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Preface

In this volume of Recent Advances in Surgery, I have attempted to include 
topics in which there have been recent major changes involving patient 
care. Each subject has been written by experts in the field and provides an 
up-to-date review designed to be of value to surgeons taking professional 
examinations in General Surgery. I also hope that the issues covered will 
be of practical interest to all surgeons wishing to keep abreast of changes 
within the broad field of General Surgery. 
	 The general themes include a review of modern day surgical training, the 
importance of confidential reporting systems in surgical practice, an update 
on the use of intravenous fluids and the important issue of the management 
of knife injuries. 
	 Concepts relating to gastrointestinal surgery include the management 
of gastric cancer, gastroesophageal reflux, resectability in pancreatic cancer, 
management of synchronous colorectal liver metastases, enhanced recovery 
following colorectal resection, the use of robotics, and anal fistula manage
ment. Other specialist topics include modern prostate cancer management, 
phyllodes tumour of the breast, the management of varicose veins and 
superficial venous incompetence. The volume concludes with a review of 
recent randomised controlled trials in surgery.
	 I hope readers agree that this volume maintains the high standards of 
previous editions. I am most grateful to all our contributors for taking the 
time to provide comprehensive reviews of each topic.

Irving Taylor
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INTRODUCTION
Many aspects of postgraduate surgical training in the United Kingdom have 
changed significantly over the past decade. Some of these were precipi-
tated by the Modernising Medical Careers (MMC) initiative, but others have 
been due to changes in European Working Time Regulations (EWTR) and 
General Medical Council (GMC) regulatory developments. This chapter will 
consider the evolution of defined curricula and assessment, development 
of selection methodology, training within modern working regulations and 
the applicability of surgical simulation and courses.

CURRICULA IN SURGICAL TRAINING
The concept of a curriculum to guide learning arose in Ancient Greece and 
its modern format was defined in the 20th century.1 Educational theory sug-
gests several aspects to comprise a curriculum:

•	 Definition of the required endproduct, planning training to deliver this 
and testing trainees to ensure the objectives have been met.

•	 The process of interaction between trainers and trainees and how knowl-
edge is shared.

•	 The detailed list of knowledge and skills required (syllabus).
•	 Development of the required set of adjunctive behaviours and values. 
•	 The testing strategy.

	 This approach provides a useful framework on which to base the design 
of a training programme. The most recent version of the UK General Surgery 
curriculum will be used as an example.
	 For most of the 500 years of formal surgical training, the “curriculum” 
essentially equated to the body of surgical knowledge that existed. Individual 
practitioners taught their own particular skills to their apprentices. Surgery 
only evolved into the specialties we know today during the 20th century 
as technological advances allowed more specialised practice to develop. 
During this time, the “curriculum” came to be described in terms of the 
contents of standard texts on the specialties.

1
Chapter
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	 The first attempts at creating a curriculum took place around 2001 when 
a 12-page General Surgery curriculum was published. This briefly described 
training programmes and discussed the concept of a general surgeon as 
being one who could manage an emergency take, was capable of independ-
ent practice in general surgery, was trained to an advanced level in one or 
more sub-specialties within general surgery, and would be able to move 
between sub-specialties as a consultant. 
	 Following a review of postgraduate medical education, MMC was intro-
duced in 2007. One of the provisions was that all postgraduate medical train-
ing should be guided by defined curricula. In response, the Royal Colleges 
of Surgery established the Intercollegiate Surgical Curriculum Project (sub-
sequently renamed the Intercollegiate Surgical Curriculum Programme—
ISCP) and introduced formal curricula to meet GMC standards. The 2007 
General Surgery curriculum and its later revisions detail the knowledge, 
clinical and technical skills required to complete training. An updated 2010 
version added more detail on adjuvant skills and behaviours (leadership, 
judgement and professionalism), emphasised progressive skill acquisition 
and provided improved clarity.
	 Within the United Kingdom, the GMC is responsible for regulating all 
medical training and currently recognises 10 surgical specialties (Cardio
thoracic Surgery, General Surgery, Neurosurgery, Oral and Maxillofacial 
Surgery, Otorhinolaryngology, Paediatric Surgery, Plastic and Reconstructive 
Surgery, Trauma and Orthopaedic Surgery, Urology, Vascular Surgery) and 
one sub-specialty (Paediatric Cardiac Surgery). Whilst many of the surgical 
specialities have special interest areas, it should be noted that the GMC have 
no formal register of these.
	 The most recent revision of the General Surgery curriculum (2013)2 lists 
a specified number of special interest areas, but there are many more com-
monly discussed as having sub-specialty or even specialty status (Table 1.1).
	 Although it is recognised that the clinical development of these special 
interest areas has improved patient care and outcomes, the unintended con-
sequence has been a reduced interest in the generality of emergency general 
surgery care. Trainees and consultants whose special interest lies outside 
the gastrointestinal tract have felt increasingly unable to provide emergency 
general surgery care, the great majority of which involves abdominal or 
gastrointestinal pathology. Some hospitals have attempted to address this 
by appointing emergency care surgeons, but this model is not universally 
supported and there are concerns regarding the long-term career develop-
ment of surgeons in such posts. These challenges are not unique to surgical 
specialties, and the recent Shape of Training Review led by Professor David 
Greenaway has recognised this and proposed a further reform of postgradu-
ate education and training with a greater emphasis on training in the gene
ral area of broad specialities with the potential to credential in an area of 
specialisation.3 
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	 The 2013 General Surgery curriculum is explicit that trainees must 
develop skills required for independent practice in emergency general sur-
gery. They should also start to develop a special interest (as listed above), 
but the level of skill required in complex or uncommon procedures has been 
amended to recognise that it is not possible to train to a level required for 
independent practice in such conditions within the time allocated whilst 
also developing adequate emergency general surgery skills. Knowledge and 
skill levels are now clearly set for each component of general surgery for all 
trainees regardless of their special interest. 

