular layer of 
the oesophageal wall at the gastro-oeosophageal junc-
tion. The device comprised a 30-mm-diameter bal-
loon, four 5.5-mm-long retractable stylet electrodes 
and a mucosal irrigation system. It was passed over 
an endoscopically placed guidewire and positioned 
at the gastro-oesophageal junction. The electrodes 
were deployed to puncture the oesophageal wall, and 
radiofrequency energy was applied to cauterise the 
oesophageal muscle. The Stretta procedure generated 
fibrosis in the muscle layer with the aim of tightening 
the gastro-oesophageal junction. In general, patients 
were only selected for this treatment if they had mild 
grades of reflux. Whilst short-term follow-up of case 
series suggested reduced reflux symptoms and re-
duced oesophageal acid exposure, the magnitude of 
the reduction in acid exposure was disappointing, and 
most patients continued to have abnormal reflux after 
treatment.170 A randomised trial that compared the 
Stretta procedure with a sham endoscopy showed no 
differences at 6 months follow-up.171 The trial dem-
onstrated a large placebo effect in the sham controls, 
and this should be remembered when considering the 
outcomes of any antireflux therapy. The company 
that made the device closed in 2006.

Polymer injection

Polymer injection (and similar procedures) aimed 
to add bulk to the gastro-oesophageal junction, 
thereby narrowing it, to reduce reflux. The most 

popular of these procedures was Enteryx.166 The 
procedure entailed endoscopic injection of 5–8 mL 
of a bioinert polymer into the plane between the 
circular and longitudinal muscle of the distal 
 oesophagus, to create a ring of polymer just above 
the gastro- oesophageal junction. Initial reports 
suggested success rates of 70–80% at 12 months 
 follow-up.166 However, the results from a ran-
domised  sham-controlled trial were also unimpres-
sive, with no difference in acid exposure (11.2% vs. 
12.7%) at 3 months follow-up. This trial also dem-
onstrated a significant placebo effect, with 41% 
of the sham-treated patients able to cease proton-
pump inhibitor medication, compared to 68% of 
the treated group.172 Unfortunately, there were also 
some catastrophic complications, including four 
deaths,173,174 and the manufacturer withdrew the 
procedure. A similar product, the Gatekeeper re-
flux repair system, was also withdrawn from clini-
cal use.175

Endoscopic suturing

EndoCinch
The EndoCinch (Bard Endoscopic Technologies, 
Murray Hill, NJ) procedure entailed the  endoscopic 
placement of two 3-mm-deep sutures into  adjoining 
gastric mucosal folds immediately below the 
 gastro-oesophageal junction, to create pleats to  narrow 
this region. The sutures were not deep enough to in-
clude the underlying muscle. Case series  demonstrated 
improvements in symptoms and distal oesophageal 
acid exposure (15.4% to 8.7%).176 However, as with 
the other endoscopic procedures, reflux was only cured 
in a minority, and 90% of sutures disappeared within 
12 months.177 In a randomised sham-controlled trial, 
oesophageal acid exposure was similar in the treated 
and sham groups, and the results of this trial did not 
compare well with the outcomes for laparoscopic an-
tireflux surgery.177

NDO Plicator
The NDO Plicator (NDO Surgical, Mansfield, MA) 
represented the first attempt to perform a more 
 ‘surgical’ procedure via a transoral approach. It used 
a flexible overtube that could be retroflexed in the 
stomach. A screw device penetrated and  retracted 
the gastro-oesophageal junction, and a full-thickness 
plication of the cardia was fashioned to narrow 
the gastro-oesophageal junction. This was secured 
with a pre-tied pledgeted suture. For the first time, 
a sham-controlled trial178 actually showed a signifi-
cant reduction in oesophageal acid exposure (mea-
sured by ambulatory pH monitoring) from 10% 
to 7% at 3 months following treatment. However, 
acid  exposure was not restored to normal in most 
 patients, and the degree of improvement was certainly  

Procedures that narrow the gastro-
oesophageal junction
Radiofrequency
• Stretta procedure

Polymer injection
• Enteryx
• Gatekeeper
• PMMA (Plexiglas microspheres)

‘Suturing’
• EndoCinch
• NDO Plicator
Procedure that aims to create a partial 
fundoplication
• EsophyX endoluminal fundoplication procedure

Box 13.3  • Endoscopic antireflux procedures
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inferior to the 0–2.5% expected  following laparo-
scopic fundoplication.4,89 At 3 months follow-up, 
50% of patients were able to cease proton-pump 
inhibitor medication compared to 25% of the sham-
treated patients. Again, these results are inferior to 
those of laparoscopic antireflux surgery and it is likely 
that this procedure does not create a true fundoplica-
tion. The company making this device closed in 2008.

Endoscopic fundoplication

Unlike the previous procedures, the EsophyX 
(Endogastric Solutions, Washington) procedure 
aims to construct an actual fundoplication.179 
This procedure requires general anaesthesia and 
two  operators. A standard endoscope is passed 
through the device (Figs 13.13 and 13.14) and both 
are passed transorally into the stomach. The endo-
scope is  retroflexed for vision and a screw device 
anchors tissue at the gastro-oesophageal junction 
to retract it caudally. A plastic arm (tissue mould) 
then compresses the fundus against the side of 
the oesophagus, and polypropylene fasteners are 
passed between the oesophagus and the gastric fun-
dus to anchor these structures. Multiple fasteners 
are applied to fashion a 200–300° anterior partial 
fundoplication.

Some cases series report promising short-term 
outcomes, with claimed success rates of 55–80% 
at up to 2 years follow-up,179,180 but lower suc-
cess rates for normalisation of oesophageal acid 
 exposure.179 In general, however, this procedure 

has been  restricted to patients with milder degrees 
of reflux, i.e. no circumferential ulcerative oesopha-
gitis, Barrett's oesophagus, hiatus hernia ≥3 cm 
or a body mass index >30. Whilst most patients 
 recover uneventfully, significant complications have 
also been reported, including bleeding, pneumo-
peritoneum and oesophageal perforation. Cadière 
et al.179 reported a series of 86 patients, followed 
for 12 months. Eighty-one per cent of patients were 
not using proton-pump inhibitor medication and 
56% claimed cure of their reflux. Postoperative 
pH monitoring, however, revealed that only 37% 
of patients had a normal pH study following the 
EsophyX procedure. The results from this experi-
ence suggest that in some patients a fundoplication 
can be constructed, but perhaps not reliably. Other 
experience is also less than satisfactory. We recently 
reported a three-centre experience of 19 EsophyX 
procedures.181 Only five patients were able to stop 
antireflux medication, whereas 10 underwent lapa-
roscopic fundoplication within 12 months for a 
failed EsophyX procedure. Overall, the published 
literature suggests EsophyX is much less effective 
than any type of partial fundoplication,4 and less 
than half of patients treated have  objective evidence 
that reflux has been cured.

A similar approach has also been pursued by 
Medigus (Omer, Israel), who developed a stapling 
endoscope for the construction of an anterior par-
tial fundoplication.182 However, clinical trial data 
are yet to be reported, and this device has not been 
commercialised. For now it still seems that a du-
rable partial fundoplication cannot be reliably fash-
ioned using an endoscopic approach. This could be 
because the endoscopic approaches are unable to 
repair a hiatus hernia and also fail to anchor the 
fundus to the diaphragm, both important steps for 
constructing a stable partial fundoplication.

Overview of endoscopic antireflux 
surgery

The newer procedures that aim to perform an 
 anterior partial fundoplication appear to be based 
on more sound principles. However, the results 
 remain disappointing, and this is probably because 
some key steps used routinely during antireflux 
surgery are still being ignored when undertaking 
this  approach. It is hard to see how an endoscopic 
 approach can be modified to include repair of a 
hiatus hernia or accurate anchorage of the fundo-
plication to the hiatal rim, and for these reasons 
endoscopic treatments are unlikely to offer a viable 
alternative to antireflux surgery, even in carefully 
selected subgroups of patients, in the near future.

Lessons can be learnt from the experience with 
failed endoscopic antireflux treatments. Before any 

Figure 13.13  • Operating handle for the EsophyX device 
for endoluminal anterior partial fundoplication.

Figure 13.14  • Distal end of EsophyX device. The tip 
is sited within the stomach and the shaft in the distal 
oesophagus. The two components close together as 
indicated to allow the fasteners to be deployed.
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new endoscopic or surgical treatment for reflux is 
made widely available, it should first be evaluated 
in well-designed clinical trials. An appropriate pro-
cedure must be as effective as a conventional fundo-
plication, it should apply the same principles that 
underpin an effective antireflux operation, and it 
should be equally safe or safer. Furthermore, sur-
geons will need to have an appropriate strategy to 
deal with patients who develop recurrent reflux af-
ter these procedures, and any procedure that makes 
a subsequent laparoscopic fundoplication proce-
dure more difficult or more dangerous will be a 
problem, particularly if there is a substantial risk of 
the primary endoscopic procedure failing.

 None of the endoscopic approaches 
to the treatment of gastro-oesophageal reflux 
have achieved outcomes that are comparable 
to those of a surgical fundoplication, and some 
of the procedures that were initially applied 
enthusiastically have now been withdrawn from 
clinical use, either because of safety concerns 
or lack of efficacy, or both. For many of these 
procedures, this is not surprising, as the initial 
endoscopic procedures ignored the principles that 
underpin antireflux surgery, i.e. accentuation of the 
angle of His, and maintaining a close anatomical 
relationship between the fundus of the stomach and 
the intra-abdominal oesophagus.

Key points
• The treatment of reflux is usually incremental, commencing with various levels of medical 

measures. Surgery is reserved for patients with more severe disease, who either fail to respond 
adequately to medical treatment or who do not wish to take lifelong medication.

• It is apparent that a single management strategy is unlikely to be appropriate for all patients. 
Surgical therapy achieves better control of reflux in patients with moderate to severe reflux.

• Endoscopic findings and 24-hour pH studies have to be interpreted in the light of the patient's 
clinical presentation. A final recommendation for surgery must be based on all available clinical and 
objective information.

• Barrett's oesophagus alone is not an indication for antireflux surgery. Patients with Barrett's should 
be selected for surgery on the basis of their reflux symptoms and their response to medications, 
not simply because they have a columnar-lined oesophagus.

• The overwhelming majority of patients claim that the disadvantages of an antireflux operation 
(temporary dysphagia, early fullness, increased flatulence, and inability to belch and vomit) are far 
outweighed by the advantages of the operation.

• Endoscopy is a mandatory prerequisite before recommending antireflux surgery.
• The presence of weak peristaltic amplitudes or poor propagation of peristalsis is not a contraindication 

to antireflux surgery. Many surgeons recommend a tailored approach to patient selection by choosing 
a partial fundoplication in patients with poor peristalsis – there is no strong evidence to support this.

• Twenty-four-hour ambulatory pH monitoring is not sufficiently accurate to select patients for 
surgery, as up to 20% of patients who have oesophagitis and typical reflux symptoms would be 
unnecessarily excluded from antireflux surgery.

• Total fundoplications and partial fundoplications (whether anterior or posterior) probably all work in a similar 
fashion. No one procedure currently yields perfect results, i.e. 100% cure of reflux and no side-effects.

• The available evidence appears to support the view that the main difference in outcome between 
total and posterior fundoplication is in the wind-related problems.

• Reflux control is slightly better after total compared with anterior fundoplication, but this is offset by 
significantly less dysphagia, less epigastric bloating and better preservation of belching.

• The results of randomised trials of open versus laparoscopic surgery confirm advantages for the 
laparoscopic approach, albeit less dramatic than the advantages expected from the results of  
non-randomised studies.

• Most large series of laparoscopic procedures report the occurrence of paraoesophageal herniation 
following surgery, particularly in the immediate postoperative period. Routine hiatal repair has been 
shown to reduce the incidence by approximately 80%.

• None of the currently reported endoscopic procedures achieve the level of reflux control 
associated with fundoplication.
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Robert Mason

Treatment of the complications of  
gastro-oesophageal reflux disease and  
failed gastro-oesophageal surgery

Introduction
Gastro-oesophageal reflux affects up to a quarter 
of the UK population on a regular basis. Most will 
not seek medical help and self-medicate. Of those 
who do see a doctor the vast majority will be well 
controlled by medical therapy – invariably proton-
pump inhibitors. It has been calculated that only 1% 
of patients with gastro-oesophageal reflux disease 
(GORD) will develop complications of the reflux. 
These complications are consequent on damage to 
the mucosa resulting in erosive oesophagitis with, 
rarely, a peptic oesophageal ulcer, a peptic stricture 
or Barrett's oesophagus (see Chapter 15). The vast 
majority of sufferers of GORD have non-erosive re-
flux disease (NERD) and never develop either ero-
sive oesophagitis or Barrett's oesophagus.1

There are two main treatments for GORD. These 
are medical therapy with proton-pump inhibitors or 
surgical therapy based on either a total or partial 
fundoplication. Comparative studies suggest there 
is little to choose between the two therapeutic arms 
in either the control of symptoms or prevention of 
complications. This is well documented in the re-
sults of the multicentre LOTUS trial, comparing 
esomeprazole and laparoscopic antireflux surgery, 
with good control of symptoms and microscopic 
oesophagitis in over 85% of cases in both arms out 
to 5 years.2,3

In recent years there has been a significant in-
crease in the use of fundoplication based on the 
laparoscopic approach. This is claimed to be a 
one-off long-term treatment that removes the need 
for expensive long-term ingestion of proton-pump 

 inhibitors. However, it is recognised that with time 
the use of these drugs does increase in patients 
who have had a successful initial surgical outcome, 
reaching 25% at 10 years.4,5

In the USA, the number of antireflux operations 
increased by 260% between 1993 and 2000 but de-
creased by 40% between 2000 and 2006.6 Similar 
trends have been seen in Europe, particularly in 
Sweden. The reasons are unclear but may reflect 
disappointing long-term results for surgery, with a 
significant proportion of patients back on medical 
therapy as described above and recognition of the 
complications, which although rare can have a seri-
ous impact on a young, previously fit patient.

Gastro-oesophageal reflux results from failure of 
the lower oesophageal sphincter to either provide 
a mechanical barrier (volume/supine refluxers) or 
which relaxes inappropriately, usually secondary 
to gaseous distension of the gastric fundus (upright 
refluxers). These differences can have an effect on 
the outcome of antireflux surgery whereas defective 
oesophageal motility, other than undiagnosed acha-
lasia, does not.7,8

Complications of GORD
Complications arise from damage caused by the 
refluxate to the squamous mucosa of the oesopha-
gus. The contents of the refluxate may include any 
combination of acid and/or ‘bile’ (duodenogastric 
contents). Chronic exposure of the oesophageal 
mucosa to this fluid in patients with an intact 
stomach causes inflammation, can result in erosive 



www.ketabpezeshki.com          66485457-66963820

Chapter 14

270

 oesophagitis with ulceration and subsequent peptic 
stricture, and in some results in metaplastic change 
and the development of Barrett's oesophagus. It ap-
pears that acid alone is the principal factor in de-
termining the severity of oesophagitis, whereas in 
patients experiencing symptoms who are on long-
term proton-pump inhibitors weak acid or bile is 
implicated.9,10

Short oesophagus

A complication of chronic reflux that promotes 
much debate among upper gastrointestinal (GI) sur-
geons is the short oesophagus. This is claimed to be 
a complication of prolonged reflux damage and fi-
brosis, and is manifested by an inability to mobilise 
the oesophagogastric junction at surgery to allow 
2–3 cm of oesophagus below the hiatus. Whether 
this exists in reality is contentious. In this author's 
experience it is very rare, although it may have been 
more prevalent 30–40 years ago in the pre-antise-
cretory era. By opening the hiatus and fully mobilis-
ing the oesophagus, the oesophagus can always be 
brought down without tension.

Those who recognise the complication advocate 
a Collis gastroplasty to lengthen the oesophagus 
through either an open abdominal or laparoscopic 
approach. It may provide a better outcome in such 
patients when compared with fundoplication alone.11 
In this procedure a 40 F bougie is passed into the 
stomach and kept on the lesser curve. A neo-oesoph-
agus is created using a circular and linear cutting sta-
pler and a loose wrap performed using the mobilised 
stomach (Fig. 14.1). This has the potential to leave a 
tube of acid-secreting stomach above the wrap, with 
consequent complications of bleeding, ulceration and 
stenosis. It has been used in revisional surgery, where 
mobilisation of the gastro-oesophageal junction be-
low the diaphragm has proven difficult. In experi-
enced hands the results are reported to be good.12

Gastrointestinal haemorrhage

The treatment of erosive oesophagitis is medical with 
proton-pump inhibitors in the first instance, with 
 excellent healing rates, although double-dose treat-
ment may be required with maintenance therapy after 
healing has been achieved.13 To attribute gastrointes-
tinal haemorrhage to erosive oesophagitis is a matter 
of exclusion after full endoscopic examination as it is 
not a common cause of significant bleeding except in 
those with a tendency to bleeding, usually as a result 
of other medication they are taking.

In rare cases a true peptic ulcer can arise in an area 
of oesophagitis or Barrett's oesophagus. Such an 
ulcer can erode into blood vessels and bleed. This 
can be controlled endoscopically by injection of the 

ulcer base with adrenaline and application of clips 
or a heater probe. In rare cases where the bleed-
ing cannot be controlled, embolisation can help and 
possibly the use of a Sengstaken tube. Surgery will 
be difficult as it requires oversewing of the bleed-
ing vessel or possible resection through a left thora-
coabdominal approach. In all cases of ulceration the 
surrounding mucosa and ulcer margins should be 
biopsied to exclude Barrett's oesophagus, dysplasia 
and malignancy when the acute episode has passed.

Peptic oesophageal stricture

The incidence of symptomatic stricture is extremely 
low in the pantheon of reflux disease. The  management 
involves endoscopy and biopsy to exclude serious  
pathology followed by optimum acid inhibition with 
proton-pump inhibitors and H2-receptor antagonists 
and gentle dilatation with an endoscopic balloon 
(Fig. 14.2). The diameter is dependent on the size of the 
stricture but it is better to undertake sequential dilata-
tion starting with a 10-mm balloon rather than use 
too big a balloon and risk splitting the  oesophagus. 

Z line
Staples

Tubular stomach

Figure 14.1  • A Collis gastroplasty. Stapled lines shown 
with Z line above the wrap.
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The risk of perforation is of the order of 2–3%. This 
should be recognised at the time and treated conser-
vatively with nil by mouth, intravenous proton-pump 
inhibitors and antibiotics plus placement of a naso-
jejunal tube under screening for feeding. Success can 
be achieved in over 90% of cases with conservative 
management. If the perforation is not recognised and 
the patient develops sepsis then a more aggressive ap-
proach is required, including drainage and surgical re-
pair. Such patients are best referred to specialist centres 
with full intensive care and interventional radiological 
support.14,15 The use of self-expanding plastic stents in 
such perforations shows promise but can cause prob-
lems and is best avoided. Any stent used in this context 
must be removable.

Patients with symptomatic peptic strictures will of-
ten require repeat dilatation to maintain swallowing. 
In such cases injection of steroids can be beneficial 
and division of a tight band-type stricture with a laser 
can reduce the frequency of dilatation.16 The use of 
self-expanding plastic stents is controversial and in 
resistant strictures only removable stents (plastic) or 
the new biodegradable stents should be used.17 The 
patient with a stricture resistant to these treatments 
may require surgical resection. Such cases may be 
technically difficult as there has been transmural in-
flammation or perforation and an open approach is 
recommended. An algorithm is shown in Box 14.1.

Failed antireflux surgery
Failure may be due to persistence or recurrence of 
reflux symptoms, development of new symptoms or 
complications of the surgical procedure. The inci-
dence of complications17–19 is listed in Table 14.1. 

Complications and failures tend to occur soon after 
laparoscopic surgery and later after open surgery.

As described above, the success rate for fundopli-
cation in controlling symptoms is in the region of 
85% using accepted criteria for surgical success – 
volume reflux, failed medical treatment, etc.2–5 This 
implies that 15% fail and with time even success-
ful initial surgery results in 25% of patients subse-
quently requiring regular medication.

It is now recognised that the type of wrap (par-
tial or total) does not have a long-term effect on 
dysphagia, although total fundoplication may give 
better control of reflux symptoms whereas partial 
fundoplication has less dysphagia in the short term, 
although this difference disappears with time.20,21

Investigation of the failed 
antireflux operation

In all cases of failed surgery it is crucial to go 
through the history carefully and then fully investi-
gate the patient. The patient must then undergo full 
investigation, including endoscopy, barium swallow 
and meal, computerised tomography (CT) scan with 
contrast and repeat physiology tests when indicated.

Endoscopy
Endoscopy is important to exclude any new pa-
thology, especially when the original surgery was 
undertaken for Barrett's oesophagus. As antireflux 
surgery has not been shown to prevent progres-
sion of Barrett's, awareness of the risk of malignant 
change must be high. In addition, endoscopy will 
show if a wrap has become disrupted or slipped 
down on to the stomach with gastric mucosa above 
the wrap. It is not reliable in demonstrating the  
position of the wrap in relation to the diaphragm or 
whether a stricture is at the hiatus or wrap.

Barium studies
Barium studies provide important information 
about both anatomy and function. A swallow can 

Figure 14.2  • Endoscopic balloon dilatation of peptic 
stricture.

1. Repeat graded dilatation
2. Injection of steroid (laser short stricture – Schatski ring)
3. Removable or biodegradable stent
4. Resect

Box 14.1  •  Algorithm for the management of recalcitrant 
peptic oesophageal strictures

Pneumothorax  2%
Paraoesophageal 
hernia

 7%

Dysphagia – Slipped 
wrap, tight wrap, 
tight hiatus

early
late

34%
6%

Perforated 
oesophagus

 1%

Bloating/diarrhoea  30%

Table 14.1  • Complications of antireflux surgery
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demonstrate the pattern of obstruction and its re-
lation to the diaphragm. It can also demonstrate 
the integrity of a wrap and slippage into the chest 
(Figs 14.3 and 14.4), which is not infrequently asso-
ciated with volvulus (Fig. 14.5). It is also important 
to look at the gastric component of the study to vi-
sualise gastric emptying and pyloric function.

Computerised tomography
CT scanning with contrast should be undertaken in 
all cases where malignancy is suspected with endo-
luminal ultrasound scan if there is doubt. It is also 
invaluable where there is a large intrathoracic stom-
ach to display the anatomy, especially if the repair 
is to be undertaken using the transabdominal ap-
proach (Fig. 14.6). CT is almost invariably contribu-
tory in difficult revisional cases.

Oesophageal physiology tests
Repeat oesophageal physiology and in particular 
oesophageal impedance can be very revealing in 
failed surgery, especially if it was not undertaken 
prior to original surgery. The missed diagnosis of 
achalasia will invariably result in dysphagia, as will 
scleroderma where the oesophagus is amotile. There 
is no evidence, however, that normal but low-ampli-
tude motility affects outcome, and high-amplitude 
waves may be associated with a tight wrap.8

The results of 24-hour pH monitoring post- 
fundoplication are very interesting.22 The usual pat-
tern is that there is no measurable reflux in spite of 
symptoms that seem classical of reflux. This relates 
to the observation that many patients undergoing 
revisional surgery for recurrent symptoms have 
a wrap that is in good position and is intact. The 
cause of the symptoms is therefore unclear and cau-
tion must be expressed on the successful outcome 
of re-operation. When the pH studies are positive 
and there is good symptom correlation and posi-
tive DeMeester score, this will usually be associated 
with wrap disruption and a better outcome can be 
expected with revision.

Figure 14.3  • Barium study of a slipped wrap.

Figure 14.4  • Barium study of dysphagia due to a 
tight wrap.

Figure 14.5  • Barium study of gastric volvulus with  
large hiatal hernia.

Figure 14.6  • CT scan of gastric volvulus.
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Management of failure after 
antireflux surgery

Failure will be discussed on the basis of the clini-
cal problem that arises from ‘failure’. It should be 
recognised that some patients will actually have a 
persistence of symptoms that they had prior to sur-
gery and that these symptoms were not actually re-
lated to their identified reflux. The importance of a 
careful history that takes into account the patient's 
preoperative history, the symptoms with which they 
have re-presented and the time course of develop-
ment of these symptoms cannot be overemphasised.

Recurrence of reflux symptoms
Recurrence of symptoms as described earlier is 
more common than generally recognised and a sig-
nificant proportion of patients (25%) are back on 
medication post-surgery, although their symptoms 
are better controlled. It is wise to repeat the physiol-
ogy studies in such patients to identify those who 
have true reflux, especially if considering revisional 
surgery.23

The reasons for this recurrence of symptoms in-
clude wrap disruption, wrap slippage and migra-
tion into the chest. The latter is more frequent 
when at the first operation there was a large hiatal 
defect, which was not closed properly with sutures, 
and if the sac was not excised from the chest or 
the repair was associated with tension (Fig. 14.7). 
Closure of a large hiatus with removal of the sac 
can be difficult, especially when undertaken lapa-
roscopically, and if problems arise this should 
lead to conversion to open surgery. An alterna-
tive is to close the hiatus with a mesh, preferably 
from behind the oesophagus. Good results have 
been reported using this technique but caution is 
needed as the mesh can erode the oesophagus and 
cause dense strictures at the hiatus.23,24 Removal 
will invariably require open surgery, usually via a 
thoracoabdominal incision with an oesophagogas-
trectomy. The use of man-made products to cover 
the hiatus adjacent to the oesophagus should be 
avoided if at all possible.

Failure of the symptoms to improve after surgery 
questions the original diagnosis and may be associ-
ated with a sensitive oesophagus. It can be related 
to a ‘bad’ operation when the wrong part of the 
stomach is brought up (Fig. 14.8). This can produce 
the equivalent of a gastric band as used in bariatric 
surgery. Such patients often experience significant 
weight loss in the postoperative period and require 
revisional surgery.

Persistence of preoperative symptoms
Persistence of symptoms suggests that the original di-
agnosis was at fault. Review of preoperative 24-hour 
pH and oesophageal manometry together with a re-
peat study may reveal underlying motility disorders 
such as achalasia, lack of symptom correlation and 
low DeMeester scores. Such patients tend to be upright 
refluxers or if the original studies were negative may 
represent ‘functional heartburn’.25 Taking down the 
wrap in the absence of dysphagia is unlikely to benefit 
the patient and is only a last resort. Other causes of 
pain must be sought and 24-hour pH study on and off 
full-dose medical treatment can be revealing.

Dysphagia
Dysphagia tends to occur early following laparo-
scopic surgery and late following open surgery. It 
can be an immediate complication in the first 24 
hours and, if total, requires immediate return to 
theatre as the wrap may have slipped or twisted. 
Redoing the wrap or converting to a partial wrap 
will lead to resolution.

Dysphagia persisting beyond 2 months may be 
due to a pre-existing motility disorder, an over-tight 
wrap, scarring in the hiatus or over-tight repair of 
the hiatus. If in doubt, especially in cases where flu-
ids only can be taken, early barium studies can be 
very helpful,26 revealing migrated or slipped wraps 
or strictures at the hiatus (Figs 14.3 and 14.4). If 
the stenosis is thought to be due to stricturing of 

Figure 14.7  • Laparoscopic view of wrap migrated into 
the chest.

Gastric pouch

Low wrap
greater curve

Figure 14.8  • Diagram of a ‘bad wrap’ where the  
greater curve is used rather than fundus.
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the hiatus then care should be taken with dilatation 
as the oesophageal wall can be compressed against 
a hard fibrous band and the result is invariably 
poor (Fig. 14.9). The solution to this is re-operation 
and incision of the fibrous hiatal ring to release the 
oesophagus. It is important to visualise and avoid 
injury to the inferior phrenic vein when undertak-
ing this procedure. This procedure can be achieved 
laparoscopically in most cases.

When dysphagia arises after a period of normal 
swallowing this may be due to wrap slippage or mi-
gration but may indicate the development of ma-
lignancy, especially if the operation was performed 
for Barrett's oesophagus. The first investigation is 
endoscopy (Fig. 14.10), biopsy of any suspicious le-
sion and balloon dilatation of the wrap up to 20 mm 
with an endoscopic balloon dilatator. Barium stud-
ies and CT are also indicated as wrap migration 
into the chest may not be obvious on endoscopy 
(Fig. 14.11).

The incidence of dysphagia is initially less when a 
partial wrap is performed, in contrast to a full 360° 
Nissen fundoplication. The use of a partial fundo-
plication is increasing, with no apparent reduction 
in efficacy in the control of reflux.20,21 Certainly, in 

patients with pre-existing motility disorders such as 
scleroderma, or as part of surgery for achalasia, a par-
tial wrap should be undertaken or dysphagia is likely.

Other symptoms
Gas bloat and change in bowel habit often indicate 
a functional gastrointestinal disorder that has either 
been exacerbated by the surgery or has arisen de 
novo. In some series the incidence of these compli-
cations can be as high as 60%, with half arising de 
novo. Such patients tend to be air swallowers and 
 re-operation should be avoided at all costs and 
medical management undertaken. A not infrequent 
complication of surgery at the gastro-oesophageal 
junction is damage to the vagus nerve, especially the 
anterior vagus, which may influence gastric empty-
ing. In such cases, poor emptying will precipitate 
GORD and will resolve with pyloric dilatation. 
Functional solid and liquid emptying studies will 
confirm this and should be undertaken if formal 
surgery on the stomach is considered. Trial of dil-
atation of the pylorus with a 20-mm balloon can 
be very instructive. Surgery in such cases would in-
volve an antrectomy and Roux-en-Y anastomosis.

Revisional surgery following  
failed antireflux surgery

Before embarking on revisional surgery it is crucial 
to gather all the above information and have de-
tailed consultations with the patient on what can 
be expected to be achieved. There are situations 
such as a tight hiatus, bad wrap or slippage into 
the chest (whether the whole stomach as a volvulus 
or a rolling component) in which there is either a 
significant risk of complications or a good chance of 
a successful outcome where surgery can be recom-
mended. This includes missed motility disorders in 
which conversion to a partial wrap and myotomy, if 
appropriate, can improve symptoms.

Figure 14.9  • Balloon dilatation of a tight hiatal ring 
demonstrating the resistant short stricture characteristic 
of this complication.

Figure 14.10  • Retroflection and view of partial 
fundoplication on endoscopy.

Figure 14.11  • Wrap migration into the chest.
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Care should be taken in recommending re-opera-
tion in patients with persistent or recurrent symp-
toms in whom the investigations reveal an intact 
wrap in a good position and normal physiological 
studies. However, if re-operation is undertaken for 
the correct reasons then the outcome is generally 
good, although the outcome is worse if re-operation 
is for dysphagia.12,27

This should not be undertaken by an occasional 
surgeon or by one who is unfamiliar with enter-
ing the chest. The most frequently used procedure 
is revision of the fundoplication, either redoing a 
360° wrap or converting it to a partial wrap, to-
gether with appropriate hiatal repair (Figs 14.12 
and 14.13). This can be undertaken laparoscopi-
cally,  especially if the previous procedure was lapa-
roscopic, but should be converted to open surgery if 
any difficulty is encountered.

The principles are to take the whole wrap down and 
return the anatomy to normal prior to undertaking 
a re-fundoplication. This enables good visualisation 
of the crura and hiatus, and must be associated with 
mobilisation of the oesophagus while preserving the 

vagi. Great care must be undertaken to avoid open-
ing the oesophagus and  stomach, and placement of a 
small-diameter endoscope into the stomach enables 
accurate identification of the structures and also en-
ables leak testing to identify small defects. A guide 
to the wrap is the previous sutures and lifting these 
with forceps will often reveal the wrap.

The author's preferred approach is an open opera-
tion through a bilateral subcostal incision using an 
Omnitract retractor. If there are dense adhesions the 
oesophagus can be approached over the top of the 
left lobe of the liver, which can then be mobilised.

This approach makes reduction of a stomach that 
has slipped into the chest easier. The sac can be re-
duced by blunt dissection from the front of the hia-
tus, dividing the peritoneum with a diathermy point 
and extending this to the right and left, thus exposing 
the crura. The sac should be fully excised (Fig 14.14).

Posterior repair of the hiatus can be achieved by 
placing non-absorbable sutures in the left crus and 
bringing them behind the oesophagus to place in 
the right crus. Usually, three well-placed sutures are 
enough to close the hiatus without tension. This in-
variably enables avoidance of the use of mesh. Full 
mobilisation of the fundus and short gastric vessels 
enables a loose 360° or 270° wrap to be performed. 
On completion of the wrap, it is sutured to the 
right crus with two or three non-absorbable sutures 
(Fig. 14.13).

In cases associated with gastric volvulus, the author 
adds a tube gastrostomy on the greater curve to fix 
the stomach in three places – gastrostomy, hiatus and 
duodenum. This avoids any need for a nasogastric 

Figure 14.12  • Revision with 360° wrap.

Figure 14.13  • Revision with 270° wrap. Sutures between 
wrap and right crus are clearly visualised.

Crura

Reducing
sac

Incision
peritoneum

Figure 14.14  • Dissection of sac and exposure of crura 
in revision of large hiatal defect.
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tube and by leaving it in place for 3 weeks fixes the 
stomach and prevents any recurrence.

It is reasonable to have one attempt at repairing 
and revising a wrap. Further operations may well 
result in a devitalised gastro-oesophageal zone ne-
cessitating oesophagogastric resection via a left 
thoracoabdominal approach with a 25-mm stapled 
anastomosis at the aortic arch.28 The gastric tube is 
based on the right gastroepiploic artery and should 
be no more than 3 cm wide. Unless there is previous 
peptic ulceration, a pyloroplasty is not needed and 
the addition of a wrap at the anastomosis does not 
protect from reflux. If the stomach is not suitable 
then a short-segment colonic interposition is an al-
ternative approach. The functional result of such a 
procedure will never be ‘normal’.

In cases with a failed second operation, further 
surgery should only be undertaken if there are ma-
jor nutritional or quality-of-life issues and a second 
specialist opinion should be sought. In such cases 
the options will rest between a subtotal gastrectomy 
and Roux-en-Y anastomosis if the problem is reflux 
and resection if a there is a persistent stricture that 
is leading to inability to eat.

Complex revisional surgery
Such patients fall into three distinct categories: 
those with oesophageal occlusion; those with a cer-
vical oesophagostomy and gastrostomy following 
salvage surgery for failed resection for cancer or 
Boerhaave's syndrome; and the late complications 
following previous surgery for oesophageal atresia. 
These cases must be managed in specialist units with 
full access to advanced imaging, thoracic, microvas-
cular and upper GI surgeons, and full ITU back-up.

Oesophageal occlusion usually results from in-
gestion of caustic fluids with either complete oc-
clusion of the oesophagus from the pharynx or a 
long tight complex stricture.29 Rare causes include 
epidermolysis bullosa.30 In such cases the pharynx 
is also involved with inflammation and fibrosis and 
patients are unable to swallow their own saliva and 
have permanent gastrostomy feeding. A colonic in-
terposition between the pharynx and stomach or a 
jejunal loop can in many cases restore swallowing, 
although pharyngeal fibrosis inhibits the initiation 
of swallowing. If the stricture is high with a rela-
tively normal oesophagus below, then a pharyngo-
plasty can help.

It is now recognised that in cases of failed oesoph-
ageal resection with tube necrosis of major anas-
tomotic breakdown, resection of the conduit with 
cervical oesophagostomy and stapling off the distal 
end can be life saving. Similar oesophageal resec-
tion or exclusion can have benefits in Boerhaave's 

syndrome with oesophageal necrosis and medias-
tinitis.31 Such patients require reconstruction to 
restore continuity when they have recovered. This 
can usually be achieved by the use of either a co-
lonic interposition or a long ‘supercharged’ jejunal 
Roux-en-Y loop.32,33

If possible, the author prefers the colon in the first 
instance, using the transverse and descending colon 
based on the ascending branch of the left colic ar-
tery. An angiogram CT scan should be performed 
prior to surgery to ensure a good anastomosis at the 
splenic flexure. The colon can be brought up either 
substernally or subcutaneously in unfit patients. A 
sternal split is preferred together with clearing of the 
anterior mediastinum of fat and thymus, and mo-
bilising the left brachiocephalic vein. This removes 
any compression on the conduit at the thoracic in-
let, which is the major reason for failure. If a ‘blind’ 
retrosternal tunnel is used then the manubrium and 
sternoclavicular joint must be removed or compres-
sion and venous infarction will result. The author 
prefers not to use the right colon as it is more bulky 
and more difficult to straighten out at the hepatic 
flexure. A short length of terminal ileum should be 
used to anastomose to the oesophagus if the right 
colon has to be used.

In cases where the colon is unavailable, a super-
charged jejunal loop can be used. In order to reach the 
neck, the proximal part of the loop will be ischaemic 
and requires ‘supercharging’ by a microvascular anas-
tomosis between a mesenteric artery and usually the 
left internal mammary artery and a venous anastomo-
sis to any suitable vein (Figs 14.15 and 14.16).

In a series of 25 consecutive patients (seven su-
percharged jejunum and 18 colonic interpositions), 
75% are able to maintain oral nutrition and 20% 
require nocturnal jejunostomy nutritional supple-
mentation. Mortality was 4% but morbidity was 
57%, emphasising the need to centralise such cases.

Figure 14.15  • A long supercharged Roux loop showing 
the long mesentery and dusky appearance at the top end.
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There are now an increasing number of patients 
in their thirties who had successful surgery for 
 oesophageal atresia in infancy. This was invariably a 
colonic interposition via the left chest with multiple 
neck and thoracic operations. In such cases presenting 
with difficulty in swallowing, it is crucial to investigate 
thoroughly prior to considering any reconstruction 
to determine accurately the site of obstruction. This 
can be at the root of the neck, which bulges on swal-
lowing, in redundant colonic loops in the chest, or at 
the level of the diaphragm where a fibrotic stricture 
causes a mechanical obstruction and proximal dilata-
tion. Investigation includes endoscopy, barium studies 
and contrast-enhanced CT scanning (Fig. 14.17).

The most common causes for difficulty in swal-
lowing are redundant colonic loops and strictures at 

the diaphragm.33,34,35 A long left thoracoabdominal 
approach gives the best access, and it is crucial to 
identify the vascular pedicle at an early stage and 
preserve it at all costs. The diaphragm is split to the 
hiatus, the cologastric anastomosis taken down, 
redundant colon excised with a harmonic scalpel 
keeping to the bowel wall, preserving the vascular 
arcade and re-anastomosis of the colon to stomach. 
The diaphragm is closed without any compression 
at the new pseudo-hiatus. Such patients will require 
jejunostomy feeding for some time.

If the problem occurs in the neck, excision of the 
manubrium and left costoclavicular joint and pexy 
of the redundant colon may help. The colon can be 
resected in the left chest with primary anastomo-
sis, again taking extra care to preserve the vascular 
arcade.

It cannot be overstressed that a conservative ap-
proach is best as such patients have a life expec-
tancy of many decades, and a realistic discussion 
regarding outcome should take place at the first 
consultation. Taking such an approach can lead to 
good results and quality of life.

Summary
Gastro-oesophageal reflux disease is a common 
condition, which in the majority of cases can be 
managed by appropriate antisecretory medication. 
In a small proportion significant complications 
such as erosive disease, stricture and Barrett's oe-
sophagus occur. They can usually be managed with 
medical or endoscopic treatment, but in resistant 
cases of stricture a graded approach of increasing 
proton-pump inhibitors, repeat dilatation, steroid 
injection and surgery may be required. Stents are 
best avoided.

A cautious approach to surgery for reflux should 
be employed, especially in patients whose symptoms 
are well controlled on medication, as success of only 
85% can be expected with surgery. Surgery does, 
however, offer good results in patients in whom 
medical treatment fails to control symptoms or in 
whom there is a significant volume reflux problem.

In cases of failed surgery, a thorough reinves-
tigation of the patient is mandatory before con-
sidering revision. Revisional surgery should 
be undertaken by surgeons who are expert in 
the field and involves returning the anatomy to 
normal prior to repeating  either partial or total 
 fundoplication with proper crural repair. Failure 
of such surgery may lead to the need for resection, 
with all that entails.

In cases of complex revisional and reconstruc-
tive surgery, early referral to a specialist multidisci-
plinary team is mandatory.

Figure 14.16  • The same loop following microvascular 
anastomosis in the neck and the well-vascularised bowel.

Figure 14.17  • A contrast swallow demonstrating 
redundant colonic loops in the left chest.
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Key points
• Both antisecretory medication and fundoplication are effective treatments of gastro-oesophageal 

reflux disease.
• Complications (severe erosive oesophagitis and peptic stricture) are rare and can usually be 

managed by optimising medical therapy and endoscopic therapy with dilatation, and in severe 
cases removable or absorbable stents.

• Laparoscopic fundoplication is an effective operation for GORD but has a failure rate of 15%, with 
up to 25% taking medication with time.

• All cases of failed surgery should be thoroughly investigated before any revisional surgery is 
contemplated.

• Revisional surgery should be avoided in patients who have persistent or recurrent symptoms with 
normal physiology and intact wrap.

• Patients who benefit most from revisional surgery are those with recurrent symptoms and 
abnormal physiology due to a disrupted wrap. Results are less satisfactory if the reason for 
revision is dysphagia.

• Revisional surgery should involve taking the original procedure down completely before undertaking 
a new loose fundoplication and hiatal repair with the wrap tension free below the hiatus.

• Although revisional surgery is possible laparoscopically in many cases, any surgeon undertaking 
such procedures must be able to convert to open operation, enter the chest and be able to resect 
if necessary.

• Specialist management is mandatory in patients with oesophageal occlusion or following failed 
resection, or who are having complications following previous surgery for atresia. Such patients 
require complex and often repeated surgery.
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Barrett's oesophagus

Definition
Barrett's oesophagus is a change in any portion of 
the normal squamous oesophageal epithelium to 
a metaplastic columnar epithelium that is visible 
endoscopically and can be confirmed or corrobo-
rated histologically.1,2 There are three histologically 
distinct types of columnar metaplasia: intestinal 
(IM), cardiac (CM) and fundic. In the USA, unlike 
the UK and Japan, the diagnosis of Barrett's oe-
sophagus requires the identification of intestinali-
sation characterised by the presence of goblet cells. 
However, the UK definition considers that Barrett's 
oesophagus is analogous to a ‘columnar lined oe-
sophagus’ and does not require identification of 
goblet cells due to fears that sampling bias could 
lead to under-diagnosis and potentially exclude pa-
tients from surveillance programmes. It has been 
reported that a minimum of eight biopsies are re-
quired to confidently exclude intestinal  metaplasia –  
if only four biopsies are taken the diagnostic yield 
is only 35%.3

Occasionally, biopsies will be histologically diag-
nostic for Barrett's oesophagus in that they contain 
a native oesophageal gland or, more usually, a duct 
from these glands in close juxtaposition to meta-
plastic mucosa. However, the superficial nature of 
most biopsies makes this unusual. More typically, 
columnar epithelium is endoscopically recognisa-
ble but must be correlated with the location from 
which the biopsy is taken, as intestinal-type mucosa 
may also be found at the gastric cardia and fun-
dus. Histologically, these biopsies can only be said 

to be corroborative of an endoscopic diagnosis of 
Barrett's oesophagus. Thus Barrett's oesophagus is 
a clinicopathological diagnosis.

Epidemiology
The exact population prevalence of Barrett's oe-
sophagus is unclear. Data described in post-mortem 
and endoscopic series range from 0.9% to 5.6% de-
pending on the precise definition used and the type 
of study.4–7 It is likely that the true prevalence in 
the West is around 2%. When extrapolated to the 
UK and US populations, conservative estimates of 
prevalence are 1 million and 4 million affected in-
dividuals, respectively.8 There is also some evidence 
that the incidence of Barrett's oesophagus in the 
West is increasing by up to 2% per year.5,9–11 Data 
from the Netherlands demonstrated an increase in 
the number of cases of Barrett's oesophagus de-
spite a decrease in the number of endoscopies being 
performed over the same period, suggesting a true  
increase in incidence.11

The incidence of Barrett's oesophagus increases 
with age, the mean age at diagnosis being approxi-
mately 62 years for men and 68 years for women. 

 A population-based study recruited a 
representative sample of 1000 people from two 
communities in northern Sweden to undergo upper 
endoscopy and confirmed the presence of intestinal 
metaplasia in 1.6% of the population studied.9
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It predominantly affects Caucasians12 and is more 
common in men than women, with a ratio of  
approximately 1.7:1.13

The risk of developing Barrett's is related to in-
creased frequency and duration of reflux symptoms.14 
This appears to correlate with the well-known asso-
ciation between increased frequency, duration and 
severity of reflux symptoms, and increased risk of 
adenocarcinoma of the oesophagus. The incidence 
of Barrett's oesophagus in patients with symptom-
atic gastro-oesophageal reflux disease (GORD) is 
between 5% and 12%.9,15 Evidence from one case 
series suggests that more than 60% of patients with  
Barrett's oesophagus develop the condition second-
ary to chronic GORD, although other causes of oe-
sophagitis, including non-steroidal anti-inflammatory 
drugs (NSAIDs), chemotherapy and viral infections 
are also associated with the disease. It does raise an 
intriguing possibility that a smaller proportion of 
patients can develop Barrett's de novo in the absence 
of obvious symptomatic or perhaps even pathologi-
cal reflux. Therefore, other factors that may catalyse 
changes at the oesophagogastric junction (OGJ) are 
obesity and cigarette smoking,which have been iden-
tified as risk factors for both Barrett's oesophagus 
and progression to malignancy.16

A Swedish case–control study demonstrated that 
patients with recurrent reflux symptoms, when 
compared with asymptomatic patients, had an odds  
ratio of 7.7 for oesophageal adenocarcinoma and 
2.0 for adenocarcinoma of the gastric cardia. 
Patients with severe long-standing symptoms had 
an odds ratio of 43.5 and 4.4 for oesophageal and 
cardia adenocarcinoma, respectively.17

Endoscopic assessment
Barrett's oesophagus has a classical appearance at 
oesophagogastroduodenoscopy (OGD). There is 
proximal displacement of the squamocolumnar 
junction, which in normal circumstances lies at the 
proximal limit of the linear gastric mucosal folds. 
‘Salmon pink’ columnar mucosa is seen in the distal 
oesophagus arising from the OGJ, often with charac-
teristic tongue extensions and/or columnar islands.

Proximal extension above the OGJ should be mea-
sured and documented, taking care to accurately 
identify any sliding hiatus hernia that may confuse 
this measurement. It is crucial that biopsies originate 
from the oesophagus to prevent misclassification of 
cardiac intestinal metaplasia as Barrett's oesophagus.

It is crucial to make a thorough and systematic 
inspection of the mucosa in order to identify any 
macroscopic neoplastic disease. Water or 1% acetyl-
cysteine should be used to remove blood, saliva and 
refluxate from the oesophagus, and sufficient insuf-
flation should be ensured to clearly visualise any mu-
cosal abnormalities. Particular care must be taken to 
identify the OGJ in patients with a hiatus hernia as it 
is easy to miss the distal extent of a Barrett's segment 
in these patients. Clinicians should be aware that at 
endoscopic inspection most areas of early neoplasia 
and cancer are detected in an area around the 2 to 4 
o'clock position in the endoscopist's view.19

This rigorous biopsy protocol, which is often poorly 
adhered to outside of specialist centres, samples less 
than 5% of the mucosa and may miss up to 57% 
of dysplasia.20,21 Advanced endoscopic imaging tech-
niques may allow targeted biopsies from high-risk 
areas, improving diagnostic yield (Table 15.1).22–26  
Potentially, these imaging tools may also facilitate 
targeted endoscopic resection of high-grade dysplasia 
(HGD) and intramucosal cancer.

Pathophysiology of Barrett's 
oesophagus and progression 
to adenocarcinoma
It is currently believed that Barrett's metaplasia de-
velops as a mucosal ‘adaptive’ response to increased 
cell loss as a result of chronic inflammation, second-
ary to GORD. Oesophageal squamous epithelium 
is highly sensitive to acid, alkaline and biliary re-
flux, which all cause inflammation, with cell loss, 
necrosis and ulceration. There is strong evidence 

 The ‘Prague C and M criteria’, defined by 
an International Working Group on Barrett's 
oesophagus, offers a validated method of disease 
classification based on endoscopic appearance.18 

The extent of circumferential involvement (C value) 
in centimetres from the OGJ should be recorded, as 
should the maximum length (M value) of the Barrett's 
segment, including tongue extensions but excluding 
isolated ‘islands’. These criteria have been shown 
to have a high degree of reliability between different 
endoscopists. The use of the terms long-segment 
Barrett's (>3 cm) and short-segment Barrett's (<3 cm) 
should now be discouraged.

 Despite meticulous inspection during white light 
video endoscopy, recognition of dysplasia and 
intramucosal cancer is difficult and subjective, even 
for experienced endoscopists. Guidelines therefore 
recommend that quadrantic biopsies are taken 
every 2 cm of Barrett's oesophagus in addition to 
further biopsies from any areas of visible mucosal 
abnormality.1 Currently, the use of jumbo biopsy 
forceps is not recommended routinely.
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that the site of origin of Barrett's metaplasia is a 
progenitor stem cell located in the submucosal oe-
sophageal gland ducts, following demonstration 
that a p16 point mutation originating in microdis-
sected squamous duct tissue was also present in 
adjoining metaplastic crypts.27 Duodenal and gas-
tric reflux-induced ulceration and inflammation is 
believed to induce tumour suppressor gene muta-
tions, typically p53 and p16, in some of the stem 
cell populations located in oesophageal gland squa-
mous ducts, which are present throughout the entire 
length of the oesophagus. Following this initiation 
phase, multiple distinct clones of metaplastic tis-
sue compete to colonise the oesophagus, creating a 
mosaic pattern of clones across the segment. Clonal 
expansion of populations with greater selective ad-
vantage, such as ability to survive in a markedly 
acid- or bile-rich environment, leads to dominant 
and widespread clones. Once initiated, the pro-
motion and propagation of metaplastic clones is 

dependent on the surrounding microenvironment, 
particularly the presence of a chronic inflammatory 
cell infiltrate, characterised by T lymphocytes, and 
cytokines such as interleukin-1, tumour necrosis 
factor-α and transforming growth factor-β. These 
lead to an increase in cyclo-oxygenase-2, c-myc and 
cyclin D1, which increase proliferation and decrease 
apoptosis, and a reduction in E-cadherin, with re-
sultant loss of cell adhesion and localisation of  
β-catenin to the nucleus.28 These molecular changes 
underlie the progression of Barrett's oesophagus to 
cancer via the metaplasia–dysplasia–adenocarcinoma 
sequence (see Fig. 15.1).

The presence of dysplasia is regarded as the best 
marker for malignant transformation in the epithe-
lium. Dysplasia is classified histologically: HGD is di-
agnosed when there are distinct cytological changes, 
particularly nuclear pleomorphism and loss of crypt 
architecture. Low-grade dysplasia (LGD) is more dif-
ficult to classify; there is loss of cellular  differentiation 

Imaging modality Concept Reference

White light endoscopy
High-resolution magnification 
endoscopy (HRME)

Greater magnification and resolution than normal 
endoscopy allowing more detailed visualisation  
of the mucosa

May et al. (2004)137

Chromoendoscopy Topical application of dyes improves visualisation 
of mucosal surfaces. Examples: methylene blue – 
absorbed with different patterns into different types 
of mucosa; indigo carmine – accumulates in mucosal 
fissures accentuating surface topography

Canto et al. (2006)138

Optical endoscopy
Autofluorescence imaging (AFI) Short-wavelength light causes excitation of 

endogenous biological tissues with subsequent  
release of longer wavelength fluorescent light

Kara et al. (2005)139

Narrow-band imaging (NBI) Narrow-bandwidth green and blue light (with  
exclusion of red light) only superficially penetrates 
mucosa, improving visualisation of mucosal 
microvasculature and surface morphology

Curvers et al. (2008)25

Confocal microscopy (CM) Real-time magnification of the mucosa up to 1000-
fold enables visualisation of cellular structures

Dunbar and Canto (2010)22

Elastic scattering spectroscopy 
(ESS)

Elastic scattering of white light generates real-time 
morphological information about the size and shape  
of the cell nuclei and the degree of cellular crowding 
in the mucosa and submucosa

Qiu et al. (2010)23

Trimodal imaging Incorporates HRME, AFI and NBI in a single  
endoscope with ability to switch between modalities 
during procedure

Curvers et al. (2010, 2011)140,141

Molecular imaging Fluorescently tagged molecular probes bind  
selectively to metaplastic or dysplastic cells

Bird-Lieberman et al. (2012)142

Table 15.1  •  Advanced endoscopic imaging modalities being investigated for use in Barrett's oesophagus surveillance 
programmes and for facilitation of targeted endoscopic resection
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and loss of goblet cells but with milder changes than 
those seen in HGD. Intramucosal cancer is said to 
have occurred when there is invasion through the 
basement membrane into the lamina propria. The 
term carcinoma in situ has been abandoned.

Although traditionally thought of as an acquired 
condition, genetic factors may play a part in a small 
proportion of patients with Barrett's metaplasia, as 
family and twin studies suggest a subgroup of indi-
viduals with a strong familial tendency to Barrett's 
oesophagus.29,30 A family in the UK has been iden-
tified with a male index case with oesophageal 
adenocarcinoma, three brothers with Barrett's-
associated cancer or HGD, and six children with 
Barrett's oesophagus.31 Linkage studies are being 
undertaken in order to further our understanding 
of this genetic inheritance. However, there are data 
to suggest Barrett's is a polygenic disease with mul-
tiple contributing genes acting together.

Several studies have used a candidate gene ap-
proach to attempt to identify genetic variants in in-
flammatory and DNA repair pathways that could 
account for host susceptibility. Furthermore, results 
from ongoing genome-wide association studies of 
Barrett's oesophagus and oesophageal adenocarci-
noma will direct further study towards particular 
loci of interest in the future.

Risk of cancer and mortality 
in Barrett's oesophagus
Barrett's oesophagus is accepted as a  significant 
risk factor for adenocarcinoma of the  oesophagus,  
although the risk of progression to  adenocarcinoma 

and the risk of disease-specific mortality is low.  
A large number of studies have estimated the risk of 
adenocarcinoma arising from Barrett's oesophagus, 
with very variable results.32–42 Former studies in-
cluded small numbers of patients and were likely 
subject to publication bias, with results only being 
published if they showed a high incidence of can-
cer, leading to an overestimate of risk.43 Recently, 
two large population-based cohort studies have 
reported much lower annual rates of progres-
sion to adenocarcinoma (0.12–0.13% per year) 
than in former series (Table 15.2). It should be 
noted that these figures exclude  carcinomas of 
the gastric cardia and also do not reflect pro-
gression to HGD. In addition, the two studies 
used different approaches to select patients with 
Barrett's oesophagus. The study by Hvid-Jensen 
et al.33 identified patients with intestinal meta-
plasia (IM) from the Danish National Pathology 
Registry without corroboration with endoscopic 
findings. Therefore, potentially, patients may 
have been included who had a diagnosis of car-
diac IM rather than true Barrett's oesophagus, 
producing an incorrect denominator and leading 
to a slight underestimate of the risk of disease 
progression. Bhat et al.32 included patients with 
columnar-lined oesophagus (CLO) at endoscopy 
(although the validated Prague system was not 
used), which was corroborated histologically, and 
demonstrated an increased risk of progression in 
patients who had IM confirmed histologically at 
index endoscopy, compared to those with CLO 
without IM. This finding is in keeping with previ-
ous studies demonstrating a higher risk of disease 
progression in patients with confirmed IM.1,44,45

↑ Bile-acid reflux   ? also nitrates

Oesophagitis

p53 mutations

AneuploidyCdx/TGF-β

p16 LOH/mutations
p53 mutations

APC LOH/methylation

Multiple aneuploidy
RERs

Metaplasia Dysplasia Carcinoma

↑ Cytokines and growth factors   ? also gastrin

Cell cycle
G1-S and G2↑ and apoptosis ↓

Cell interactions
Adhesion ↓ (↓E-cadherin.↑P-cadherin)

nuclear catenins ↑

Figure 15.1  • The metaplasia–dysplasia–adenocarcinoma sequence. There are histological stages of progression 
(shaded rectangles representing the clonal expansion of competing stem cells). In addition there are structural genetic 
changes in the form of mutations (vertical arrows) and environmental changes (white rectangles) driving cell cycle and 
cell adhesion biological sequelae. APC, adenomatous polyposis coli gene; Cdx, CauDal protein gene; LOH, loss of 
heterozygosity; RERs, random errors of replication; TGF-β, transforming growth factor-β. Adapted from Jankowski J, 
Harrison RF, Perry I et al. Barrett's metaplasia. Lancet 2000; 356:2079–85. With permission from Elsevier.
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Previous studies have, however, suggested a 
 significant geographical variation in the incidence 
of carcinoma arising in Barrett's oesophagus in 
Western countries, with incidence rates in the 
UK almost double those in the USA.46 It is also 
worth noting that the population demographic 
in Denmark differs somewhat from the USA and 
UK, where rates of obesity are significantly higher 
and where a greater proportion of men, who are 
at higher risk of malignant progression, develop 
Barrett's oesophagus.

A recent meta-analysis reported a pooled estimate 
of the annual risk of cancer progression in non-
dysplastic Barrett's of 0.39% per year. Importantly, 
only eight of 47 studies that met all three quality 
criteria were included in this analysis; inclusion of 
the remaining studies significantly increased this fig-
ure.35 The risk in the UK following a meta-analysis 
is indicated as closer to 1%, higher than is reported 
in the USA.46

Natural history of dysplasia  
in Barrett's oesophagus
When considering the natural history of dysplasia 
in Barrett's oesophagus we must remember that 
in addition to potential problems with length of 
follow-up and sampling error at endoscopy, there 
is considerable inter- and intra-observer variation 
among experienced pathologists in the histologi-
cal diagnosis of dysplasia. While pathologists can 
demonstrate acceptable levels of agreement in dis-
tinguishing HGD combined with carcinoma from 
no dysplasia combined with indefinite and low-
grade dysplasia (kappa values of 0.8), there are 
much poorer levels of agreement in distinguishing 
between the four groups: indefinite for dysplasia, 
LGD, HGD and carcinoma (intra-observer kappa 
values of 0.43–0.64).48 Pathologists find it particu-
larly difficult to separate inflammation in Barrett's 
oesophagus from LGD. In this situation patholo-
gists should be encouraged to make use of the in-
definite for dysplasia category: such a diagnosis 
does not mean that the pathologist is uncertain, but 
rather that it is not possible, with confidence, to ex-
clude LGD in inflamed material. The diagnosis of 
HGD has serious implications for patient manage-
ment and the diagnosis should be confirmed by two 
expert pathologists.

Reference Patients
Mean follow-
up (years)

Total follow-up 
(patient years)

Annual risk of  
progression to cancer

Bhat et al. (2011)32 8522
3179*
3917†

7.0
–
–

59 784
23 417*
28 323†

0.13%
0.04%*
0.23%†

Hvid-Jensen et al. (2011)33 11 028 5.2 (median) 67 105 0.12%

Table 15.2  • Studies reporting the incidence of oesophageal adenocarcinoma in Barrett's oesophagus

Unless stated, figures represent annual risk of progression for non-dysplastic intestinal metaplasia. Figures from Bhat et al. are divided 
into patients where IM was absent following index biopsy (*) and patients who had IM identified on index biopsy (†). The presence or 
absence of IM was unknown for 1426 patients.

 A Danish population-based case–control 
study identified 11 028 patients from the national 
pathology registry with a diagnosis of intestinal 
metaplasia following oesophageal biopsy.33 
Patients were followed for a median of 5.2 years. 
Compared to the general popula tion, patients with 
Barrett's oesophagus were found to have a relative 
risk of 11.3 for developing adenocarcinoma 
with an annual risk of 0.12%. Only 7.6% of the 
total oesophageal adenocarcinomas diagnosed 
nationwide over the study period had a previous 
diagnosis of Barrett's oesophagus.

 It is important to appreciate that while patients 
with Barrett's oesophagus have an increased 
relative risk of adenocarcinoma, the majority of 
patients will die from other causes. A UK study 
has demonstrated an increase in both overall 
mortality rate and oesophageal cancer mortality 
rate in Barrett's patients compared with the age- 
and sex-matched general population. However, 

only 10% of deaths were due to oesophageal 
cancer, while 49% were due to cardiorespiratory 
disease, especially ischaemic heart disease and 
bronchopneumonia, and 18% of deaths were due 
to other cancers.47

 A systematic review involving a total of 
1488 patients with Barrett's oesophagus  
reported that LGD was present at initial 
endoscopy in 169 patients (11%) and HGD in  
18 patients (1.2%); 1301 (87%) had metaplasia 
with no dysplasia.49
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Low-grade dysplasia

The natural history of LGD is not fully understood 
and reported rates of regression/progression vary 
considerably, reflecting the diagnostic difficulties 
discussed above. Sharma et al.50 followed 156 pa-
tients for a mean of 4.1 years and reported progres-
sion to HGD or cancer in 13%, regression in 66% 
and stable LGD in 21%. A more recent prospective 
cohort study of 713 Barrett's patients, including 
111 with LGD, reported that compared to non- 
dysplastic disease, LGD was a significant risk fac-
tor for progression to HGD or adenocarcinoma 
(relative risk (RR) 9.7; 95% confidence interval (CI) 
4.4–21.5).51 Similarly, in their large population- 
based study, Hvid-Jensen et al.33 reported that the 
relative risk of oesophageal cancer among those 
who had LGD at baseline, as compared to those 
without LGD at baseline, was 4.8 (95% CI 2.6–
8.8). The annual risk of progression to HGD or 
cancer was found to be 1.27% for those with LGD 
at baseline. Bhat et al.32 reported a hazard ratio of 
5.67% (95% CI 3.77–8.33) for patients with LGD 
compared to no dysplasia. However, a recent study 
by Wani et al.,52 which followed up 210 patients 
with Barrett's oesophagus with or without LGD 
for a mean of 6.2 years, found no associations of 
 presence of prevalent, incident or persistent LGD, 
or the extent of LGD, with progression rates.

Bergman and colleagues recently demonstrated 
that LGD is over-diagnosed by non-specialist pa-
thologists and argued that its true significance 
might have been underestimated by many reported 
series.53 In their study, 1198 patients underwent 
Barrett's surveillance at six non-specialist hospi-
tals, identifying 147 (12.5%) patients with LGD. 
However, only eight (0.7%) patients were deemed 
to have LGD following histological review by two 
external expert gastrointestinal pathologists. The 
majority of diagnoses were reclassified as non- 
dysplastic Barrett's oesophagus. During a mean 
follow-up period of 51 months, 42% of patients 
with LGD diagnosed by consensus expert patholo-
gists demonstrated progression to either carcinoma 
or HGD, and 2.2% regressed to non-dysplastic 
Barrett's oesophagus.53

High-grade dysplasia

Studies reporting the natural history of HGD have 
also reported widely differing results. Reid et al.54 
followed 76 patients for 5 years and reported that 
59% developed adenocarcinoma. In a study of 100 
patients with HGD, 66 of whom underwent surveil-
lance, 3 of 24 patients (13%) with focal HGD and 
17 of 42 patients (40%) with diffuse HGD devel-
oped carcinoma after a mean follow-up of 41 and 
23 months, respectively.55

An important question to consider is what pro-
portion of patients with a diagnosis of HGD who 
undergo oesophagectomy have an occult cancer 
detected in the resected specimen? Table 15.3 
shows reported rates in the literature of 0–73%: 
overall the rate appears to be approximately 
40%.56–72 Patients with visible, nodular HGD 
 appear at greatest risk of harbouring coexisting 
cancer.73,74 This emphasises the fact that patients 
with HGD may be harbouring an undetected can-
cer and confirms the need for complete staging in 
these patients.

Given that endotherapy is becoming a recognised 
treatment option for focal intramucosal cancers 
(T1a), a more pertinent question to ask might be: 
what is the prevalence of submucosal invasive can-
cer at oesophagectomy for HGD? The majority of 
studies in Table 15.3 make no attempt to separate 
intramucosal cancer (IMC) from more advanced 
lesions; however, some more recent reports sug-
gest that rates of invasive cancer (submucosa or 
beyond) are considerably lower than 40%. Wang 
et al.71 retrospectively assessed 60 patients (41 with 
preoperative HGD and 19 with preoperative IMC) 
who underwent oesophagectomy. The overall rate 
of submucosal cancer was 6.7%, with a rate of 5% 
in patients with preoperative HGD and 11% in 
patients with preoperative IMC. Only one patient 
(1.7%) had nodal metastasis. Another recent study 
found the rate of invasive adenocarcinoma (exclud-
ing IMC) in association with Barrett's HGD to be 
11.7% (8/68), with 5.9% having occult cancer.75

Although some HGD may be stable or even re-
gress, between 15% and 59% will progress to ad-
enocarcinoma over 5 years. However, if detailed 
biopsy mapping endoscopies showed no previous 
HGD (prevalent HGD), then the detection of new 
HGD (incident HGD) is associated with a risk of 
subsequent progression to cancer of only between 

 The natural history of LGD is still not fully 
understood and there is wide variation in reported 
rates of progression to HGD or cancer. However, 
it appears that the majority of patients with LGD 
diagnosed without consensus pathology reporting 
will either remain stable or regress to to Barrett's 
metaplasia without dysplasia (BM). The majority of 
evidence from large recent trials reports that the 
presence of LGD at baseline endoscopy increases 

the relative risk of progression compared to patients 
with non-dysplastic disease (RR 4.8–9.7). The 
misdiagnosis of non-dysplastic Barrett's oesophagus 
or oesophagitis as LGD may have led to a 
widespread under-recognition of the true risk of LGD.
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3% and 5% per year.73,76 This area is being actively 
discussed in the Barrett's Dysplasia and Cancer 
Taskforce (BAD CAT) group.

Risk factors for progression 
to cancer
The length of Barrett's segment has been shown to 
be a significant risk factor for progression to cancer, 
a doubling of length increasing the risk 1.7-fold.77 
The extent of HGD and/or LGD also appears to be 
a risk factor for progression to adenocarcinoma.55,78

Importantly, in a prospective longitudinal cohort 
study, individuals with Barrett's oesophagus who 
were regularly taking aspirin or other NSAIDs were 
found to have a significantly lower 5-year cumula-
tive incidence of adenocarcinoma compared with 
individuals not taking NSAIDs (6.6% and 14.3%, 
respectively), suggesting that this may be an effec-
tive chemotherapeutic intervention.79 An ongoing 
phase III multicentre randomised controlled trial 
(RCT), the AspECT trial (Aspirin and Esomeprazole 
Chemoprevention in Barrett's Metaplasia), designed 

to test this hypothesis is due to report in 2016.  
The primary aim of this study is to determine whether 
acid suppression with proton-pump inhibition (high 
dose vs. low dose) with or without aspirin can reduce 
mortality or the conversion from Barrett's metaplasia 
to HGD or adenocarcinoma. Both high- and low-dose 
acid suppression are being investigated as there re-
mains doubt about the optimal dose of proton-pump 
inhibitor (PPI) to use, especially given the fact that 
Barrett's mucosa is relatively insensitive, thus render-
ing symptoms unreliable. There is an argument that 
incomplete acid suppression might increase the risk 
of cancer by exposing the mucosa to short pulses of 
acid, thus stimulating the proliferation of abnormal 
cells. In contrast, there is some epidemiological evi-
dence that high-dose proton-pump inhibition might 
increase the risk of cancer as bile acid might become 
cytotoxic at neutral pH. In addition, there have been 
fears that PPI-induced hypergastrinaemia could stim-
ulate hyperproliferation of Barrett's epithelium.80,81 
Although this risk is yet to be evaluated in vivo, it 
appears more likely that gastrin induces epithelial res-
titution in Barrett's oesophagus, without stimulation 
of clonal expansion or disease progression.82

Reference

Patients with  
high-grade 
dysplasia

Invasive cancer 
at postoperative 
histology Percentage

Altorki et al. (1991)57 8 4 50
Pera et al. (1992)58 18 9 50
Streitz et al. (1993)59 9 2 22
Levine et al. (1993)56 7 0 0
Peters et al. (1994)60 9 5 56
Edwards et al. (1996)61 11 8 73
Rice et al. (1997)62 16 6 38
Collard et al. (1997)63 12 4 33
Ferguson and Naunheim (1997)64 15 8 53
Cameron and Carpenter (1997)65 19 2 11
Falk et al. (1999)66 28 10 36
Headrick et al. (2002)67 54 19 35
Tseng et al. (2003)68 60 18 30
Sujendran et al. (2005)69 17 11 65
Reed et al. (2005)70 49 18 37
Wang et al. (2009)71 41 16

(14 IMC; 2 inv. ca.)
39%
(34% IMC, 5% inv. ca.)

Nasr and Schoen (2011)72 68 12
(4 IMC; 8 inv. ca.)

17.6
(5.9 IMC; 11.7 inv. ca.)

Total 441 152 34

Table 15.3  •  Studies reporting the incidence of adenocarcinoma in resected specimens following oesophagectomy  
for high-grade dysplasia

IMC, intramucosal cancer; inv. ca., invasive cancer (denotes invasion into submucosa or beyond).
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Screening for Barrett's 
oesophagus and 
adenocarcinoma using 
molecular markers
It is accepted that GORD is a significant risk fac-
tor for the development of adenocarcinoma, with 
a well-known Swedish case–control study demon-
strating a 44-fold increased relative risk in indi-
viduals with frequent heartburn of greater than 
20 years' duration.17 This has led to the sugges-
tion that screening individuals with chronic re-
flux symptoms to detect Barrett's oesophagus and 
cancer may be of benefit. However, it is important 
to appreciate two flaws in this concept: firstly, ap-
proximately 40% of individuals with cancer in the 
series mentioned above denied frequent heartburn; 
secondly, a significant proportion of individuals 
with Barrett's oesophagus are asymptomatic. In 
addition, Barrett's patients experience less heart-
burn and use PPIs less frequently compared with 
controls.2,83,84

The endoscopic screening of individuals with 
chronic reflux symptoms to detect either Barrett's 
or cancer is not currently recommended in the 
UK or USA.1,2 This is because of the low abso-
lute risk of developing adenocarcinoma in indi-
viduals with chronic reflux, combined with the 
knowledge that most individuals with Barrett's 
oesophagus die from causes other than oesopha-
geal cancer. There are also concerns about the 
cost-effectiveness and invasiveness of endoscopy 
as a screening tool.

Several attempts have been made to develop a 
scoring system using patient demographics and 
symptoms to predict the presence of Barrett's oe-
sophagus for screening purposes.85,86 However, in-
terest in these risk prediction strategies has declined 
due to inability to generate sufficient sensitivity and 
specificity.

It is hoped that future non-invasive molecular 
screening tests might be developed to detect patients 
with Barrett's oesophagus who display phenotypes 
that could act as markers of disease progression. 
Promising techniques include DNA microarrays 
(measuring genome-wide alterations in DNA copy 
number), single nucleotide  polymorphism (SNP) 

 arrays (detecting allelic imbalances) and measure-
ment of hyperproliferation, which occurs as a se-
quel of genetic mutation.

Mutations in the p53 tumour suppressor gene 
are widely found in dysplastic Barrett's oesopha-
gus and oesophageal cancer. Younes et al.87 found 
p53 mutation in 9% of Barrett's patients with 
LGD, 55% of patients with HGD and 87% of 
patients with carcinoma: no patients without 
dysplasia had a p53 mutation. Importantly, in 
a further study, 56% of patients with LGD and 
p53 mutation progressed to HGD or carcinoma, 
whereas no patient with LGD without p53 mu-
tation progressed.88 Similarly, Reid et al.89 dem-
onstrated that loss of heterozygosity of gene 17 
(p53) was found in 6% of patients without dys-
plasia, 20% of patients with LGD and 57% of 
patients with HGD. Patients with loss of hetero-
zygosity had a 16-fold increased risk of cancer 
after 3 years. These results have led to the sug-
gestion that the subgroup of patients with low-
grade or indefinite dysplasia and p53 mutation 
should be subjected to more rigorous surveillance 
protocols. However, it is important to remember 
that not all oesophageal adenocarcinomas express 
p53, and patients without expression can prog-
ress to cancer.

Other markers that have been identified as confer-
ring a high risk of progression are p16 mutations,90 
cyclin D1 overexpression,91 flow cytometry abnor-
malities such as aneuploidy and increase in the G2/
tetraploidy fraction of DNA content,92 and reduced 
expression of E-cadherin, with resultant loss of 
cell adhesion and localisation of β-catenin to the 
nucleus.93

Several clinical trials are under way, including 
the Chemoprevention of Premalignant Intestinal 
Neoplasia (ChOPIN) trial and the Barrett's 
Oesophagus Screening Trial (BEST2) trial, which 
aim to explore non-invasive methods of screening 
for malignant progression. ChOPIN aims to detect 
a panel of predictive serum biomarkers, whereas 
BEST2 is a case–control trial investigating the 
potential of a non-endoscopic immunocytologi-
cal device (Cytosponge).94,95 This trial requires 
patients to swallow a small capsule that dissolves 
into a 3-cm sponge in the stomach and is then 
withdrawn through the oesophagus. Oesophageal 
cells are assessed for a range of predictive bio-
markers, including TFF3 positivity (the princi-
pal end-point) as well as ploidy, Mcm2, cyclin A, 
TP53 and methylation. Cost data and the impact 
of screening on psychosocial well-being are also 
being evaluated. It is hoped that non-invasive 
screening tests such as these could enable safe, ac-
curate and cost-effective population-based screen-
ing in the future.

 AspECT is the world's largest chemopreventive 
RCT of Barrett's oesophagus. It aims to decrease 
cancer conversion by 35% and cardiac deaths 
by 20%. The premise is that the shared cardiac 
and cancer susceptibility could be addressed by a 
joint chemoprevention regimen in order to prevent 
premature death.
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Surveillance of non-
dysplastic disease
Surveillance biopsies should be taken from all four 
quadrants of the oesophagus at 2-cm intervals in 
addition to any areas of mucosal abnormality, as 
described previously (see ‘Endoscopic assessment’).

The central concept of surveillance is that regu-
lar endoscopic examination and biopsy will allow 
the detection of cancer at an early asymptomatic 
stage, thereby resulting in better treatment out-
comes. Several small retrospective studies have  
demonstrated a survival benefit associated with 
surveillance-detected cancers.59,60,96–98 However, other  
series have failed to support these findings.99 These 
studies may be subject to both selection bias and 
length bias, concerns that prompted the ongoing 
Barrett's Oesophagus Surveillance Study (BOSS), 
which aims to define the objective value of endoscopic 
surveillance and the most appropriate surveillance 
protocol. BOSS randomises patients with at least 
1 cm of circumferential or 2 cm non-circumferential 
Barrett's oesophagus to either endoscopic surveil-
lance with protocol biopsy1 (n = 1250) or endos-
copy at the time of need (n = 1250), the latter group 
being discharged unless they develop new  symptoms 
or alarming symptoms.

Clearly, surveillance is only appropriate for pa-
tients who are suitable for treatment of detected le-
sions, either HGD or cancer, and traditionally, as 
this was limited to oesophagectomy, this meant that 
individuals had to be of a relatively young age and 
lacking in any significant comorbidity. However, 
with the development of endoscopic techniques for 
mucosal ablation and resection, surveillance may be 
appropriate for an additional cohort of patients.

There are a number of disadvantages and limita-
tions to surveillance programmes. In addition to the 
physical and psychological burden imposed on pa-
tients, it must be remembered, and communicated 
to patients at enrolment, that surveillance does not 
guarantee to detect all cancers (due to sampling 
error and limitations of current endoscopic imag-
ing techniques) or to offer a cure for all detected 
cancers.

Future surveillance strategies could use genomics 
and/or molecular profiling to predict patients at 
higher risk of malignant progression. Such strategies 
could enable individualised surveillance policies,  
ensuring those at genuine risk of progression are 
monitored and removing the psychological burden 
of serial endoscopies for those with a diminutive 
risk of disease progression.

Effect of medical therapy  
and antireflux surgery
It has been shown that long-term acid suppression 
with PPIs can lead to an improvement in Barrett's 
metaplasia. A study of 23 patients following a regimen 
of omeprazole 40 mg daily for 2 years demonstrated 
a significant reduction in the length of columnar mu-
cosa, an increase in squamous islands within the co-
lumnar epithelium and a reduction in the proportion 
of sulphomucin-rich intestinal metaplasia.100 More 
recently, a study of 188 patients followed for up to 
13 years (mean 5 years) reported development of 
squamous islands in 48% of patients, although the 
mean length of Barrett's segment was not reduced and 
no patients regressed to squamous mucosa.101

 There are currently no validated biomarkers for 
prognostic evaluation of Barrett's metaplasia ready 
for clinical use other than the presence or absence 
of dysplasia, especially HGD, as determined by 
histopathological assessment. A multicentre case–
control study (BEST2) is currently under way, aiming 
to demonstrate potential for screening using a non-
endoscopic Cytosponge test; however, a large RCT 
will be required before this test can be considered 
for use in clinical practice.

 Current UK guidelines suggest that individuals with 
Barrett's oesophagus without dysplasia should undergo 
surveillance endoscopy every 2 years – this is based 
on a mathematical model that assumes the risk of 
developing adenocarcinoma in Barrett's oesophagus 
is approximately 1% per annum. Recent evidence 
suggests that rates of malignant progression may 
be significantly lower than previously reported, thus 
questioning the rationale for surveillance of patients 
with non-dysplastic disease. Outcomes of the BOSS 
trial are awaited; however, it is possible that future 
recommendations may require additional risk factors 
(segment length >3 cm, history of dysplasia, molecular 
markers of high risk) to prompt surveillance, as opposed 
to the current policy of surveillance for all-comers.

 One of the fundamental goals of translational 
research in Barrett's oesophagus is to distinguish 
the small number of patients who will progress to 
oesophageal adenocarcinoma from the majority 
who will not.

 A randomised double-blind trial of omeprazole 
80 mg daily versus ranitidine 300 mg daily in 
patients with proven Barrett's oesophagus and 
gastro-oesophageal reflux disease demonstrated a 
reduction in the length and surface area of columnar 
metaplasia in the omeprazole group but not in 
the ranitidine group. Both treatments successfully 
controlled reflux symptoms.102
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The effect of antireflux surgery on Barrett's 
metaplasia has proved a controversial subject. 
Selected series have demonstrated regression 
in Barrett's length in 14–35% of patients, with 
complete regression of LGD in 44–93% of pa-
tients.103–105 However, the RCT evidence has not 
supported these findings, at best demonstrating 
a reduction in Barrett's length without achieving 
complete regression of dysplasia.105 In addition, 
studies have failed to show an absolute reduction 
in rates of oesophageal adenocarcinoma following 
antireflux surgery.

Currently there are no RCTs comparing laparo-
scopic fundoplication (the favoured method of anti-
reflux surgery) with PPI therapy to assess the effect 
on malignant progression in Barrett's oesophagus. 
The numbers of patients required, due to low pro-
gression rates, would probably make such a study 
impracticable. In addition, any benefits of anti-
reflux surgery would need to be tempered by the 
potential morbidity and economic implications of 
prophylactic surgery.

Endotherapy
Endotherapy, including endoscopic resection and 
ablative therapies, is indicated in selected patients 
with HGD, intramucosal cancer (T1a) and early 
submucosal cancers (T1b). The potential role of 
endotherapy in early oesophageal cancer, including 
the important diagnostic role of endoscopic resec-
tion, is addressed in Chapter 6 and so will not be 
discussed further here.

Endotherapies offer an attractive alternative to 
radical surgery in terms of reduced mortality and 
morbidity, with excellent short-term results, but 
long-term efficacy remains unclear.

Endoscopic resection

Endoscopic mucosal resection aims to remove the 
mucosa and submucosa down to the muscularis 
and for this reason the term endoscopic resection 
(ER) is now preferred. ER is indicated for removal 
of focal HGD. Piecemeal resection is required for 
lesions greater than 2 cm, with meticulous care 
being taken to ensure completeness of excision. 
Complications are uncommon – bleeding (3%) and 
perforation (0.1–5%) – and most can be managed 
endoscopically.107

ER has been shown to achieve remission in 82.5–
95% of patients with HGD, but may be associated 
with metachronous lesions or disease recurrence 
in up to 14% of patients within 12 months, and 
21.5% of patients over 5 years.108–111 Factors asso-
ciated with recurrence include piecemeal resection, 
long-segment Barrett's oesophagus (>5 cm), delayed 
treatment of HGD (>10 months), multifocal dis-
ease and omission of adjuvant ablative therapy.108 
Recurrent disease necessitates re-treatment, which 
can be successful and provide long-term disease 
control but which may have higher complication 
rates.

Several trials have reported circumferential ER for 
removal of widespread multifocal disease; however, 
this practice has led to high rates of post-treatment 
stricture formation (17–26%) and higher rates 
of perforation (3%) and is therefore not widely 
recommended.112,113

Endoscopic ablation

Endoscopic ablation techniques include: thermal 
methods, such as argon-beam plasma photocoagu-
lation (APC), multipolar electrocautery (MPEC), 
laser therapy and cryotherapy; chemical methods, 
such as photodynamic therapy (PDT); and radiofre-
quency ablation (RFA).