Key Points
•	 Surgical curricula should include a clear syllabus, encourage profes-

sional behaviours, employ appropriate assessment methodology and 
guide training to produce the desired standard of graduates from the 
programme. 

•	 Surgical specialisation is a relatively recent phenomenon, which has 
improved patient care but reduced the commitment to emergency gen-
eral surgery. The Shape of Training Review has recommended a greater 
emphasis on training across a more general specialty area.

•	 The UK surgical curricula define knowledge, clinical skills and technical 
skills that are assessed by a combination of formal examinations and 
work-based assessments.

ASSESSMENT IN SURGICAL TRAINING
Assessment is integral to a curriculum and is undergoing revision within 
surgery, partly in response to the changes described above and partly 

Table 1.1: General surgery curriculum (2013)

GMC 
recognised

2013 curriculum recognised 
“special interest areas”

Other popularly described 
interest areas**

General surgery Upper gastrointestinal 
(GI) surgery

Oesophagogastric

Colorectal surgery Bariatric

Breast surgery Benign upper GI

Transplant Surgery Hepatopancreatobiliary

Endocrine Surgery Hepatobiliary

Pancreatic

General surgery of childhood* Pelvic floor surgery

Advanced trauma surgery* Functional colorectal surgery

Remote and rural surgery* Emergency surgery

*�May only be developed under the 2013 curriculum alongside one of the main 
special interests.

**This list is not exhaustive.
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because of the development of methodology of assessment systems. In 
principle, design and content of assessments are dictated by the curriculum 
and should test abilities appropriately and transparently.
	 The three main areas requiring assessment are knowledge, clinical skills 
and technical skills. Knowledge is assessed in Intercollegiate examinations 
that lead to a Fellowship of one of the Royal Colleges of Surgeons (FRCS). 
The design and content of the examination are changing to map to the new 
curriculum with equal emphasis within all sections on emergency general 
surgery and on the trainee’s special interest. The utility, reliability and valid-
ity of clinical and oral examinations have been questioned, but it is a widely 
held view within the surgical community that these formats are important 
to emulate everyday clinical discussions and to evaluate a trainee’s ability to 
reason and apply sound judgement in decision making. This is what gives 
the FRCS its high level of face validity. Recognising the need for reliability, 
structured questions and guidance notes for examiners provide a framework 
on which to assess each trainee as uniformly as possible and the quality 
assurance of the whole process is rigorous. 
	 Clinical and technical skills are largely tested in the workplace, although 
the FRCS examination does also test clinical skills. Workplace-based assess-
ments (WBAs) are divided into case-based discussions (CBDs), clinical 
encounters (CEXs), direct observation of procedural skills (DOPSs), proce-
dure-based assessments (PBAs) and Multi-Source Feedback (MSF).4 CBDs 
and CEXs test clinical skills, DOPSs assess simple procedures whilst PBAs 
test operative technical skills. Trainees are required to undertake a mini-
mum of 40 assessments yearly to demonstrate engagement with training 
and provide a record of progressive acquisition of skills. Validity of the 
assessments is enhanced by ensuring each is performed by three or more 
assessors. The 2013 curriculum requires trainees to build a portfolio of 
WBAs demonstrating clinical skills in all the components of general surgery 
(emergency, special interest, and nonspecial interest) and technical skills in 
emergency surgery and in their special interest.
	 There is increasing appreciation of the difference between formative 
assessment (informal, to indicate progress and highlight areas needing 
development) and summative assessment (formal, to determine achieve-
ment as measured against the curriculum). Current WBAs are used inter-
changeably and there can be confusion as to their true purpose. There is a 
suggestion, currently being piloted, that WBAs be divided into supervised 
learning events and assessments of performance. The type of assessment, 
i.e. CBD or PBA, may not change but the usage and detail of their scoring 
system would alter to reflect their application in a formative or summative 
capacity. 
	 The 2013 curriculum is more specific than before in requiring logbook 
evidence of the breadth of operative experience. Target experience (num-
bers of cases) has been set at a relatively low level and corresponds to 
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the first quartile of a group of recently successful graduates awarded their 
Certificate of Completion of Training (CCT). The curriculum also requires 
defined evidence of achievement in research publications and presenta-
tions, audit and quality improvement, teaching, management skills, courses 
and conferences attended. The curriculum details requirements for profes-
sional skills, nonoperative technical skills and health promotion—essential 
adjunctive abilities for safe clinical practice.
	 Formal recognition of the roles and abilities of trainers has long been a 
feature of General Practice in the United Kingdom. The GMC is now intro-
ducing an analogous accreditation process for hospital practice, which will 
require recognised trainers to provide evidence that they deliver training to 
a defined standard.5

	 Curricula should never reach an endpoint of finalised stability. This 
would imply stagnation in development of clinical practice. The changes 
described above represent simply the latest in a continual change process 
that should reflect both the needs of clinical practice as it develops and 
the methods of delivering training as they improve. Complex interdepend-
ent relationships exist between service provision, curriculum writing, train-
ing and assessment methodology. It is clear, however, that collaboration 
between these components can result in effective improvement, which 
should contribute to improved patient care.

Key Point
•	 The 2013 surgical curriculum requires collation of documentary evi-

dence of operative and important nonoperative skills. This forms a corner
stone for assessment of progression within training.

SELECTION INTO SURGICAL SPECIALTIES
Selection into all medical specialties in the United Kingdom underwent 
significant change with the launch of MMC and an associated computeri
sed recruitment system known as the Medical Training Application Service 
(MTAS). Prior to this, all selection was carried out at a local or regional 
level with differing selection parameters and methodology. The traditional 
20-minute interview with a panel of several interviewers asking unstruc-
tured questions was common. The process was inconsistent, inefficient due 
to many applicants applying for multiple advertised posts and open to accusa
tions of favouritism and even nepotism. 
	 MMC was revolutionary in its approach. Alongside the introduction of 
formal curricula for specialty training, a national selection process was initi-
ated and attempts were made to introduce objective criteria into selection 
methodology. Unfortunately, not only was the selection design too generic 
and viewed as inappropriate for many specialties, but the computerised 
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MTAS system failed to cope with the volume of applications and the whole 
process collapsed. Nevertheless, many principles of the MMC selection 
process were valid and have subsequently been modified into a second-
generation national selection methodology, which is now used by all surgi-
cal specialties in the United Kingdom.
	 The first task in designing a selection process for specialty training is to 
clarify the characteristics of the trainees required, who in turn will popu-
late the consultant grade of the future. These characteristics should include 
a mixture of previous achievements, identifiable abilities and potential for 
future skill acquisition. With these in mind, a Person Specification is then 
drawn up listing essential criteria, that all applicants must meet, and desir-
able criteria, which are used to rank applicants.
	 The selection process is then designed to test all areas of the Person 
Specification. First, applicants who fail to meet the essential criteria on the 
application form are excluded, a process known colloquially as “long listing”. 
Depending on the capacity of the selection process, it may then be possible 
to invite all applicants who meet the essential criteria to interview. However, 
if interview capacity is limited, then “short listing” is required. This uses 
the application form to examine desirable criteria and scores applicants 
to create a rank order from which the available interview slots are filled. 
The risk of short listing is that appointable applicants might be incorrectly 
excluded. 
	 Given the challenges with short listing, all surgical specialties currently 
aim to carry out a face-to-face assessment of all applicants. Although this 
process is generally called the “interview”, it is far removed from a traditional 
cross table assessment. “Selection Centre” is the proper term for the process, 
which includes a number of different assessments by different assessors, 
each testing a different aspect of the Person Specification. Each assessment 
is scored separately and it is recognised that the greater the number of indi-
vidual assessments there are, the greater the reliability of the process. Each 
specialty has designed a slightly different process, but all aim to assess the 
breadth of the Person Specification.
	 A number of issues arise in the design of Selection Centres. A balance 
should be struck between assessing potential versus prior achievements. As 
selection processes do not have an upper limit of experience as an essential 
criterion (which would contravene the protected characteristic of age under 
equality legislation), trainees emerging from Core Surgical training are com-
peting with others who have worked in the speciality for significantly longer. 
To adjust for this, a number of specialties include an upper limit of experi-
ence as a desirable criterion in their Person Specifications and then weight 
the scoring of previous achievements. These require more achievements 
from those who have been qualified longer.
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	 All specialties currently include an assessment of technical skills. This 
increases the face validity of the process and has support from lay mem-
bers. It is, however, the most difficult component to standardise and score 
reliably. A number of specialties include a communication element, using 
role-play with either an actor or assessor. This is often designed to place 
the applicant under a degree of stress to assess their ability to work under 
pressure (an essential criterion).
	 Some specialties use an applicant self-assessment system for scoring 
portfolios. This informs the assessment of experience, and the self-awarded 
scores are validated by the assessors. This has the advantage of transparency 
and to date has remained a useful tool despite the risk that trainees will, in 
time, work to meet all the top scoring criteria, so making this aspect of the 
assessment less useful. The issue of whether to publish the scoring criteria 
has been widely discussed. Some specialties publish full details, particularly 
of their methods of scoring portfolios of achievement. Others publish the 
domains, which are assessed in each component but not the descriptors for 
each score. It is difficult, however, to keep these descriptors privileged.
	 The question of assessor consistency, both for individual assessors 
(appropriately scoring applicants of differing abilities) and between asses-
sors (assessing the same performance by an individual applicant) has been 
addressed in a number of ways. Assessment scenarios used are structured to 
provide material which can test differing levels of ability with each scenario 
accompanied by guidance notes for the assessors on how to conduct the 
conversation. The score sheets include different domains (mapped to the 
Person Specification) for every scenario with score descriptors for the type 
of performance expected for each score within the domains. This standardi-
sation is further enhanced by assessor training, which in General Surgery, 
is carried out using an online training package. 
	 The next stage of the development of national selection may be to 
examine the differences in the Person Specifications to identify whether it 
might be possible to align them more closely. In parallel to this, it may be 
possible to explore dividing selection into separate generic and specialty-
specific components. This would have the theoretical advantage of further 
improving reliability of the process by increasing numbers and sharing ideas 
for the generic components whilst retaining individual specialty ownership 
through the specialty-specific sections. It may also be more cost-effective as 
the generic component could exclude the least competitive applicants who 
would then not be accommodated in the specialty-specific section. 
	 What is clear from experience over the last seven years is that progress 
and improvements have been and are still being made by close involve-
ment of enthusiastic trainers within each specialty. It is essential that future 
developments continue to have broad support and are not imposed.
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Key Points
•	 Surgical training and assessment methodologies continually evolve. 