RFA and PDT deliver an even distribution of treat-
ment over a consistent therapeutic depth and can be 
readily applied to large areas of circumferential dis-
ease. Both have been shown to be highly efficacious 
at eradicating dysplastic Barrett's oesophagus.114–124 
However, RFA is now widely regarded as the first-
line therapy due to its relative ease of administra-
tion, more favourable side-effect profile and low 
rates of recurrent dysplasia.123

 A meta-analysis comparing the reported 
incidence of adenocarcinoma in Barrett's 
patients after antireflux surgery with patients 
treated medically found no statistically significant 
difference in the incidence rates of 3.8 and 
5.3 per 1000 patient years, respectively.106 A 
recent systematic review reported a statistically 
significant lower incidence of adenocarcinoma 
after antireflux surgery compared with medical 
therapy (2.8 vs. 6.3 per 1000 patient years, 
P = 0.03); however, when uncontrolled case series 
were excluded and the analysis was confined to 
randomised trials and cohort studies there was no 
significant difference between the two treatments 
(4.4 vs. 6.5 per 1000 patient years, P = 0.32).49 
Accordingly, at present there is insufficient 
evidence to recommend antireflux surgery over 
proton-pump inhibition as a cancer-preventing 
procedure.

 Shaheen et al.115 randomised 127 patients 
with dysplastic Barrett's oesophagus in a 2:1 
ratio to receive either RFA or sham procedure. 
Complete eradication of LGD occurred in 90.5% 
(ablation group) compared to 22.7% (control group) 
(P < 0.001) at 1 year. Complete eradication of HGD 
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There is RCT evidence supporting the efficacy 
of both MPEC and APC for treatment of dysplas-
tic Barrett's although, compared to RFA, these 
techniques are less user-friendly for treating large 
Barrett's segments and treatment depths are less 
consistent. In addition, they may be more likely to 
be complicated by strictures and the development 
of buried glandular mucosa beneath neosquamous 
epithelium.125 Currently these techniques are fa-
voured for ‘touch-up’ therapy in patients with small 
patches of persistent metaplasia following previous 
RFA treatments. An RCT comparing the two ther-
mal techniques, MPEC and APC, found no signifi-
cant advantage with either technique.125

Management of LGD
The detection of LGD should prompt a course 
of high-dose acid suppression with a PPI for 
8–12 weeks followed by repeat endoscopy with ex-
tensive biopsies. If LGD persists then surveillance 
endoscopy should be repeated at 6-monthly inter-
vals and the patient should remain on a PPI. If re-
gression to metaplasia without dysplasia occurs on 
two consecutive examinations then the surveillance 
interval may return to 2-yearly.1

Endoscopic treatment of LGD is controversial and 
is not supported by current UK guidelines based on 
a number-needed-to-treat analysis. However, simple 
surveillance of LGD is not universally supported 
and there is growing backing for early intervention.

The likely significant over-diagnosis of LGD in 
routine clinical practice may account for low re-
ported rates of disease progression and supports the 
widely recommended policy of close surveillance, 
without endoscopic therapy. However, an alterna-
tive option might be for referral of all histology 
slides showing suspected LGD for specialist con-
sensus reporting, with subsequent endoscopic treat-
ment for confirmed cases of LGD. This approach 
would have considerable economic and practical 
implications and is not currently feasible in the UK.

Management of HGD
The detection of HGD has serious implications for 
the patient and should be considered a malignant le-
sion. The diagnosis should always be confirmed by 

a second expert pathologist and all cases should be 
discussed in a multidisciplinary meeting for consid-
eration of both endoscopic and surgical treatments. 
The diagnosis of HGD is usually an indication to 
end surveillance and patients should be fully in-
formed of the significance of the diagnosis and of 
the pros and cons of the different treatment options.

Following referral to specialist centres patients 
with HGD should be re-biopsied using a Seattle bi-
opsy protocol: quadrantic biopsies every 1 cm with 
further targeted biopsies from suspicious areas. A 
large number of samples should be taken – up to 84 
biopsies from a single patient have been reported.56 
Patients should be carefully staged, including use of 
diagnostic ER, and patients with nodular disease 
should be considered at particular risk of harbour-
ing occult invasive disease.73,74

Falk et al.66 demonstrated that 38% of cancers 
were missed when taking quadrantic biopsies every 
2 cm from patients with HGD. Jumbo biopsy for-
ceps made little difference to detection rates (67% 
vs. 62%). Similarly, Cameron and Carpenter65 
found 2 of 19 (10.5%) unsuspected adenocarcino-
mas following quadrantic 2-cm biopsies in patients 
who subsequently underwent oesophagectomy. 
Reid et al.126 compared a quadrantic 2-cm biopsy 
protocol to biopsies taken at 1-cm intervals in 45 
patients diagnosed with HGD who subsequently 
developed cancer. The 2-cm protocol missed 50% 
of the cancers that were detected by the 1-cm proto-
col in Barrett's segments 2 cm or more without vis-
ible lesions. This more intensive biopsy regimen is 
recommended in patients with HGD, at 3-monthly 
intervals. However, it is important to consider that 
Barrett's adenocarcinomas may still be missed in up 
to 29% of cases.127

The choice of intervention in patients with HGD 
remains a controversial subject. Traditionally, indi-
viduals who were fit enough were recommended to 
undergo oesophagectomy while endoscopic tech-
niques were reserved for those unfit for resection. 
However, with increasing evidence of therapeutic 
benefit, endoscopic therapy is now considered by 
many to be first-line treatment ahead of oesopha-
gectomy in fit patients, provided they have been ad-
equately staged.

Most units favour a policy of focal lesion resection 
using ER followed by ablation of the entire Barrett's 
segment using RFA to destroy the neoplastic field 
change in adjacent metaplasia. ER improves his-
tological assessment and aids detection of occult 
adenocarcinoma,128,129 but the need for subsequent 
ablation of the surrounding non-dysplastic Barrett's 
oesophagus is controversial. There are no RCTs 
addressing this directly; however, there is some evi-
dence to suggest lower recurrence rates if ER is used 
in conjunction with whole segment ablation.44,66

occurred in 81.0% (ablation group) versus 19.0% 
(control group) (P < 0.001). RFA decreased both the 
likelihood of disease progression (3.6% vs. 16.3%, 
P = 0.03) and cancer (1.2% vs. 9.3%, P = 0.045). 
Recent follow-up data after 3 years have shown that 
this effect is durable.114
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The decision between endotherapy and oesopha-
gectomy is controversial and dependent on patient 
comorbidity and the nature of the disease: HGD 
versus intramucosal cancer; unifocal versus multifo-
cal; long- versus short-segment Barrett's; presence 
or absence of lymphovascular invasion; and grade 
of differentiation. Endotherapy can effectively 
eradicate HGD, with low rates of disease recur-
rence in the medium term (long-term data await 
 ed).114,115,130 In addition, any recurrent disease can 
usually be managed endoscopically, or if necessary 
surgically, without excess mortality.131,132 However, 
advocates of surgery point to the risk of occult ad-
enocarcinoma, particularly in nodular disease, and 
the possible risk of under-staging of disease using 
a non-operative approach. In addition, there is evi-
dence that prophylactic oesophagectomy in HGD is 
associated with a lower risk of operative mortality 
than routine oesophagectomy as patients are typi-
cally younger with fewer comorbidities, and have 
not undergone neoadjuvant therapy.68

Patients must be informed of the need for lifelong 
surveillance (including biopsy) following endother-
apy, even in cases of complete response, to ensure 
the absence of long-term recurrence and the identifi-
cation of buried glandular elements that may retain 
malignant potential. Surveillance after oesophagec-
tomy is not routine as recurrence rates are low, al-
though Barrett's-associated adenocarcinoma above 
the gastric conduit has been described.

The Surveillance Epidemiology and End Results 
(SEER) database of the US National Cancer 
Institute found no difference in survival between 
patients with HGD or stage 1 (T1N0M0) tumours 
treated by endoscopic therapy compared to radical 

surgery.133,134 However, most studies directly com-
paring radical surgery and endoscopic therapy have 
been severely limited by selection bias.133–135 Well-
designed multicentre randomised trials are awaited.

Conclusion
In the last 5 years we have come a considerable 
way in the improved understanding and treatment 
of Barrett's oesophagus. We have two strategies for 
the prevention of cancer, namely chemoprevention 
and surveillance, that are being tested in two of 
the world's largest randomised trials. Furthermore, 
non-endoscopic molecular-based screening tests 
have now entered clinical trials. Finally, there is 
strong evidence to support the efficacy of several 
minimally invasive endoscopic therapies. However, 
long-term follow-up data are awaited, and ran-
domised studies are required to compare endother-
apy to oesophagectomy in the setting of HGD and 
intramucosal oesophageal cancer.

 There are no randomised trials comparing 
surgery and endotherapy in the management of 
HGD and these studies should be undertaken 
as a matter of urgency. Endotherapy is a viable 
treatment option for patients with HGD, with 
close surveillance, early endoscopic treatment of 
recurrence, and progression to oesophagectomy if 
indicated. A recent Cochrane review was unable to 
recommend either surgery or endotherapy as first-
line treatment in HGD due to the paucity of high-
level evidence and the multitude of contributing 
factors.136

Key points
• The incidence of Barrett's adenocarcinoma is increasing and is especially high in the UK.
• The exact prevalence of Barrett's oesophagus is unclear but is probably around 2%. Most patients 

with Barrett's oesophagus are undetected in the community.
• Barrett's metaplasia develops as a mucosal ‘adaptive’ response as a result of chronic 

inflammation, secondary to gastro-oesophageal reflux disease. There is strong evidence that 
the site of origin of Barrett's metaplasia is a progenitor stem cell located in the submucosal 
oesophageal gland ducts.

• The development of adenocarcinoma in Barrett's oesophagus is thought to follow a progressive 
sequence from intestinal metaplasia to low-grade dysplasia (LGD) to high-grade dysplasia 
(HGD) and finally to cancer. The presence of dysplasia is currently the best marker for malignant 
transformation in the epithelium.

• There is considerable inter- and intra-observer variation among experienced pathologists in the 
histological diagnosis of dysplastic Barrett's oesophagus.

• Most Barrett's epithelium is stable and will not undergo malignant transformation. The risk of 
neoplastic progression in non-dysplastic disease appears lower than previously reported. Oesophageal 
adenocarcinoma is an uncommon cause of death in persons with Barrett's oesophagus.
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Derek Alderson

The management of achalasia and other motility 
disorders of the oesophagus

Introduction
Most patients who turn out to have  oesophageal 
 motor disorders undergo endoscopy and/or contrast 
radiology to make sure that their  dysphagia is not due 
to cancer or their chest pain to  gastro-oesophageal 
reflux disease. While these tests can provide the  
diagnosis, they are often normal, leading to  specific 
investigation of  oesophageal motor function. 
Modified barium swallows to look at solid bolus 
transit using bread or marshmallow can provide 
added  qualitative information. Radionuclide transit 
does much the same in a  semiquantitative way, but 
the  mainstay of  specialised investigation is oesopha-
geal manometry.

For many years oesophageal manometry was 
done using water-perfused systems that were diffi-
cult to set up and with many technical constraints. 
These were gradually replaced by solid-state pres-
sure transducers.With further miniaturisation and 
developments in computer software, thin catheters 
containing multiple pressure recording transducers 
(high-resolution manometry) have become widely 
available, leading to novel ways of displaying pres-
sure information as isobaric contour plots using 
colour gradations to indicate different pressures 
(high-resolution oesophageal pressure topogra-
phy). The latter systems have disclosed considerable 
new information about oesophageal motor distur-
bances, resulting in new criteria (Chicago classifica-
tion, Table 16.1) to define these disorders.1 Further 
details of manometry techniques are described in 
Chapter 12 and manometry of a normal swallow is 
shown in Fig. 12.1.

Achalasia

Background

The term ‘achalasia’ comes from Greek, meaning 
‘failure to relax’. It was first used by Sir Arthur Hurst 
early in the 20th century, although the clinical fea-
tures were first described in 1697 by Thomas Willis. It 
is conventionally defined by the absence of peristalsis 
(this does not mean the absence of contractions) in 
association with a lower oesophageal sphincter (LOS) 
that fails to relax completely. High-resolution pres-
sure topography recognises this classic type (type I) 
but also considers two other types of achalasia, where 
there can be either pan-oesophageal pressurisation to 
more than 30 mmHg with at least 20% of swallows 
(type II) or preserved fragments of distal peristal-
tic activity or premature (spastic) contractions with 
at least 20% of swallows (type III).2 These last two 
types probably represent the entity usually referrred 
to as ‘vigorous achalasia’ when seen on conventional 
manometry. Primary or idiopathic achalasia needs to 
be considered separately from secondary achalasia. 
While symptoms may be similar, the presence of a 
specific aetiology can influence management. These 
secondary causes are discussed later in this chapter.

Primary achalasia

This is an uncommon condition with an incidence in 
the Western world that is probably less than 1 case 
per 100  000 people per year.3 It is due to progres-
sive loss of ganglion cells in the myenteric plexus 
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of unknown cause. The neural loss is somewhat se-
lective as there is particularly severe loss of inhibi-
tory nitrergic neurotransmission.4,5 This process is 
often accompanied by an inflammatory infiltrate 
that has led to many theories regarding aetiology. 
While there is circumstantial evidence of viral expo-
sure and autoimmune phenomena, neither provides 
a satisfactory explanation for all patients.5

Clinical features

The disease is most common in middle life, but can 
occur at any age. It typically presents with dyspha-
gia and characteristically this affects fluids as well 
as solids. Symptom severity varies from day to day 
and patients often develop tricks to assist oesopha-
geal emptying, such as Valsalva manoeuvres or air 
swallowing. Many admit to having been ‘slow eat-
ers’ for many years. In patients who have remained 
untreated for many years, regurgitation is frequent 
and there may be overspill into the trachea, espe-
cially at night. In the early stages, achalasia may 
present with retrosternal discomfort and this may 
lead to a mistaken diagnosis of gastro-oesophageal 
reflux disease (GORD). Chest pain is common in 
achalasia and particularly so in those individuals 
said to have ‘vigorous achalasia’.

There are few physical signs that point specifi-
cally to any underlying motility disorder, including 
achalasia. There are two important areas of physi-
cal examination that should be carefully evaluated 
as positive findings will play an important part in 
management. A careful examination of the respira-
tory system is essential. Recurrent chest infections 
due to episodes of aspiration from an oesophagus 
that is unable to clear itself may lead to acute and 
chronic signs as pulmonary performance deterio-
rates. It is not rare for these patients to be labelled 
as asthmatic. The other important area is to make 
a careful assessment of the patient's nutritional 
state. Insidious nutritional failure is easily missed 
in patients with a long history, although it is rare 
to see this in achalasia, where regular filling of 
the oesophagus with food and an upright posture 
eventually create a hydrostatic pressure that will 
overcome the LOS, allowing the oesophagus to 
partially empty.

Investigations

Most patients with dysphagia are offered endoscopy 
as their first investigation. While achalasia may be 
suspected at endoscopy by finding a tight cardia and 

Table 16.1  • The Chicago classification of oesophageal motility

Diagnosis Criteria

Achalasia type I Classic achalasia: mean IRP > upper limit of normal, 100% failed peristalsis
Achalasia type II Achalasia with oesophageal compression: mean IRP > upper limit of normal, 

no normal peristalsis, pan-oesophageal pressurisation with ≥20% of 
swallows

Achalasia type III Mean IRP > upper limit of normal, no normal peristalsis, preserved 
fragments of distal peristalsis or premature (spastic) contractions with 
≥20% of swallows

Oesophagogastric junction outflow obstruction Mean IRP > upper limit of normal, some instances of intact peristalsis or 
weak peristalsis with small breaks such that the criteria for achalasia are 
not met

Distal oesophageal spasm Normal mean IRP, ≥20% premature contractions
Hypercontractile oesophagus At least one swallow DCI > 8000 mmHg • s • cm with single peaked or 

multipeaked contraction
Absent peristalsis Normal mean IRP, 100% of swallows with failed peristalsis
Weak peristalsis with large peristaltic defects Mean IRP < 15 mmHg and >20% swallows with large breaks in the 

20 mmHg isobaric contour (>5 cm in length)
Weak peristalsis with small peristaltic defects Mean IRP < 15 mmHg and >30% swallows with small breaks in the 

20 mmHg isobaric contour (2–5 cm in length)
Frequent failed peristalsis >30%, but <100% of swallows with failed peristalsis
Rapid contractions with normal Rapid contraction with ≥20% of swallows, DL > 4.5 s
Hypertensive peristalsis (nutcracker oesophagus) Mean DCI > 5000 mmHg • s • cm, but not meeting criteria for 

hypercontractile oesophagus

DCI, distal contractile integral; DL, distal latency; IRP, integrated relaxation pressure.
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food residue in the oesophagus, early or vigorous 
achalasia is easily missed as the oesophagus is not 
dilated and still contracts.

Barium radiology may show hold-up in the distal 
oesophagus, dilatation of the oesophageal body, 
peristaltic dysfunction and a tapering stricture in the 
distal oesophagus, often described as a ‘bird's beak’. 
The gastric gas bubble is usually absent, because 
most patients cannot swallow air through their non-
relaxing LOS. It should, however, be emphasised 
that, like endoscopy, these typical features of well-
developed achalasia are often absent and radiology 
is frequently passed as normal.

A firm diagnosis can only be made by oesophageal 
manometry. High-resolution techniques suggest that 
conventional manometry, however, only diagnoses 
about a quarter of patients with achalasia on the 
basis of the classic features of a hypertensive lower  
oesophageal sphincter that does not relax completely 
on swallowing, aperistalsis of the oesophageal body 
and a raised resting pressure in the oesophagus 
(Fig. 16.1). The other two variants can be separated 
by the Chicago classification and this may be clini-
cally relevant. Limited evidence suggests that pa-
tients with type II achalasia with pan-oesophageal 
pressurisation do respond well to treatment, but this 
seems not to be the case for type III.2

Treatment

Most patients with achalasia respond well to treat-
ment. There is no reliable drug therapy. Patients can 
be treated by endoscopic botulinum toxin injec-
tion into the LOS, but the two main methods are 

 forceful (pneumatic) dilatation of the cardia and op-
erative cardiomyotomy. Very rarely, patients require 
oesophagectomy.

Botulinum toxin injection
This involves the injection of 100 units of botuli-
num toxin into the LOS.

When compared to pneumatic dilatation in a 
randomised trial, only 32% of patients who had 
received botulinum toxin were in symptomatic re-
mission after a year compared to 70% after dilata-
tion.7 A Cochrane review published in 2006 came to 
the conclusion that botulinum toxin injection was 
inferior to pneumatic dilatation at 6 months.10

It is for this reason that botulinum toxin should be 
reserved for frail patients with major comorbidities.

Pneumatic dilatation
This involves stretching the cardia with a balloon to 
disrupt the muscle and render it less competent. The 
treatment was first described by Plummer in 1908. 
Many varieties of balloon have been described, but 
nowadays plastic balloons with a precisely con-
trolled external diameter are used. If the pressure 
in the balloon is too high the balloon is designed to 
split along its length rather than expand further. 
Balloons of 30–40 mm diameter are available and 
are inserted over a guidewire.

Swallow

No LOS relaxation Common cavity
pressure rise

No LOS relaxation on e-sleeve
(bold brown line plot)

UOS relaxationSwallow

Figure 16.1  • Achalasia. High-resolution manometry from a patient presenting with dysphagia and regurgitation.  
The swallow is followed by a ‘common cavity’ rise in oesophageal pressure indicating filling. LOS relaxation is absent  
and there is a positive oesophagogastric pressure gradient. Upper oesophageal sphincter (UOS) relaxation shortly after 
the swallow was related to regurgitation of oesophageal contents.

 Whether a single treatment or multiple 
treatments is performed, only about a third of patients 
experience marked improvement in symptoms 1 year 
after the last treatment.6–9
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Perforation is the major complication. With a  
30-mm balloon, the incidence of perforation should 
be <0.5%. The risk of perforation increases with the 
bigger balloons and they should be used cautiously 
for progressive dilatation over a period of weeks.

There is wide variation in the incidence of GORD 
(between 4% and 40%) after successful dilatation, 
which reflects method of assessment (symptomatic 
versus endoscopic), the number of repeat dilatations 
and the length of follow-up.13–15 In most patients, 
however, this can usually be controlled satisfactorily 
with a proton-pump inhibitor.

Cardiomyotomy
This operation is generally associated with Heller, 
who first carried it out in 1913. Heller's original 
description involved a double myotomy on the an-
terior and posterior walls at the cardia, but over 
the years a single anterior cardiomyotomy has be-
come widely used, often in conjunction with an an-
terior partial fundoplication (Heller–Dor operation). 
Cardiomyotomy involves cutting the muscle of the 
lower oesophagus and cardia. The major compli-
cation is gastro-oesophageal reflux and this is less 
problematic by limiting the incision so that it does 
not extend for more than 1 cm on to the stomach 
and including a prophylactic antireflux operation.

It is customary to perform a partial rather than 
a total fundoplication in this situation because of 
the risk of causing dysphagia in the presence of an 
aperistaltic oesophagus. The proximal extent of the 
myotomy does not seem to matter provided that 
the obstructing segment is divided and this is eas-
ily determined by intraoperative endoscopy. Heller's 
myotomy is ideally suited to a minimal access ap-
proach and although it can be undertaken by thora-
coscopy or laparoscopy, the latter approach seems 
far more popular.

The two trials that claimed a difference are open 
to major criticism, not least because both were sta-
tistically underpowered. In the trial published by 
Csendes et al. in 1981,21 a superior result in favour 
of surgery in terms of relieving dysphagia needs to 
be balanced against a higher rate of reflux. In addi-
tion, the pneumatic dilatation was of very short du-
ration and there is no doubt that the results in that 
arm of the study were inferior to those achieved 
subsequently with more modern balloons. A trial 
in Sweden with 51 patients included a routine par-
tial fundoplication as part of the surgery and found 
more treatment failures in the dilatation arm. A 
pan-European study involving over 200 patients 
found no difference in success rates at 2 years (dila-
tation 86% and cardiomyotomy 90% success).23

A number of studies have used decision analysis 
(Markov modelling) techniques to identify optimal 
treatment strategies in the absence of a large num-
ber of randomised trials.

For these reasons, patient preference and levels of 
local expertise should be the main determinants in 
selecting treatment.

Revisional procedures and 
oesophagectomy
Failure to relieve dysphagia is usually because the 
myotomy is too short. The diagnosis is generally 
made on a contrast swallow but repeat manometry 
may be necessary. Balloon dilatation can be un-
dertaken and there is no convincing evidence that 
this is more hazardous after a previous failed car-
diomyotomy. The alternative is a redo operation 
conducted by thoracoscopy if the first attempt was 

 Forceful dilatation produces good to 
excellent relief of symptoms for more than a year in 
70–90% of patients.9,11,12

 In a small randomised trial, the addition of a 
Dor fundoplication reduced acid reflux documented 
by pH study from 48% to 9% at 6 months.16

 There is some variation in success rates 
that mainly reflects the proportion of patients with 
marked oesophageal dilatation and the length of 
follow-up in different case series. In the normal 
calibre oesophagus or where dilatation is minimal, 
cardiomyotomy is successful in more than 80% of 
patients.13,17,18

 The impact of previous treatments on the safety 
and efficacy of subsequent surgery is unclear. 
Two large European case series involving nearly 
350 patients (including more than 80 patients 
who had undergone previous botulinum toxin 
injection or pneumatic dilatation) came to different 
conclusions regarding the likelihood of perforation 
at laparoscopic surgery.19,20

 Three randomised trials have compared 
balloon dilatation with surgical cardiomyotomy. Two 
found the surgical technique to be more effective in 
relieving dysphagia and one found no difference.21,22

 When the outcome difference was expressed as 
quality-adjusted life years (QALYs), dilatation and 
surgery were equally effective.24 Similar analyses 
examining cost-effectiveness tend to favour 
pneumatic dilatation.25–27
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laparoscopic or vice versa. Recurrent dysphagia is 
occasionally due to a slipped wrap and if symptoms 
are sufficiently troublesome, this should be surgi-
cally corrected.

Chest pain after surgery is more difficult to diag-
nose and manage. Some of these patients will have 
symptomatic gastro-oesophageal reflux, but chest 
pain related to swallowing and obstruction may not 
seem very different to heartburn for some patients. 
In type III achalasia, chest pain related to power-
ful simultaneous contractions can still persist after 
successful cardiomyotomy and is probably the main 
symptom that is associated with a poor result in 
these patients. Careful re-evaluation is necessary, 
potentially involving endoscopy, contrast radiology, 
manometry and 24-hour pH studies. A therapeutic 
trial of a proton-pump inhibitor may be worthwhile 
as well as being diagnostic. The addition of a fun-
doplication, where this was not done at the original 
operation, merits consideration in patients who are 
intolerant of proton-pump inhibitors. In other cir-
cumstances, unless a clear mechanical problem can 
be demonstrated (e.g. wrap disruption), revisional 
surgery is best avoided.

In a small proportion of patients, presentation is 
with a hugely dilated, flaccid oesophagus, and symp-
toms and signs of aspiration. Some patients also 
develop this as a late complication of previous treat-
ment. While standard first-line treatments can be at-
tempted, they often provide only very short-term relief 
of symptoms. Stapled cardioplasty to create a wide 
anastomosis between the oesphagus and the stomach 
may be an alternative, and this can be supplemented 
by antrectomy and Roux-en-Y reconstruction to min-
imise reflux, although the small case series describing 
these operations deal only with short-term outcomes.

Secondary achalasia

In South America, chronic infection with the para-
site Trypanosoma cruzi causes Chagas' disease, 
which has marked similarities to achalasia. The oe-
sophagus becomes dilated (‘megaoesophagus’) and 
tortuous with a persistent retention  oesophagitis 

due to fermentation of food residues. A severe car-
diomyopathy is the main cause of death in these pa-
tients but some do require oesophagectomy.34

Pseudo-achalasia is an achalasia-like disorder that 
is usually produced by adenocarcinomas at the car-
dia or by any other tumour in the oesophageal wall 
at that level (e.g. gastrointestinal stromal tumours). 
While it seems attractive to suppose that the struc-
tural abnormalities related to these neoplasms must 
interfere with local neurotransmitters, pseudo-acha-
lasia is sometimes also seen in patients with cancers 
outside the oesophagus (e.g. lung, pancreas), sug-
gesting a paraneoplastic process.35

Secondary achalasia occasionally follows antireflux 
surgery. Provided there was preoperative evidence of 
peristalsis and this is not simply a case of misdiagno-
sis, the condition probably represents a wrap that is 
too tight for that patient. Interestingly, endoscopy is 
usually normal and manometry is required to estab-
lish that this is the problem. Truncal vagotomy is also 
recognised as a rare cause of secondary achalasia, but 
this can probably be condemned to history now.

Diffuse oesophageal spasm
This is a rare condition of unknown cause charac-
terised clinically by episodes of severe chest pain 
and/or dysphagia.36 The upper oesophagus covered 
by striated muscle is usually unaffected, in contrast 
to the lower two-thirds, where there is pronounced 
muscular thickening. Chest pain can be very severe 
and often occurs in isolation at night. Sometimes 
chest pain and dysphagia occur at the same time. 
Many patients undergo detailed assessment for car-
diac causes of chest pain or reflux disease.

The diagnosis is rarely made by endoscopy or con-
trast radiology. Corkscrew oesophagus on a barium 
swallow is the exception rather than the rule. Diffuse 
oesophageal spasm is defined by conventional ma-
nometry as the presence of two or more non-peristaltic 
sequences in a series of 10 wet swallows, but high-
resolution techniques suggest that this is inadequate 
(Table 16.1). In many patients, abnormal contractions 
are characterised by multipeaked waves of  increased 
duration and amplitude37 (Fig. 16.2) exceeding 
300 mmHg on conventional studies or 8000 mmHg  
• s • cm as defined by high-resolution pressure topog-
raphy (hypercontractile or jackhammer oesophagus). 
It is evident that not all abnormal contractions produce 
a symptomatic event, but all symptomatic events are 
associated with abnormal manometric appearances.38

These patients develop considerable thickening of 
the muscular wall of the oesophagus and treatment 
is usually directed towards this. Short-acting ni-
trates, calcium-channel blockers,  phosphodiesterase 
inhibitors and botulinum injection have all been 
used to provide some patients with a degree of relief 

 Oesophagectomy (ideally with vagal nerve 
preservation) may be the only solution.28

 Primary achalasia is associated with a 
small increase in risk of developing squamous cell 
carcinoma of the oesophagus, presumably as a result 
of chronic inflammation related to food retention 
and fermentation. Most large studies estimate 
the increased risk to be about 30- to 40-fold.29–32 
A Swedish study also highlighted a 10-fold increased 
risk of adenocarcinoma in men with achalasia.33
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from mild symptoms, but there is no evidence that 
any specific drug treatment will reliably prevent 
attacks or provide sustained relief from symptoms. 
A careful explanation of the cause of their symp-
toms and reassurance will often suffice for patients 
with mild symptoms, as there is no real evidence that 
this is a progressive condition in the majority.

It seems important that the myotomy should en-
compass the entire length of the manometric abnor-
mality, so most surgeons advocate that this should 
be from the aortic arch down to within a few centi-
metres of the oesophagogastric junction. There is no 
consensus regarding the need to cross the cardia and 
incorporate an antireflux procedure. The operation 
is generally completed thoracoscopically.

Oesophagogastric junction 
outflow obstruction and  
non-specific oesophageal 
motor disorders
A number of ‘conditions’ can be identified by 
 oesophageal manometry. Often, the correlation be-
tween manometric abnormalities and symptoms is 

poor. Inevitably, patients undergoing the test have 
some oesophageal symptoms that have initiated the 
investigation in the first place and it is tempting to 
imply a causal relationship.

Nutcracker oesophagus merely refers to high-amplitude 
contractions (>180 mmHg) with normal peristal-
sis during standard manometry and undoubtedly 
some of these patients can be  re-classified by 
 high-resolution techniques. So-called ‘hypertensive 
LOS’ (on the basis of a resting pressure >45 mmHg) 
used to be diagnosed when the sphincter was 
thought to still exhibit normal relaxation and there 
was normal peristalsis. The ability of high-resolution  
pressure topography to separate effects of the lower 
sphincter from the diaphragmatic crura has shed 
new light on this phenomenon, implying that in a 
proportion of such patients the true functional ob-
struction is at the diaphragm and not the sphinc-
ter, potentially related to the presence of a sliding 
hiatus hernia. Non-specific motor disorders cover 
a ragbag of manometric abnormalities that lie out-
side the normal ranges covered by conventional or 
 high-resolution manometry. Many patients with 
 reflux disease will have one or more of these abnor-
malities and treatment should be directed towards 
their reflux disease. Inevitably, most patients with a 
non-specific manometric abnormality have oesoph-
ageal symptoms, but correlation with these mano-
metric abnormalities is poor. Great care should be 
exercised in labelling patients with a manometric 
diagnosis.40 There is virtually no evidence that any of 
these abnormalities responds to a specific treatment.

 A small number of patients have very severe 
symptoms and long oesophageal myotomy provides 
good symptomatic improvement in about 80% of 
patients.39

Swallow

No LOS relaxation Common cavity
pressure rise

No LOS relaxation on e-sleeve
(bold brown line plot)

UOS relaxationSwallow

Figure 16.2  • Diffuse oesophageal spasm. High-resolution manometry from a patient presenting with dysphagia 
and chest pain. The swallow is followed by simultaneous, repetitive contractions in the mid-distal smooth muscle 
oesophagus. LOS relaxation is preserved. Note that the sequential simultaneous contractions first in the middle and  
distal segments of the oesophagus and then LOS make it appear as if there is progressive peristalsis on the  
conventional line plots (dotted arrow). Repetitive contractions are seen clearly on both.
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Oesophageal motor 
disturbances and autoimmune 
disease
Systemic sclerosis, polymyositis, dermatomyositis, 
systemic lupus erythematosus, polyarteritis nodosa 
and rheumatoid disease can all be associated with 
oesophageal dysmotility. The condition of most 
clinical relevance is systemic sclerosis. It is rare for 
the oesophageal involvement to occur as an early 
feature in any of these conditions.

Systemic sclerosis

This condition has characteristic cutaneous ap-
pearances, with thickening, oedema and sclerosis 
of the skin associated with subcutaneous calcino-
sis. Unlike the other autoimmune collagen vascular 
disorders, visceral involvement is unusual except 
for the oesophagus, which is affected in up to 80% 
of patients. The striated muscle of the oesophagus 
is unaffected and there is smooth muscle atrophy 
involving the LOS. Peristalsis is weak and reflux 
common. The spectrum of oesophageal symptoms 
is wide, from mild to severe dysphagia with regur-
gitation and aspiration, as well as reflux symp-
toms related to the LOS defect and poor clearance. 
Endoscopy, barium radiology and manometry are 
used as appropriate to understand the extent of dis-
ease in individual patients.

Treatment usually centres around reflux symp-
toms and the management of complications such as 
stricture development. Most patients are adequately 
managed by proton-pump inhibitors and antireflux 
surgery is only rarely required.

Polymyositis and dermatomyositis

Both of these conditions predominantly affect skel-
etal muscle and the most common clinical problems 
occur in the pharynx and at the level of the up-
per oesophageal sphincter. Up to 60% of patients 
have a swallowing problem and aspiration is a real 
concern. Dietary modification may be necessary to 
minimise this risk. Investigation is only needed to 
exclude other common causes of oropharyngeal 
dysphagia.

Systemic lupus erythematosus

Oesophageal involvement is rare, compared to the 
many other organs involved, including other parts 
of the gastrointestinal tract. The clinical spec-
trum is similar to that seen in systemic sclerosis 
and similar management approaches are therefore 
recommended.

Polyarteritis nodosa and 
rheumatoid disease

While many patients with these conditions have 
non-specific motor disorders on manometry, very 
few are symptomatic. Dysphagia in the rheumatoid 
patient may be related to arthritis in the cricoary-
tenoid joints and stricture in the upper third of the 
oesophagus has been reported.

Oesophageal diverticula
These can occur anywhere in the oesophagus. They 
are either congenital (rare) or acquired. In the case 
of the latter, they are described as traction (rare) or 
pulsion (common) diverticula.

Traction diverticula were said to arise from the 
effects of enlarged mediastinal lymph glands (par-
ticularly due to tuberculosis) and this was meant to 
account for the predominant location in the upper 
half of the oesophagus. Malignant mediastinal nodes, 
however, rarely cause these diverticula and with the 
reduction in tuberculosis, it is clear that most mid-
oesophageal diverticula are of the pulsion type.

Pulsion diverticula, therefore, occur anywhere in 
the oesophagus but are most common in the lower 
half. Those that occur near the diaphragm are called 
epiphrenic diverticula. Most of these occur just 
above the diaphragm and for some reason tend to 
arise from the posterolateral wall of the oesophagus 
on the right.

Clinical features

Symptoms largely reflect the extent to which the di-
verticulum causes pressure effects and the disorder 
that gave rise to the diverticulum. Chest pain and/or 
dysphagia bring most diverticula to light, but large 
diverticula can be complicated by inflammation, fis-
tula formation, perforation and neoplastic change.

Diagnosis

Most are discovered at endoscopy or in a barium 
swallow during investigation of the patient with chest 
pain or a swallowing problem. A large  diverticulum 

 All pulsion diverticula represent the effects of 
an underlying motor disturbance where normally 
coordinated peristaltic activity is inconsistent and 
where a degree of functional distal obstruction 
is present.41 Achalasia and diffuse oesophageal 
spasm can both lead to diverticulum formation and 
identifying the underlying motor abnormality may be 
important in management.42
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containing food is sometimes picked up on a chest 
X-ray. Manometry may be necessary to characterise 
the motor abnormality, when symptoms are severe 
enough to warrant intervention.

Treatment

Small diverticula require no treatment in their own 
right and management should be directed towards 
the underlying motor disturbance. When the diver-
ticulum itself is perceived to contribute to symp-
toms, surgery is aimed at correction of the motor 
disorder and excision of the diverticulum. There 

are three elements to consider: removal of the di-
verticulum with secure closure of the oesophagus, 
correction of distal obstruction by a myotomy of 
appropriate length and the need for an associated 
antireflux procedure. Good historical results with 
open surgery have largely been replicated by stapled 
excision and closure of the oesophagus with my-
otomy and a partial fundoplication using minimal 
access approaches.
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Key points
• High-resolution pressure topography is likely to supplant conventional manometry.
• Achalasia is an uncommon disorder that generally responds well to treatment by either pneumatic 

dilatation or surgery.
• Surgery and pneumatic dilatation appear equally effective in relieving dysphagia and improving 

quality of life in achalasia.
• Botulinum toxin injection for achalasia should be reserved for patients with significant 

comorbidities.
• Diffuse oesophageal spasm usually presents with chest pain. It is difficult to diagnose because 

symptoms are intermittent.
• A long myotomy may be indicated in patients with very severe diffuse oesophageal spasm but 

most patients should be treated non-surgically.
• Oesophageal involvement occurs in a variety of autoimmune disorders. It is particularly common in 

systemic sclerosis (affected in 80% of cases).
• The vast majority of oesophageal diverticula are of the pulsion type and arise within or proximal to 

an area of oesophageal motor disturbance.
• Treatment of oesophageal diverticula is aimed at identifying and treating the underlying motility 

disorder. Additional diverticulectomy is only indicated when it contributes to symptoms.
• Non-specific manometric abnormalities are not diagnoses. The correlation with symptoms is poor. 

Patients should not be labelled with a manometric diagnosis. Many have underlying reflux and 
treatment of this is often effective.
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Paraoesophageal hernia and gastric volvulus

Introduction
Paraoesophageal hiatal hernia is a relatively rare 
condition comprising approximately 15% of hiatal 
hernias. This condition was first identified on post-
mortem examination in 1903,1 and on upper gas-
trointestinal contrast radiography by Akerlund et al. 
in 1926.2 Since that time, the importance of these 
hernias has been recognised because of the result-
ing life-threatening complications including gastro-
intestinal bleeding, iron deficiency anaemia, gastric 
volvulus with subsequent strangulation and perfo-
ration.3 Management of paraoesophageal hernias 
has changed considerably since the development of 
laparoscopic repair and several areas of controversy 
remain as this technique continues to evolve.

Epidemiology
Hiatal hernias occur in approximately 10% of the pop-
ulation, with approximately 15% of these being para-
oesophageal hernias.4 Risk factors for hiatal hernias 
include age greater than 50, body mass index greater 
than 25 kg/m2 and male gender.5 There is also a famil-
ial occurrence that confers a 20-fold increased risk in 
younger siblings of children with a hiatal hernia.6

Anatomy and natural history
The oesophagus enters the abdomen via the oe-
sophageal hiatus of the diaphragm, which is com-
prised of the limbs of the right diaphragmatic crus,7 

although varying degrees of contribution of the left 
crus are often present. Although not anatomically 
correct, descriptions of hiatal dissection and repair, 
including those presented here, typically refer to 
these limbs as the right and left diaphragmatic crura 
or pillars. The intra-abdominal oesophagus is an-
chored to the diaphragm by the phreno- oesophageal 
ligament, which maintains the position of the squa-
mocolumnar junction within or slightly distal to the 
diaphragmatic hiatus and prevents displacement of 
the stomach through the diaphragm.8

Derangements in the normal anatomy of the  
gastro-oesophageal junction and oesophageal hia-
tus allow herniation of the stomach through this 
opening into the thoracic cavity. The aetiology of 
these hernias is often unclear. Hiatal hernias are 
rare in Asian and African populations, and are more 
common in conditions of increased intra-abdominal 
pressure, such as obesity and pregnancy. Hiatal 
hernias are classified as types I–IV, with types II–
IV representing forms of paraoesophageal hernia 
(Fig. 17.1). This nomenclature is slightly confusing, 
as giant hiatal hernias may appear to be a sliding 
or paraoesophageal hiatal hernia depending on the 
patient position. We prefer to use the term ‘giant 
hiatal hernias’ for the large hernias that are usually 
classified as type III and IV paraoesophageal hernia.

Most hiatal hernias (90%) are type I, or slid-
ing, hernias in which the gastric cardia herniates 
upwards with proximal migration of the lower 
oesophageal sphincter into the thorax. The phreno-
oesophageal ligament is attenuated, but remains in-
tact.9 The term ‘sliding hiatal hernia’ is applied here 
because the gastric wall comprises a portion of the 
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hernia sac, analogous to retroperitoneal structures 
in sliding inguinal hernias.