High-quality trainers and trainees should adapt to this.
•	 Selection Centre methodology utilises controlled exposure to multiple 

skill domains scored by a number of assessors to equitably rank spe-
cialty applicants at a national level.

SURGICAL TRAINING WITHIN MODERN 
WORKING REGULATIONS
In response to long working hours experienced by junior doctors in the 
United Kingdom in the 1980s, a “New Deal” was agreed between the British 
Medical Association and the Department of Health in 1991. This represented 
a contractual agreement for a 56-hour working week with a minimum of 
eight hours rest per day and a 30-minute break every four hours whilst 
at work. Punitive pay banding supplements were introduced in 2000 that 
incentivised National Health Service employers to bring working conditions 
into line with the New Deal, with full compliance required by August 2003. 
	 The European Working Time Directive, adopted by the EU Council of 
Ministers in 19936 was intended to ensure safe working hours for indivi
duals. It was introduced in the United Kingdom in 1998 and by August 
2011, junior doctors were required to adhere to working 48 hours per week 
averaged over a six-month period. In addition, there was a requirement for 
one day of rest per week (or two per fortnight) and each working day had 
to include 11 hours of rest with a 20-minute break every six hours whilst 
at work. The SiMAP (Spain, 2000) and Jaeger (Germany, 2003) rulings from 
the European Court of Justice further defined that all time spent on site by 
an individual must be included for work and rest calculations, and secondly 
that this applied even if the individual was sleeping.
	 Today, consultants are subject to the ETWR but not the junior doctors’ 
New Deal. Both the EWTR and New Deal must be adhered to by trainees in 
the United Kingdom, but they receive protection under whichever arrange-
ments are more beneficial to them. As working hours are shorter under 
EWTR but rest breaks are more frequent under the New Deal, this results 
in a hybrid of the requirements to meet both regulations. 
	 The Temple Report (2010) concluded that high-quality training can be 
delivered in 48 hours per week, but not where trainees have a major role in 
out-of-hours services, are poorly supervised and access to learning oppor-
tunities are limited.7 The EWTRs have had a variable impact on doctors 
with an apparent disproportionate effect on surgical specialties. There is 
also continued debate as to whether patient safety has been improved as a 
result of full-shift EWTR compliant rotas, whether junior doctors’ health and 
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well-being has been affected and whether training has suffered. Some argue 
that problems exist because EWTR has not been implemented correctly, 
whereas others maintain that the system is so inflexible as to be incompat-
ible with excellence and training.8 
	 In April 2014, an independent working group, tasked by the Secretary 
of State for Health to assess the impact of the EWTR on patient safety and 
training, reported that EWTR had caused greater problems for certain spe-
cialties (surgery in particular) and that training in some acute specialties 
has been very difficult to deliver. Furthermore, local trusts have had mixed 
success in managing rotas to mitigate the effects of EWTR. Initial broad 
recommendations from the working group included reviewing best prac-
tice in training and sharing successful strategies between trusts, tackling the 
specific challenges faced by specialties most affected, addressing the lack 
of flexibility of EWTR, investigating the utility of individual opt-outs and 
assessing the feasibility of formally separating training and service provision 
by junior doctors.9 
	 To mitigate against any potential deleterious effects of EWTR on train-
ing and continuity of patient care, and to respond to changing patient and 
disease demographics, it is now necessary to creatively tailor training and 
service commitments to ensure that trainees acquire appropriate skills and 
competencies to practice within a realistic professional framework at the 
point of substantive appointment.

Key Point
•	 To deliver high-quality training within EWTR, it is increasingly neces-

sary to ensure training opportunities are maximised and appropriately 
balanced with service commitments to ensure that trainees acquire the 
necessary skills and competencies.

THE APPLICABILITY OF SURGICAL 
SIMULATION AND COURSES
Surgical simulation is both a valuable tool for safe acquisition of procedural 
skills in a nonclinical environment and also a potential strategy to mitigate 
the effects of the EWTR. Simulation is increasingly used in the selection of 
candidates into training programmes, as a component of their subsequent 
training, and also in assessment of progress. The ISCP General Surgery 
syllabus now includes simulation within PBAs and other specialties are 
now adopting a similar approach. As part of its 2013–2018 strategic aims, 
the Joint Committee on Surgical Training specifically aims to maximise the 
use of simulation techniques in surgical training and ensure that a robust 
system is in place for its quality assurance, justifying this as an essential step 
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in improving patient safety.10 Non-technical assessments within simulated 
clinical scenarios already form a key component of Intercollegiate exami-
nations leading to Membership or Fellowship of one of the Royal Colleges 
of Surgeons (MRCS or FRCS respectively). There is a growing appetite for 
in-training assessment of competency as part of the Annual Review of 
Competence Progression (ARCP) process, but this has yet to be formalised 
due, in part, to the current heterogeneous provision of simulation facilities 
across the United Kingdom. 
	 Simulation tools may be tailored to focus on operative or non-technical 
aspects of surgical practice. The clinical utility of simulation is well estab-
lished. Multiple studies, meta-analyses and a recent Cochrane Review11 of 
operative simulation studies have shown that simulation-based training 
(laparoscopic, endoscopic, and open surgery), as part of a structured pro-
gramme and incorporating predetermined proficiency levels, results in skills 
transfer to the operative setting.12 
	 In developing a surgical simulation curriculum, the validity of the 
simulator process should be known and the fidelity of simulators should 
be tailored to the desired educational outcomes. Commercially available 
products typically provide high-fidelity simulation but are expensive, and 
this inevitably impacts on accessibility. In essence, at an introductory level, 
where the primary goals focus on generic manual skills, fidelity appears 
less important. An example of this is low-resolution ureteroscopic simulator 
tools, which produce equivalent outcomes but are 185-times less expen-
sive than high-fidelity commercial simulators.13 Conversely, when practis-
ing specific operative procedures (such as laparoscopic colorectal surgery14 
and endovascular aneurysm repair15), high-fidelity tools are required. The 
most sophisticated simulator tools are able to replicate the exact anatomy of 
specific patients. Examples include endovascular aneurysm repair (EVAR) 
procedures or complex computer-assisted orthopaedic surgery using soft-
ware that renders the computed tomography/magnetic resonance imaging 
into a simulator programme.
	 Within the United Kingdom, surgical simulation is currently predo
minantly delivered within the framework of dedicated training courses. 
These courses utilise procedural and nonoperative simulation tools to a 
variable extent. Many of the most successful simulation-based programmes 
aim to improve outcomes in nontechnical aspects of surgical practice. At 
one end of the spectrum lie programmes such as the Nontechnical Skills 
for Surgeons (NOTSS) and Care of the Critically Ill Surgical Patient (CCrISP) 
courses that focus on situational awareness, decision making and com-
munication. Courses such as the Advanced Trauma Life Support (ATLS) 
course combine training and assessment of both nonprocedural and practi-
cal skills such as patient resuscitation and intravenous and airway access. 
Others make use of a graduated approach to realism—the basic upper 
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gastrointestinal and basic colonoscopy courses, delivered by the Joint 
Advisory Group on Gastrointestinal Endoscopy provide lectures followed 
by low fidelity, then high fidelity simulators and culminating in super-
vised endoscopy on patients. A minority of courses have been identified as 
prerequisites for certification in specific procedures (e.g. accreditation to 
undertake independent endoscopy), and this is likely to increase as simula-
tion becomes more widely available.
	 A radical approach to surgical training makes use of “boot camps” where 
trainees receive intensive simulation-based training prior to embarking 
upon clinical practice. This is most sophisticated in orthopaedic surgery, 
where early acquisition of technical skills is quicker in “boot camp” trainees 
compared to traditionally trained residents.16 Furthermore, a modular com-
petency-based curriculum (with frequent evaluations) in orthopaedic sur-
gery appears to drive accelerated surgical competency, knowledge acquisi-
tion and professional skills.17 These types of programmes are most definitely 
in the minority in surgical training across the world but appear promising 
(albeit expensive) avenues for accelerated training. Examples of adoption of 
“boot camp” type training courses in the United Kingdom include Cardiac 
Surgery programmes,18 a Vascular Surgery boot camp for new appointees 
and the Highland General Surgical Boot Camp in Inverness, Scotland.19 
	 Surgical simulation, within short courses, longer boot camps or as part 
of a modular and regularly assessed curriculum, should be encouraged 
to provide safe operative and nontechnical skills acquisition for surgical 
trainees. For surgical simulation to become widely available in both forma-
tive and summative assessment formats, a co-ordinated national scheme 
is likely to be required to ensure equity of access, consistency of quality, 
validity of methodology and also value for money.