Type II (true paraoesophageal) hiatal hernias are less 
common, constituting about 3% of hiatal hernias. In 
this type of hernia, the gastro-oesophageal junction 
remains anchored in its normal position, and the gas-
tric fundus herniates through an enlarged hiatus. This 
defect is very rare because most paraoesophageal her-
nias evolve directly from type I (sliding hiatal hernia) 
to type III (mixed paraoesophageal hernia).

Type III (combined) hiatal hernias involve ele-
ments of both type I and II hernias, and represent 
the majority of paraoesophageal hernias presenting 
for surgical repair. These hernias result from en-
largement of a type I hernia defect, to allow ceph-
alad migration of the stomach in response to the  
transdiaphragmatic pressure gradient. There is a true 
hernia sac present with fundic herniation and prox-
imal migration of the gastro-oesophageal junction  
into the thorax. This type of hernia is associated 
with laxity of the elements that retain normal gas-
tric position, and the natural history is to progress 
to complete gastric herniation, with the appearance 
of an upside-down intrathoracic stomach on con-
trast radiography.10 This increased gastric mobility 
predisposes patients to gastric volvulus, which we 
will address in detail later in this chapter.

Type IV hiatal hernia refers to a large hernia defect 
with other viscera or abdominal organs contained 
within the hernia sac. The transverse colon is the 
most common other structure found in these her-
nias. Splenic herniation is rare.

As with all hernias, the natural history of para-
oesophageal hernia is progressive enlargement over 
time. Early in their course some are clinically si-
lent, but most people have gastro-oesophageal re-
flux symptoms, which may have been treated with 
medical therapy or not at all. By the time the hernia 

grows large enough to allow a paraoesophageal her-
nia of the stomach, a cardio-oesophageal angle is 
often recreated, which may cause reflux symptoms 
to wane as the paraoesophageal herniation recre-
ates a more competent antireflux valve.11 The term 
‘giant paraoesophageal hiatal hernia’ refers to de-
fects in which at least half of the stomach is located 
within the thorax on contrast radiography, the her-
nia measures at least 6 cm in length on preoperative 
endoscopy, or a distance between the crura of at 
least 5 cm is noted on intraoperative inspection.12,13 
These hernias are repaired using the same princi-
ples required for all paraoesophageal hernias, but 
the large hernia sac and propensity for oesophageal 
shortening make these cases especially challenging.

Presentation and diagnosis
Approximately half of all paraoesophageal hernias 
are clinically silent and become apparent on imaging 
studies obtained for another reason. Symptomatic 
hernias may present with epigastric or chest pain, 
heartburn, postprandial fullness, regurgitation or 
dysphagia. Many of the signs and symptoms are 
non-specific and may mimic those of acute myocar-
dial infarction, gastric ulcer or pneumonia. Type II 
hernias typically present without reflux symptoms, 
whereas type III hernias most typically present with 
postprandial chest pain with or without reflux 
symptoms (e.g. heartburn, dysphagia, regurgita-
tion). Others present with iron deficiency anaemia 
secondary to chronic blood loss from erosions of 
the gastric mucosa caused by repeated movement 
across the hiatus, a phenomenon originally de-
scribed by Collis in 1961,14 or from an ulcer at the 
level of the diaphragm, described by Cameron from 
the Mayo Clinic.15,16

a b c

Figure 17.1  • Classification of hiatal hernias. (a) Type I (sliding). (b) Type II (true paraoesophageal). (c) Type III 
(combined).
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In the acute setting of foregut obstruction, chest X-ray 
typically demonstrates a retrocardiac air–fluid level and 
often a second one below the diaphragm. A barium 
study will reveal obstruction at the level of the volvu-
lus and can be used as a confirmatory study in this set-
ting if the diagnosis remains uncertain. In the setting of 
ischaemia, the presentation is one of septic shock, with 
epigastric pain and resultant multiorgan system dys-
function. It should be emphasised that the catastrophic 
presentations of paraoesophageal hernia are quite rare.

Several tests may be used to classify the hernia, degree 
of gastro-oesophageal reflux and oesophageal motility 
prior to elective repair. Barium swallow may suggest 
the presence of a shortened oesophagus and classify 
the hernia to aid in decision-making, especially in frail 
patients with asymptomatic hernias. Manometry is 
useful in identifying oesophageal motility disorders, 
which may preclude the use of full fundoplication, but 
may not be technically possible due to difficulties po-
sitioning the catheter beyond the lower oesophageal 
sphincter. Upper gastrointestinal (GI) endoscopy is re-
quired to inspect for gastric ischaemia, ulceration or 
erosion. If a gastric ulcer is present, elective surgery 
should be delayed until after the ulcer is healed, or at 
least 6 weeks of proton-pump inhibitor treatment.

Operative indications
It has been generally accepted that reasonable sur-
gical candidates should undergo repair regardless 
of symptoms. This recommendation is based on 
early series that showed an increased mortality after 
emergency surgery of 30% compared to 1% in elec-
tive cases. In 1967, Skinner and Belsey found that 
6 of 21 patients with a known diagnosis of para-
oesophageal hernia died from complications of their 
hernia when followed conservatively for 5 years.12

More recent studies have suggested differences in 
both the natural history of the disease and opera-
tive outcomes. Allen et al. followed 23 patients who 
refused operative repair of paraoesophageal hernias 
for a median follow-up of 78 months without de-
velopment of any life-threatening complications.17 
Others have advocated that asymptomatic or mini-
mally symptomatic paraoesophageal hernias may be 
managed by a strategy of ‘watchful waiting’, with 
emergency surgery required in only 1.2% of cases 
and an operative mortality of 5.4% in this setting.18

Operative approaches

Principles of paraoesophageal 
hernia repair

The repair of paraoesophageal hernias may be ap-
proached via thoracotomy, laparotomy or laparos-
copy. The principles of proper surgical repair are the 
same with each approach:19–21

1. Complete excision of the hernia sac.
2. Reduction of the herniated stomach and 2–3 cm 

of distal oesophagus into the abdominal cavity.
3. Repair of the diaphragmatic hiatus.

Transthoracic repair

Traditionally, transthoracic repair of paraoesopha-
geal hernias has been advocated. Approaching these 
via thoracotomy provides excellent visualisation of 
the hernia sac from within the mediastinum and al-
lows extensive oesophageal mobilisation under di-
rect vision. However, this approach is rarely used 
any more because it has been associated with longer 
hospital stay and increased incisional discomfort. 
Blind reduction of the stomach also leaves the poten-
tial for recurrence of organoaxial rotation leading to 
postoperative intra-abdominal gastric volvulus.

Transabdominal repair

Paraoesophageal hernias may be approached via lapa-
rotomy, which provides most general surgeons with a 
familiar anatomical orientation, allows placement of 
the stomach in its proper orientation, and does not 
require single-lung ventilation or placement of an in-
tercostal drain. Disadvantages include compromised 
ability to mobilise the oesophagus and perform oesoph-
ageal lengthening (Collis gastroplasty) when necessary.

Laparoscopic repair

Since its introduction by Cuschieri et al. in 1992,22 
laparoscopic paraoesophageal hernia repair has 
gained popularity and proven to be feasible, safe 
and effective.23–30 Laparoscopy provides an attrac-
tive option because it combines some of the ad-
vantages of both thoracotomy (access to the hiatus 
and ability to perform extensive mobilisation of the 
oesophagus under direct vision) and laparotomy 
(lower morbidity and no need for single-lung ven-
tilation or postoperative chest tube). Further, this 
minimally invasive approach may be better suited 
for the elderly patients in whom this disease most 
commonly occurs. This is a technically challeng-
ing operation that requires advanced laparoscopic 

 The current recommendation is that all type 
II hernias should be repaired, and consideration 
should be given to type III hernias regardless of 
symptoms. However, in the case of an elderly, 
frail patient with significant comorbidities it may 
be appropriate to decide on a course of watchful 
waiting due to increased risks associated with 
surgical repair in these patients.
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skills, but when performed properly, carries a recur-
rence rate similar to the open approach.31

Set-up and port placement
The patient is placed in the supine split-leg position 
under general anaesthesia. Intravenous antibiotics 
are given, and sequential compression devices and 
a Foley catheter are placed. The operating surgeon 
stands between the patient's legs, with the first as-
sistant positioned on the patient's left side.

A total of five trocars are used (Fig. 17.2). Peritoneal 
access is gained using a Veress needle, and an 11-mm 
trocar is placed just left of the midline, 15 cm caudal 
to the xyphoid process. Two ports are placed in the 
left subcostal position, a 12-mm trocar 12 cm lateral 
to the xyphoid process, and a 5-mm trocar 8 cm fur-
ther to the left. Finally, two 5-mm ports are placed 
along the right costal margin, one in the subxyphoid 
position and the second approximately 10 cm lateral. 
A Nathenson liver retractor is used to retract the left 
lobe of the liver and expose the oesophageal hiatus.

Reduction of hernia sac and fundic 
mobilisation
The stomach is gently reduced from the hernia sac 
(Fig. 17.3) and the left diaphragmatic pillar is identi-
fied. The dissection is carried out along the left crus 
between the endothoracic fascia and the hernia sac. 
After the anterior phreno-oesophageal membrane 
is divided using ultrasonic dissection, the stomach 
is retracted to the left to expose the right crus. The 
pars flaccida of the lesser omentum is divided and 
the dissection continues along the right crus to the 
decussation of the crura. The gastrosplenic omen-
tum is then divided using ultrasonic dissection, and 
the short gastric vessels are divided all the way up 
to the cephalad extent of the stomach. Division of 
the posterior gastric attachments creates a retro- 
oesophageal window through which a Penrose drain 
is passed around the oesophagus to allow caudal 

retraction on the oesophagus and create exposure for 
the mediastinal dissection. Dissection proceeds from 
right to left, and the sac is opened to reveal a plane 
between the peritoneal sac and the mediastinum. 
Careful blunt and ultrasonic dissection develops 
this plane, with care taken to identify and preserve 
the vagal trunks and the peritoneal coverage of the 
crura, which aids in a second crural closure. With 
gentle retraction, the sac can be slowly mobilised out 
of the mediastinum and reduced into the abdominal 
cavity. Most surgeons excise and remove the hernia 
sac, but excessive fastidiousness in this exercise risks 
injury to the vagi as they course in close apposition 
to the hernia sac in the epiphrenic fat. We usually 
remove the majority of the sac, including all sac and 
epiphrenic fat on the left side of the oesophagus, well 
away from the vagal trunks and the end branches of 
the left gastric artery.

Assessment of oesophageal length
When the hernia sac is completely reduced from 
the mediastinum, it is imperative to have at least 
2.5 cm of tension-free intra-abdominal oesophageal 
length. If a shortened oesophagus is identified an 
extensive circumferential mobilisation of the in-
trathoracic oesophagus is performed, which usu-
ally provides the desired oesophageal length. True 
shortened oesophagus is rare but a wedge gastro-
plasty can be performed over a 48 French bougie. 
A point is marked 3 cm below the angle of His, and 
a transverse staple line is created with two or three 
applications of a linear endoscopic stapler inserted 
via the left upper quadrant trocar. When the oe-
sophageal dilator is reached, a vertical staple line 
created along the bougie creates a 3–4 cm neo-oe-
sophagus, and the gastric wedge is removed from 
the abdomen.32

Figure 17.2  • Port placement for laparoscopic 
paraoesophageal hernia repair.

Figure 17.3  • A large paraoesophageal hernia with the 
stomach reduced into the abdomen prior to beginning the 
dissection.
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Crural dissection and repair
After complete reduction of the hernia sac and identi-
fication of an adequate length of intra-abdominal oe-
sophagus, attention is turned to the crural closure. This  
is performed using interrupted, pledgeted, braided non-
absorbable suture such as 0 silk (Fig. 17.4). It is frequently 
beneficial to reduce pneumoperitoneum pressure to 7 cm 
to close large diaphragmatic defects that are held open 
by the pneumoperitoneum. Once closed, the adequacy 
of closure may be tested by the passage of a 56–60 
French Maloney dilator, which should completely fill the 
new hiatal aperture. If the diaphragmatic repair appears 
to be ‘pinching’ the oesophagus with the dilator in place, 
a suture is removed. Conversely, if the closure is loose, 
the dilator is withdrawn into the upper oesophagus and 
another suture is added. In addition to suture repair, we 
have advocated the use of biological mesh for reinforce-
ment of the crural repair. A 3 cm × 5 cm U-shaped piece of 
bioprosthetic mesh is fixed in place overlying the repair. 
Rather than struggle with difficult suture angles, or risk-
ing an intrathoracic injury by using hernia tacks to hold 
the mesh in place, we ‘glue’ the mesh to the diaphragm 
with tissue sealant (Fig. 17.5).

Fundoplication
After the completion of the crural repair, we routinely 
perform an antireflux procedure because failure to do 
so has been associated with a 20–40% rate of postoper-
ative reflux and preoperative testing cannot successfully 
predict postoperative reflux.33–37 A Nissen fundoplica-
tion is performed unless the patient has a known history 
of severe oesophageal dysmotility, necessitating a partial 
fundoplication. A floppy Nissen is performed by pass-
ing the fundus of the stomach behind the oesophagus. 
When a wedge gastroplasty is performed, the staple line 
is apposed to the stomach wall and the most cephalad 
stitch of the fundoplication is placed on the true oe-
sophagus above the neo-oesophagus, ensuring that no 
gastric mucosa lies above the wrap. The fundoplication 
is created using three 2/0 silk or braided nylon sutures 
incorporating the stomach and oesophagus with each 
‘bite’. An additional suture may be placed from the pos-
terior portion of the wrap to the oesophagus.

Current controversies in 
paraoesophageal hernia 
management
Although many centres have adopted laparoscopic 
paraoesophageal hernia repair as their primary treat-
ment approach, several technical considerations draw 
debate. These include methods to minimise hernia 
recurrence following laparoscopic paraoesophageal 
hernia repair, oesophageal lengthening procedures, 
and prosthetic reinforcement of the crural repair.

Recurrence rate

As with any hernia repair, recurrence is a well-known 
complication of paraoesophageal hernia surgery. 
Early studies demonstrated a higher rate of recur-
rence in the laparoscopic approach as compared to 
the open approach,26 but after the introduction of 
mesh crural reinforcement and oesophageal length-
ening when indicated, the rate of recurrence for lapa-
roscopic paraoesophageal hernia repair decreased31 
and is now considered to be equivalent to open repair.

Oesophageal lengthening 
procedures

Most surgeons today agree that oesophageal shortening 
can result from oesophageal inflammation in the set-
ting of proximal migration of the gastro-oesophageal 
junction. This results in tension on the hiatal repair, 
which has been implicated in up to 33% of surgical 
failures after open and laparoscopic repairs.38–41

Short oesophagus has been recognised and stud-
ied for several decades, with the Collis gastroplasty 

Figure 17.4  • Completed crural repair.

Figure 17.5  • Bioprosthetic mesh overlying the 
completed crural repair.
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described for its treatment in 1957.40 Although 
preoperative testing can show the position of the  
gastro-oesophageal junction and suggest the presence 
of shortened oesophagus, these tests cannot reliably 
predict difficulty reducing the stomach to its ana-
tomical position without tension intraoperatively.42 
Currently, shortened oesophagus is defined as the in-
ability to gain 2.5–3 cm of tension-free intra-abdominal 
oesophagus following mediastinal dissection.

Oesophageal tension due to shortened length fa-
vours hernia recurrence by cephalad migration of 
the fundoplication through the crural repair. Ten 
per cent of paraoesophageal hernia repairs require a 
lengthening procedure and their use is mandatory in 
cases when adequate tension-free oesophageal length 
cannot be obtained from mediastinal dissection 
alone. The wedge gastroplasty and fundoplication 
has demonstrated improved resolution of symptoms 
as compared to fundoplication alone in the repair of 
type II–IV hernias, while maintaining no difference 
in hospital length of stay or overall quality of life.43

Prosthetic crural reinforcement

The high recurrence rate of laparoscopic paraoesopha-
geal hernia repair led to the development of pledgeted 
suture repairs and synthetic or bioprosthetic mesh 
repairs. Three prospective studies showed decreased 
recurrence rates when prosthetic crural reinforcement 
was performed compared to primary repair.

Two prospective randomised trials have evalu-
ated synthetic mesh reinforcement. One showed 
a decreased recurrence rate with polytetrafluoro-
ethylene reinforcement of the crural repair44 and 
another showed similar results with prolene mesh 
reinforcement of the hiatus.45 However, movement 
of the mesh along the oesophagus with each respi-
ration can cause serious and significant complica-
tions such as mesh erosion, ulceration, stricture and 
dysphagia.46–49 Occasionally, these complications 
can be so severe as to necessitate oesophagectomy 
or  gastrectomy,49 and as a result the use of  synthetic 
mesh has fallen out of favour and should be avoided.

Two studies have evaluated the rate of recurrence 
after repair with bioprosthetic mesh in a multicentre, 
prospective, randomised fashion. The first, published 
in 2006, showed a significant reduction in early recur-
rence following bioprosthetic mesh repair, without 
increased dysphagia or impaired quality of life com-
pared to those with primary crural repair.50 This study 
was limited by rather short-term follow-up of only 
6 months, so a second study was performed of the same 
patient population at 5-year follow-up.51 By 5 years, 
there was no difference in recurrence rate by either up-
per GI swallow study or symptoms, and there were no 
complications related to the mesh. Accordingly, bio-
prosthetic mesh reinforcement appears to be safe, but 

it may not change the long-term rate of recurrence. No 
study to date has prospectively compared the numer-
ous types of bioprosthetic mesh in paraoesophageal 
hernia repair.

Acute gastric volvulus
Gastric volvulus, first described by Berti in 1896,52 is 
the rotation of the stomach more than 180° around 
a fixed axis of rotation. Gastric strangulation from 
acute gastric volvulus is a dreaded complication of 
paraoesophageal hernia and it remains the driving 
force for recommending elective repair of asymp-
tomatic hernias. Gastric strangulation occurs in up 
to 28% of cases of acute gastric volvulus,53 and may 
progress to gastric necrosis, perforation and severe 
sepsis leading to cardiovascular collapse if it is not 
diagnosed quickly and managed aggressively.

Frequency and mechanism

The true incidence of gastric volvulus remains un-
known, but it affects males and females equally. 
Approximately 20% of cases occur in infants and 
young children, with the remainder occurring in 
adults older than 50 years of age.

The anatomical classification of gastric volvulus is 
based on the axis of rotation (Fig. 17.6). Organoaxial 

a

b

Figure 17.6  • Mechanisms of gastric volvulus. (a) 
Organoaxial rotation. (b) Mesentericoaxial rotation.



www.ketabpezeshki.com          66485457-66963820

Chapter 17

314

volvulus is the most common type, and it accounts for 
almost all cases of acute gastric volvulus. This involves 
rotation of the stomach around the anatomical (lon-
gitudinal) axis, represented as a line drawn from the 
cardia to the pylorus,10 frequently resulting in gastric 
strangulation. In mesoentericoaxial volvulus, the an-
trum of the stomach rotates anteriorly and superiorly 
around a transverse axis that extends from the mid-
lesser curvature to the mid-greater curvature.10 The ro-
tation is typically incomplete and results in intermittent 
gastric obstruction, rather than acute strangulation.

Presentation and diagnosis

Acute gastric volvulus typically presents with a 
history of dysphagia and high gastric obstruction. 
In 1904, Borchardt described the classic symptom 
triad of severe epigastric pain, retching and inability 
to vomit, and inability to pass a nasogastric tube.54 
Patients may also present with severe chest pain and 
minimal abdominal findings as the incarcerated seg-
ment is often located within the chest.53

The clinical history and a plain chest radiograph 
are usually sufficient for diagnosis. The X-ray shows 
a retrocardiac air–fluid level, often with a second 
air–fluid level present below the diaphragm. In cases 
where the diagnosis remains in question, barium 
swallow is diagnostic and will show an obstruction 
at the level of the volvulus, or computed tomogra-
phy of the chest will demonstrate the  presence of the 

stomach within the chest and no oral contrast past 
the level of the diaphragm.

Management

Once the diagnosis has been made, intravenous fluid 
resuscitation should be initiated and an attempt made 
at gastric decompression with a nasogastric tube. If 
successful, this results in rapid symptom improvement, 
and allows time for intravenous fluid resuscitation 
prior to surgical repair. If nasogastric decompression is 
unsuccessful, the patient must be taken to the operat-
ing room immediately for emergency operative repair.

Surgical repair of gastric volvulus may be ap-
proached via thoracotomy, laparotomy or laparos-
copy. The principles of repair include reduction of the 
hernia, release of the volvulus, debridement of all non-
viable tissue, hiatal closure and anterior gastropexy or 
fundoplication to prevent recurrent volvulus. In cases 
where nasogastric decompression can be achieved 
preoperatively and adequate intravenous fluid resus-
citation accomplished, most can be managed laparo-
scopically. In the setting of acute peritonitis or gastric 
distention that cannot be relieved by decompression, 
laparotomy or thoracotomy would be the preference 
of most surgeons. In high-risk patients deemed unfit 
for a laparoscopic or open approach, several authors 
have proposed the use of endoscopic reduction with 
gastropexy performed via either one or two percuta-
neous endoscopic gastrostomy tubes.

Key points
• Paraoesophageal hernias comprise approximately 15% of hiatal hernias and, of these, type III 

hernias most commonly present for surgical repair.
• Paraoesophageal hernias should be repaired in symptomatic patients with reasonable surgical risk 

to prevent the development of potentially life-threatening complications.
• Watchful waiting is an acceptable management strategy in most asymptomatic individuals, 

especially the elderly or those with significant comorbidities.
• Laparoscopic paraoesophageal hernia repair is safe and effective in the management of 

paraoesophageal hernias and is the operative approach of choice.
• Shortened oesophagus is defined as the inability to gain at least 2.5 cm of intra-abdominal 

oesophagus after standard mediastinal dissection. This can be managed in most cases by extensive 
mediastinal dissection and oesophageal mobilisation. A lengthening procedure is indicated when 
sufficient length cannot be produced by dissection alone.

• Bioprosthetic mesh reinforcement of the crural closure decreases the rate of early recurrence and 
can be performed safely but may not affect long-term recurrence rates. Other mesh reinforcement 
should be avoided.

• Acute gastric volvulus is a serious complication of paraoesophageal hernias that requires aggressive 
management to avoid life-threatening complications of gastric strangulation, infarction and perforation.

• When gastric decompression of acute gastric volvulus can be obtained preoperatively, most 
operative repairs can be completed laparoscopically. However, in cases with acute peritonitis an 
open approach via laparotomy or thoracotomy is required.
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18
John Wayman

Benign ulceration of the stomach and duodenum 
and the complications of previous ulcer surgery

Introduction
The role of the surgeon in the management of peptic 
ulcer disease has changed in the last few decades. Since 
the introduction of effective acid antisecretories and 
greater understanding of Helicobacter pylori (HP), the 
role of the surgeon has become limited to the man-
agement of occasional resistant ulcers, emergency 
management of complicated ulcer disease and man-
agement of the consequences of previous ulcer surgery.

Management of refractory 
peptic ulceration

Endoscopic confirmation
Gastric and duodenal ulcers may be considered ‘re-
fractory’ to medical treatment if there is no sign of 
significant healing by 12 and 8 weeks, respectively. 
Gastric ulcers must be carefully re-biopsied as there is 
a risk that an apparently benign gastric ulcer is in fact 
an early malignancy. Direct endoscopic inspection, 
adequate tissue biopsy and expert histological inter-
pretation are essential to identify dysplasia, neoplasia 
or other more uncommon mucosal disease. Repeat en-
doscopy to confirm healing and re-biopsy are manda-
tory for all gastric ulcers but probably unnecessary for 
duodenal ulcers if symptoms have resolved. Persistent 
duodenal ulceration should be re-biopsied for similar, 
albeit less likely, reasons given above to identify the 
several neoplastic, infectious and inflammatory condi-
tions that can mimic peptic ulcer disease. Assuming 
that the diagnosis of peptic ulcer is correct, there are 

three main causes to consider: that HP has not been 
eradicated, that there are other factors inhibiting ulcer 
healing or that there is a state of acid hypersecretion 
(Zollinger–Ellison syndrome). Having examined all of 
these factors, true ‘refractory’ ulcers have become rare.

Confirmation of persistent 
Helicobacter infection

Multiple non-invasive diagnostic tests for Helicobacter 
are available, including carbon isotope (13C or 14C) 
urea breath test, serological enzyme-linked immuno-
sorbent assay or the monoclonal antibody faecal anti-
gen test. At endoscopy, biopsy material can be analysed 
by a rapid functional assay of urease activity as well as 
histological analysis. Several drugs, including proton-
pump inhibitors, bismuth and antibiotics, temporarily 
suppress HP and may render functional assays falsely 
negative. The sensitivity of any test may be less follow-
ing treatment when the inoculum is reduced. For tests 
relying on functional assay of endoscopic biopsy tis-
sue, the sensitivity may be enhanced post-treatment by 
using more than one biopsy and, since there may be 
proximal migration of the infection, analysis of biop-
sies from both the antrum and body of the stomach. 
More elaborate immunohistochemistry using poly-
clonal antisera to HP can improve sensitivity and the 
polymerase chain reaction allows detection of the pres-
ence of HP DNA in the absence of viable bacteria.

 In clinical practice, the urea breath test is 
considered the most reliable tool for assessing HP 
status post-treatment.1
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Failure of HP eradication may be due to antibiotic 
resistance or non-compliance. The former may be 
overcome by appropriate modification of the antibi-
otic regimen, occasionally even using bacteriologi-
cal culture to help direct treatment.

Non-HP-related refractory 
ulceration

Ingestion of non-steroidal anti-inflammatory drugs 
(NSAIDs) should be re-evaluated. Surreptitious aspi-
rin ingestion has been observed and if suspected can 
be established by assay of plasma salicylate levels. 
Any other factor that may be facilitating ulceration 
and impairing healing, such as intercurrent disease 
and smoking, should be sought and eliminated 
where possible. Diseases associated with peptic 
ulceration are chronic liver disease, hyperparathy-
roidism and chronic renal failure, particularly dur-
ing dialysis and after successful transplantation. 
Smokers are more likely to fail both medical and, in-
deed, surgical ulcer treatment. Smoking impairs the 
therapeutic effects of antisecretories, may stimulate 
pepsin secretion and promotes reflux of duodenal 
contents into the stomach. Smoking increases the 
harmful effects of HP, and increases the production 
of free radicals, endothelin and platelet-activating 
factor. Smoking also affects the mucosal protective 
mechanisms by decreasing gastric mucosal blood 
flow and inhibiting gastric prostaglandin generation 
and the secretion of gastric mucous, salivary epider-
mal growth factor, duodenal mucosal bicarbonate 
and pancreatic bicarbonate.2 Stopping smoking is 
an important, yet often ignored, first step to allow 
effective ulcer treatment.

A diagnosis of Zollinger–Ellison should be sus-
pected in cases of Helicobacter-negative, non-
NSAID-induced refractory ulceration and especially 
where there is ulceration of the second part of the 
duodenum or large confluent ulcers in the duode-
num. Hypergastrinaemia should be excluded prior 
to a decision to treat a refractory ulcer.

Where no cause for persistent ulceration can be 
found it may be necessary for the patient to take 
long-term antisecretory drugs. Alternatively, elec-
tive surgery may be considered in this group of pa-
tients. The risks of complications of persistent ulcer 
disease, the degree of disability experienced by pa-
tients and their fitness for surgery should all be con-
sidered in the decision of whether or not to operate.

Elective surgery for peptic ulceration
Surgery for peptic ulcer disease evolved around 
the concept of acid reduction either by resection of 
most of the parietal cell mass, vagal denervation of 
the parietal cells or resection of the antral gastrin-
producing cells. The balance lay in minimising the 

chance of ulcer recurrence while at the same time 
trying to avoid the symptomatic and metabolic se-
quelae of the procedure that would affect patients 
for the rest of their life.

The trend by the mid-1970s was towards highly 
selective vagotomy (HSV) or proximal gastric vagot-
omy, which denervated the parietal cell mass but left 
the antrum and pylorus innervated and so allowed a 
gastric-emptying pattern that, while not completely 
normal, did not require a drainage procedure. This 
was the first ulcer procedure that did not involve by-
pass, destruction or removal of the pylorus, and as a 
result has significantly fewer side-effects than other 
ulcer operations. The main concern with this opera-
tion, whether for duodenal or gastric ulcer, has been 
the recurrence rate. In the best hands recurrence 
rates of 5–10% have been achieved.

Anterior seromyotomy with posterior truncal va-
gotomy probably denervates the proximal stomach 
more consistently. This proved that the posterior vagal 
trunk can be divided and the patient not experience 
significant diarrhoea, provided the pylorus is intact 
and innervated. Some surgeons advocated the use of 
truncal vagotomy and antrectomy, suggesting that this 
operation is the most effective for reducing acid secre-
tion and has a very low recurrence rate of about 1%. 
The procedure was subsequently modified to a selec-
tive vagotomy and antrectomy, leaving the hepatic and 
coeliac fibres of the vagi intact. This did reduce the 
incidence of side-effects, especially diarrhoea, though 
dumping was still a problem. Bile gastritis and oe-
sophagitis were also troublesome side-effects unless 
a Roux-en-Y reconstruction was used, though recur-
rent stomal ulceration was then more frequent unless 
a more extensive gastric resection was performed. The 
perfect ulcer operation has remained elusive and there 
is none that has no side-effects or risks.

Operations for refractory duodenal ulcers
There is no good evidence on which to base the deci-
sion of operation in cases of resistant ulceration in the 
modern era. Intuitively, one might predict a poor result 
with HSV alone since its success rate historically was 
less than that of modern medical treatment. It seems 
likely that resection of the antral gastrin-producing 
mucosa and either resection or vagal denervation of 
the parietal cell mass is necessary. The operations that 
could be considered include the following:

•	 Selective vagotomy and antrectomy. Selective 
denervation is preferred because of a lower 
incidence of side-effects. It is not an easy 
procedure; in particular, the dissection around 
the lower oesophagus and cardia has to be 
done very carefully. The vagotomy should 
be performed before the resection and tested 
intraoperatively. The reconstruction should either 
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be a gastroduodenal (Billroth I) anastomosis or 
a Roux-en-Y gastrojejunostomy. The latter is 
associated with fewer problems with bile reflux 
into the gastric remnant and oesophagus, but a 
higher risk of stomal ulceration and so at least a 
two-thirds gastrectomy is advised.

•	 Subtotal gastrectomy. Removal of a large part of 
the parietal cell mass is sound in theory and indeed 
ulcer recurrence after this operation is unusual. 
However, there is an incidence of postprandial 
symptoms, and in particular epigastric discomfort 
and fullness that can limit calorie intake. 
Importantly, there is a high incidence of long-
term nutritional and metabolic sequelae that 
require lifelong surveillance and can be difficult to 
prevent, although this is mainly in women.

•	 Pylorus-preserving gastrectomy. This operation 
involves highly selective vagotomy with resection 
of about 50% of the parietal cell mass and 
the antral mucosa, but preserving the pyloric 
mechanism and the vagus nerves to the distal 
antrum and pylorus. There is some evidence 
that this may be a superior technique with fewer 
sequelae compared to the traditional approaches.3 
Comparable results of the technique used in 
the context of treatment of early gastric cancer 
confirm a good long-term functional result.4

Operations for refractory gastric ulcers
There are no reliable data on which to base a rec-
ommendation for surgical treatment of refractory 
gastric ulcers. HSV is not recommended for pre-
pyloric ulcers since they follow the same pattern 
as described for duodenal ulceration. The choice 
of operation for a more proximal ulcer, often 
along the lesser curve and often associated with 
atrophic gastritis, is between excision of the ulcer 
with HSV or partial gastrectomy. The recurrence 
rate is higher after HSV/excision, but the operative 
mortality is lower and side-effects fewer after this 
procedure.

Laparoscopic peptic ulcer surgery

Interest in minimally invasive procedures has led to 
many publications proving the feasibility of laparo-
scopic definitive ulcer operations. The indications 
and considerations for elective laparoscopic peptic 
ulcer surgery should be exactly the same as for open 
procedures. The choice of approach must be a tech-
nical decision related to the expertise and experi-
ence of the operator: there is an insufficient evidence 
base to recommend one approach over another.

Zollinger–Ellison syndrome 
(ZES)
Refractory peptic ulceration should raise the suspi-
cion of ZES. Alternatively, the syndrome may present 
with diarrhoea and weight loss and a third present 
with oesophagitis only. The disease may present more 
dramatically with perforation, haemorrhage, oesoph-
ageal stricture, jejunal or anastomotic ulceration. The 
condition should be suspected particularly when a 
duodenal ulcer coexists with primary hyperparathy-
roidism or metastatic adenocarcinoma of unknown 
origin. The aims of treatment are control of gastric 
acid hypersecretion and, where possible, removal of 
the underlying tumour itself to prevent metastatic dis-
ease. Since the introduction of adequate medical acid 
suppression the former aim is no longer the primary 
concern of the surgeon.

Pathology

Although originally described as a pancreatic endo-
crine tumour, the definition has also come to include 
extrapancreatic gastrin-secreting tumours. The ma-
jority of tumours lie within an area defined by the 
junction of the cystic and common bile ducts supe-
riorly, the junction of the second and third portions 
of the duodenum inferiorly, and the junction of the 
neck and body of the pancreas medially: the ‘gastri-
noma triangle of Stabile’5 (Fig. 18.1). Where the con-
dition is due to a pancreatic tumour, in two-thirds 
of cases the tumour will be multifocal within the 
pancreas.6 At least two-thirds will be histologically 
malignant. One-third will already have demonstra-
ble metastases by the time of diagnosis.7 The most 
common extrapancreatic site is in the wall of the 

Figure 18.1  • Gastrinoma triangle of Stabile et al.5
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duodenum. Less frequently (6–11% of cases) ecto-
pic gastrinoma tissue has been identified in the liver, 
common bile duct, jejunum, omentum, pylorus, 
ovary and heart.8 These extrapancreatic tumours 
rarely metastasise to the liver and, even though they 
do metastasise just as frequently to regional lymph 
nodes, they tend to have a better prognosis than pri-
mary pancreatic tumours.

One-quarter of patients with ZES have other  
endocrine tumours as part of a familial multiple  
endocrine neoplasia (MEN-1) syndrome, particu-
larly hyperparathyroidism.7 This group of patients 
has a much worse prognosis than sporadic ZES, in 
part due to the multifocal nature of the disease.

Diagnosis

Diagnosis may be confirmed by paradoxical fasting hy-
pergastrinaemia associated with gastric acid hyperse-
cretion. Hypergastrinaemia may be expected to occur 
in cases of achlorhydria such as ingestion of antisecre-
tory drugs, postvagotomy, pernicious anaemia, atro-
phic gastritis, antral G-cell hyperplasia or gastric outlet 
obstruction. Hypergastrinaemia is also associated with 
a retained antrum after a Billroth II/Polya-type gastrec-
tomy where a small cuff of antrum has been included 
in the ‘duodenal’ closure (if a retained antrum is sus-
pected, technetium pertechnetate scan may be useful 
in identifying the antral mucosa). If there is diagnostic 
uncertainty or the basal serum gastrin level is marginal, 
dynamic assay of serum gastrin following secretin (or 
alternatively calcium or glucagon) provocation may be 
required. Gastrin response to a standard meal helps 
to differentiate hypergastrinaemia due to antral G-cell 
hyperplasia, which will result in an increase in serum 
gastrin levels, while no response would be expected in 
cases of gastrinoma. Serum chromogranin A, a non-
specific marker for neuroendocrine tumours, should 
also be measured.9

Tumour localisation

Tumours may be localised initially by computed to-
mography (CT). This may also identify metastatic 
disease. Endoscopic ultrasound (EUS) is highly ac-
curate in the localisation of pancreatic tumours and 
gastrinomas in the duodenal wall as small as 4 mm. 
Octreotide scan and selective arterial secretagogue in-
jection (SASI) testing are the most reliable approaches 
to localising gastrinomas. Liver metastases can fre-
quently be detected by conventional imaging, but oc-
treotide scan has proved a more sensitive  investigation 
that may prevent unnecessary surgical exploration. 
SASI involves selective catheterisation of the feeding 
arteries of the duodenum and pancreas and the he-
patic veins. Secretin is injected in turn into the splenic, 
gastroduodenal (GDA) and superior  mesenteric 

(SMA) arteries. Corresponding hepatic venous gastrin 
levels are measured and allow identification of the 
main feeding vessel. More precise localisation can be 
achieved by more peripheral cannulation of the SMA 
and GDA or different points along the splenic artery. 
The test has greater than 90% sensitivity and specific-
ity for preoperative tumour localisation.10

Surgery for ZES

The surgical management of ZES is characterised 
by controversy and little evidence. Historically, the 
debate centred around the radicality of surgical ap-
proaches to eliminate end organ acid production 
such as total gastrectomy. This is generally accepted, 
as unnecessary given that adequate acid suppression 
can usually be achieved with proton-pump inhibitors 
(PPIs), albeit at much higher doses than those usu-
ally recommended. How aggressively surgery should 
be pursued for the gastrinoma itself became the next 
area of controversy. With adequate acid suppression, 
patients may be rendered asymptomatic and the 
natural history of the gastrinoma tended to one of 
only very slow progression. Nevertheless, 60–90% of 
gastrinomas are reported to be malignant and some 
do have a more aggressive course. It became more ac-
ceptable to consider resection, as 30–50% with spo-
radic disease may be cured or at least have a reduced 
rate of development of liver metastases. Whether that 
should be local enucleation or a wider resection re-
mains controversial. In the past many would say that 
patients with MEN-1 and those with liver metastases 
should not be treated surgically. Nevertheless, im-
pressive results have been reported even in the former 
group and there is evidence that surgical resection of 
metastatic liver disease does offer long-term survival, 
even where resection may be incomplete. One of the 
largest series has shown that surgical exploration and 
resection resulted in excellent long-term results, with 
a 15-year disease-related survival rate of 98% com-
pared to 74% for non-operated cases.11

Surgical exploration when preoperative investiga-
tions have failed to precisely localise a tumour is now a 
less frequent problem, particularly in specialist centres 
with access to SASI and octreotide scan. Nevertheless, 
a laparotomy will detect a third more gastrinomas 
than even octreotide scan. If surgical exploration is 
performed then the pancreas must be mobilised along 
its entire length, inspected, palpated and if the facili-
ties are available re-scanned intraoperatively by en-
doluminal or standard ultrasound. Palpation of the 
duodenal wall will identify 61% of duodenal gastri-
nomas. Duodenal transillumination by endoscopy will  
improve detection to 84% and duodenotomy identi-
fies the remaining cases.12 If no gastrinoma is found 
in the usual locations, other ectopic sites should be 
examined carefully. Resection of these primary ectopic 
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tumours can sometimes lead to durable biochemical 
cures. Gastrinomas may be identified in 96% of sur-
gical explorations if these approaches are adopted.11 
With the use of SASI in particular, though a tumour 
cannot be precisely localised, it may be sufficiently 
‘narrowed down’ to allow a limited pancreatic and/
or duodenal resection.10 The intraoperative secretin 
test in which gastrin levels in response to secretin are 
measured before and after resection can be useful in 
assessing the effectiveness of resection.

Emergency management 
of complicated peptic ulcer 
disease
Although very few patients now require elective 
surgery, the number who require surgery for the 
complications of peptic ulcer disease has remained 
constant for many years.

Perforation

A number of factors associated with poor outcome in 
perforated peptic ulcer have been identified: delay in 
diagnosis, coexistent medical illness, shock on admis-
sion, leucocytosis and age over 75. A delay in treatment 
of greater than 24 hours is associated with a sevenfold 
increase in mortality, threefold risk of morbidity and a 
twofold increase in hospital stay. The elderly are partic-
ularly vulnerable and often more difficult to diagnose 
because of poorly localised symptoms and signs and 
fewer preceding symptoms. The principles of treatment 
of peptic ulcer perforation involve resuscitation, con-
trol of contamination and prevention of recurrence.

Conservative management
Study of the natural history of perforated peptic ul-
cers suggests that they frequently seal spontaneously 
by omentum or adjacent organs and that, particularly 
when this occurs rapidly, contamination can be mini-
mal. Taylor showed that the mortality in his series of 
patients with peptic ulcer disease was half that of the 
contemporary (pre-1946) reported mortality for per-
foration treated surgically.14 Conservative treatment 
today consists of parenteral  broad-spectrum antibiot-
ics, intravenous acid antisecretories,  intravenous fluid 
resuscitation and nasogastric aspiration. In addition, 
water-soluble meal and limited follow-through is rec-
ommended to confirm that the leak has sealed. CT is 
becoming increasingly used in the  diagnosis of acute 

abdominal pain and the degree of fluid contamina-
tion may also serve as a useful guide as to whether 
peritoneal lavage or drainage is necessary.

Surgery
In most cases the treatment of choice for patients with 
perforation of the duodenum is still laparotomy, perito-
neal lavage and simple closure of perforation, usually 
by pedicled omental patch repair (Fig. 18.2). The routine 
use of drains is unnecessary and may in fact increase 
morbidity. This simple treatment is safe and effective in 
the long term, when combined with pharmacological 
acid suppression. Ninety per cent of perforations are 
associated with HP infection,18 and HP eradication fur-
ther significantly reduces the risk of ulcer recurrence.19

 Careful resuscitation and perioperative 
optimisation play a significant role in reducing 
morbidity and mortality associated with perforated 
peptic ulcer disease.13

 The conservative approach may be particularly 
appropriate in patients under 70, whose comorbidity 
(recent myocardial infarction, severe chronic 
obstructive pulmonary disease, etc.) place them at 
high operative risk. Sometimes, where there is some 
delay in presentation and patients exhibit an already 
improving clinical picture with minimal abdominal 
signs, conservative treatment is likely to be successful. 
Such an approach, however, requires careful interval 
assessment by an experienced surgeon with a low 
threshold for performing surgery if clinical improvement 
is not apparent, both to confirm the diagnosis and 
oversew an unsealed perforation. Small series have 
demonstrated low, comparable mortality for the 
conservative approach with conversion to operation 
of around 20–30%. Those that failed conservative 
treatment were more often over 70 years of age.15–17

Figure 18.2  • Closure of duodenal perforation with 
pedicled omental patch.
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In cases of ‘giant’ perforation, where the defect 
measures 2.5 cm or more, partial gastrectomy with 
closure of the duodenal stump should be consid-
ered (see also management of bleeding from giant 
duodenal ulcer below). Alternatively, in situations 
where the clinical situation or expertise dictates 
more expeditious surgery, the duodenal perfora-
tion should be closed as well as possible around 
a large Foley or T-tube catheter to create a con-
trolled fistula. This can be combined with vent-
ing gastrototomy and feeding jejunostomy.20 The 
advances in understanding of the medical treat-
ment of peptic ulcer disease together with the 
decrease in experience of elective antiulcer sur-
gery have made the argument for definitive  
ulcer surgery in the emergency setting almost 
untenable.

Although laparoscopic treatment of peptic ul-
cer perforation was first reported in 199021 and 
many excellent series have been reported since, a 
European population study demonstrated that the 
proportion of cases performed laparoscopically is as 
low as 6%,22 and even in centres with a specialist 
interest in laparoscopic surgery the proportion of 
cases completed laparoscopically is less than 50%.23

Whatever the approach, basic surgical tenets 
must be observed: careful preparation for theatre 
with timely expeditious operation involves thor-
ough peritoneal lavage and secure closure of the 
defect. Any marginal benefit of the minimally in-
vasive approach is lost if any of these tenets are 
compromised.

Bleeding

Management of acute haemorrhage from peptic ul-
ceration of the stomach and duodenum has been 
revolutionised by rapidly developing endoscopic 
technology and expertise. The principle of successful 
management is by prompt resuscitation, accurate en-
doscopic diagnosis and the timely application of ap-
propriate therapy.

Medical therapy

Somatostatin decreases gastric acid and pepsin secre-
tion. Nevertheless, there is no proven benefit of soma-
tostatin or its analogue (octreotide) in the management 
of active non-variceal upper gastrointestinal bleeding. 
Prostaglandin E2 and its analogue (misoprostol) in-
hibit gastric acid production, stimulate mucosal perfu-
sion, and promote bicarbonate and mucus secretion. 
Small studies to date have demonstrated no benefit of 
stopping acute bleeding or preventing re-bleeding.

Endoscopic therapy
The various techniques of endoscopic haemostasis 
have dramatically reduced the need for emergency 
surgery for bleeding due to peptic ulceration.

 There are several series that show favourable 
results with the laparoscopic approach,24 but there 
are very few prospective studies.25 Shock, delayed 
presentation, confounding medical condition, age 
greater than 70 years, poor laparoscopic expertise 
and ASA grade are risk factors for open conversion 
and for poorer outcome.26 In ‘low-risk’ patients 
the laparoscopic approach may have significant 
advantages. For higher-risk patients (prolonged 
perforation for >24 h, shock on admission and 
confounding medical conditions) there is no evidence 
that the laparoscopic approach is advantageous.

 Although there is evidence that proton-
pump inhibitors given pre-endoscopy reduce the 
incidence of endoscopic findings of stigmata of 
recent haemorrhage and the need for endoscopic 
intervention, there is no evidence that this or any other 
specific pre-endoscopy medical intervention has any 
effect on overall morbidity, mortality, or specifically the 
risk of re-bleeding or need for surgery.27

 There is compelling evidence that proton-
pump inhibitors given after endoscopic control of 
bleeding are beneficial. A randomised controlled 
study (n = 240) from Hong Kong has demonstrated 
a significant reduction in re-bleeding following 
endoscopic treatment with a protocol of intravenous 
omeprazole (omeprazole 80 mg i.v. bolus followed 
by 8 mg/h infusion for 72 hours).28 This is supported 
by meta-analysis of subsequent studies.29

 Meta-analysis of randomised, double-blinded 
trials with tranexamic acid reveals no significant 
difference in the incidence of re-bleeding but an 
increase in complications related to therapy such as 
stroke, myocardial infarction, deep vein thrombosis 
and pulmonary embolism.30

 Meta-analysis suggests that endoscopic therapy 
reduces the mortality of acute upper gastrointestinal 
bleed in patients' active bleeding or non-bleeding visible 
vessel by avoiding the often considerable morbidity or 
mortality of emergency surgery.31

 Ulcers with a clean base or non-protuberant 
pigmented dot in an ulcer bed, which are at low risk of 
re-bleeding, do not require endoscopic treatment. For 
all others, including those who have active bleeding or 
non-bleeding visible vessels or have adherent blood 
clot, endoscopic treatment should be given.32
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Injection with 4–16 mL 1:10 000 adrenaline around 
the bleeding point and then into the bleeding ves-
sel achieves haemostasis in up to 95% of cases. 
Additional injection with sclerosants (sodium tetra-
decyl sulphate, polidoconal, ethanolamine) or abso-
lute alcohol does not confer additional benefit and 
may cause perforation. Fibrin glue and thrombin may 
be more effective, but they are not widely available.

Techniques used commonly are the heater probe, 
multipolar coagulation (BICAP) and argon plasma co-
agulation. There is no strong evidence to recommend 
one thermal haemostasis technique over another.

Mechanical clips have had variable success re-
ported when compared with other techniques. This 
may reflect the technical difficulties with their place-
ment. In certain situations, such as active bleeding 
from a large vessel, they may be particularly useful.

There is no evidence to support a repeat endoscopy 
unless there is a suggestion of further active bleed-
ing or it is felt that the initial endoscopic treatment 
was suboptimal. Nevertheless, some clinicians do 
choose to re-evaluate higher risk cases after 24–48 
hours and consider further endoscopic treatment.

Surgery
Operative or radiological intervention is mandatory 
if initial control of bleeding is not possible endo-
scopically. Further intervention should also still be 
considered if re-bleeding occurs following initially 
successful endoscopic treatment. Re-bleeding may 
be observed directly endoscopically or indirectly by 
continuing haematemesis, or the continuing need 
for transfusion. If there is doubt as to whether re-
bleeding has occurred, a check endoscopy should 
be performed before subjecting a patient to surgery.

Surgical intervention should be anticipated where 
there is a significant risk of re-bleeding. Various scor-
ing criteria have been suggested to predict risk of sig-
nificant re-bleeding and death; one commonly used 
is the Rockall system (Table 18.1). In addition, the 
size of the ulcer (particularly >2 cm) and its proxim-
ity to major vessels, such as the gastroduodenal ulcer 
on the posterior inferior wall of the duodenal bulb 
and the left gastric artery high on the lesser curve of 
the stomach, suggest a high risk of massive bleeding.

Bleeding duodenal ulcer
The first step is to make a longitudinal duodenotomy 
immediately distal to the pyloric ring. Haemostasis 
can be initially achieved by digital pressure. While 
it may be necessary to extend the duodenotomy 
through the pyloric ring, the pylorus should be 
preserved if at all possible. Older texts frequently 
assume that vagotomy is an integral part of ulcer 
surgery and recommend a larger pyloroduodenot-
omy, but this is usually not necessary. The stomach 
and duodenum should be cleared of blood and clots 
using suction to obtain optimal view of the bleed-
ing site. If access is still difficult, kocherisation of the 
duodenum may help, along with drawing up of the 
posterior duodenal mucosa using Babcock's forceps.

 There is strong evidence that, for patients 
at higher risk of re-bleeding, treatment by a 
combination of two different modalities is more 
beneficial than relying on one modality alone.33 The 
commonest combination is likely to be adrenaline 
injection and heater probe application.

 If there is evidence of re-bleeding following 
endoscopic treatment, unless there is evidence 
of haemodynamic instability or the ulcer size was 
greater than 2 cm, a further attempt at endoscopic 
control is recommended.34

 Score

Variable 0 1 2 3

Age <60 60–79 >80  
Shock No shock Pulse >100 Pulse >100  
  BP >100 BP <100  
Comorbidity None  Cardiac failure, IHD, major 

comorbidity
Renal failure, liver failure, 
disseminated malignancy

Diagnosis Mallory–Weiss tear, no 
lesion, no SRH

All other 
diagnoses

Malignancy of upper GI tract  

Major SRH None or dark spot  Blood in upper GI tract, adherent 
clot, visible or spurting vessel

 

Table 18.1  •  Rockall scoring system for risk of re-bleeding and death after admission to hospital for acute 
gastrointestinal bleeding

A total score of >3 is associated with good prognosis; <8 is associated with high risk of death.
BP, blood pressure; GI, gastrointestinal; IHD, ischaemic heart disease; SRH, stigmata of recent haemorrhage.
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The actively bleeding or exposed vessel should 
be secured. Points of note in securing the vessel 
are the limited access, the proximity of underly-
ing structures such as the common bile duct and 
the tough fibrous nature of the base of a chronic 
ulcer. In view of these problems, a small, heavy, 
round-bodied or taper-cut semicircular needle with 
0 or No. 1 suture material should be used. The 
argument of absorbable versus non-absorbable  
sutures is irrelevant: the sutures probably slough 
off as the ulcer heals. Securing bleeding from the 
gastroduodenal artery may involve a horizontal 
mattress ‘U-stitch’ to incorporate posterior and 
medial perforating vessels (Fig. 18.3).

The duodenotomy may be closed longitudinally. 
If vagotomy has been performed the pyloric ring 
should be divided and the duodenotomy closed 
transversely to create a Heineke–Mikulicz pyloro-
plasty (Fig. 18.4a). If transverse closure is difficult 
because of the length of the duodenotomy, longi-
tudinal closure may be performed and a gastro-
jejunostomy considered. Alternatively, a Finney 
pyloroplasty may be fashioned (Fig. 18.4b).

In a giant ulcer, the first part of the duodenum may 
be virtually destroyed and, once opened, impossible 
to close. In this situation it is necessary to proceed to 
partial gastrectomy. The right gastric and right gas-
troepiploic arteries are divided. The stomach is dis-
connected from the duodenum by a combination of 
blunt and sharp dissection. Antrectomy is perfomed 
and continuity restored by a gastrojejunostomy. The 
duodenal stump can then be closed. Although this 
can be achieved by pinching the second part of the 
duodenum away from the ulcer to allow conventional 

closure, this is probably more safely achieved by the 
technique of Nissen (Fig. 18.5). The duodenal stump 
is drained by either a tube or Foley catheter either 
through the duodenal suture line or more securely 
though the healthy sidewall of the second part of 
the duodenum (Fig. 18.6).

Figure 18.3  • Suture control of bleeding from 
gastroduodenal artery illustrating the ‘U-stitch’ 
incorporating any perforating vessels.

Figure 18.4  • (a) Heineke–Mikulicz pyloroplasty.  
(b) Finney pyloroplasty.
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Long-term acid suppression is required postopera-
tively. With the advent of proton-pump inhibitors 
and the recognition of the role of HP, vagotomy 
should have no part of surgery for bleeding duode-
nal ulceration.

Bleeding gastric ulcer
The precise site of bleeding should already have 
been identified endoscopically. If not, intraoperative 
endoscopy and careful palpation of the stomach for 
induration should identify the site of the bleeding ul-
cer. If there is still doubt a generous incision should 
be made across the pylorus and duodenum, fol-
lowed by a more proximal gastrotomy if the source 
of bleeding is still not clear. Most chronic gastric ul-
cers are at the incisura or in the antrum. The tradi-
tional treatment for such ulcers that fail endoscopic 
therapy is partial gastrectomy. Some groups have 
advocated simple under-running of bleeding gastric 
ulcers. While this may be appropriate in selected 
cases with small bleeding gastric ulcers such as the 
Dieulafoy lesion, the only randomised trial to date 
(n = 129) suggests that this ‘conservative’ approach 
has a higher mortality and is more likely to result in 
re-bleeding if used unselectively.35

For proximal gastric ulcers, typically those high on 
the lesser curve eroding through into the left  gastric 
artery, the choice of operation lies between total 
gastrectomy or local excision of the lesser curve 
(Pauchet's manoeuvre). Frequently such  limited 
procedures involve as much mobilisation of the 
stomach as total gastrectomy. There is no evidence 
to recommend one approach over another, though 
the experience of the surgeon is a major factor in the 
decision-making process.

Interventional radiology

There are no randomised controlled trials compar-
ing surgery with transcatheter arterial embolisation 
as salvage treatment following endoscopy. Despite 
this, in some centres, interventional radiology has 
become the ‘gold standard’ intervention following 
failed endoscopy. Loffroy et al. looked at 15 stud-
ies that included 819 patients who had had failed 
endoscopic control of bleeding; 93% of cases were 
reported to have ‘technical success’.36 Of these, 
67% had immediate cessation of bleeding. Of those 
that continued to bleed after initial treatment, half 
responded to a second embolisation. Overall, 20% 
of patients underwent salvage surgery. The over-
all mortality in these series was 28%. This seems 
disappointing and no better than one might expect 
from a series of bleeders salvaged by surgery. In fact, 
there was a wide variation between reported mor-
tality in the series, which may indicate different lev-
els of expertise, and case selection. The series were 
also collected over a 17-year period, during which 
time there has been considerable improvement in 
radiological technique. There have been two small 
retrospective comparisons involving a total of 161 
patients.37,38 They showed that although the radio-
logically treated patients tended to be older and less 
fit, they had a comparable (26% vs. 21%) or lower 
(3% vs. 14%) mortality compared with the surgi-
cally treated group.

Nissen technique

Duodenum

Chronic ulcer base
on pancreas

Sutures to 
ulcer edge

(i) (ii)

Figure 18.5  • Nissen technique.

Tube drainage

Figure 18.6  • Duodenal drainage following partial 
gastrectomy for duodenal ulcer.
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Pyloric stenosis

Gastric outlet obstruction can result from peptic ul-
cer disease of the duodenum or pre-pyloric region. 
It is a condition usually associated with chronic re-
lapsing ulceration and is now fairly uncommon in 
the Western world.

Resuscitation and medical therapy
Initial management should consist of aggressive 
parenteral fluid and biochemical restoration with 
nutritional and vitamin supplementation as neces-
sary. Nasogastric intubation with a wide-bore tube 
allows gastric washout of undigested food and so 
reduces antral stimulation. Aggressive parenteral 
antisecretory therapy and Helicobacter pylori eradi-
cation, if appropriate, are used. In cases where the 
obstruction has been due to oedema and spasm, the 
situation can be expected to resolve once medical 
treatment has healed the ulcer.39 Dietary changes to 
decrease the fibre content while providing a high 
calorie and protein intake are important until ulcer 
healing has occurred. In cases where the obstruction 
is due to fibrosis and cicatrisation of a pyloric ulcer, 
some form of intervention will be necessary.

Endoscopic treatment
The group of patients who develop gastric outflow 
obstruction are generally elderly with established 
comorbidities and tolerate major surgery poorly. 
As a result, minimally invasive approaches such as 
endoscopic management are often more appropri-
ate in the first instance. Initial reports of successful 
resolution of pyloric stenosis following endoscopic 
balloon dilatation were challenged due to the rela-
tively high number of cases that ultimately required 
open surgery. Nevertheless, this remains a useful 
first-line endoscopic procedure that can be repeated 
on several occasions with good long-term results in 
up to 80% of patients.40

Surgery
There are no published series that prove which pro-
cedure achieves the best results in this situation. 
Initial fears about the capacity of a large atonic 

stomach to resume function have not been realised. 
The operation with least complications is simple  
pyloroplasty (or gastroenterostomy where the inflam-
mation around the pylorus is particularly intense), 
with the use of long-term medical acid suppression. 
Antrectomy and selective vagotomy or subtotal  
gastrectomy are more aggressive alternatives less 
likely to result in  re-stenosis, but with a higher mor-
tality and incidence of both short- and long-term 
side-effects.

Laparoscopic highly selective vagotomy with bal-
loon dilatation has been attempted with some success 
in cases of pyloric stenosis. This has not been proven to 
be superior to dilatation and long-term acid suppres-
sion. Laparoscopic truncal vagotomy and gastroenter-
ostomy has proven to be a technically feasible solution 
with good symptomatic, sustained response.41

Complications of previous 
ulcer surgery
Although elective surgery for benign ulcer disease is 
now rare, there remains a large cohort of patients oper-
ated on prior to the mid-1980s with a variety of surgical 
procedures, of whom a small percentage will develop 
further symptoms, some of which may be severely dis-
abling. Although numerous clinical syndromes have 
been well described (Box 18.1), patients presenting with 
pure syndromes are uncommon. The majority presents 
with a mixed picture, but usually have a dominant 
symptom complex suggesting one main problem. This 
needs to be elucidated by a careful and detailed history 
of the clinical events occurring during a bad attack.

 With a limited evidence base it seems that 
angiography is a reasonable option where the 
expertise and facilities are readily available, 
particularly if the surgery itself is deemed high 
risk.36,37

 Only if a combination of intensive medical 
treatment and repeated dilatation fails to reopen the 
gastric outlet is surgery indicated.40

Pathophysiological problems
• Gastro-oesophageal reflux
• Recurrent ulcer
• Enterogastric reflux
• Dumping
• Reactive hypoglycaemia
• Diarrhoea
• Malabsorption

Mechanical problems
• Loop obstruction
• Small stomach syndrome
• Bezoars

Other sequelae
• Cholelithiasis
• Carcinoma

Box 18.1  • Post-peptic ulcer surgery sequelae
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Preoperative evaluation

Endoscopy
Endoscopic examination is essential, and as with 
patients after previous antireflux surgery, it should 
be carried out by the surgeon considering any 
 revisional procedure. The exact anatomy, size of 
the gastric remnant, size and position of any drain-
age procedure, the presence of enterogastric reflux 
of bile, recurrent ulceration, the general state of the 
gastric mucosa, and the presence of a hiatus hernia 
and/or reflux oesophagitis can be assessed. All ab-
normalities should be biopsied. All patients should 
be assessed for the presence of HP.

Radiology
Barium meal examination of the stomach is a useful 
adjunct where the anatomy remains unclear.

Gastric-emptying studies
Gastric-emptying studies may occasionally be use-
ful. Barium meal examination may show rapid 
emptying of the contrast from the stomach and may 
demonstrate gross intestinal hurry with the meal 
reaching the caecum within a short time of leav-
ing the stomach. Gastric emptying is, however, best 
studied using a radioactively labelled meal, either 
liquid or solid. In general, the radioactive liquid 
meals are easier to interpret than solid meals. The 
normal measured indices such as 10-minute empty-
ing, the T1/2 and the percentage retention after 60 
minutes are often used in assessment. However, af-
ter gastric surgery these indices can be misleading 
as the patients often show a fast initial emptying 
component followed by a slower component.

Other tests
Congo red for the evaluation of the completeness 
of vagotomy and dumping provocation tests are 
now seldom performed. Oesophageal function tests 
will be required in those patients suspected of hav-
ing gastro-oesophageal reflux. Enterogastric reflux 
can be assessed using the hepatobiliary dimethylac-
etanilide iminodiacetic acid (HIDA) scan. Bacterial 
overgrowth can be diagnosed by aspiration and cul-
ture of jejunal contents or by the [14C]glycocholate 
breath test.

Various nutritional indices, including weight, 
serum albumin, transferase and corrected serum 
calcium concentration, should be measured in all 
patients. In selected patients full assessment for 
metabolic bone disease should be undertaken, es-
pecially in postmenopausal women. A full haema-
tological survey should be carried out including 
measurement of serum iron, iron-binding capacity, 
folate and vitamin B12 levels.

Enterogastric reflux

Reflux of alkaline duodenal content into the stom-
ach occurs following surgery that damages, bypasses 
or removes the pylorus. Enterogastric reflux is more 
common after gastrectomy where reconstruction as 
a Billroth II gastrojejunostomy has been carried out.

The symptoms consist of persistent epigastric 
discomfort, sometimes made worse by eating and 
frequently associated with intermittent vomiting of 
bile-stained fluid or food mixed with bile, usually 
occurring within 90 minutes of a meal. Some pa-
tients become malnourished because of inadequate 
food intake, and anaemia develops in about a quar-
ter of the patients as a result of chronic blood loss 
from the associated gastritis. Gastro-oesophageal 
reflux disease may also develop.

Endoscopy shows a diffuse gastritis with an oede-
matous hyperaemic friable mucosa and frequently 
superficial erosions. Endoscopic biopsy shows 
typical histological features including foveolar hy-
perplasia, glandular cystification, oedema of the 
lamina propria and vasocongestion of the mucosal 
capillaries, all in association with inflammatory cell 
infiltration.

Medical treatment
Cholestyramine has been shown to be an effective 
bile-acid-binding agent in vitro, although the results 
of several therapeutic trials have been disappoint-
ing. Antacids containing aluminium hydroxide have 
also been studied because of their bile-acid-binding 
capacity but the results have been equally unimpres-
sive. In clinical trials sucralfate has been shown to re-
duce the inflammation within the gastric mucosa but 
this has not been associated with any improvement 
in symptoms. Prokinetic agents have also been used 
to improve clearance of the refluxate from the stom-
ach, and the occasional patient may respond. These 
agents may, however, worsen dumping and diar-
rhoea. Ursodeoxycholic acid has been shown in one 
study to almost abolish the nausea and vomiting as-
sociated with enterogastric reflux and to  significantly 
decrease the intensity and frequency of pain.

Surgical treatment
In patients with a previous truncal vagotomy and 
drainage, reversal of the drainage procedure can 
be undertaken provided at least 1 year has elapsed 
from the original operation. This is based on the 
premise that the stomach will regain some of its lost 
motility during this time. In fact, more than half of 
the patients with truncal vagotomy probably did 
not require a drainage procedure in the first place. 
Improvement or complete relief usually follows clo-
sure of gastrojejunostomy for enterogastric reflux 
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and bile vomiting in the vast majority of patients. 
The risks of gastric stasis are minimal and conver-
sion to a pyloroplasty should be avoided.

Reconstruction of the pylorus after pyloroplasty 
is a relatively straightforward operation. Having 
cleared the anteropyloroduodenal segment of all 
adhesions, the scar of the previous pyloroplasty is 
accurately opened. The pyloric ring is palpated and 
the scarred ends freshened if necessary. One ap-
proach is to make a small antral gastrotomy to allow 
the insertion of a size 12 or 14 Hegar  dilator through 
the area of the pyloric reconstruction into the duo-
denum. Using a double-ended monofilament suture 
the pyloric ring is accurately opposed around the 
Hegar dilator before reapproximating the duode-
num and antrum using a continuous serosubmu-
cosal technique. Withdrawal of the Hegar dilator 
allows fingertip palpation of the reconstructed 
pylorus prior to closure of the antral gastrotomy. 
The overall results of pyloric reconstruction show 
that 80% of patients gain a satisfactory or good 
result,42 although in one study only half of the pa-
tients with enterogastric reflux had a satisfactory or 
good response.43

If enterogastric reflux is not relieved, then the duode-
nal switch operation would seem an appropriate  further 
remedial procedure for patients whose symptoms ne-
cessitate further surgery44 (Fig. 18.7). Recent experience 
with this has shown good results, although acid sup-
pression is needed to prevent jejunal ulceration.45

In patients who have had a gastric resection or in 
those with a gastrojejunostomy with pyloric steno-
sis, a Roux limb (approximately 45 cm in length) 
would seem an appropriate revisional procedure 
(with antrectomy in patients with pyloric steno-

sis). The procedure, however, does carry risks, as 
it is ulcerogenic because it diverts the buffering ef-
fect of upper gastrointestinal contents away from 
the gastroenteric anastomosis. The second problem 
is the development of delayed gastric emptying of 
solid food, producing a symptom complex of sati-
ety, epigastric pain and non-bilious vomiting that 
has been termed the ‘Roux syndrome’. Although 
many patients will demonstrate objective evidence 
of delayed gastric emptying of solids, this is usu-
ally of little or no clinical consequence except in 
a minority. The Roux syndrome is more likely to 
develop in patients who demonstrate delay in gas-
tric emptying of solids prior to construction of the 
Roux limb and those who have a large residual gas-
tric pouch. A completion vagotomy at the time of 
revisional surgery may make these symptoms more 
likely. Where these conditions exist, the operative 
procedure required is a more extensive gastric re-
section. The entire anastomosis should be resected 
to leave a small gastric pouch, and the Roux limb 
should be anastomosed to the stomach as an end-
to-side Polya-type gastrojejunostomy. In those pa-
tients who develop severe symptoms from the Roux 
syndrome postoperatively, then the treatment is 
near-total resection of the gastric remnant with a 
Polya-type gastrojejunostomy.

Roux diversion will control enterogastric reflux in 
over 70% of patients. Recurrent jejunal ulcers can 
be avoided by checking and if necessary completing 
the truncal vagotomy as part of the operative pro-
cedure. More commonly, today, one would consider 
relying on long-term treatment with proton-pump 
inhibitors rather than perhaps risking further side-
effects of vagotomy.

Figure 18.7  • Pylorus-preserving Roux loop – the duodenal switch operation.
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Chronic afferent loop syndrome

The afferent loop syndrome can only occur after 
gastrojejunostomy or a Billroth II-type reconstruc-
tion after partial gastrectomy. The condition is 
caused by intermittent postprandial obstruction 
of the afferent limb of the gastrojejunostomy. The 
clinical picture is very similar to that produced by 
enterogastric reflux (Table 18.2). The problem is 
rarely encountered if surgeons use a short afferent 
jejunal loop. The obstruction may be due to anas-
tomotic kinking, adhesions, internal herniation, 
volvulus of the afferent limb or  obstruction of the 
gastrojejunal stoma itself (Fig. 18.8). Once diag-
nosed, the treatment is always surgical. Conversion 
to a Billroth I anastomosis or a Roux-en-Y recon-
struction of the afferent limb both produce good 
results.

Dumping

The literature shows a considerable variability in 
the incidence of dumping after each procedure due 
at least partly to variations in definitions of the 
syndrome. A significant number of patients will de-
velop dumping-type symptoms in the early period 
after their initial gastric operation but the majority 
have sufficient reserve to adjust to the changes with-
out developing severe sequelae.

The symptoms of early dumping can be divided 
into vasomotor and gastrointestinal, as shown 
in Box 18.2. In a severe attack, the vasomotor 
symptoms are usually experienced by the patient 
towards the end of a meal or within 15 minutes 
of finishing, and the gastrointestinal symptoms de-
velop a little later, but usually within 30 minutes 
after eating.

Early dumping is associated with rapid gastric 
emptying leading to hyperosmolar jejunal content 
causing massive fluid shifts from the extracellular 

space into the lumen. This is associated with a sig-
nificant fall in plasma volume. It is also known that 
plasma concentrations of several gut regulatory 
peptides are elevated in patients with the dump-
ing syndrome, but it is not clear whether this is 
coincidental or causative. Late dumping symptoms 
are the result of reactive hypoglycaemia. Taking 
a careful history, delineating the vasomotor and 
 gastrointestinal components, usually makes the 
diagnosis of the dumping syndrome. Where there 
is any doubt, the patient should be encouraged to 
keep a diary card recording the foods eaten and the 
symptoms that develop thereafter. A provocative 
test for assessing dumping syndrome can be used to 
confirm clinical suspicion. This test is a modifica-
tion of the oral glucose tolerance test and involves 
the ingestion of 50 or 75 g glucose in solution af-
ter an overnight fast. Immediately before and up to 
180 min after ingestion of this solution, the blood 
glucose concentration, haematocrit, pulse rate and 
blood pressure are measured at 30-min intervals. 
The provocative test is considered positive if late 
(120–180 min) hypoglycaemia occurs, or if an early 
(30 min) increase in haematocrit of more than 3% 
occurs. The best predictor of dumping syndrome 
seems to be a rise in the pulse rate of more than 10 
b.p.m. after 30 min.46

Chronic afferent 
loop syndrome Enterogastric reflux

Meal-related pain – 
relieved by vomiting

Constant pain (worsened 
by eating) – not relieved by 
vomiting

Vomitus contains bile Vomitus contains bile and food
Vomiting projectile Vomiting non-projectile
Rarely associated with 
bleeding/anaemia

Bleeding/anaemia found in 25% 
of patients

Table 18.2  •  Differentiation between the chronic afferent 
loop syndrome and enterogastric reflux

a

c d e

b

Kinking and
argulation

Stenosis of
gastrojejunal
anastomosis

Redundant
twisted afferent
limb (volulus)

Adhesions
involving

afferent limb

Internal
herniation behind

efferent limb

Figure 18.8  • Causes of afferent limb syndrome.
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Medical treatment
The majority of patients displaying the dumping 
syndrome can be managed satisfactorily by dietary 
 manipulation. Reducing the carbohydrate content 
and restricting fluid intake with meals will help 
many of these patients. Avoiding extra salt and eat-
ing more frequent small meals may also be required. 
Lying down after eating helps to slow gastric emp-
tying and may minimise symptoms. Guar gum, a 
vegetable fibre, is known to reduce postprandial hy-
perglycaemia in both normal and diabetic patients. 
In a small study of  postgastric surgery patients it 
has been shown to prevent the dumping syndrome 
and increase food tolerance in the majority of pa-
tients.47 Pectin also delays gastric emptying but 
may precipitate diarrhoea. The use of acarbose, 
an alpha-glycoside hydrolase inhibitor, interferes 
with carbohydrate absorption and has been shown 
to help in patients with late dumping. Octreotide, 
given subcutaneously prior to eating, has been 
shown to significantly reduce or abolish the symp-
toms of dumping.48 The use of short-acting octreo-
tide was quite troublesome for patients and only 
around half saw long-term benefit.49 Encouraging 

results have been seen with a longer-acting repeat-
able (LAR) formulation of octreotide, which only 
needs administration once a month, rather than 
with each meal.50

An algorithm for the treatment of postoperative 
dumping is shown in Fig. 18.9.51

Surgical treatment
For patients with truncal vagotomy and drainage 
procedures, taking down the gastrojejunostomy52 
should cure or improve dumping in over 80% of 
patients. Reconstruction of the pylorus produces 
similar results.53 After gastrectomy, a number of 
procedures have been advocated for dumping. 
The simplest and probably the best is to convert 
the drainage procedure to a 45-cm Roux-en-Y 

Vasomotor (early dumping)
• Palpitations
• Flushings
• Sweating
• Headache
• Weakness
• Faintness
• Anxiety

Gastrointestinal (early dumping)
• Vomiting
• Belching
• Fullness
• Colic
• Borborygmi
• Diarrhoea

Hypoglycaemia (late dumping)
• Perspiration
• Palpitations
• Hunger
• Weakness
• Confusion
• Tremor
• Syncope

Box 18.2  • Symptoms of dumping
Selected dumping on basis of  history

Dietary measures

Confirm diagnosis with modified
glucose tolerance test

No response

Guar gum and/or pectin

No response

Acarbose (for late dumping)

No response

Octreotide (LAR) 20mg im (3 monthly)

No response

Surgery

No response

Figure 18.9  • Algorithm for treating postoperative 
dumping. Adapted from Tack J, Arts J, Caenepeel P 
et al. Pathophysiology, diagnosis and management of 
postoperative dumping syndrome. Nat Rev Gastroenterol 
Hepatol 2009; 6(10):583–90.
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 gastrojejunostomy. The delay in liquid empty-
ing after this procedure is thought to be due to 
myoelectrical abnormalities within the Roux 
limb itself, causing a degree of retrograde con-
traction. The delay in emptying of solids is prob-
ably a result of the vagotomy leading to a degree 
of gastric atony and loss of the antral propulsive 
force to propel solid food into the small intestine. 
Reversal of the proximal 10 cm of the jejunal limb 
to create an antiperistaltic interposition is unnec-
essary and may lead to further stasis and dilata-
tion of the interposed segment. This will worsen 
any symptoms of gastric retention. The interpo-
sition of a segment of upper jejunum between 
the gastric remnant and the duodenum has been  
advocated. Both isoperistaltic and antiperistaltic 
interpositions have been used, but these procedures 
can be associated with serious complications, and 
the long-term success rate is variable.54

Diarrhoea

Alteration in bowel habit occurs in the majority 
of patients who undergo truncal vagotomy and in 
most this is a change from constipation to a more 
regular habit with one or two motions per day. 
However, 11% of patients following truncal va-
gotomy and pyloroplasty had continuous diarrhoea 
that significantly interfered with their lifestyle.55 A 
further 20% of patients will have episodic attacks 
of diarrhoea more than once a week.

The aetiology of postvagotomy diarrhoea remains 
poorly understood. Gastric stasis, abnormal small-
bowel motility, and impaired biliary and pancreatic 
function have all been incriminated. Malabsorption, 
bacterial colonisation of the proximal small bowel, 
and increased faecal excretion of bile salts and acid 
may all be contributing factors. Patients who have had 
a cholecystectomy are more likely to develop postva-
gotomy diarrhoea and have a particularly severe form.

Diarrhoea may be a component of the dumping 
syndrome, especially in patients after gastrectomy, 
but in many postvagotomy patients it is unassoci-
ated with dumping. The stool consistency varies 
from watery to soft, and in its severe form may be 
explosive in onset without warning, thus leading 
to incontinence. Patients may be unable to distin-
guish between the urge to pass flatus and a bowel 
motion. Occasionally symptoms will be so pro-
nounced that weight loss and malnutrition become 
apparent.

Investigation of these patients includes the mea-
surement of faecal fats, faecal elastase and vitamin 
B12 level. A barium enema or colonoscopy should be 
carried out to rule out disorders of the colon, and 
if bacterial overgrowth is suspected the diagnosis 

may be confirmed by bacteriological examination 
of jejunal aspirates or by using the [14C]glycochol-
ate breath test.

Medical treatment
The treatment of postvagotomy diarrhoea be-
gins with dietary manipulation, and in particu-
lar the avoidance of refined carbohydrates and 
foods with a high fluid content. Restriction of 
fluid intake with meals is occasionally of benefit. 
Cholestyramine taken morning and evening may 
be of benefit, especially in patients who have also 
had a cholecystectomy. There are, however, long-
term complications such as megaloblastic anaemia 
due to folate deficiency in patients on long-term 
cholestyramine therapy. Codeine and loperamide 
may also be useful.

Surgical treatment
Closure of a gastrojejunostomy will improve or cure 
diarrhoea in 80% of patients. A similar improve-
ment is seen with reconstruction of the pylorus. 
Various intestinal interpositions to act as an intesti-
nal brake have been advocated. The use of a 10-cm 
antiperistaltic jejunal segment placed 100 cm distal 
to the duodenojejunal junction has been described. 
The reversed segment produces a delay in the pas-
sage of contents through the small bowel. Many 
report poor results with these types of operation. 
The operation that has proved effective is the re-
verse distal ileal onlay graft, which creates a passive 
non-propulsive segment.56

Small stomach syndrome

This only occurs after a high subtotal gastrectomy 
in which 80–90% of the stomach is removed and 
is very unusual. Typically this leads to epigastric 
and retrosternal discomfort after ingesting food 
due to rapid gastric distention and is often accom-
panied by nausea, hiccoughing, increased flatu-
lence and early satiety. Non-operative treatment 
consists of frequent small meals, antispasmodics, 
and mineral and vitamin replacement. Patients 
may also require fine-bore nasoenteric nutritional 
supplementation. In a small number of patients 
with uncontrollable symptoms, surgery may have 
to be considered. The reservoir jejunal interposi-
tion described by Cuschieri, a modification of the 
Hunt–Lawrence, is probably the procedure of 
choice.54 Long-term follow-up of these patients is 
required as there is a tendency for the jejunal limb 
to elongate over several years and this can lead to 
stasis and ulceration.
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Oesophageal emergencies

Introduction
This chapter focuses on the diagnosis and management of 
injuries to the oesophagus from a variety of different in-
sults from within and/or without, resulting in a spectrum 
of oesophageal damage. Most clinicians gain limited ex-
posure to patients with oesophageal trauma due to its 
rarity and, as a result, misdiagnosis, incorrect investiga-
tions and inappropriate management are common. The 
difficulty in accessing the oesophagus, its unusual blood 
supply, the lack of a strong serosal layer and the proxim-
ity of vital structures also make clinicians wary. The lack 
of clinical experience is compounded by the lack of an 
evidence base for management, with published literature 
limited to observational studies. Yet the management of 
such injuries is actually straightforward to a clinician who 
regularly accesses the oesophagus and is familiar with the 
basic principles, developed by oesophageal surgeons of 
the past, to minimise morbidity and mortality. Hopefully, 
the outcomes from these injuries will improve with the 
changes in the structure of the service for patients with 
upper gastrointestinal disease and the provision of dedi-
cated multidisciplinary specialist units with the inherent 
knowledge and skills to deal with them. This chapter will 
attempt to deal with perforations of the oesophagus as a 
grouped entity but will cover foreign body impaction and 
caustic injuries to the oesophagus separately.

Perforation of the 
oesophagus
The availability of upper gastrointestinal endoscopy 
and associated instrumentation has resulted in an 

increase in iatrogenic trauma, which now accounts 
for the majority of oesophageal injuries. The rare, 
eponymous Boerhaave syndrome of spontaneous per-
foration of the oesophagus occurs in the  absence of 
pre-existing pathology and minor differences in man-
agement can lead to major outcome  improvements. 
Penetrating and blunt injuries to the oesophagus are 
similarly uncommon and misdiagnosis often com-
pounds any injury.