Key Points
•	 Surgical simulation enables the safe acquisition of operative and non-

technical skills. The fidelity of simulation should be tailored to the spe-
cific goals of trainees at different stages of training. Increased availability 
of simulation tools should permit broader incorporation of simulation 
into UK training programmes.

•	 Future surgical curricula may make use of dedicated periods spent 
within formal simulation environments (“boot camps”) as a novel, 
accelerated training programme methodology.
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INTRODUCTION
“To err is human. To cover up is unforgivable. To fail to learn is inexcusable”.

	 Liam Donaldson, Chief Medical Officer, 2004

	 In recent years there has been increasing concern about patient safety 
in the United Kingdom and worldwide. Despite best efforts, the incidence of 
adverse events, surgical mishaps and “near misses” in UK hospitals remains 
significant. 
	 In 2007, for instance, 129,416 surgical errors were reported to the 
national patient safety agency (NPSA) and 1,136 operative errors occurred. 
In a study reported from Aberdeen during the same period, it was estimated 
that one in seven patients suffered an adverse event whilst in hospital. In 
2011/12 the national health service (NHS) Litigation Authority reported 
payouts of £729.1 million for clinical negligence claims, a surrogate marker 
underestimating the volume of adverse events incurred by NHS patients, 
and in 2013/14 there were 261 reported surgical “Never Events”, including 
123 instances of retained foreign objects at surgery; 49 wrong implants or 
prostheses and 89 incidents of wrong-side surgery.
	 Whilst it is recognised that adverse events and surgical mishaps will 
never be completely eradicated from clinical practice, it is vital that effective 
systems for reporting adverse events exist to educate and inform surgeons 
and surgical teams of potential pitfalls, aiming to help them avoid these 
problems, with concomitant benefits for patient safety.
	 This chapter describes the principal confidential reporting systems for 
surgery in the United Kingdom and outlines their relative merits and limita-
tions.

CONFIDENTIAL REPORTING: 
LESSONS FROM AVIATION
Confidential reporting implies that an individual brings to the attention of 
a body, completely independent of the management influences, informa-
tion relevant to safety, but with the reassurance that the reporter’s identity 
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remains confidential to that body alone. The information may relate to 
adverse incidents, “near misses”, inadequacies of the reporter, peers, or the 
organisation that they represent, or a regulatory authority. 
	 In aviation, reporting of certain adverse circumstances to the appro-
priate regulatory authorities is mandatory, but voluntary systems allowing 
employees to inform their individual companies of potential problems also 
exist. The latter may have limitations in providing information with respect 
to management inadequacies and behavioural traits, and this led to the 
introduction of confidential reporting in the aviation industry.1 
	 Confidentiality, NOT anonymity, and independence from the external 
pressures of management, form the essentials of such a reporting sys-
tem. It was this premise that led to the formation of the UK confidential 
air human factors incident reporting programme (CHIRP). The instigators 
of this programme have commented on the initial resistance to the con-
cept by airline management and regulatory authorities, concerned that 
such a system might flag up alleged deficiencies in their own procedures. 
Nonetheless, since CHIRP came into being in 1982, in the intervening 
32 years, the organisation has come to be accepted as a mainstay for provi-
sion of safety information for general aviation in the United Kingdom.
	 When the Association of Surgeons of Great Britain and Ireland (ASGBI) 
first muted the question of setting up an analogous confidential reporting 
system for surgery (CORESS), advice was obtained from the chief executive 
and Board of CHIRP. At the inception of the CORESS, the Chief Executive 
of CHIRP was invited to sit on the CORESS Board and liaison between the 
organisations has since provided a valuable source of procedural support 
to the surgical reporting system.

Key Points
•	 Errors need to be recorded and analysed if we are to discover how they 

could have been prevented.
•	 People will report error if conditions are right.