Aetiology and pathophysiology

Iatrogenic perforation of the oesophagus
Iatrogenic damage to the oesophagus leading to 
 full-thickness disruption occurs from within in 
60–70% of cases, such as during endoscopic in-
strumentation, or from without, such as dur-
ing para- oesophageal surgery. Although flexible 
video endoscopy is safe and has almost totally re-
placed rigid oesophagoscopy (0.03% perforation 
risk compared to 0.11% for rigid endoscopy), the 
dramatic increase in the number of examinations 
performed has led to an increase in the number of 
associated injuries. Intubation of the oesophagus 
can cause proximal perforation with risk increased 
by  hyper-extension of the neck and the presence of 
arthritic cervical  osteophytes or an oesophageal di-
verticulum. However, in 75–90% of diagnostic cases, 
trauma is sustained to the distal oesophagus, often 
in conjunction with an abnormality (Table 19.1). 
Therapeutic endoscopy carries a significantly higher 
perforation risk  (200-fold), around 5%, that is fur-
ther increased in patients who have received prior 
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radiotherapy or chemotherapy (as the majority of 
therapeutic endoscopy is for palliation). Dilatation 
accounts for the majority of injuries and with a lower 
risk of perforation when placing self-expanding metal 
stents. Benign pneumatic dilatation for achalasia car-
ries a higher risk than graded dilatation, due to higher 
pressures and large balloon size.1 Transoesophageal 
echocardiography carries risk not only for perfora-
tion during blind placement but also when placed for 
perioperative monitoring due to pressure necrosis. 
Similarly, any intubation such as placement of a naso-
gastric tube or inadvertent  oesophageal placement of  
an endotracheal tube may all cause direct trauma. A 
case review of 75  patients with iatrogenic perforation 
of the oesophagus  reported a not insubstantial over-
all mortality rate of 19%. Prevention is therefore the 
best solution, with increasing awareness and training 
likely to reduce the incidence.2

Spontaneous perforation of the 
oesophagus
Boerhaave's syndrome is characterised by barogenic 
oesophageal injury leading to immediate and gross 
gastric content contamination of the pleural cavity. 
However, various degrees of damage and contami-
nation are possible. As a result, a number of clini-
cal terms have evolved to describe these events: this 
text will only use the term ‘spontaneous perforation 
of the oesophagus’, with the term ‘disruption’ used 
to describe the ‘process’ of perforation. Spontaneous 
perforation of the oesophagus is most accurately de-
fined as complete disruption of the oesophageal wall 
 occurring in the absence of pre-existing pathology. 
Since the oesophagus possesses no serosa, transgres-
sion of oesophagogastric contents leads rapidly to 
chemical and septic mediastinitis. In 80–90% of cases, 
this disruption is associated with a sudden rise in 
intra-abdominal pressure, most  usually as a result of 

 retching or vomiting; however, blunt trauma, weight-
lifting, parturition, defecation, the Heimlich manoeu-
vre or status epilepticus have all been cited as causal 
factors. Although vomiting is commonplace, sponta-
neous  oesophageal perforation is not, which suggests 
that other as yet unidentified factors may be impor-
tant, such as pre-existing anatomical or pathological 
abnormalities. However, an underlying pathology is 
identified in only 10–20% of cases, such as malig-
nancy, peptic ulceration or infection (as such not truly 
spontaneous perforation). A common misconception 
is that Mallory–Weiss tears represent part of the 
spectrum of spontaneous perforation but it is likely 
that these mucosal injuries reflect ‘shearing’ rather 
than ‘barogenic’ trauma.3 Equally, eosinophilic oe-
sophagitis has also been associated with an increased 
risk of both mucosal tears and full-thickness perfo-
ration either spontaneously induced by vomiting 
to dislodge impacted food or following endoscopic 
procedures.4

Spontaneous perforations are usually single, lon-
gitudinal, 1–8 cm long and occur most commonly 
in the left posterolateral position above the oesoph-
agogastric junction. Barogenic pleural disruption 
occurs instantly but may also occur later through 
gastric acid erosion, exacerbated by negative in-
trathoracic pressure. Caucasian males are pre-
dominantly affected, in a ratio of 4:1, which may 
reflect a predisposition to alcohol ingestion, over-
indulgence and vomiting rather than a true gender 
variation.

Penetrating injuries
Penetrating injuries to the oesophagus usually occur 
in conjunction with serious injuries to surrounding 
viscera so are easily missed. Associated delay and 
contamination greatly increase morbidity and mor-
tality so any penetrating transcervical or transme-
diastinal injury, especially when gunshot derived, 
should raise suspicion of oesophageal trauma.

Blunt trauma
Blunt oesophageal trauma is extremely uncom-
mon, almost exclusively occurring in high-impact 
injuries and associated with more immediately 
 life-threatening airway or cardiopulmonary  damage. 
Impaction of the neck or upper chest on the  steering 
wheel in high-velocity road traffic accidents or ex-
treme ‘whiplash’ flexion–extension can injure the 
cervical oesophagus. Rapid deceleration can lead 
to traction laceration of the thoracic  oesophagus 
at fixed points (such as the cricoid, carina or 
 pharyngo-oesophageal junction) or barogenic dam-
age can occur after a  sudden rise in intra-abdominal 
 pressure from  compression against a closed glottis 
or as a secondary event following interruption of 
 vascular supply.

 
Medical  
instrumentation

Percentage risk of 
iatrogenic oesopha-
geal disruption

Dilatation 0.5
Dilatation for achalasia 2
Endoscopic thermal therapy 1–2
Treatment of variceal 
bleeding

1–6

Endoscopic laser therapy 1–5
Photodynamic therapy 5
Stent placement 5–25

Table 19.1  •  Risk of iatrogenic oesophageal disruption 
through instrumentation
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Clinical presentation

Clinical features depend on the cause, site and 
 duration from injury. Most full-thickness, iatro-
genic trauma is recognised immediately or at least 
there is a high index of suspicion. In contrast, the 
presentation of a patient with spontaneous perfora-
tion of the oesophagus can be maze-like.

As a result, in spontaneous perforation, the dia-
gnostic error is high, with only 5% of cases diag-
nosed at presentation. This leads to diagnostic delay 
of greater than 12 hours in the majority of cases.7 
It may be that less than 35% of cases are correctly 
diagnosed pre-mortem8 (Box 19.1). As time passes, 
the critical condition of the patient further obscures 
relevant clinical features and the pursuit of incor-
rect investigations makes the diagnosis even more 
elusive.

Depending on the aetiology and amount of con-
tamination, pain may be severe, constant, retroster-
nal or epigastric, distressing, exacerbated by 
movement and poorly relieved by narcotics or rela-
tively mild. Dysphagia and odynophagia are com-
mon. Patients can be tachypnoeic and may sit up to 
splint their diaphragm. Abdominal pain or tender-

ness are not uncommon and can lead to a negative 
laparotomy.6 Similarly, subcutaneous emphysema 
takes time to develop; mediastinal emphysema pre-
cedes this and may be visible on a plain chest radio-
graph. With time the negative intrathoracic pressure 
draws air, food and fluids into the mediastinum and 
pleural cavities and a chemical pleuromediastinitis 
develops. A low-grade pyrexia ensues, and a sym-
pathetic nervous system response develops with 
pallor, sweating, peripheral circulatory shutdown, 
tachycardia, tachypnoea and overt haemodynamic 
shock, which worsens as the systemic inflammatory 
response gives way to sepsis. Within 24–48 hours 
cardiopulmonary embarrassment and collapse de-
velop as a consequence of overwhelming bacterial 
mediastinitis and septic shock. The combination 
of chest pain and shock may inappropriately, but 
all too commonly lead to a cardiological referral.  
Survival is dependent on the evacuation of the con-
tamination, from the mediastinal and pleural cavi-
ties at the earliest possible opportunity.9 Systemic 
effects are less common when the cervical oe-
sophagus is damaged, with neck pain, torticollis, 
dysphonia, cervical dysphagia, hoarseness and sub-
cutaneous emphysema predominating.

Penetrating oesophageal trauma manifests in the 
same pattern but a high index of suspicion based 
on the likely tract of the insult is essential for diag-
nosis. Any deep penetrating transcervical or trans-
mediastinal injury, especially gunshot derived, 
should be deemed suspect for oesophageal trauma. 
In contrast, except in the most violent of circum-
stances, blunt trauma rarely causes oesophageal 
injury but in high impact events a high index of 
suspicion should be exercised and injury actively 
excluded.

Investigations

Plain radiography
The typical findings on plain chest radiography are 
subtle – dependent on the site and the time inter-
val following the insult. These are documented in 
Box 19.2 and Fig. 19.1. A plain abdominal radiograph 
may help to exclude a perforated  intra-abdominal 
viscus.7

Contrast radiography
Oral water-soluble contrast radiography ascertains 
the site, the degree of containment and the degree 
of drainage of the perforation (Fig. 19.2). Aqueous 
agents are rapidly absorbed, do not exacerbate 
inflammation and have minimal tissue effects. 
However, false-negative results in 27–66% and the 
limited applicability to a collapsed, unwell patient 
have downgraded their usefulness.

 The classical Mackler triad of sudden, ‘dramatic’ 
chest pain following an episode of raised intra-
abdominal pressure, usually vomiting, and the 
development of subcutaneous emphysema is 
surprisingly uncommon, present in only 7 of 51 
patients (14%) in one large case series.5,6 As such, 
the classical presentation is not necessarily the 
common presentation.

Medical
• Myocardial infarction
• Pericarditis
• Spontaneous pneumothorax
• Pneumonia
• Oesophageal varices/Mallory–Weiss tear
Surgical
• Peritonitis
• Acute pancreatitis
• Perforated peptic ulcer
• Renal colic
• Aortic aneurysm (dissection/leak)
• Biliary colic
• Mesenteric ischaemia

Box 19.1  •  Common misdiagnoses for spontaneous 
perforation of the oesophagus
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Upper gastrointestinal endoscopy
Endoscopic assessment excludes the diagnosis if 
 normal, influences management if underlying pa-
thology is discovered and facilitates the placement 
of a nasojejunal tube to allow enteral feeding. Risks 
are minimised using modern, flexible  videoscopes 
 together with fluoroscopic guidance, but should only 
be performed by a highly experienced  endoscopist 
conversant with the consequences of their actions 
(Figs 19.3 and 19.4). Endoscopy can be performed in 
the sickest of patients, if necessary ‘on table’, when 
other injuries or instability of the patient preclude 
radiological assessment.

Computed tomography (CT)
CT is increasingly useful in patients stable enough 
to undergo scanning. It is especially helpful in cases 
of multi-trauma and in critically ill patients with an 
atypical presentation, but the radiology department 
remains a dangerous place for an unstable patient. 
In combination with complex interventional radiol-
ogy, CT has also revolutionised the management of 
intrathoracic collections. It plays a significant role 
post-therapy, be that assessing the patient postop-
eratively or assessing the adequacy of non-operative 
management.

• Pleural effusion
• Pneumomediastinum
• Subcutaneous emphysema
• Hydropneumothorax
• Pneumothorax
• Collapse/consolidation

Box 19.2  •  Typical chest radiograph findings in 
spontaneous perforation of the oesophagus

Figure 19.1  • (a,b) Typical chest radiograph findings of intrapleural oesophageal perforation.

a b

Figure 19.2  • Contrast swallow demonstrating free 
extravasation of contrast media after oesophageal 
perforation during balloon dilatation of achalasia.

 In a retrospective review of 55 trauma patients, 
Horwitz et al. demonstrated 100% sensitivity 
and 92.4% specificity for upper gastrointestinal 
endoscopy in confirming oesophageal perforation 
and although injuries were infrequent (prevalence 
3.6%), no injuries were missed and the examination 
was safe.10 In a similar study of 31 patients 
(24 of whom were intubated at the time of the 
examination), video endoscopy had a sensitivity of 
100% and a specificity of 96% with no associated 
morbidity.11 Video endoscopy has also been used 
to examine the oesophagogastric anastomosis 
post-oesophagectomy without additional 
morbidity.10–12

 In an intubated patient, the sensitivity of CT for 
spontaneous perforation is increased by placing a 
nasogastric tube just past the cricopharyngeus to 
run in a small amount of contrast media13 (Fig. 19.5).
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Figure 19.3  • Endoscopic appearances of full-thickness 
spontaneous oesophageal perforation.

Figure 19.4  • Endoscopic appearances 
of iatrogenic perforation. (a) Food bolus 
with false iatrogenic lumen alongside. 
(b) Appearance after food bolus 
removed. (c) Contained mediastinal 
cavity. (d) Six weeks later following 
conservative management a small pit 
remains.

a b

c d

Figure 19.5  • CT appearances of spontaneous 
oesophageal perforation. (a) Left pleural 
hydropneumothorax. (b) Left basal intercostal chest  
drain in the same patient as in (a).

a

b
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Other investigations
Thoracocentesis of frank gastric contents is 
 diagnostic – a pH of less than 6.0, a high amylase 
or microscopic squamous cells in the fluid can also 
confirm oesophageal perforation in difficult cases. 
Swallowed or injected oral/nasogastric dyes, such 
as methylene blue, may be diagnostically useful 
if a communicating drain is in situ; however, dye 
 staining can be troublesome in the operative field if 
surgery is subsequently required.

Management

The rarity and severe consequences of  inappropriate 
treatment have limited the ability to  evaluate 
 management options. As a result, published  observa- 
tional case series often span many years, many centres, 
many surgeons and many techniques. Survival is 
dependent on controlling mediastinal and pleural 
contamination so surgery remains mandatory when 
gross contamination is present and is the mainstay for 
spontaneous perforation. However,  non-operative 
treatment has become standard for iatrogenic 
trauma where contamination is more limited and 
delay in diagnosis is uncommon. Patients require a 
multidisciplinary approach with input from intensive 
care, radiology, physiotherapy and rehabilitation ser-
vices. Hospitals lacking these specialist facilities or 
the versatile surgical cover necessary to deal with the 
oesophagus by abdominal or left or right thoracic 
operative approaches should transfer the patients at 
the earliest opportunity after stabilisation.

All patients with an oesophageal perforation 
are critically ill. The immediate priorities are the 
 establishment of a secure and adequate airway, sta-
bilisation of cardiovascular status and relief of pain, 
often using opiate-based analgesia. Regular reas-
sessment is obligatory as an initially stable patient 
can rapidly decompensate. An early anaesthetic 
review is recommended. Box 19.3 documents the 
initial resuscitation.

Non-operative management
Non-operative management, endoscopic and mini-
mally invasive operative management have all been 
shown to be safe and feasible in carefully selected 
patients who have either been diagnosed with mini-
mal contamination and no mediastinitis or with a 
contained perforation. It may also be considered in 
those with a delayed diagnosis who have demon-
strated tolerance.9

Non-operative treatment comprises observation 
in intensive care or ward-based  high-dependency 
units with patients kept nil by mouth and fed en-
terally, if necessary via a feeding jejunostomy. A 
 nasogastric tube should be placed under endoscopic  

and/or  radiological assistance past the perforation 
to decompress the stomach and to limit refluxate. 
Contrast radiology, endoscopy and CT are used 
to monitor the status of the perforation and col-
lections should be drained. The timing of investi-
gations is best guided by the clinical condition of 
the patient but weekly serial contrast or CT studies 
are not unreasonable. All patients should be given 
broad-spectrum intravenous antibiotics, antifun-
gal and antisecretory agents. Non-operative treat-
ment is not ‘conservative’; patients require intensive 
observation and a low threshold for intervention, 
with 20% of patients requiring aggressive surgical 
salvage.

Iatrogenic cervical perforations are usually con-
tained and thus managed non-operatively with 
percutaneous drainage of collections where neces-
sary. Any resulting oesophagocutaneous fistulas 
heal rapidly in the absence of distal obstruction. 
Occasionally, operative prevertebral lavage, pri-
mary closure and drainage using a left lateral 
incision anterior to the sternocleidomastoid are re-
quired, and are well tolerated by even critically ill 
patients.

Criteria have been developed to aid the selection 
of suitable patients for non-operative manage-
ment. These are detailed in Box 19.4. Case series 
applying these criteria demonstrate a mortality 
rate between zero and 16%, but numbers are small 
and results are skewed by both selection and pub-
lication bias.

• Control of airway and administration of supplementary 
oxygen

• Early anaesthetic and critical care involvement and support
• Large-bore intravenous access and intravenous fluid 

resuscitation
• Central venous access and arterial line monitoring with or 

without inotropic support
• Urethral catheterisation and close monitoring of fluid 

balance
• Broad-spectrum antibiotic and antifungal agents
• Intravenous proton-pump inhibitors
• Strictly nil by mouth
• Large-bore intercostal chest drainage – possibly bilaterally
• Nasogastric tube (only to be placed under endoscopic 

vision or radiological guidance)
• Enteral access – nasojejunal tube/formal feeding 

jejunostomy
• Multidisciplinary approach with low threshold for 

aggressive/operative intervention

Box 19.3  •  Initial resuscitation in spontaneous 
oesophageal perforation
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Adjuncts to non-operative management
An endoluminal approach can be used to support 
patients undergoing non-operative management 
and can replicate some of the principles of open sur-
gery with less associated trauma. This is pertinent 
in patients where the benefits of surgical explora-
tion are outweighed by the risk and the ultimate 
outcome (advanced cancer) or in patients in whom 
the defect is small, clean and easily dealt with at 
the time of injury. All endoscopic approaches are 
technically difficult and should not be attempted 
by inexperienced operators unable to deal with the 
consequences of their actions.

Closure: clips and sealants
Endoclips are well established in closing small, 
clean defects after endoscopic mucosal resection or 
submucosal dissection for early cancer.14,15 In the 
absence of significant contamination, small iatro-
genic perforations may be closed immediately using 
endoclips in addition to supportive non-operative 
treatment. However, endoclipping ‘en face’ in the 
oesophagus is extremely challenging and should 
only be attempted by highly skilled endoscopists. 
It is also debatable whether this significantly alters 
the clinical course over a simple non-operative ap-
proach.2 There is at least one case report of clip-
ping a spontaneous oesophageal perforation but 
this cannot be recommended in the face of gross 
contamination.16

Diversion: stents
Self-expanding stents have been used to seal oe-
sophageal perforations, chronic fistulas and even 

postoperative anastomotic leaks.17–19 Stents were 
not designed for use in a normal oesophagus and 
migration rates approach 30%, and concerns have 
been raised in terms of extending the defect through 
pressure necrosis and through the trauma of their 
subsequent removal.14,20 Publication bias means 
that failure and the consequences of failure remain 
unknown. There is considerable variation in the 
timing of stent placement and number of stents 
used. It is evident that the majority of cases also 
involve aggressive non-operative management.21–24 
It is therefore difficult to attribute successful out-
comes to the stent placement alone. For example, 
one ‘successful’ report documents a patient who 
had five stents placed over an 8-month period be-
fore eventually proceeding to oesophagectomy at a 
tertiary referral centre.21 The one prospective stent-
ing study lists 10 patients with a Boerhaave perfora-
tion.25 Stent migration was high (11 out of 33) and 
there was a 50% complication rate (bleeding/stent 
fracture/impacted stent) if stents were not removed 
before 6 weeks.

At present there is insufficient evidence to sup-
port the use of oesophageal stents in oesophageal 
 perforations. The authors suggest that their use 
is highly selective and should always be viewed 
as a temporary solution. However, in patients 
whose physical condition precludes more aggres-
sive treatments and those in whom resection is not 
deemed suitable, stents do offer a serious alterna-
tive. If utilised then the stent should be removed 
within 3 months to avoid long-term complications 
since the biggest concern is septic erosion into sur-
rounding structures. This horrendous situation 
does not appear to be represented in the literature 
(Fig. 19.6).25

Drainage: repeated endoscopy
Endoscopic lavage and drainage of contained 
mediastinal perforations or even endoscopic 
placement of a vacuum sponge drainage system 
has been used for liquid contamination. This is 
certainly a novel approach but labour intensive 
and not suitable for gross contamination. Success 
may again simply reflect patients who would 
have done well with more simple non-operative 
treatment.26,27

• Perforation contained within the mediastinum
• Free drainage of contrast back into oesophagus
• No symptoms or signs of mediastinitis
• No evidence of solid food contamination of pleural or 

mediastinal cavities
Other factors to consider

• Perforation is controlled
• No underlying oesophageal disease
• No septic shock
• Availability for intensive observation and access to 

multidisciplinary care
• Low threshold for aggressive intervention
• Long delay in diagnosis such that the patient has 

already demonstrated tolerance
• Enteral feeding

Box 19.4  •  Criteria for non-operative management of 
oesophageal perforation

 The authors suggest that the temporary use of 
covered, self-expanding metal or plastic stents as a 
primary treatment to seal a spontaneous perforation 
is limited but that they may have a place to control 
a postoperative leak and iatrogenic perforation.28 
Endoscopic clipping, transoesophageal debridement 
and mediastinal irrigation should all be viewed as 
experimental.
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Operative management
Open surgery
Surgery is advocated if the patient has overt signs of 
sepsis, shock, gross contamination, an obstructing 
pathology, a retained foreign body, a major caus-
tic injury or has failed non-operative management. 
Virtually all gunshot wounds require surgery. The 
primary objective of surgical intervention is to re-
store oesophageal integrity and prevent further soil-
ing. Thorough debridement, drainage, lavage and 
irrigation are more important for survival than the 
type of repair.9 A feeding jejunostomy should also 
be fashioned as a routine to facilitate enteral feed-
ing, usually following thoracotomy once the patient 
can be turned into a supine position. Management 
of the patients by a multidisciplinary team is again 
emphasised. Underlying pathology should be dealt 
with. Spontaneous perforation of the oesophagus 
carries a considerable mortality risk and a long in-
hospital recovery period should the patient survive.

A posterolateral thoracotomy is used to approach 
the oesophagus, most commonly on the left in the 
seventh or eighth intercostal space. Solid debris is 
removed and the pleural cavity thoroughly cleaned. 
The mediastinal pleura is widely incised to expose 
the injury, and necrotic, devitalised tissue debrided. 
A longitudinal myotomy is made (as the mucosal 
injury is usually longer than the muscular one) and 
the oesophagus repaired.29

Primary repair with or without reinforcement
A simple, single- or two-layered, primary repair 
can be fashioned using 2/0 or 3/0 interrupted ab-
sorbable sutures with or without a small- diameter 
 bougie (40–46 F) in situ (Fig. 19.7). However, 
 primary  repair is associated with a significant leak 
rate (20–50%) and should be reserved for those 
operated on rapidly with demonstrably healthy tis-
sue and limited soiling.30 There is circumstantial 
evidence that reinforcing the suture line with an 
onlay patch of nearby tissues (such as omentum, 
pleura, lung, pedicled intercostal muscle grafts, 
gastric fundus, pericardium or diaphragm) may re-
duce the leak rate.31 Regardless, the authors would 
suggest that all primary repairs will leak and ap-
propriate drains should be placed around the repair 
(Fig. 19.8).

T-tube repair
The concept of repair over a T-tube is to form a 
controlled oesophagocutaneous fistula.32 A large-
diameter (6–10 mm) T-tube is placed through the 
tear with the limbs lying beyond the boundaries of 
the perforation and the oesophageal wall is closed 
loosely around the tube with fine interrupted, ab-
sorbable sutures (Fig. 19.9). The authors suggest 
anchoring the tube to the diaphragm, as originally 
described, as aortic erosion due to sepsis and pres-
sure necrosis is possible.33 The tube is externalised 
and secured, a further drain is placed down to the 
repair, and apical and basal intercostal chest drains 
are sited. Healing is monitored by contrast ra-
diology and CT scans. The T-tube is left until a 
defined tract is established, with the majority re-
moved around 6 weeks.

Figure 19.6  • Endoscopic appearance of septically eroded stent. (a) Bronchoscopic view of carina with proximal stent 
erosion. (b) J-view of distal stent clearly lying in proximal stomach allowing free reflux into airways.

a b

 Success with one surgical technique over 
another probably reflects the expertise and 
experience of the individual centre rather than a true 
outcome difference.
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Resection
Oesophageal resection in the presence of a perfora-
tion is a major undertaking with an extremely high 
mortality. It is to be reserved for damage to a diseased 
oesophagus or in cases of extensive oesophageal 
trauma. This has even been performed in this setting 
as a minimally invasive approach.38 If contamina-
tion is minimal then immediate reconstruction would 
be appropriate but a delayed approach may also be 
taken with limited differences in outcome.39 The use 
of non-definitive exclusion and diversion techniques 
is mostly historical but remains in the armamentar-
ium of an oesophageal surgeon and may occasionally 
be useful, such as in extensive caustic injuries.

Other approaches

Minimally invasive surgery: laparoscopic/
thoracoscopic
Distal, clean and immediately recognised iatro-
genic perforations may be suitable to approach 

laparoscopically (transperitoneally) to attempt 
repair and drainage by surgeons used to work-
ing at the hiatus. This requires advanced laparo-
scopic skills in specialist centres with appropriate 
facilities.34 Equally, selected cases can be managed 
thoracoscopically.35,36

Surgical repair over a stent
In view of the high leak rate of primary repair, some 
authors advocate a surgical repair over a stent (su-
tured transluminal or externally to prevent migra-
tion). This theoretically expedites a return to enteral 
nutrition.37 However, the problems of stent place-
ment remain in terms of the risks of a foreign body 
in the site of sepsis.

Management of penetrating 
injuries

Cervical
Contained cervical perforations may be managed 
non-operatively irrespective of any delay, but re-
pair should be undertaken when uncontained or 
in those requiring exploration for another rea-
son, which is likely in any injury where the path 
traverses platysma or which passes through the 
mediastinum.

Thoracic
Virtually all transthoracic gunshot wounds will 
require surgical exploration, and life-threatening 
cardiovascular, pulmonary and tracheobronchial 
injuries take precedence. Specialist advice and in-
put should be sought but the majority of the oe-
sophageal injuries will be able to be dealt with using 
the techniques described previously. The overall 
mortality of penetrating thoracic oesophageal inju-
ries is hard to ascertain but lies between 15% and 
27% (lower for cervical trauma at 1–16%).40 The 
morbidity arises mostly from associated spinal and 
airway trauma for cervical injuries and from cardio-
respiratory damage in thoracic trauma.

Mucosal edge
under muscle

Debrided muscle
edge

Two layered anastomosis
Reinforcement 
with intercostal  
muscle pedicle

a b

Figure 19.7  • (a) Primary closure and buttressing of suture line. (b) Intercostal muscle flap.

Figure 19.8  • Intraoperative photograph of raised 
intercostal muscle flap.

 In view of the high leak rate for primary repairs, 
the T-tube technique can be recommended for all 
patients.6,33
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Management of underlying 
pathology

Patients who sustain a perforation of a malignant 
stricture constitute a difficult group to manage. 
Those who have known inoperable disease due 
to metastatic spread or who are unfit for surgery 

should be managed non-operatively, and in this situ-
ation the use of a sealing palliative stent is appropri-
ate. In patients with less clearly defined operability 
most authors recommend resection with a view to 
control of contamination and potential cure, but 
this strategy carries a considerable mortality rate 
(11–75%).39,41

Figure 19.9  •  (a) Diagrammatic representation of T-tube repair of spontaneous oesophageal perforation with T-tube in 
situ. (b) Operative photograph. (c) Contrast radiological image of the same patient as in (b); note additional intercostal 
chest drain with small contrast leak directly into this drain.

T-tube

Chest
wall

Diaphragm

Stomach

NG tube

Oesophageal
rupture
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Iatrogenic perforation of achalasia is uncommon 
(1–5%) and usually managed non-operatively or 
endoscopically as they are usually small, clean, im-
mediately recognised and well contained. Other 
pathologies such as peptic stricture, infections or 
treatments can also predispose to perforation, e.g. 
radio/chemotherapy. Specific operative intervention 
may be required and, despite reduced contamina-
tion, the associated surgical mortality is increased. 
The indications for operative management are the 
corollary of those documented in Box 19.4.

Paraoesophageal surgery and 
procedural injuries

Direct oesophageal trauma is most commonly sus-
tained during antireflux surgery, both open and 
laparoscopic, but the risk is low, of the order of 
0–1.2%.43 The risk increases with an intrathoracic 
approach, a previous hiatal operation and suturing 
of the wrap to the oesophagus. The majority of in-
juries are recognised and repaired immediately with 
buttressing using the fundoplication wrap. Drainage 
is advised and it may also be appropriate to form a 
feeding jejunostomy or to place a nasojejunal tube 
until the repair is deemed safe by contrast radiology. 
The mortality of unrecognised and uncontained 
perforations approaches 20%.

Trauma can also be sustained directly during tho-
racic and spinal surgery (<0.5% of procedures) 
or due to endotracheal intubation, nasogastric in-
sertion and surgical tracheostomy. In ventilated 
patients, the clinical features of an injury may be 
concealed. Indirect trauma can occur through pres-
sure necrosis or devascularisation, although the rich 
vascular supply of the thoracic oesophagus makes 
this extremely uncommmon.

Management algorithm

Diagnostic delay beyond 24 hours is classically 
 associated with a poor outcome, but even when man-
aged promptly and aggressively, perforation of the 
oesophagus, especially Boerhaave-type disruption, 
carries a significant mortality rate and reports to the 
contrary reflect selection bias. A management algo-
rithm based on the therapeutic  strategies  outlined 

by the literature is demonstrated in Fig. 19.10. This 
is for guidance only and cases should be dealt with 
individually. Personal experience and expertise may 
well determine the best management.

Non-perforated spontaneous 
injuries of the oesophagus

Full-thickness oesophageal perforation contained 
by the mediastinal pleura is termed ‘intramural rup-
ture’.44 This can occur spontaneously or secondary 
to instrumentation, food impaction or coagulopa-
thies. Non-operative treatments with or without 
endoscopic adjuncts are usually successful as the 
perforation is contained, but a minority may require 
surgical intervention.44

‘Black oesophagus syndrome’ or acute oesopha-
geal necrosis is extremely rare. This is circumfer-
ential mucosal and submucosal necrosis that ends 
sharply at the oesophagogastric junction in the 
absence of a caustic injury, most commonly pre-
senting with upper gastrointestinal bleeding.45 The 
most likely cause is vascular insufficiency from ve-
nous thrombosis as part of a ‘two-hit’ traumatic 
phenomenon associated with systemic hypotension 
from another cause. It has also been associated with 
thrombotic disorders. Diagnosis is endoscopic and 
treatment expectant with a low threshold for surgi-
cal resection as the condition can rapidly progress 
to perforation. Mortality is high, often secondary to 
the underlying cause.

Caustic injuries
Serious ingestion of a caustic substance is uncom-
mon but devastating. Ingestion by children is more 
common and almost exclusively accidental whereas, 
in contrast, ingestion by adults is more often delib-
erate. Most caustic substances can be grouped into 
acids or alkalis. Dangerous acids are readily avail-
able as toilet cleaners (hydrochloric acid), battery 
fluid (sulphuric acid) and in metal working (phos-
phoric and hydrofluoric acids). In addition to lo-
cal effects, ingestion of hydrofluoric acid leads to 
effects on metabolic calcium levels through systemic 
absorption, which can cause refractory cardiac 
dysrhythmias; specialist poisons advice is recom-
mended and emergency personnel should take pre-
cautions, as even dermal exposure is hazardous. 
Strong alkalis are also readily available as cleaners 
and bleaches, although most household agents are 
only mild caustic agents.

There are two important misconceptions about 
caustic injuries:
Misconception 1: tissue penetration by acids is mi-

nimised by coagulative necrosis whereas alkalis 

 In the presence of oesophageal cancer, the 
priority is to determine if the lesion was operable 
before the perforation, as an emergency subtotal 
oesophagectomy may be performed, although 
evidence suggests that perforation renders this a 
palliative resection and associated surgical mortality 
is high.41,42 Every effort should be made to prevent 
perforation during staging endoscopic procedures.
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Oesophageal
perforation

Resuscitation (as per Box 19.3)
& investigation

Criteria as
per Box 19.4

Contained &
no sepsis

Operative
treatment

Malignant
pathology

Palliation
± stent

Minimal
contamination

Gross
contamination

Benign
pathology

No
pathology

Cervical Thoracic

Free perforation
with contamination

& sepsis

Thoracotomy,
debridement & lavage
Feeding jejunostomy

Primary closure
± re-inforcement

± dilatation/myotomy
± antireflux procedure

T-Tube repair or
resection or
exclusion &
diversion

Non-operative treatment
Consider endoscopic or

laparoscopic approaches

Resection
± delayed or immediate

reconstruction

Figure 19.10  •  Management algorithm for oesophageal perforation.
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more rapidly penetrate transmurally through 
liquefactive necrosis. Although pathologically 
correct, this is clinically irrelevant as the inges-
tion of any strong caustic agent in sufficient 
quantity will inflict a potentially fatal oesopha-
geal injury. Furthermore, there is evidence to 
suggest that strong acid ingestion is associated 
with greater systemic effects, a higher perfora-
tion rate and a higher mortality than alkali 
ingestion.46

Misconception 2: acid ingestion causes gastric 
damage whereas alkali ingestion causes oesoph-
ageal injury. Although commonly cited, there is 
no evidence to support this.47,48

The severity of any caustic injury is related to 
the corrosive properties, concentration, amount, 
viscosity and duration of contact between the par-
ticular caustic agent and the oesophageal mucosa. 
Intentional caustic ingestions are associated with 
larger ingested quantities of agent and so tend to 
lead to more severe injuries. In contrast, fortunately, 
the amount ingested accidentally by children is 
 usually small.

Clinical presentation

Presentation can be varied and confusing. In 
 accidental ingestion, symptoms and signs may 
not have developed due to rapid presentation 
since clinical features are dependent on the sub-
stance and the time since ingestion. Equally, the 
absence of oral burns or pharyngo-oesophageal 
symptoms does not exclude more distal injury 
as the caustic agent may have passed rapidly 
through the mouth and pharynx. Furthermore, in 
deliberate ingestion the clinical features may be 
‘underplayed’ by the patients. The clinical fea-
tures of a caustic injury of the oesophagus are 
documented in Box 19.5. Most patients survive 
to reach the hospital unless aspiration has oc-
curred. Glossopharyngeal burns cause oedema 
that may threaten the airway and prevent clear-
ance of secretions with drooling and hypersali-
vation, and injury to the epiglottis and larynx 
leads to stridor and a hoarse voice. Dyspnoea is 
uncommon unless aspiration has occurred. On 
inspection, oropharyngeal burns can range from 
mild oedema and superficial erosions to exten-
sive mucosal sloughing and necrosis. Acid burns 
form a black eschar whereas alkali burns look 
grey and dull. Oesophageal injury is suggested by 
dysphagia and odynophagia, and gastric injury 
by epigastric pain, nausea, anorexia, retching, 
vomiting and haematemesis. Patients may pres-
ent shocked or in  respiratory distress.

Investigation and management

The immediate priorities are the establishment of 
a secure airway, the stabilisation of cardiovascular 
status and the relief of pain. Severe laryngopharyn-
geal burns or respiratory compromise may require 
early tracheal intubation and general anaesthesia. 
Concurrent facial or eye burns should be irrigated 
and ophthalmology and plastic surgery specialist 
involvement should be sought. Oral intake is pro-
hibited. Gastric lavage, induced emesis, nasogastric 
aspiration and the use of neutralising chemicals are 
contraindicated. Where possible the ingested agent 
and amount swallowed should be identified and 
 regional poison centres can provide information re-
garding the properties of specific agents. Endoscopic 
staging of the burn determines the  optimum 
 management, likelihood of subsequent stricture 
formation and is the only accurate predictor of sys-
temic complications and death46 (Fig. 19.11).

The severity of the injury is graded using a sys-
tem similar to that for skin burns (Table 19.2) but 
differentiation between grades may be difficult, es-
pecially between second- and third-degree burns, 
with implications for management; consequently, 
some patients will benefit from repeated evaluation 
(Table 19.3).50 There has been interest in the use of 
oesophageal endosonography to assess depth of 
necrosis and damage to the muscle layers, but this 
currently offers no advantage over conventional 

• Refusal to eat or drink in children
• Facial oedema/burns
• Oropharyngeal pain
• Hypersalivation/drooling
• Stridor/hoarse voice
• Dyspnoea
• Chest pain
• Nausea and vomiting
• Epigastric pain/tenderness
• Haematemesis

Box 19.5  •  Acute symptoms and signs of caustic injury 
of the oesophagus

 All patients require admission and flexible video 
endoscopy of the upper gastrointestinal tract by a 
skilled practitioner as soon as the patient is stable, 
preferably within 24 hours of ingestion, to assess 
the stage of the oesophageal injury. A nasoenteral 
tube may be placed for early nutritional support –  
which can also act as a partial stent to prevent 
strictures.47–49
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 endoscopic assessment.51 Equally, a modern CT 
grading system could be useful but is unlikely to re-
place an endoscopic assessment, which remains the 
gold standard.52

Most caustic injuries are managed  non-operatively. 
The use of steroids and antibiotics during the acute 
phase remains controversial, with conflicting evi-
dence regarding their benefits.

Patients with severe burns who are most at risk 
of stricture formation also represent the highest 

Figure 19.11  • Endoscopic appearances of caustic injury to the oesophagus. (a) Acute grade 3a alkali injury. (b) 
Appearance after 8 weeks with pinhole stricture. (c) A year later and refractory stricture treated by placement of stent.

a b

c

Depth of  
burn

 
Degree of burn

Endoscopic 
findings

Superficial 1 Mucosal oedema 
and hyperaemia

Transmucosal 
with or without 
involvement of 
the muscularis

2a Superficial ulcers, 
bleeding, exudates

 2b Deep ulcers – focal 
or circumferential

Full thickness 
with or without 
adjacent organ 
involvement

3a Full-thickness focal 
necrosis

 3b Extensive necrosis

Table 19.2  • Depth of oesophageal burn

 Steroids form part of the treatment protocol 
of many units and research continues into their 
use for the prevention of strictures despite a 
prospective randomised, controlled trial that clearly 
demonstrated no benefit from steroids, with the 
development of oesophageal strictures related only 
to the severity of the corrosive injury.53
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 perforation risk and steroids may mask clinical 
symptoms. As such, the authors believe there is no 
place for steroids in the initial management of a 
caustic injury.

There are a few interesting animal-based research 
projects looking at other stricture-preventing medi-
cal treatments such as ibuprofen after oesophageal 
caustic injuries, but these have not yet been tried in 
a human population.55

Asymptomatic patients with unintentional inges-
tion but no oropharyngeal burns and normal or mi-
nor oesophageal findings may be discharged once 
they are able to take oral fluids. Intravenous flu-
ids, analgesia, nutritional support and antisecretory 
agents should be given to all other patients. Patients 
with grade 1 and 2a burns should be admitted and 
observed for 5–7 days, with diet reintroduced grad-
ually over 24–48 hours, and endoscopy or contrast 
radiology studies should be arranged for 6–8 weeks 
after discharge to assess for strictures. Suicidal/in-
tentional injury patients require psychiatric assess-
ment prior to discharge. It is reasonable to observe 
patients with grade 2b and 3 burns, continuing 
nasojejunal feeding and if there is no evidence of 
progression to perforation then clear fluids can be 
introduced from 48 hours, but be aware that the 
perforation risk is present for at least 7 days. Those 
who present with a perforation or deteriorate will 
require an emergency oesophagogastrectomy as 
the stomach is almost always injured. The authors 
do not believe that laparoscopy has a role in as-
sessing gastric viability. Immediate reconstruction 
with a substernal colonic interposition graft can 
be performed if there is minimal local contamina-
tion but more commonly oesophagostomy and de-
layed reconstruction 6–8 weeks later is preferred. 
It is reasonable to consider resection in patients 
with extensive circumferential mucosal injuries in 

view of the problem of refractory strictures and the 
long-term cancer risk. The mortality for these caus-
tic injuries is 13–40%, with the majority of deaths 
occurring in the adult suicidal group.48 Mortality 
mainly stems from respiratory complications and 
delay in the aggressive surgical treatment of trans-
mural necrosis. There is no place for ‘conservative’ 
treatment of a severe caustic oesophageal injury.

Long-term complications and 
outcomes

Strictures develop in 5–50% of patients, 95% of 
which are distal and can be graded according to the 
Marchand classification (Table 19.4).56

The procedure-related perforation incidence is 
less than 1%, but for safety the authors advise al-
lowing approximately 6 weeks after injury before 
attempting dilatation. Antisecretory medication 
or even surgery may be required if reflux occurs 
after dilatation. Young patients with long, grade 
3 or 4 strictures are likely to require a lifetime of 
repeated dilatations with a cumulative risk of iat-
rogenic perforation and ultimately of cancer, and in 
these patients other options should be considered. 
Surgical options are to bypass or resect the obstruc-
tive segment or to perform a stricturoplasty. Bypass 
avoids dissection through mediastinal fibrosis, and 
a retrosternal or subcutaneous route for the neo-
oesophagus may avoid a thoracotomy. However, 
retaining the damaged oesophagus retains the 
long-term cancer risk and can lead to problems 
related to secretions and bacterial overgrowth. 
Thoracotomy, resection and colonic reconstruc-
tion (due to concurrent gastric damage) is therefore 
preferable. An alternative is an oesophageal stric-
turoplasty using a vascularised graft of colon, but 
again this retains the cancer risk. There is increas-
ing interest in the use of removable or absorbable 

Finding First degree Second degree Third degree

Bleeding Hyperaemia only Mild/moderate bleeding Moderate/severe bleeding
Oedema Mild Moderate Severe
Mucosal loss None Mucosal ulceration or blistering Deep ulcers
Exudate None Present with or without pseudomembrane Present with or without 

pseudomembrane
Appearance if 
endoscopy delayed

None Granulation tissue Eschar

Table 19.3  • Endoscopic staging of oesophageal caustic injury

 Similarly, antibiotics should be reserved 
for those with proven infection, perforation or 
aspiration, and in these cases the authors suggest 
the additional use of antifungal agents.54

 Most strictures can be managed by serial 
Savary–Gilliard bougie dilatation.57
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stents for  refractory  strictures but evidence is lim-
ited by numbers. However, these remain an alluring 
prospect and there is currently a National Institute 
for Health Research study investigating their use in 
benign oesophageal strictures.58 There is also some 
evidence for the use of endoscopic triamcinolone 
acetonide injection into the strictured segment to 
augment dilatation.59

Cancer risk

Squamous malignant transformation of a causti-
cally damaged oesophagus occurs in around 16%, 
a risk 1000 times that of the general population 
but with a long latent period for malignant change 

of between 15 and 40 years. Surveillance may be 
impractical with such a long latent period and the 
risk is not proportional to the severity of the in-
jury. Early elective resection before transformation 
eliminates the risk, with low associated mortality 
in younger patients. In older patients, simply an 
awareness of the risk by clinicians and patients 
should lead to earlier diagnosis and an increase in 
the number of curative resections where deemed 
appropriate.

Management algorithm

An algorithm for the management of caustic injuries 
of the oesophagus is detailed in Fig. 19.12.

Circumferential Length Consistency Grade

Incomplete Short Fibrotic 1
String-like circumferential Short Elastic 2
Complete ≤1 cm Fibrotic 3
Complete >1 cm Superficial fibrosis, easily dilated, non-progressive 4a
Complete >1 cm Deep fibrosis, tubular, progressive, not easily  

dilated
4b

Table 19.4  • The Marchand classification of oesophageal strictures

Corrosive injury

Severely caustic 
substance

e.g. strong acid/alkali

Mildly caustic 
substance
e.g. bleach

Airway management
Resuscitation 

and stabilization
Analgesia

Signs of perforation

Surgery

Symptomatic
Asymptomatic
/no oral burns

Endoscopy Observe

Grade 3 Grade 1/2 No burns

Non-operative 
management

Discharge when 
asymptomatic, 

tolerating oral intake and
psychiatrically cleared

Figure 19.12  •  Management algorithm for caustic oesophageal injuries.
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Ingestion of foreign bodies
The oesophagus is the most common site for im-
paction of ingested foreign bodies within the gastro-
intestinal tract, accounting for 75% of cases.60 By 
far the majority occur in children under the age of 
10 years, with coins, toys, crayons and batteries be-
ing the commonest objects swallowed.61 In adults, 
food boluses (predominantly meat) or impaction 
of food-related bone fragments are more common. 
This is especially the case in edentulous patients 
due to decreased palatal sensation. Cases also oc-
cur in people with mental or psychiatric difficulties, 
or related to drug and alcohol abuse, and in those 
seeking secondary gain such as prisoners, and most 
upper gastrointestinal units are aware of a number 
of recurrent offenders.

Most foreign bodies impact in the cervical oesoph-
agus, but impaction can occur at any of the physio-
logical narrowings: cricopharyngeus, the aortic arch, 
the left main bronchus and the  gastro-oesophageal 
junction. Benign pathology accounts for some cases 
(e.g. Schatzki rings, peptic strictures and eosino-
philic oesophagitis); in contrast, malignant stric-
tures are uncommonly associated with impaction 
due to the long development phase, but there are 
significant food bolus impaction rates associated 
with palliative treatments of malignant oesophageal 
lesions such as self-expanding metal stents.

Clinical presentation

In over 90% there is a clear history of ingestion 
associated with acute dysphagia at the level of the 

impaction and thus a rapid diagnosis.62 However, 
in young children and uncooperative adults the 
 diagnosis may not be so clear-cut. Suspicious symp-
toms in children are refusal of feeds, gagging and 
choking, but some cases may remain concealed 
for months or even years and chronic aspiration 
or reflux may represent long-standing impaction. 
A high index of suspicion is also required for psy-
chiatric patients with features suggestive of foreign 
body ingestion. Respiratory symptoms occur in 
5–15%, especially in children and in cervical im-
paction, leading to coughing, wheezing, stridor and 
dyspnoea. In adults, acute impaction in the cervical 
oesophagus can cause tracheal obstruction leading 
to the so-called ‘café coronary’ or ‘steakhouse syn-
drome’. Typically, sharp object ingestion (e.g. fish 
bones) can cause a persistent foreign body sensa-
tion despite easy passage through the oesophagus 
without impaction. Physical signs are usually lim-
ited unless impaction causes obstruction leading to 
drooling or perforation leading to neck swelling, 
erythema, tenderness, subcutaneous emphysema 
or systemic effects. Long-standing impaction may 
lead to recurrent aspiration, empyema of the lung, 
perioesophagitis, oesophageal stenosis or fistulation 
into the airways or major vessels.

Diagnosis

Plain radiographs may localise both radio-opaque 
and non-radio-opaque objects and are useful if per-
foration is suspected (Fig. 19.13). Both anteroposte-
rior and lateral projections should be obtained as 
objects may not be visible if overlying the vertebrae, 

Figure 19.13  • (a) Ingested button batteries lying in the gastric antrum. (b) Ingested 50-pence coin.

a b
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and this also helps to distinguish whether objects 
are in the digestive or tracheobronchial tract. In 
young children and infants, extensive plain radiog-
raphy may be required to confirm or refute the di-
agnosis of a swallowed radio-opaque foreign body. 
Even in the absence of symptoms or physical signs 
a potential history of ingestion should prompt the 
use of radiography, as in one study 17% of asymp-
tomatic children with a history of coin ingestion 
had an impacted oesophageal coin.63 Water-soluble 
contrast studies or CT scans may occasionally be 
required in cases of non-radio-opaque objects such 
as wood, aluminium, glass and plastics, but the use 
of hypertonic contrast media and barium should be 
avoided.

Management

The indications for urgent intervention are:

1. Airway compromise.
2. Absolute dysphagia with aspiration risk.
3. Oesophageal impaction of sharp object or but-

ton battery.
4. Oesophageal impaction of greater than 24 hours 

duration.

The passage of a foreign body through the oesoph-
agus does not always indicate success as objects 
over 5–6 cm long or >2 cm in diameter are unlikely 
to pass through the pylorus or around the duode-
nal curves and, once impacted, endoscopic removal 
may be difficult. As such, expeditious retrieval while 
in the oesophagus is advised. Similarly, although 
the majority of ingested sharp objects entering the 
stomach will traverse the gastrointestinal tract with-
out incident, the perforation risk (up to 35%) sug-
gests that retrieval, if safe, should be attempted.

In all other situations, individual management 
strategies depend on the symptoms, objects and 
expertise of the receiving speciality, which includes 
paediatricians, surgeons and psychiatrists.

A number of techniques to dislodge food boluses 
without recourse to endoscopy have been reported. 

Proteolytic agents (e.g. papain) that dissolve the food 
bolus may cause oesophageal trauma and are dan-
gerous if aspirated and they are not recommended. 
Effervescent agents, such as carbonated drinks and 
intravenous glucagon, which causes smooth muscle 
relaxation, were thought to help disimpact the food 
bolus but there is no good evidence to support their 
use.67 Failure to progress through the gastrointestinal 
tract or symptomatic deterioration should prompt 
surgical review. Therapeutic video endoscopy is as 
successful in object removal as rigid endoscopy but 
with a significantly lower complication rate (5% vs. 
10%) and avoids general anaesthesia in the major-
ity of cases. However, in a minority, the type of ob-
ject, number of objects or the inability of the patient 
to cooperate (i.e. young children) may dictate that 
general anaesthesia is required and rigid endoscopy 
is still useful for impaction in the pharynx as the 
view and access are superior, but the authors feel 
that it should be abandoned for distal obstructions. 
Patience is important in endoscopic removal but is 
rewarded with a high success rate (around 95%).64 
Failure is most likely to occur with long (>10 cm) or 
complex objects such as dental prostheses.

Smooth objects may be disproportionately difficult 
to retrieve; a variety of graspers, snares, magnets and 
baskets may be required and it is useful to practise 
with the proposed grasper on a duplicate foreign 
body prior to the actual procedure. Coins should be 
orientated sideways to aid passage through the crico-
pharyngeus and sharp or pointed objects may require 
an overtube or endoscopic hood for safe removal or 
manipulation to allow ‘blunt end first’ removal.

Food impactions tend to occur in the distal oe-
sophagus and are usually accompanied by underly-
ing pathology. Eosinophilic oesophagitis is of recent 
interest in this regard as a predisposing factor to 
acute dysphagia and food impaction. This is espe-
cially relevant as the oesophageal mucosa is thin, fri-
able and easily traumatised by instrumentation – as 
such, dilatation should be avoided. Otherwise, flex-
ible video endoscopy allows relief of the impaction 
and diagnosis of any underlying pathology with con-
current mucosal biopsying is necessary in all cases. 
Removal of the food bolus may again be achieved 
using a variety of techniques and tools. Larger bo-
luses may require piecemeal removal,  using an 
overtube if repeated intubation is required. Once 
the  endoscope has been passed distal to the bolus 
then the bolus may be gently pushed into the stom-
ach, but this technique should never be performed 
‘blindly’. Definitive  treatment such as dilatation of 

 However, flexible video endoscopy is the 
investigation of choice. It has been used safely 
for over 30 years, is associated with a diagnostic 
sensitivity of 86% and specificity of 63%, and allows 
for immediate therapeutic intervention in 95%.64

 In a Western population, the majority of ingested 
foreign bodies will pass through the gastrointestinal 
tract uneventfully, with 10–20% requiring 
endoscopic removal due to impaction and 1% 
requiring surgical removal.64,65

 Observation of up to 24 hours is reasonable 
in asymptomatic patients with oesophageal coins or 
similar round, smooth objects as many of these will 
pass spontaneously.66
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a peptic stricture may be performed after successful 
retrieval.

‘Disc’ or ‘button’ batteries are easily ingested by 
curious children. Electrical discharge or release of 
the alkaline contents, once impacted, can lead to 
local damage, necrosis and perforation. As such, 
urgent extraction is required if lodged within the 
oesophagus, and plain radiographs are helpful for 
localisation. However, if the battery has passed on 
to the stomach and duodenum then 80–90% will 
pass without complication. As such, observation 
with serial radiography is used to monitor progres-
sion, reserving endoscopic or surgical intervention 
if the battery fails to progress out of the stomach 
within 48 hours, if the patient develops symptoms 
of intestinal injury or if the battery fragments and 
there is evidence of mercury toxicity.

Surgery may be necessary when endoscopy fails 
for large objects, for objects embedded in the oe-
sophageal wall or when there has been an as-
sociated or iatrogenic perforation. The surgical 
approach depends not only on the site and severity 
of the injury, but also associated inflammation and 
any underlying oesophageal pathology. Deliberate 
narcotic packet ingestion is a particularly tax-
ing  scenario. The  authors suggest that endoscopic 
 removal should not be attempted as successful re-
trieval is outweighed by the risk of rupture.68 Most 

packets will pass safely through the bowel but 
urgent surgery is indicated in cases where there is 
failure to progress, obstruction or rupture, in con-
junction with medical support for absorption of 
relevant contents.

Summary
Oesophageal emergencies represent a widely hetero-
geneous group of conditions from a wide variety of 
insults leading to a wide spectrum of injuries. The po-
tential for disaster is omnipresent given the fragility 
of the oesophageal wall, the lack of serosa, the prox-
imity of vital organs, the inaccessibility, and the lack 
of symptoms and signs; these factors in combination 
mean that even minor injuries can be ultimately fa-
tal. Because of the rarity of these difficult cases, most 
surgeons will deal with only a handful in their career; 
consequently, such cases are best managed by special-
ist units with ancillary staff who are trained, equipped 
and experienced to prevent potentially disastrous con-
sequences of misdiagnosis and inappropriate manage-
ment. However, the best way to improve outcomes 
is through prevention where possible, for example 
through safe and thorough training in therapeutic 
endoscopy, better labelling of caustic substances and 
development of smaller button batteries.

Key points
Oesophageal perforation
• Diagnostic error and diagnostic delay are high in spontaneous perforations.
• 75–90% of iatrogenic perforations occur distally and underlying pathology is common.
• Perforation of an oesophageal cancer renders these lesions incurable.
• Flexible video endoscopic and CT scanning are the diagnostic investigations of choice.
• Non-operative management is suitable for clean or contained perforations.
• Surgery remains the mainstay of treatment for gross contamination.
Oesophageal trauma
• Penetrating trauma is easily missed with serious injuries to surrounding viscera.
• Flexible video endoscopy and CT scanning are the investigations of choice.
Caustic injuries
• Investigation is mandatory in suspected caustic ingestion.
• Flexible video endoscopy is essential to assess the oesophagus within 24 hours of injury.
• There is no proven initial role for procrastination, steroids or antibiotics.
• Most strictures can be managed by serial Savary–Gilliard bougie dilatation.
• Reconstructive surgery should be considered in young patients with refractory strictures,  

also bearing in mind the long-term cancer risk.
Ingestion of foreign bodies
• Flexible video endoscopy is both the investigation and treatment option of choice.
• The majority of ingested foreign bodies will pass uneventfully.
• Observation of up to 24 hours is reasonable in asymptomatic patients with round, smooth objects.
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20
Richard Welbourn

Bariatric surgery

Introduction
Since its inception half a century ago, bariatric sur-
gery (from the Greek word ‘baros’ for weight or 
pressure and ‘-iatric’ for the medicine or surgery 
thereof) has grown from the preserve of a few en-
thusiasts to the most rapidly increasing area of sur-
gery in developed countries. It is established that 
bariatric surgery is the only treatment that can re-
sult in long-lasting weight loss and improvement in 
obesity-related comorbidity.

Only a few operations have stood the test of 
time. The original jejuno-ileal bypass was aban-
doned due to the blind loop syndrome and re-
sulting liver and bone metabolism problems. 
The vertical banded gastroplasty (VBG) has been 
superseded by gastric banding due to the advan-
tage of being able to adjust the size of the gas-
tric stoma. The gastric bypass has evolved from a 
continuously stapled horizontal gastroplasty and 
loop gastroenterostomy into a smaller pouch with 
a Roux-en-Y reconstruction.1,2 The Magenstrasse 
and Mill procedure has evolved into the sleeve 
gastrectomy, an operation that is rapidly being 
taken up worldwide due to its perceived ease and 
lesser risk compared to gastric bypass.3 Other 
procedures specifically for type 2 diabetes, such 
as duodeno-jejunal bypass and a temporary im-
planted endoscopic sheath that prevents absorp-
tion in the duodenum and proximal jejunum 
(‘Endobarrier’), are being evaluated. The revo-
lution of laparoscopic surgery has allowed most 
bariatric surgery to be performed laparoscopically 

with low  mortality and morbidity. As a result, bar-
iatric surgery is now established as a cost-effective 
intervention that should be increasingly provided.

Obesity as a public health 
problem
Obesity is a chronic, relapsing, debilitating, life-
long disease, recognised by the World Health 
Organisation as a global pandemic.4 The influential 
Foresight report estimated that by 2010 28% of 
women and 33% of men in the UK would be obese, 
rising to 50% of women and 60% of men and, even 
more worrying, 25% of children as well by 2050.5 
The definitions of obesity are shown in Table 20.1. 
The term ‘obesogenic environment’ was used to de-
scribe the ‘results of people responding normally to 
the obesogenic environments they find themselves 
in’, given the current trends of reduced physical ac-
tivity and easily available, highly advertised, rela-
tively cheap, energy-dense foods.6 An example of 
an obesogenic food environment is the observation 
that the price per calorie of healthy foods (whole 
grains, lean meats, low fat dairy, fruit and vegeta-
bles) increased to eight times the equivalent price of 
unhealthy foods (sweets, calorific drinks and fatty 
foods) between 2004 and 2008 in Seattle, USA.7 
Even payment methods have been implicated in un-
healthy food choices: in a study in Buffalo, USA, 
buying of unhealthy compared to healthy foods sig-
nificantly increased when the payment method was 
by card compared to cash (P < 0.01).8
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The association between obesity and the meta-
bolic syndrome of type 2 diabetes, hypertension, 
sleep apnoea and polycystic ovarian syndrome is 
well recognised.11 These, together with other harm-
ful obesity-related comorbid disease such as non- 
alcoholic steatohepatosis, asthma, back and lower 
limb degenerative problems, cancer and depression, 
present a massive financial burden on health services.

In addition, obese people are known to have 
higher unemployment and higher rates of claim-
ing state benefit, and consume a disproportionate 
amount of the healthcare budget.12,13

The traditional advice ‘eat less and exercise more’ 
given to patients, based on understanding of the 
basic energy equation, does not work in the major-
ity: a large study in the USA of 107 000 individu-
als using the Behavioural Risk Factor Surveillance 
System found that 63% of men and 78% of women 
were attempting to lose weight or maintain weight 
at any one time. However, 34% of men and 40% 
of women maintained the same energy intake de-
spite reducing fats, and only 1 in 5 of those trying to 

 control their weight were able to eat fewer calories 
and do 150 minutes exercise per week.14

In chronic obesity it is recognised that patients 
have usually missed the boat of prevention.15 Most 
patients are able to diet to some extent but nearly al-
ways reach a plateau; thus a typical pattern in some-
one who has already become obese is a lifetime of 
repeated dieting and weight regain.

It is thus not surprising that the worldwide rate of 
bariatric surgery has increased dramatically. In the 
USA, the most obese nation, the volume of surgery 
was 136 000 operations in 2004, while the American 
Society for Bariatric and Metabolic Surgery (ASMBS) 
estimated that 220 000 procedures were carried out 
in 2008.18 This figure is similar to cholecystectomy, 
and at this rate of surgery the UK would be doing 
more than 50 000 operations per year.

Worldwide the commonest bariatric procedure is 
the Roux-en-Y gastric bypass (RYGB). Data from the 
UK and Ireland National Bariatric Surgery Registry 
(NBSR) indicated that in 6483 operations in 2009–10, 
67% of the NHS patients had a gastric bypass, 21% 
gastric banding and 10.5% a sleeve gastrectomy.19 
In Europe the rate of gastric banding fell during the 
2000s, having far exceeded gastric bypass during the 
1990s.20 By contrast, the popularity for banding in-
creased in the USA after the FDA granted approval 
in 2001, and currently is estimated to exceed bypass 
(46% vs. 44%), with sleeve gastrectomy at 7.8%.21

Diabetes risk with obesity

Type 2 diabetes is the most important comorbid dis-
ease of obesity, affecting around 280 million people, 
a figure that is likely to rise to 438 million by 2030.22 
About 85% of type 2 diabetics are obese and the in-
creased risk of becoming diabetic is estimated to be 
93-fold for women and 42-fold for men who are se-
verely obese.23 Medical treatment cannot stop diabe-
tes from progressing and thus the epidemic is one of 
the largest threats to global health in the 21st century.

Cancer risk with obesity

Obesity is the second most common cause of pre-
ventable cancer after smoking. In data from the 
Cancer Prevention Study II in the USA from 1982 

BMI (kg/m2)
WHO 
classification

Common clini-
cal description

18.5–24.9 Normal range Desirable
25–29.9 Pre-obese Overweight
30–34.9 Obese class I Obese
35–39.9 Obese class II Clinically severe and 

complex obesity40–49.9 Obese class III
50 and over Super-obesity

Table 20.1  •  Definition of obesity according to body 
mass index

Adapted from Dixon JB, Zimmet P, Alberti KG et al. Bariatric 
surgery: an IDF statement for obese Type 2 diabetes. Diabet 
Med 2011; 28: 628-642.

 An estimated 1.46 billion adults (confidence 
interval (CI) 1.41–1.51 billion) globally were 
overweight in 2008 (body mass index (BMI) 25 kg/m2 
or over) and another 502 million obese (BMI >30), 
including 205 million men (CI 193–217) and 297 
million women (CI 280–315 million), with another 
170 million children overweight or obese.9 In the UK, 
about 2% of the population, or 1.2 million people, 
have a BMI >40.10

 The direct costs of treating these are 
estimated to be £5 billion per year in the UK 
National Health Service. This is set to double in real 
terms by 2050, with the indirect costs to society 
increasing to £50 billion.5

 Dieting decreases resting energy expenditure 
and basal metabolic rate, powerful physiological 
mechanisms that counter weight loss and 
encourage hunger.16 In contrast, surgery enables 
weight loss usually to a far greater extent than can 
be achieved with dieting, and it allows weight loss 
to be maintained long term.17
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to 1998, the relative risk (RR) of death from can-
cer increased above a BMI of 30 for both men and 
women.24 In 900 000 people the risk of most, if not 
all, cancers was increased in non-smokers.25 For 
women with BMI >40, there was an RR of 6.25 
for uterine cancer, and the overall RR was 2.51 
for other cancers, in particular kidney, cervix and 
pancreas. For men with BMI >35, there was an RR 
of 4.52 for liver cancer, and for BMI >30 the RR 
was 1.68 for all other cancers. Thus the impact of 
obesity appears to be important for most, if not 
all, organs.

Psychosocial morbidity and 
prejudice

Up to 60% of bariatric patients have psychiatric 
disorders and substantial psychiatric comorbidity.26 
They also have impaired self-esteem, lower quality 
of life, and more depression and anxiety than the 
general population. About one-third are victims 
of sexual child abuse. Anti-obesity stereotypes are 
common in society and also in healthcare profes-
sionals: the obese are regarded as ‘lazy, unmotivated 
and non-compliant’, they ‘lack self-discipline’, and 
they face discrimination and prejudice.26 Obesity is 
regarded as being ‘self-inflicted’ and is associated 
with ‘moral failure and guilt’, underlining the need 
for sensitivity and non-judgmental approaches to 
management.

Baseline obesity-related disease

Data from the NBSR
Sixteen per cent of patients with a BMI <40 had 
four or more comorbidities, and this rose to 37% 
for BMI 40–49.9, 47% for BMI 50–59.9 and 54% 
for BMI >60 (P < 0.01). At baseline, 27.5% of pa-
tients had type 2 diabetes, 35.2% had hypertension, 
18.2% had dyslipidaemia, 16.5% had obstructive 
sleep apnoea and 69% had impaired functional 
status on the basis of an inability to climb three 
flights of stairs without resting. Further, 53.9% of 

all patients reported some form of limiting arthritic 
symptoms. The high degree of disability in this pop-
ulation means that the dictum ‘take more exercise’ 
is not likely to be effective in weight reduction in the 
typical bariatric patient.

In common with the international literature, a very 
high proportion (80.1%) of patients undergoing 
bariatric surgery were female. It is not known why 
so few men have surgery, but men were older, heavier 
and had more comorbidity. For example, 43% of 
the men were diabetic, 50% had hypertension, 
28% had dyslipidaemia and 37% had sleep apnoea 
(P < 0.001). The average BMI was 50.6 compared 
to 47.7 in females. The differences are not simply 
explained by the older age of males, since on age 
group comparison males age 40–49 had a median of 
three comorbidities compared to a median of two in 
females of the same age group (P < 0.001).19

Multidisciplinary work-up

The team should include bariatric physicians, dieti-
cians, nurse specialists, psychologists, anaesthetists 
and surgeons, and support groups.29–31 Current 
National Institute for Clinical Excellence (NICE) 
guidelines, which were based on National Institutes 
of Health guidelines (1991), are shown in Box 20.1. 
It is not known what proportion of patients who  Data from 2559 patients in the US NIH-

funded Longitudinal Assessment of Bariatric 
Surgery (LABS) study showed that obesity-related 
comorbid disease increases dramatically and 
highly significantly with rising BMI.27 The P value 
for hypertension was 0.0018 and for diabetes, 
congestive heart failure, asthma, sleep apnoea, 
functional impairment, pulmonary hypertension, 
deep vein thrombosis (DVT)/pulmonary embolism 
(PE) risk and venous ulceration was P < 0.001 after 
adjustment for age, sex, race and ethnicity.

 There is strong agreement that patients 
should be assessed carefully by a multidisciplinary 
team process that includes education sessions 
about the different operations and aftercare (Grade 
A recommendation).28,29

• Bariatric surgery is recommended as a treatment 
option for adults with obesity if all of the following 
criteria are fulfilled:
• BMI of 40 kg/m2 or greater, or between 35 and 40 kg/m2 

and weight-loss-responsive disease;
• all appropriate measures have failed to achieve or 

maintain adequate, clinically beneficial weight loss for 
at least 6 months;

• received or will receive intensive management in a 
specialist obesity service;

• fit for anaesthesia and surgery;
• commits to long-term follow-up.

• Bariatric surgery is also recommended as a first-line 
option for adults with a BMI >50 kg/m2.

Box 20.1  • Criteria for bariatric surgery* (NICE Clinical 
Guideline 43, 2006)29

* SIGN (Scottish) guidelines 2010 indicate threshold for surgery is 
BMI >35 and one or more weight-loss-responsive comorbidities.23
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fulfil the weight threshold for surgery would ever be 
suitable as patients must show that they are engaged 
and committed to the process and this is difficult to 
measure. Some believe that demonstration of weight 
loss before surgery is necessary to gauge this, but the 
evidence base for this is poor or lacking.28 Rare en-
docrine causes should be excluded. Current drug or 
alcohol misuse and uncontrolled psychiatric disease 
are regarded as contraindications, as are a ‘lack of 
comprehension of risks and lifestyle changes re-
quired’, which might exclude patients with learning 
difficulties.20,28 Patients should not be operated on 
when pregnant.28 Crohn's disease is a relative con-
traindication and portal hypertension is an absolute 
contraindication.20

Optimisation of patients

Multidisciplinary teams should ensure that medi-
cal comorbidities can be identified and treated, 
so that high-risk patients with multiple medical 
 comorbidities can be made as fit as possible before 
surgery.28,30 This includes indentifying and treating 
obstructive sleep apnoea before surgery, and care-
ful perioperative control of diabetes.23 It is recom-
mended that patients stop smoking at least 8 weeks 
before surgery.28 Medications for epilepsy should be 
considered carefully as the absorption may be insuf-
ficient after gastric bypass or duodenal switch.

Obesity Surgery–Mortality Risk 
score (OS-MRS)

Thus a male patient with high BMI and hyperten-
sion, both of which are associated with central obe-
sity, is likely to be more difficult to operate on due 
to the extra torque on laparoscopic instruments. 
Usual practice, in addition to medical work-up, 
is to put patients on a ‘liver shrinkage diet’ for at 
least 2 weeks before surgery, as this has been shown 
to reduce liver size, and probably reduces torque 
in central obesity (Grade B recommendation).28,33 
Weight reduction before surgery may also down-
grade the risk group.

Comparisons of postoperative complications 
and mortality between gastric banding and bypass 
(or sleeve) should always take the OS-MRS into  
account to avoid the problem of bias, i.e. comparing 
apples and oranges. In the NBSR, far more bypass 
patients were class C than banding patients.

Current bariatric operations 
and surgical techniques
From a surgeon's perspective the ideal bariatric 
operation would provide 100% excess weight loss 
(EWL), complete reversal of all comorbidities, 
normalise functional capacity and produce no nu-
tritional sequelae. It would also be cost-effective, 
provide normal quality of life and leave no loose 
skin. It should also need minimum resource for 
follow-up.

Unfortunately none provides this. A rapidly ex-
panding literature in the last decade reflects quite 
variable current practice and the choice of proce-
dure between available operations appears to be 
driven by patient preference, surgeon bias and local 
expertise.

Gastric bypass

There are several laparoscopic techniques described 
and there is as yet no standardisation. However, the 
weight loss results appear very much the same. Most 
agree that a short vertical lesser curvature-based 
gastric pouch of no more than 5–6 cm, that is sepa-
rated from fundus, should be constructed, as this has 
been shown by MacLean and colleagues to produce 
weight loss over 15 years.2 Starting just below the 
oblique fat pad on the lesser curve and usually taking 
the second branch of the left gastric artery, the pouch 
is made with linear staplers directed transversely over 
2–3 cm then vertically up to just to the left of the an-
gle of His, staying to the right of the posterior gastric 
artery if identified. Routing of the Roux limb can be 
retro- or antecolic and particular attention must be 
paid to the correct identification of the bowel limb to 
prevent ‘Roux-en-O’34,35 (Fig. 20.1).

In open surgery exact calibration of the diameter of 
the anastomosis of the Roux limb to the gastric pouch 
was thought to be critical to the rate of emptying 
and thus weight loss after the operation. However, 
as for banded gastric bypass (Fobi/Capella), there 
were no good data to support this.36,37 In fact, an 
early study by Naslund in Sweden of 29 patients 
found that between-patient variation in the size of 
the gastric outlet did not correlate with weight loss 
1 year after bypass.38 In the UK NBSR, the tech-
niques of pouch-enterostomy are reported as 39% 

 This is now established as a validated tool 
for gastric bypass.32 One point is scored for each 
of: male sex, age ≥45, BMI ≥50, presence of 
hypertension, known risk of DVT/PE. The possible 
scores range from 0 to 5. Class A (0–1 points) is 
low risk, class B (2–3 points) is medium risk and 
class C (4–5 points) is high risk. There was a 12-fold 
increased risk of mortality for class C patients 
compared to class A in the paper, which validated 
the score.
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linear stapler with suture closure of the defect (after 
Lonroth), 23% circular stapler (after Wittgrove) and 
38% hand sewn(after Higa).19,34,35,39

The lengths of the biliary and Roux limbs are 
not standardised and are impossible to measure 
 accurately but in the US literature the biliary limb 
length is not usually mentioned since the assump-
tion is that it is ‘kept short’ in order to reduce malab-
sorption of vitamins and minerals. The commonest 
description of the Roux limb is around 100–150 cm, 
after Brolin et al. in New Jersey and MacLean and 
colleagues in Montreal.2,40 Limited evidence sug-
gests that a longer Roux limb of 150 cm gives more 
weight loss for BMI >50, but this is not maintained 
in the long term. In standard bypass protein/calorie 
malabsorption is not the mechanism of weight loss. 
Since the common channel length is the determinant 
of available gut for absorption, and this is never 
measured in standard bypass, it is unlikely that lon-
ger lengths will ever be studied because of the worse 
nutritional consequences that would ensue.41

Gastric banding

The early perigastric approach for tunnelling the band 
posteriorly has now been abandoned as it is associ-
ated with high rates of band erosion into the stom-
ach. The pars flaccida technique (through the window  
of the lesser omentum) is now preferred, keeping 
above the lesser omental bursa posteriorly. A band 

placed around the gastro-oesophageal junction would 
produce weight loss by dysphagia, and correct place-
ment is just below, producing a small ‘virtual pouch’ 
of gastric mucosa above the band20 (Fig. 20.2).

The access port is usually sutured to the rectus 
sheath in the upper abdomen for ease of access by 
a non-coring, Huber needle for band adjustments. 
Placement of the band is just the start of the process 
of weight loss. Adjustments of the band are made by 

Oesophagus
Bypassed portion
of  stomach

Pylorus

Duodenum

Biliopancreatic limb

Alimentary 
limb

Proximal pouch
of  stomach

“Short” intestinal
Roux limb

Figure 20.1  • Gastric bypass showing short vertical 
lesser curve-based gastric pouch with Roux-en-Y 
jejuno-jejunostomy.

Figure 20.2  • Gastric band showing small ‘virtual’ 
pouch of stomach below gastro-oesophageal junction (a), 
gastro-gastric tunnellating sutures (b) and the port used 
for adjustment (c).

Gastric band

Tube to carry fluid

Subcutaneous 
injection port

a

b

c

 Most choose to suture the band into place 
anteriorly with gastro-gastric tunnelling sutures in 
the belief that it reduces the risk of band slippage. 
In the NBSR, 99% of bands were placed by the 
pars flaccida technique (through the window in the 
lesser omentum) and 95% of bands were sutured 
anteriorly.19
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injecting saline progressively in order to reach the so-
called ‘sweet spot’ of optimal restriction. A patient 
should probably be offered monthly clinic visits, at 
least for the first year. One study found that patients 
who attended seven or more clinics achieved 50% 
EWL in the first year compared to only 42% EWL in 
those who attended six times or fewer (P < 0.01).42 The 
ability to provide good  follow-up should be part and 
parcel of the process, but is often lacking.20

Sleeve gastrectomy

Technically simpler than gastric bypass, the 
 operation evolved from the Magenstrasse and Mill 
operation described by Johnston in Leeds, where 
the divided fundus (the ‘mill’) was left in conti-
nuity with the lesser curve-based tube (the ‘main 
street’).3 In the sleeve the lesser curve-based tube is 
constructed over a size 32 or 34Fr bougie. The dis-
section uses linear stapling devices and starts 3–6 cm 
proximal to the pylorus upwards to just lateral to 
the angle of His.43 Some descriptions of the sleeve 
now remove more of the antrum, leaving a true 
sleeve upwards from the pylorus (Fig. 20.3).

Sleeve gastrectomy is seen as a less risky alternative 
to gastric bypass, and a number of trials have now 
been reported (see below). The ASMBS issued an 
update statement on sleeve gastrectomy in October 
2011, summarising the current data.44 Himpens et al. 
from Belgium have the largest published series, with 
5-year follow-up in which they found that 30 sleeve 
patients had 77.5% EWL at 3 years and 53.3% 
EWL at 6 years.45 However, the starting BMI was 
only 39.9 and an additional 11 patients had a further 
bariatric procedure during follow-up, including ‘re-
sleeve’ because of weight regain. Although there is 
much enthusiasm for sleeve gastrectomy, the lack of 

long-term studies and demonstrable superiority com-
pared to both gastric bypass and banding, together 
with the concern about weight regain due to expan-
sion of the sleeve, mean this operation is unlikely to 
replace  either in the foreseeable future. The longest 
follow-up so far reported is 8–9 years, when 13 pa-
tients with an initial BMI of 45.8 had 68% EWL.46

Biliopancreatic diversion/duodenal 
switch

Although the biliopancreatic diversion (BPD) 
 described by Scopinaro in Naples produces greater 
weight loss than gastric bypass or banding, it  requires 
very careful nutritional follow-up due to malabsorp-
tion, which is the mechanism of action of the opera-
tion.31 BPD appears to be done rarely; however, its 
duodenal switch (DS) variant, combined with sleeve 
gastrectomy, is performed in a few centres.47 DS is 
increasingly seen as a rescue operation for weight 
regain after sleeve gastrectomy.45 All patients after 
DS need a high-protein diet and regular vitamin and 
mineral supplements with monitoring for life.

The DS variant of the BPD involves a sleeve gas-
trectomy followed by division of the duodenum just 
distal to the pylorus. The ileum is divided with a 
linear stapler and a duodeno-ileostomy and ileo-
ileostomy are made such that the common channel 
for food absorption measures 75–125 cm and the 
alimentary channel measures 100–250 cm. The long 
remaining biliary limb is not measured47 (Fig. 20.4).

Biliopancreatic limb

Alimentary limb

Common channel

Figure 20.4  • Sleeve gastrectomy/biliopancreatic 
diversion with duodenal switch (‘duodenal switch’).

Resected stomach

Gastric sleeve

Pylorus

Figure 20.3  • Sleeve gastrectomy.
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Mechanisms of bypass  
and banding

Both bypass and banding appear to control appe-
tite and satiety by physiological mechanisms. In a 
blinded crossover trial of filling/de-filling of gas-
tric bands, Dixon et al. demonstrated that satiety  
before and after eating was greater when the band 
was filled than when not.48 It is proposed that stim-
ulation of vagal afferent fibres adjacent to the band 
mediates the feeling of satiety, as there is no marked 
change, if any, in gut hormone profiles.20

In contrast to banding, there has been an explosion 
of publications demonstrating rises in gut hormone 
levels after gastric bypass that favour reduced appe-
tite and early satiety. Hormones such as peptide YY 
(PYY), glucagon-like peptide-1 (GLP-1) and oxyn-
tomodulin have attracted particular attention and 
there are currently publications exploring changes 
in energy expenditure and bile acids as mediators 
of improved insulin resistance.49,50 In the foregut 
theory, diabetes has been proposed to be a disease 
of the duodenum and proximal jejunum, referring 
to the exclusion of this part of the anatomy to the 
passage of food in gastric bypass. In the original 
research, diabetic rats were made non-diabetic after 
duodeno-jejunal bypass, in which only the duode-
num and proximal jejunum were excluded from the 
passage of food, leaving the stomach intact. This is  
the basis for the development of the duodeno-jejunal 
bypass in humans and the endoscopic duodenal 
sleeve technique (Endobarrier).51 If current trials 
show success, the endoscopic sleeve could become a 
useful adjunct in making patients fitter for surgery.

In the distal gut theory, rapid delivery of food from 
the gastric pouch via the Roux limb to the terminal 
ileum is proposed as the mechanism by which gut 
hormones rise and produce early reduction in ap-
petite and early satiety.49 In this study, patients with 
good weight loss produced high levels of PYY and 
GLP-1 compared to patients who did not lose as 
much weight (P < 0.05). In addition, in a randomised 
controlled trial (RCT) those receiving somatostatin 
after gastric bypass had attenuated gut hormone 
responses and experienced return of appetite com-
pared to those receiving placebo (P < 0.05).49 The 
distal gut theory contradicts the thinking behind the 
banded bypass.

Weight loss outcomes
A measurement of weight loss is the most consistent 
variable used in reporting results of bariatric sur-
gery, being regarded by surgeons as the paramount 
clinical outcome. There is, however, almost com-
plete lack of consistency about how this is measured 

or presented, as illustrated in Table 20.2, in which 
the known RCTs of weight loss outcomes from 
currently performed procedures are summarised.52 
This lack of consistency leads to difficulties in com-
bining data from studies in systematic reviews and 
meta-analyses, and it makes comparisons between 
studies and centres difficult. Most of the available 
evidence consists of case series (level III evidence).

Enthusiasts of gastric banding maintain that 
since these patients lose their weight slowly over 
3–4 years after surgery, differences in early EWL 
compared to other operations are not relevant to 
long-term health (although this has not been stud-
ied). The reality is that follow-up outside of funded 
studies is usually extremely poor, despite sometimes 
strenuous attempts by clinicians to make contact. 
In the O'Brien study, data from 3874 gastric bypass 
patients and 10 041 gastric band patients were ana-
lysed at 5 years, and at this time the weight status 
of only 4.5% of bypasses and 6.4% of bands was 
known. Even so, the consensus is that this is a good 
estimation of weight loss outcomes in practice, 
with some weight regain after the nadir of weight 
loss being usual after bypass. Most patients settle 
at around 55–65% EWL long term, perhaps 10% 
more EWL than the average band patient.

A challenge of managing gastric band patients is 
how to help the proportion of patients who fail 
to lose much weight. In the two RCTs discussed 
below, failure as defined by BMI >35 was found 
in the Italian trial in 4.2% of bypasses and 34.6% 
of bands (P < 0.001). In the Californian RCT pa-
tients failing to lose the first quintile of excess 
weight were none for bypass and 16.7% for bands 
(P < 0.05). Many patients in this position opt for 
revision to a gastric bypass if possible. An equally 
challenging group is the bypass patients who have 
significant weight regain at 3–4 years after the na-
dir of weight loss. Treatment options include add-
ing a gastric band to the existing gastric pouch.

Band versus bypass RCTs

Two RCTs have compared gastric bypass and ad-
justable gastric banding. Angrisani et al. in Naples 
randomised 24 patients to gastric bypass and 27 
patients to banding.62 There was no mortality and 

 Although the long-term outcome of patients 
who have had gastric bands is not known, one 
systematic review suggests that if the band is 
correctly placed, the patient is well followed up 
and does not suffer a complication, the weight loss 
at 3–4 years may be similar to gastric bypass, but 
without the risk of the initial operation.61 In both 
RCTs (see below) weight loss was better for bypass.
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 Baseline  Outcome

 
Study

Follow-up (y) 
(% complete)

Mean 
BMI

Mean 
age (y)

 
% Female

Intervention 
(sample size)

Mean weight 
change

Heindorf, 1997, 
Denmark

0.83 (NR) Range 
40–56

Range 
21–43

44 AGB (8)
No surgery (8)

−26 kg
+1 kg**

Langer, 2005, Australia 0.5 (NR) 48 39 90 SG (10)
AGB (10)

−61.4% EWL
−28.7% EWL**

Lee, 2005,* Taiwan53 2 (100) 44 31 69 Mini-GB (40)
RYGB (40)

64.4% EWL
60.0% EWL

Himpens, 2006,* 
Belgium54

3 y (NR) 38 38 75 AGB (40)
SG (40)

48% EWL
66% EWL**

O'Brien, 2006,* 
Australia55

2 (90) 33 41 76 AGB (40)
No surgery (40)

87.2% EWL
21.8% EWL**

Angrisani, 2007, Italy 5 (98) 44 34 82 AGB (24)
RYGB (19)

−22.1 kg
−36.0 kg**

Bessler, 2007,* USA56 3 (NR) 59 41 65 Banded RYGB (46)
Standard RYGB (44)

73.4% EWL
57.7% EWL**

Dixon, 2008,* 
Australia57

2 (92%) 37.1 46 7 AGB (30)
No surgery (30)

62.5 % EWL
4.3 % EWL**

Karamanakos, 2008, 
Greece

1 (100) 46 34 84 SG (16)
RYGB (16)

−43.6 kg
−40.0 kg

Nguyen, 2009, USA 4 (69) 47 43 82 AGB (86)
RYGB (111)

−45% EWL
−65% EWL**

Peterli, 2009a, 
Switzerland

1.58 (NR) 46 41 78 SG (17)
RYGB (15)

89% EWL
68% EWL

Peterli, 2009b, 
Switzerland

0.25 (100) 46 40 NR SG (14)
RYGB (13)

−21.6 kg
−25.6 kg

Campos, 2010, USA 14d (NR) 48 44 68 RYGB (12)
No surgery (10)

−9.9 kg
−8.2 kg

O'Brien, 2010, Australia 2 (84) 41 17 68 AGB (25)
No surgery (25)

−34.6 kg
−3.0 kg**

Kehagias, 2011,* 
Greece43

3 (100) 45 35 73 RYGB (30)
SG (30)

62% EWL
68% EWL

Lee, 2011,* Taiwan58 1 (100) 30 45 NR Mini-GB (30)
SG (30)

94% EWL
76% EWL (NS)

Søvik, 2011,* Norway/
Sweden59

2 (97) 55 35 68 RYGB (31)
DS (29)

−50.6 kg
−73.5 kg**

Woelnerhanssen, 
2011,* Switzerland60

1 y (100) 46 38 NR RYGB (12)
SG (11)

34.5% TBWL
27.9% TBWL

Schauer, 2012,* USA 1 y (93) 36 49 66 RYGB (50)
SG (49)
No surgery (41)

−29.4 kg**
−25.1 kg**
−5.4 kg

Mingrone, 2012,* Italy 2 y (93) 45 43 53 RYGB (20)
BPD (20)
No surgery (20)

−33.31%**
−33.82 %**
−4.74 % TBWL

Table 20.2  • Summary of RCTs of currently performed procedures52

* Added in addition to Padwal systematic review.
** P < 0.05.
Adv/Ev, adverse events; AGB, adjustable gastric banding; BPD, biliopancreatic diversion; DS, duodenal switch; EWL, excess weight 
loss; Mini-RYGB, Mini-gastric bypass; NR, not recorded; NS, not significant; RYGB, gastric bypass; SG, sleeve gastrectomy; TBWL, 
total body weight loss. N.B. Karamanakos and Kehagias report data from the same RCT.
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one band patient was lost to follow-up. Four band 
patients required revision to other bariatric op-
erations during follow-up, two for gastric pouch 
dilatation and two for unsatisfactory weight loss. 
Three bypass patients required early re-operations 
because of life-threatening complications (12.5%). 
Fifteen bypass patients (62.5%) achieved BMI 
<30 compared to three (11.5%) band patients 
(P < 0.001). The authors concluded that gastric 
bypass produces better weight loss and fewer fail-
ures, acknowledging that the high complication 
rate was accounted for by their learning curve in 
the bypass operation.