THE CONFIDENTIAL REPORTING 
SYSTEM FOR SURGERY
The Confidential Reporting System for Surgery 2,3 was initially set up under 
the auspices of the ASGBI in 2006, but in 2010 it became an independent 
charity, introduced by Sir Bruce Keogh, NHS Medical Director at its launch 
at the House of Lords. It differs from other reporting systems in that it was 
specifically set up by surgeons for the benefit of surgeons, (and patients), 
and the surgical fraternity.
	 The mission statement of CORESS is “to feedback widely to the surgi-
cal community and elsewhere, the learning contained in reports of surgical 



Chapter 2: Confidential Reporting Systems in Surgical Practice  17 

accidents, errors, mishaps and “near miss” events, in a manner which is 
effective but which preserves the confidentiality of the reporter and his or 
her institution of origin”. 
	 Although there are differences between aviation and surgery, the princi-
ples underlying confidential reporting systems are the same.4 Firstly, there 
must be complete confidentiality between reporter and system to encourage 
submission of reports and to attenuate perceptions of existence of a blame 
culture. Confidentiality is not the same as anonymity. The reporter’s identity 
must be known to the organisation so that verification and, if necessary, 
elaboration of incident details may be undertaken. However, knowledge of 
the contributor’s details should be kept to a minimum subset, and in the 
case of CORESS, these details are known to the programme director alone.
	 Secondly, published reports must have an educational value, with 
credible feedback to the reporter and to the profession. The feedback 
from CORESS is produced by a pan-specialty Advisory Board with repre-
sentatives from all of the surgical specialty associations, who are practicing 
surgeons. Other members of the Advisory Board comprise lay people, sur-
gical trainees, nurses, legal representatives, members with human factors 
expertise, representatives of the Royal Colleges, and of the medical defence 
organisations. The Board is independent of any authority and is led by the 
programme director who acts as an independent chair and is not remuner-
ated by the organisation. An important point is that advisors are appointed 
to the Advisory Board to provide expert opinion and NOT to represent the 
interests of their organisations.
	 Lastly, confidence in the system by those interested but not directly 
involved is necessary. The reporting system is complementary to existing 
mandatory reporting systems, and to existing statutory, professional and 
organisational measures for the protection of the public. It does not replace 
them. 
	 Any surgeon, surgical trainee or member of the operating department 
may submit a case to CORESS, either by hard copy, or via an on-line report-
ing form which can be downloaded at www.coress.org.uk. Previously, pub-
lished reports can also be downloaded from the website and a database 
enabling search and retrieval of cases using search key words is under con-
struction. In a move to encourage reporting rates, reporters are provided 
with a Certificate of Contribution, which can be included in the reporter’s 
continuing professional development portfolio for appraisal, revalidation or 
training purposes.
	 Reports may concern any safety-related incident involving the reporter, 
other people, hospitals or clinical organisations that the reporter deals with. 
Incidents may include diagnostic or surgical errors, technical or mainte-
nance failures, regulatory or procedural aspects, unsafe practices and pro-
tocols. Recent reports have related to medications, devices, injection errors, 
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and to communication and hand-over failures. Useful lessons may be learnt 
from “near misses”, and incidents, which have not resulted in adverse conse-
quences, the details of which may be known only to the reporter. However, 
there is no educational value in reporting incidents from which no lesson 
can be learned.3 Incidents with no safety content or relating to personality 
conflicts, to human resource issues, or to terms and conditions of employ-
ment or industrial relations are not generally useful.
	 Flowchart 2.1 illustrates how confidential reports received by CORESS 
are dealt with. Confidentiality is the fundamental concept underpinning the 
CORESS service. On receipt of a report it is transferred to a stand-alone com-
puter with no network, wireless or Internet connections. The programme 
director, who removes all identifying details, which may connect the report 
to a specific patient, department or institution, reviews the report. It is then 
passed to the expert Advisory Board, members of which have all signed a 
confidentiality agreement. If the Board agrees that lessons can be learned, 
these are teased out and an unidentifiable version is included in a feedback 
report for publication.
	 Publication of CORESS reports is undertaken routinely in the Annals 
of the Royal College of Surgeons of England, Surgeons’ News, the Journal 
of the Royal College of Surgeons of Edinburgh, and the Journal of the 
Association of Surgeons of Great Britain and Ireland. The Royal College of 
Ophthalmologists has recently adopted the reporting system and publishes 
ophthalmology reports in their journal. Specialty-specific reports have also 
been published for instance, in Vascular Society and ENT newsletters, and 
in the Journal of Hand Surgery. Smaller condensed reports, “CORESS-Lite” 
bytes, have also been circulated electronically.
	 The reporter is provided with the Advisory Board’s comments as feed-
back, and with information confirming the proposed outcome. All identify-
ing data are deleted from the system before publication of a report.
	 In a spirit of cooperation to advance surgical safety, whilst maintaining 
strict confidentiality, CORESS is represented on the Surgical Patient Safety 

Flowchart 2.1: Confidential reporting system for surgery report management process.
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Expert Group of NHS England, and contributed to the publication of the 
NHS England “Never Events” Task Force Report5 published in February 
2014.
	 CORESS contributes to surgical safety by publication of relevant edu-
cational vignettes for practicing surgeons. Each vignette tells a story and 
has undergone root cause analysis. The organisation does not attempt to 
replicate mandatory reporting mechanisms or large systematic analyses on 
the scale of incident reporting by NHS organisations such as the National 
Reporting and Learning Service (NRLS). There is no point in replicating 
these necessary projects. Rather, CORESS complements these official sys-
tems, providing relevant feedback to individual surgeons and to the surgical 
community at large. 