Nguyen et al. in California randomised 111 pa-
tients to gastric bypass and 86 to banding.63 There 
was no mortality in either group. At 4 years patients 
were grouped into quintiles of percentage excess 
weight loss (% EWL). The highest quintiles repre-
senting 60% EWL or more had 64.1% of bypass 
patients and 15.3% of band patients. The lowest 
quintiles representing <40% EWL had 5.1% of by-
pass patients and 50.0% of band patients (P < 0.05). 
Although the authors concluded that weight loss 
at 4 years was superior after bypass, the follow-
up rates achieved were only 83.1% for bypass and 
93.3% for band, and no explanation was given for 
the different numbers randomised to each arm.

Given that these two procedures are the common-
est in the NHS (and worldwide), the methodologi-
cal weaknesses of the two RCTs limit their general 
applicability. A new trial comparing these head to 
head has recently been funded. The By-Band trial, 
which opened in 2012, is a multicentre RCT that 
aims to randomise 760 patients in the UK. The trial 
is designed to answer the question of whether gas-
tric bypass is better than gastric banding in terms of 
health-related quality of life and at least as good as 
gastric banding in terms of achieving weight loss. 
Both aspects of this dual primary end-point need to 
be achieved to be certain that bypass is superior to 
gastric banding. They will be measured at 3 years.  
A cost-effectiveness analysis will also be included 
and it is hoped that the results will inform the de-
bate on how bariatric services should be provided.

Band versus sleeve  
gastrectomy RCT

In the largest RCT, Himpens et al. in Belgium ran-
domised 80 patients to either operation.54 Weight 
loss was better for sleeve at each time point mea-
sured: 57.7% EWL vs. 41.4% EWL at 1 year and 
66% EWL vs. 48% at 3 years (both P < 0.01). 
Although there were several operations for compli-
cations in each group, an additional two patients in 
each was converted to another bariatric operation 
due to lack of weight loss.

Banded versus non-banded 
gastric bypass RCT

There has been one RCT of banded versus non-
banded (standard) gastric bypass. The banded gastric 
bypass involves placing a silicone ring around the 
gastric pouch above the pouch-enterostomy anasto-
mosis, with the intention of causing a fixed amount 
of restriction and thus greater weight loss. In an 
RCT, Bessler et al. randomised 46 patients to banded  
bypass and 44 to standard bypass.56 There were no 
significant differences in EWL at 6, 12 and 24 months 
(43.1% vs. 24.7%, 64.0% vs. 57.4%, and 64.2% vs. 
57.2%). However, there was a small advantage at 
36 months for the banded group (73.4% vs. 57.7%, 
P < 0.05), although the number available for follow-up 
was not specified. Other than in a few centres, this 
operation has not received widespread uptake and the 
proposed mechanism of action (hold-up of food in 
the pouch) is at variance with the distal gut theory.49

There has been one RCT of standard gastric bypass 
versus the so-called mini-gastric bypass. In this vari-
ant a long gastric pouch/tube (midway in length be-
tween the pouch in standard gastric bypass and that 
in a sleeve gastrectomy) is created and an antecolic 
loop gastroenterostomy is made without a Roux-
en-Y. Although the weight loss outcomes are reported 
to be similar to standard gastric bypass, it is an un-
common operation and there has been reluctance to 
recognise it for credentialing purposes by the ASMBS 
and the American College of Surgeons (ACS).31,53

Sleeve versus bypass RCTs

There are at least three RCTs of sleeve gastrec-
tomy versus gastric bypass and one of sleeve ver-
sus mini-gastric bypass. Kehagias et al. in Greece 
have published the longest follow-up in an RCT of 
bypass versus sleeve and they found no significant 
difference in weight loss between the two at any 
time point up to 3 years (3-year data: 68% EWL 
for sleeve and 63% EWL for bypass).43 An earlier 
report of the same trial found that weight loss at 
1 year was similar for the two operations and this is 
the general consensus for medium-term comparison 
of bypass with sleeve.52

Bypass versus duodenal  
switch RCT

There is one published trial, from Norway/
Sweden.59 In this study, Søvik et al. found much 
greater weight loss after sleeve gastrectomy with 
DS compared to bypass at 2 years. Cholesterol and 
other measures of lipid metabolism were improved 
more by duodenal switch but measures of vitamin 
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Primary operations

 
 
Total patients

 
In-hospital  
mortality (%)

30-day 
 re-operation 
rate (%)

Gastric band NBSR
HES
LABS
ACS

1878
3649
1198
12 193

0 (0.0)
3 (0.1)
0 (0.0)
6 (0.05)

0.9
N/A
0.8
0.92

Gastric bypass NBSR
HES
LABS
ACS

3132*
3191*
2975†

14 491†

7 (0.22)
15 (0.47)
6 (0.20)
21 (0.14)

3.4
N/A
3.2
5.02

Sleeve gastrectomy NBSR
HES
ACS

493
113
944

0 (0)
1 (0.8)
1 (0.11)

3.1
N/A
2.97

Table 20.3  •  Operative mortality data from UK&I National Bariatric Surgery Registry, Hospital Episode Statistics data, 
Longitudinal Assessment of Bariatric Surgery (USA) and American College of Surgeons Bariatric Surgical 
Center Network19,21,64,65

*Total laparoscopic/open.
†Laparoscopic only.
HES, LABS and ACS data were P < 0.05 between groups. In the LABS study data on 117 sleeve gastrectomy patients were not analysed 
further. N/A, not available.

D metabolism were worse. Although quality of life 
was broadly similar in follow-up between the two, 
adverse events were more frequent after DS (62% 
vs. 32%, P < 0.02). These were mainly due to the un-
avoidable nutritional consequences of DS and this 
illustrates the main challenge in follow-up after this 
operation.

Complications of surgery

Operative mortality

Open bypass has higher mortality (data not shown), 
and the Hospital Episode Statistics (HES) data from 
the UK were from 2000 to 2008, when much of the 
surgery was not yet laparoscopic. By far the largest 
report of outcomes is from the Bariatric Outcomes 
Longitudinal Database of the ASMBS Centers of 
Excellence programme, in which 57 918 patients 
had gastric bypass (54.7%), banding (39.6%) or 

sleeve gastrectomy (2.3%).66 The 90-day mortal-
ity rate for those with follow-up was 0.22%, but 
neither mortality per procedure nor 30-day re-
operation rates were presented. The ACS Bariatric 
Surgery Center Network reported higher morbid-
ity, re-operation and re-intervention rates for gas-
tric bypass than for banding, with sleeve  between 
the two.21 Similarly, the Michigan Bariatric Surgery 
Collaborative reported 30-day complication rates 
for bypass of 3.6% compared to 0.9% for gastric 
banding and 2.2% for sleeve.67

Gastric bypass

Early
Anastomotic leak, particularly at the pouch- 
enterostomy, is a feared and potentially deadly 
complication and may be present in up to 3%.68 It 
typically occurs within 24 hours, i.e. the anastomo-
sis is unlikely to have been water-tight initially. It 
is essential that a patient who has abdominal pain 
and a sense of ‘impending doom’ be considered 
for same-day re-laparoscopy or contrast-enhanced 
computed tomography (CT) scan.68 Tachycardia is 
an unreliable sign, particularly when the patient is 
taking beta-blockers for hypertension. The pouch-
enterostomy is more likely to leak than the jejuno-
jejunostomy and, because of its accessibility, it is 
usual to do a leak test during surgery. Same-day re-
operation and direct suturing or T-tube placement 

 Published mortality rates after gastric banding 
suggest it is very safe, with about a 0.05–0.1% 
risk of dying. The published mortality from gastric 
bypass is higher at about 0.2%, with the mortality 
from sleeve gastrectomy between the two. The 
data in the table refer to large published national 
databases or registries reporting since 2009 
(Table 20.3).19,21,64,65
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and drainage are essential due to the limited reserve 
in patients with severe comorbidity. Poor healing is 
characteristic and patients are severely catabolic, 
with very high energy requirements.

Bleeding from anastomoses and staple lines may 
present postoperatively as melaena in up to 4% 
and almost always settles, sometimes needing trans-
fusion.69 Closed loop obstruction, particularly if 
there is a ‘Roux-en-O’ or acute internal hernia, is 
life threatening and must be excluded or rectified 
quickly.

DVT/PE is still the commonest cause of mortality 
after bariatric surgery, probably accounting for half 
the deaths. It should be routine to give appropriate 
prophylaxis with calf compression stockings and 
inflatable leggings during surgery and at least one 
postoperative week of appropriate anticoagulant 
for any operation other than banding.70 All patients 
should be encouraged to mobilise on the same day 
of surgery and enhanced recovery regimens are 
common. Data from the UK NBSR showed that 
>90% of banding patients are discharged home by 
24 hours and >80% of bypass and sleeve patients 
are discharged home by postoperative day 3.19

Late
Stricture at the pouch-enterostomy occurs in up to 
5%, probably depending on the technique of anas-
tomosis and any tension.35 It usually responds to 
endoscopic dilatation. Marginal ulcer is reported to 
occur and it may be less common if Helicobacter 
pylori infection is sought and treated preopera-
tively. Internal herniation with bowel ischaemia is a 
known serious risk as the hernia spaces made by the 
anatomical rearrangement enlarge as weight is lost. 
It is mandatory for every patient to be on lifelong 
vitamin and trace mineral supplementation due to 
the unavailability of the duodeno-proximal jejunal 
segment for absorption (see below).

The risk of symptomatic internal hernia is at least 
2% over 1–2 years after surgery.71

Gastric Band

Early
The re-operation rate within 30 days after band-
ing is about 1%. It is considered mandatory to give 

 prophylactic antibiotics. Early infection of the gas-
tric band port wound is a potential disaster as it 
may indicate that the whole band is infected. After a 
suitable course of antibiotics a pragmatic approach 
(not evidence based) is to re-laparoscope and cut the 
band tubing as it exits the abdominal wall, com-
pleting this part of the operation before opening the 
infected port wound and removing the port. If the 
infection is localised to the port wound only, it may 
be possible to reconnect another port at a later date.

Late
Every patient must be carefully counselled about 
the long-term risk of re-operation. Suter et al. in 
Switzerland found there was a 21%  cumulative re-op-
eration rate over 7 years.73 The real-life  re-operation 
rate is not known since so many  patients are lost to 
follow-up, but a realistic  estimation may be 10–20% 
over 5–10 years.  Re-operations may be minor, e.g. 
a needle stick injury to the tubing adjacent to the 
port or failure of the port membrane causing leak-
age and requiring local attention to replace the port 
or shorten the tubing. Much more serious complica-
tions are infection, requiring removal of the whole 
band, slippage of the position of the band around 
the upper part of the stomach, and erosion, where 
the band migrates into the lumen of the stomach.

Slippage
This typically presents at 2–3 years, and produces 
vomiting and loss of restriction. This is usually a 
non-urgent situation and treatment consists of 
 de-filling the band, a contrast X-ray to make the di-
agnosis and laparoscopic repositioning of the band. 
Concentric pouch dilatation, sometimes with a di-
lated oesophagus and lack of weight loss, can be 
confused with slippage and may indicate lack of a 
satiety response from the band.

 A complication that can occur at any time after 
the band has been filled is acute obstruction due 
to a food bolus or over-filling. Every hospital should 
have an ‘emergency de-fill box’ for out-of-hours 
use containing a non-coring Huber needle for this 
purpose.72 Patients should be educated about this 
possibility and know how to contact their bariatric 
team.

 Slippage can be a life-threatening emergency 
if there is severe abdominal pain, indicating 
ischaemia of the gastric pouch above the band and 
resulting necrosis. Treatment consists of emergency 
de-filling, a contrast X-ray and urgent laparoscopy. 
If possible, the band should be repositioned. There 
is no place for waiting for endoscopy to make the 
diagnosis.72

 Most experts recommend prophylactic suturing 
of the Petersen defect (space behind the Roux 
limb), the mesocolic defect (in retrocolic routing) 
and the jejuno-jejunostomy defects with non-
absorbable sutures, although there are no data to 
show this makes a difference.35 An RCT based on 
the Swedish Registry (SOREG) is currently ongoing.
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 Surgery 
(%)

Controls 
(%)

 
P value

Diabetes 7 24 <0.001
Recovery of 
diabetes

36 13 <0.001

Hypertension 41 49 = 0.13
Recovery from 
hypertension

19 11 = 0.02

Hyperlipidaemia 17 27 = 0.03
Recovery of 
hyperlipidaemia

46 24 <0.001

Table 20.4  •  Incidence of comorbidity: 10-year data 
from the Swedish Obese Subjects study79

Reproduced from Sjöström L, Lindroos A-K, Peltonen M et al. 
Lifestyle, diabetes, and cardiovascular risk factors 10 years 
after bariatric surgery. N Engl J Med 2004; 35:2683–93. With 
permission from Massachusetts Medical Society.

Concentric pouch dilatation, sometimes with a di-
lated oesophagus and lack of weight loss, can be 
confused with slippage and indicate lack of an ap-
petite/satiety response from the band.

Erosion
This occurs in about 1% of patients long term and 
may result from, or be the cause of, port-site infec-
tion. It does not present as an emergency. Sudden 
loss of restriction is the norm, and a red port scar 
de novo is worrying for erosion. Endoscopy or con-
trast X-ray provides the diagnosis and band  removal 
is usually done laparoscopically, although it can be 
done by endoscopy. Revision surgery, usually to 
convert to a gastric bypass, should be delayed for at 
least 6 months to allow healing.

Sleeve gastrectomy

The main early complication of sleeve is leakage 
along the staple line, usually at the angle of His. This 
is thought to be due to the relative back pressure 
produced by an intact pylorus against oesophageal 
peristalsis. With an incidence reported consistently at 
up to 3%, leaks can take months to heal, and many 
surgeons routinely use reinforcement materials or 
continuous suturing along the staple line to try to pre-
vent a leak.74 Treatment options include percutaneous 
drainage, endoscopic stenting, parenteral nutrition/je-
junal feeding, proton-pump inhibitors and fibrin glue.

High-volume specialisation
Data from the Michigan Bariatric Surgery 
Collaborative assessed hospital complication rates 
in 15 275 patients having bypass, banding and 
sleeve gastrectomy in 2006–2009. The overall risk 
for all procedures (after adjusting for  comorbidity 
status and OS-MRS risk; see above) of serious com-
plication was 4.0% (CI 2.8–5.3) for annual volumes 
of <150 cases per hospital and <100 cases per sur-
geon combined, compared to 1.9% (CI 1.4–2.3) 
for ≥300 cases per hospital and ≥250 per surgeon 
combined (P < 0.001).67 In addition to specific surgi-
cal complications, the team approach characteristic 
of high-volume hospitals appears to facilitate better 
outcomes (Grade D recommendation).30,31 Most ex-
perts recommend round-table discussion of patients 
on a regular basis. Since the success of banding is 
completely reliant on good follow-up, the multidis-
ciplinary team should be structured to enable this.31 
In addition, the International Diabetes Federation 
statement (see below) made the following comment:

There are a number of other case series supporting 
high-volume specialisation in gastric bypass surgery 
that also recognise the high risk of the learning curve 
and the need for mentoring for this operation.75

Comorbidity outcomes
Data from a meta-analysis of 21 studies showed 
 improvements in diabetes, hypertension, dyslipi-
daemia and sleep apnoea in nearly all patients.76 
Numerous other studies show improvements in indi-
vidual organ failures. For example, liver biopsies on 
36 patients were assessed blindly before and 2 years 
after gastric banding.77 Histology showed marked 
improvements in indices of grade and stage of non- 
alcoholic steatohepatosis (P < 0.01). At follow-up 
only three patients had a fibrosis score of 2 or more 
compared with 18 patients at baseline (P < 001). 
Another example is cardiac function; in one study 
423 gastric bypass patients were compared to 733 
non-operated controls with an echocardiogram at 
baseline and at 2 years. Left ventricular mass and 
right ventricular cavity area had both decreased at 
follow-up (P < 0.01), and left atrial volume stayed 
the same in bypasses but had increased in controls 
(P < 0.05), all indicating improved cardiac function.78

Swedish Obese Subjects study

The largest series of detailed long-term comorbid-
ity data is the Swedish Obese Subjects (SOS) study 
(Table 20.4).79 This study is also probably the 
best known in bariatric surgery. It was initiated in 
1987, recruiting to 2001, and is a non-randomised 
 cohort study of the effect of bariatric surgery versus 

 ‘Bariatric surgery should be performed in 
high-volume centres with multidisciplinary teams.’23
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medical therapy. At the time, before laparoscopic 
techniques, bariatric surgery was considered too 
dangerous to allow ethical randomisation between 
surgery and best medical therapy. Thus, 2037 pa-
tients choosing not to have surgery were matched 
and compared to 2010 surgical patients. Over a 
mean follow-up of 10.9 years (range 4.9–18.2) 
there was no significant weight loss in the medi-
cal group, who received all appropriate therapy for 
their comorbid disease. In contrast, weight loss in 
the surgical groups, consisting of non-adjustable 
gastric banding, gastric bypass and vertical banded 
gastroplasty, was between 13.2% and 25%. There 
were improvements in every variable studied, but it 
was noted that hypertension tended to recur, associ-
ated with advancing age of the study population.

Data from the NBSR

The proportion of patients recorded as showing no 
indication of comorbidities at 1 year in the NBSR is 
shown in Table 20.5.19 The functional improvement 
was dramatic and at 2 years the rate of diabetes had 
fallen by 85.5%. Most of the effect of surgery in 
the NBSR results was from gastric bypass; in fact, 
for banding only dyslipidaemia and functional im-
pairment showed significant improvement at 1 year, 
although all other variables showed non-significant 
improvement. The data are also consistent with the 
slower rate of weight loss universally found with 
gastric banding compared to RYGB.20 Because of a 
lack of well-controlled randomised studies compar-
ing the two operations, it is not clear whether the 
apparently slower rate of improvement in comorbidity 

with banding translates to different outcomes in the 
medium to long term.

Quality of life (QoL) after  
bariatric surgery

There are many studies indicating that quality of 
life improves after surgery compared to no surgery. 
Again, the largest study is the SOS, which reported 
that all QoL measures improved in 655 surgery 
patients compared to 621 controls when assessed 
at 2–10 years.17 Variables included General Health 
Rating Index, Sickness Impact Profile, Mood 
Adjective Check List, and Hospital Anxiety and 
Depression score. Improved QoL was also found 
in the RCT by O'Brien et al. where band patients 
had improvement at 2 years in five of eight domains 
in the SF-36 tool – physical function, physical 
role, general health, vitality and emotional role.61 
Improvement in psychological functioning is not 
universal, however, as it also appears that there is 
an increased risk of suicide after surgery.80

Patient-reported outcomes

There is wide variation in the questionnaires used to 
assess health-related quality of life after bariatric sur-
gery, with no consensus as to how the results should 
be reported. Poor study designs and lack of report-
ing integrated with clinical outcomes means there are 
few examples of how patient-reported outcomes have 
influenced practice and no data on which domains 
of health are important. As a result it has not been 
possible to produce a meta-analysis of quality-of-life 
studies. Thus there is a need for a core outcome set for 
bariatric surgery reporting that includes this variable.

Diabetes outcomes

In the systematic review of outcomes in 4070  diabetic 
patients by Buchwald et al., it was estimated that re-
mission at 2 years was achieved in 57% of patients 
after gastric banding, 80% after gastric bypass and 

 Baseline 
(%)

 
1 year (%)

 
P value

Impaired 
functional 
status

70.7 36.2 <0.001

Diabetes 26.8 13.2 <0.001
Hypertension 31.6 20.4 <0.001
Dyslipidaemia 16.8 8.2 <0.001
Obstructive 
sleep apnoea

14.6 6.1 <0.001

Arthritis 53.9 41.3 <0.001
GORD 27.7 16.2 <0.001
PCOS 9.5 6.4 <0.01

Table 20.5  •  Incidence of comorbidity: 1-year data from 
the UK NBSR (patients with complete 
follow-up, all operations)19

GORD, gastro-oesophageal reflux disease; PCOS, polycystic 
ovarian syndrome.

 Bariatric surgery offers very substantial 
benefit for diabetes. In the RCT by Dixon et al. of 
gastric banding versus intensive medical therapy for 
recent-onset diabetes, HbA1c was lowered more 
with banding (7.8 ± 1.2 preop vs. 6.0 ± 0.82 postop, 
−1.81 ± 1.24 percentage points) than with medical 
therapy (7.6 ± 1.4 preop vs. 7.21 ± 1.39, −0.38 ± 1.26 
percentage points, P < 0.001). Also, there was better 
remission in the surgery group at 2 years (73% vs. 
13%, P < 0.001) and significantly fewer people with 
the metabolic syndrome (70% vs. 13%, P < 0.001).57
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95% after biliopancreatic diversion.81 Also, HbA1c 
and fasting glucose levels fell significantly, indicating 
better diabetes control. However, the main draw-
back of such a meta-analysis is lack of consistent 
reporting of the terms used to define remission.

Given that bariatric surgery is presently only be-
ing offered to a very small proportion of those 
who could benefit, even in countries with highly 
developed healthcare, the International Diabetes 
Federation perceived the need in 2011 to offer 
international guidance.23 The recommendations 
included: ‘bariatric surgery is an appropriate treat-
ment for type 2 diabetes and BMI ≥35 not achieving 
recommended treatment targets with medical ther-
apy, especially where there is other obesity-related 
comorbidity’ (author's italics).

Various terms for improvement of diabetes 
control after surgery have been used, including 
‘resolution’ and ‘cure’, but ‘remission’ is now the 
preferred term. In 2009 the American Diabetes 
Association introduced a more strict definition of 
complete remission as being a return to normal 
measures of glucose metabolism (HbA1c <6%, 
fasting glucose <5.6 mmol/L) in the absence of 
hypoglycaemic medication over at least 1 year 
after bariatric surgery.82 One study has assessed 
remission rates with the new definition. At 2-year 
follow-up in 209 diabetics, HbA1c was reduced 
in all surgical groups (P < 0.001), and complete 
remission rates were 40.6% after gastric bypass, 
7% after gastric banding and 26% after sleeve 
gastrectomy.83 Although the study was not ran-
domised, the differences between the procedures 
were significant (P < 0.001).

The study by Dixon et al. in 2008 is the only 
randomised trial comparing diabetes outcomes 
between banding and intensive medical therapy. 
Recently, two further studies have provided ran-
domised evidence for gastric bypass, sleeve gas-
trectomy and BPD as well compared to medical 
therapy. Both RCTs highlight the main therapeutic 
aim of controlling HbA1c rather than purely focus-
ing on the ability of surgery to reduce medication 
usage. In the RCT by Schauer et al., HbA1c fell 
from 9.3 to 6.4 with gastric bypass, and 9.5 to 
6.6 with sleeve gastrectomy (2.9 percentage points 
for both).84 In comparison, HbA1c only fell from 
8.9 to 7.5 (1.4 percentage points, both P < 0.001) 
with intensive medical therapy. The primary end-
point (proportion with HbA1c <6.0 at 1 year) was 
achieved by 42% with gastric bypass, 37% with 
sleeve gastrectomy and 12% with medical therapy 
(both P < 0.001 compared to medical therapy).In the 
RCT by Mingrone et al., the starting HbA1c was 
8.65 ± 1.45, and this fell to 6.35 ± 1.42 with gastric 
bypass, 4.95 ± 0.49 with BPD and 7.69 ± 0.57 with 
intensive medical therapy (P < 0.01 between each 

group).85 The  primary end-point (fasting glucose 
<5.6 mmol/L and HbA1c <6.5% on no medication) 
was achieved by 75% with gastric bypass, 95% 
with BPD and none with medical therapy (P < 0.001 
between groups). These are the only randomised 
data between bypass and BPD, and suggest that 
the latter gives better glycaemic control. There are 
no randomised data studying the effect of DS on 
HbA1c.

The different rates of improvement/remission 
 between operations supports the consensus that by-
pass (and BPD) has effects other than pure weight 
loss on improving glycaemic control. It is widely 
presumed that this is due to the postoperative rise in 
gut hormones such as the incretin GLP-1, which is 
associated with rapid improvement in diabetic con-
trol in the immediate postoperative period before 
significant weight loss.86

While all of the currently popular operations dra-
matically improve glycaemic control, many patients 
can still expect to be on diabetic medications post-
operatively. Previously, surgeons tended to champion 
reduction in medication usage and to gauge the suc-
cess of surgery in these terms. Focusing on glycaemic 
control (HbA1c) as well should not detract from the 
very substantial financial benefit of patients coming 
off treatment (see below). Thus, surgery is ‘a com-
ponent of the ongoing treatment of chronic disease 
management of type 2 diabetes and obesity’ and 
patients still need long-term follow-up by interested 
physicians.23

Nutritional support in 
follow-up

The frequency of assessment should be at least 3- to 
6-monthly in the first year if there are known defi-
ciencies, at least 6- to 12-monthly in the second year 
and at least annually thereafter.28

Recommended supplements are: multi-vitamin, 
calcium with vitamin D, folic acid, iron and vita-
min B12 (Grade B recommendation). In addition, 
folic acid should be supplemented in all women of 
child-bearing age who are sexually active because 
of the risk of neural tube defects and the likelihood 
that fertility will improve after surgery (Grade A 
recommendation).28

 All bariatric patients should have routine 
metabolic and nutritional monitoring life-long (Grade 
A recommendation) as it is increasingly recognised 
that obese patients have pre-existing nutritional 
deficiencies that may be exacerbated by bariatric 
surgery, especially gastric bypass and duodenal 
switch.28
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Long-term survival benefit 
after surgery
Several population-based studies now indicate that 
bariatric surgery confers survival benefit. The SOS 
study was the first prospective study to show that 
bariatric surgery confers survival benefit; even after 
the 90-day mortality rate from surgery of 0.25%, 
129 control patients died compared to 101 in 
the surgical group, hazard ratio (HR) 0.76 (95% 
CI 0.59–0.99), with a time to reach significance 
(P = 0.04) of 13 years.87

Another study that also reported in 2007 was 
a retrospective analysis of prospectively col-
lected data.80 Using self-reported BMI data 
collected from driving licences in Utah, Adams 
et al. were able to match, for age, sex and BMI, 
7925 patients who had undergone gastric by-
pass with 7925 controls. The average age was 
39.5 and BMI 45.3, but it was not possible to 
collect data on pre- or postoperative comor-
bidity or BMI at follow-up. The study period 
was 1984–2002 and the mean follow-up was 
7.1 years. Expressing mortality as deaths/10 000 
patient years, 37.6 patients died in the years 
after surgery compared to 57.1 controls (40% 
reduction, P < 0.001). Disease-specific reduc-
tions in  mortality were also seen for coronary 
artery disease (56% reduction, 2.6 vs. 5.9, 
P = 0.006), diabetes (92% reduction, 0.4 vs. 3.4, 
P = 0.005) and cancer (60% reduction, 5.5 vs. 
13.3, P = 0.001). The post-surgical mortality at 
1 year was 0.53%, which compared to 0.52% 
of controls dying in the same period.

The reports described confirmed survival benefit 
after mainly gastric bypass surgery. O'Brien and 
Dixon's group in Melbourne has also reported 
survival benefit after gastric banding.88 In a retro-
spective series of 966 operated patients followed 
up for 4 years, the HR for death was 0.28 (95% 
CI 0.10–0.85) compared to a matched cohort 
of 2119 community controls followed up for 
12 years.

To date there are no data on survival benefit from 
other bariatric operations. However, a more recent 
study of male gastric bypass patients in Veterans 
Administration hospitals in the USA, who were 
predominantly older than in the studies above, also 
reported in 2011.90 No survival benefit at 6.7 years 
was found in the 850 operated patients compared to 
847 controls. This is the first study not to show sur-
vival benefit after bariatric surgery, possibly because 
of relatively high mortality in the operated patients 
and the relatively short follow-up.

After surgery, patients may not return to the level 
of risk of the general population. In Sweden 13 270 
bariatric surgery patients still had an HR for mor-
tality of 1.24 (CI 1.15–1.34) when compared to 
132 700 individuals from the general population 
who did not have surgery.91 One of the many un-
knowns regarding the mechanism by which surgery 
reduces mortality is whether any of the operations 
halt or reverse the characteristic microvascular 
changes of diabetes.

Cancer incidence after 
bariatric surgery
A further finding from the SOS study is the reduc-
tion in incidence of all cancers in follow-up. Using 
the Swedish National Cancer Registry to observe 
cancer incidence from 1987 to 2005, Sjöström 
et al. found that 117 cancers developed in 2010 op-
erated patients compared to 169 cancers in 2037 
controls (HR 0.67, P < 0.0009).92 Although the ab-
solute numbers are small, Sjöström et al. found it 
useful to compare this effect of surgery to statin 
treatment, where the HR for development of fa-
tal or non-fatal myocardial infarction was 0.80 in 
>90 000 patients.93

The risk of dying from all cancers was also de-
creased by 46% (HR 0.54, CI 0.37–0.78, P = 0.001). 
Interestingly, the cancer mortality was also  decreased 
in non-obesity-related cancer by 47% (HR 0.53, CI 
0.31–0.91, P = 0.02).

 The first systematic review and meta-analysis 
of long-term mortality outcomes after mainly gastric 
bypass and banding was published in 2011.89 Eight 
studies were included, totalling 14 052 surgical 
patients and 29 970 controls, with follow-up of 
between 2.5 and 12 years. The odds ratio (OR) for 
mortality after surgery was 0.55 (CI 0.49–0.63, all 
eight studies), the OR for cardiovascular mortality 
was 0.58 (0.46–0.73, four studies) and the OR for 
non-cardiovascular mortality was 0.70 (0.59–0.84, 
four studies).

 The Utah driving licence researchers found a 
similar reduction in incidence of cancer diagnoses 
during an average of 12.5 years follow-up in 6596 
gastric bypass patients when compared to 9442 
severely obese controls.94 Using the Utah Cancer 
Registry, Adams et al. found the HR for cancer 
was 0.76 (CI 0.65–0.89, P = 0.0006). The reduced 
incidence of cancer almost entirely comprised the 
female known obesity-related cancers; in particular, 
there was a 78% reduction in endometrial cancer 
(HR 0.22, CI 0.13–0.40, P < 0.0001).
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Cost-effectiveness of 
bariatric surgery
Large studies from the UK, USA and Canada 
have recently evaluated the economics of bariat-
ric  surgery. In 2009 the HTA programme pub-
lished a systematic review in which Picot et al. 
analysed 5386 journal articles.95 Of these, 26 were 
used in the clinical effectiveness review, includ-
ing 23 RCTs. Bariatric surgery was found to be 
more clinically effective for weight loss than non-
surgical methods, with some measures of quality 
of life improving but not others. In addition, cost-
effectiveness was estimated using incremental cost-
effectiveness ratios (ICERs) per quality-adjusted 
life year (Table 20.6). Particularly for longer time 
horizons up to 20 years, these ratios were deemed 
cost-effective, although not for the BMI group 30+ 
and <35.

Another, updated systematic review has recently 
reported and expressed health economic outcomes 
as incremental cost-utility ratios (ICURs) in 2009 
US dollars.52 ICURs ranged from $1000 to $40 000 
per quality-adjusted life year (QALY), and it was 
not possible to distinguish between different pro-
cedures. O'Brien's group has analysed the life-
time projected cost savings for recently diagnosed 
 diabetics treated with gastric banding compared to 
medical therapy from their RCT, and found surgery 
cost less and led to more QALYs.96 Using a different 
model in the USA that is based on a meta-analysis, 
other health economists found the  cost-effectiveness 
over a 10-year timescale for gastric banding to be 
between $US11 000 and 13 000/QALY for patients 
with diabetes.97 Gastric bypass was found to be 
more cost-effective at between $US7000 and 12 000/
QALY for diabetes, and all of these estimates were 
well below the threshold of cost/QALY usually used 
to justify expenditure.

In another study the 3651 patients in a US em-
ployer claims database of 5 million who were op-
erated between 1999 and 2005 were matched to 
similarly obese non-operated controls with similar 

baseline comorbidity using the ICD9 code 278.01.98 
The operations were mainly gastric bypass. Total 
healthcare costs including hospital visits and medi-
cations were recorded during the 6 months before 
surgery and continuously up to 5 years. Using a 
model adjusted for inflation, Cremieux et al. esti-
mated that all costs were recouped for laparoscopic 
bariatric surgery within 2 years and for open bariat-
ric surgery within 4 years.

In a study using a US insurance database of 8.5 
million people, Klein et al. analysed the pre- and 
postoperative drug costs in diabetic patients (n = 808) 
matched to non-operated controls (n = 808).99 They 
found that at 3 months after surgery insulin usage 
had fallen to 43% in operated patients and stayed 
at 84% in controls. Medication and supply costs 
of insulin at this time were $US33 and $US123, re-
spectively (both P < 0.001). At 6 months only 28% 
of operated patients still had a diagnosis of diabe-
tes and it was found that the break-even point for 
the cost of surgery due to the cessation of diabetes 
medications alone was 26 months.

Despite the assumed benefits, the rate of bariatric 
surgery for the NHS in England in 2009–10 was 
approximately 0.30% of those who might benefit 
(3642 of 1.2 million). The availability of surgery 
appears to be no greater in other countries with a 
similar scale of obesity, with healthcare  providers 
seemingly caught by the imperative to balance 
budgets within a 1-year timescale given that the 
cost of surgery may not be recouped until at least 
1–2 years.100 The case for diabetes is an illustration 
of this.99 It is not known how much the willingness 
of healthcare systems to provide this surgery might 
be influenced by societal prejudice.

Wider economic benefit  
of bariatric surgery
The above cost-effectiveness models do not 
 include the benefits to society as a whole, such 
as gainful employment after surgery. A UK Office 
of Health Economics (OHE) report used a novel 
approach in which they estimated the expected 
gains arising from unemployed patients going 
back to work.101 The estimate was based on a 
study of patients who at a median 14 months 
follow-up after surgery increased their paid hours 
worked by 57% and reduced their state benefit 
claims by 75%.102 The model found that if 25% 
of eligible patients (140 000 in their estimate) re-
ceived surgery the boost to the GDP would total 
£1.295 billion at 3 years due to increases in paid 
employment, with an additional £151 million be-
ing returned to the economy by reducing benefits 

Table 20.6  •  Data from UK Health Technology 
Assessment report 200993

Baseline BMI with/
without comorbidity

Incremental cost per 
QALY (£)

 2 years 20 years

BMI 40+ 2000–4000
BMI 30+ and <40 with type 2 
diabetes at baseline

18 930 1367

BMI 30+ and <35 60 754 12 763
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costs. Although this was a single study, reports 
from at least three other European countries, in-
cluding the SOS study, have also shown increases 
in paid work after surgery.103–105 If the additional 
economic factors alone are considered, without 
including any cost savings from medication re-
duction or less hospitalisation, surgery pays for 
itself within 1 year.101

Who should have surgery?
The greater challenge is to estimate the proportion 
of the morbidly obese population who should be of-
fered bariatric surgery, as there is no medical argu-
ment to limit the number treated to 1% or fewer 
of those who can benefit. The upper limit for how 
many should be treated is also unknown, but the 
recent Edmonton Obesity Surgery Score attempts 
to estimate life expectancy (akin to TMN staging) 
for a given level of disease.106 After analysing data 
from 7967 individuals in the US NHANES studies, 
it was found that dying within a 20-year timescale 
was more likely for those scoring 2 (HR 1.57, 95% 
CI 1.16–2.13) and 3 (HR 2.69, 95% CI 1.98–3.67) 
than for those scoring 0 or 1, irrespective of BMI. 
Score 2 included established chronic disease (e.g. 
diabetes, hypertension, sleep apnoea, arthritis) 
and score 3 also included end-organ damage and 
significant functional limitation. Thus, if there are 
limited resources those likely to die earlier might 
be  preferred for surgery, and not those with a high 
BMI but no comorbidity, in contrast to the NICE 
guidance.

The economic arguments for/against selection 
of severely obese diabetics are equally complex –  
although a prime target for surgery, it is not known 
which patient has the most to gain. Thus, a patient 
aged 25 with recent onset diabetes and a BMI of 
50, and a newly insulin-dependent diabetic aged 
50 with a BMI of 60 could both gain hugely from 
surgery, but from the commissioner's perspective 
it is not known which patient is economically the 
‘best bet’.

Summary
The global impact of obesity is threatening to over-
whelm healthcare resources in developed countries, 
with the USA most affected, followed closely by 
Mexico and western European countries, includ-
ing the UK and Ireland. Obesity can be regarded 
as a normal physiological response to the current 
environment and so the emphasis should shift from 
blaming the individual to the societal changes that 
will be needed to curb the epidemic. Reducing calo-
rie intake is difficult, most individuals are unable to 
sustain weight loss through dieting and recidivism 
is the norm. Only surgery provides long-lasting 
weight loss.

Gastric bypass and banding are the commonest 
operations worldwide and both have been shown 
to reduce mortality and induce reversal of comor-
bidities such as diabetes. Other operations include 
sleeve gastrectomy, biliopancreatic diversion and its 
duodenal switch variant. Procedures for diabetes 
rather than weight loss are being promoted, such as 
duodeno-jejunal bypass and endoscopic duodenal 
sleeve. Patients must be cared for within a holistic 
multidisciplinary team approach since, especially 
for gastric banding, the operation itself is only the 
start of the weight loss programme. Intensive long-
term follow-up should be the intention.

The evidence base for choosing a given procedure is 
poor and should be determined by local expertise and 
the ability to deliver appropriate follow-up. Available 
evidence suggests that specialisation improves opera-
tive outcomes, especially for bypass. Gastric banding 
is technically usually straightforward but the follow-
up for correct band adjustment has to be intensive 
to get good weight loss. The long-term outcome in 
the community of patients with bands is not known. 
More long-term studies including randomised trials 
are needed with better follow-up to determine which 
procedure(s) is likely to provide the best treatment 
option for severe obesity on a population basis. In 
the UK, the By-Band randomised trial, which opened 
in late 2012, is intended to address the debate on gas-
tric bypass versus gastric banding.

Key points
• Obesity is increasing and is one of the major global public health issues.
• Obesity is regarded as a normal physiological response to the current ‘obesogenic’ environment.
• The obese state is associated with high levels of type 2 diabetes, hypertension, sleep apnoea, 

cancer, functional impairment and early mortality.
• Obese individuals have poor quality of life, higher unemployment and high rates of disability benefit 

claims compared to non-obese individuals.
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