The epithet: “There, but for the grace of God, go I”, is a powerful educa-
tional tool for the surgeon, particularly in an era when public scrutiny is 
increasingly (and rightly) intolerant of surgical mistakes and adverse out-
comes. In an appropriate aviation analogy, the Royal Observer Corps’ motto 
“Forewarned is forearmed” might equally apply to lessons learned from vol-
untary confidential reporting in surgery. 

NATIONAL CONFIDENTIAL ENQUIRY INTO PATIENT 
OUTCOMES AND DEATHS (NCEPOD)
The NCEPOD6 was set up following a confidential and anonymous pilot 
study of mortality associated with anaesthesia, undertaken by Lunn and 
Mushin7 in 1982. The organisation, with the initial appellation, CEPOD, was 
a joint venture between anaesthetic and surgical specialties, which reviewed 
surgical and anaesthetic practice over one year in three health-care regions. 
In 1988, NCEPOD was established with Government funding and with an 
initial interest focused solely on surgical outcomes, in which the organi-
sational nomenclature referred to the National Confidential Enquiry into 
Perioperative Deaths. Its first report was published in 1990. Since its incep-
tion however, in recent years, the organisation’s title has morphed again, 
into that reflected at the heading of this section. NCEPOD now covers all 
specialties, as a direct result of its need to secure continued funding, and 
the surgical focus of the organisation and the relevance of all studies to 
surgeons, has been diluted somewhat.
	 The NCEPOD’s purpose is to assist in improving standards of medical 
and surgical care, by reviewing the management of patients in specific clini-
cal spheres, through commissioned confidential surveys and research. A 
published report is generated for each topic review.
	 The NCEPOD analyses aspects of current practice within a specialty field 
in which, typically, there are not always agreed standards. Recent reports 
of interest to surgeons have included aortic aneurysm surgery, bariatric 
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surgery and in 2014, amputations. Data are acquired according to care-
fully constructed questionnaires relating to individual patients, to provide 
a prolonged “snapshot” of patient management over a given period. The 
studies do not seek to analyse new treatments, to undertake prospective 
research, or to allocate patients to treatment groups. Each year NCEPOD 
invites study proposals for forthcoming work. These proposals have to be 
relevant to the current clinical environment and to have potential to inform 
debate with respect to service improvement for patient benefit. Studies are 
commissioned by the healthcare quality improvement programme (HQIP).
	 The NCEPOD publishes its studies as full reports and as summaries. 
These are sent to Local Reporters for onwards dissemination to consult-
ants and other health-care professionals within their hospitals. NCEPOD 
is independent of government bodies and professional associations. It is 
both a charity and a company limited by guarantee. The organisation has 
a key role to make recommendations for care at local clinical level, but also 
with respect to service provision at local and national levels. A Board of 
Directors governs NCEPOD, but the body’s work and standards are overseen 
by a Steering Group. Members include nominated representatives of the 
Royal Colleges and Associations, as well as lay and nursing representation. 
Observers representing HQIP, and the Coroner’s Society attend meetings, 
ensuring clinical integrity of the work undertaken. Reports tend to provide 
recommendations with respect to organisational care, and recent surgical 
reports have included recommendations with respect to preoperative, peri-, 
and postoperative care. A long-standing recommendation exists for the use 
of audit as a means of identifying remediable factors in patient care at local 
level. 
	 A multidisciplinary group of experts is responsible for contributing to 
the design of each study and for reviewing findings and producing recom-
mendations. The process concentrates on aspects of remediable care for 
patients in the clinical area under consideration. The study population 
is clearly defined and organisational data are obtained from participat-
ing hospitals. Within each hospital a named contact, the NCEPOD Local 
Reporter, is identified, providing a link between NCEPOD and hospital staff, 
facilitating case identification, dissemination of questionnaires and data 
collection. Data for the study population are collected via comprehensive 
questionnaires, which are completed by the clinicians responsible for the 
care of those patients. The study patient population is identified by OPCS 
and ICD10 codes. Case note extraction is undertaken and a multidiscipli-
nary group of advisors undertakes peer review of a sample of case notes and 
associated questionnaires, for quality control purposes. All patient identi-
fiers are removed prior to review. Qualitative and quantitative data sum-
maries are derived and reviewed by expert authors and the Steering Group 
to inform the final recommendations of a report.
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	 Since its inception, NCEPOD recommendations have been instrumental 
in significant changes in organisational behaviour and service provision, 
improving patient safety and the delivery of care in the United Kingdom.

Key Point
•	 For surgeons and clinical staff to have faith in a reporting system, 

transparent, robust and rigorously enforced mechanisms must exist to 
ensure confidentiality of reports.

THE NPSA AND THE NRLS
The NPSA was a special health authority of the NHS in England, estab-
lished in 2001, to monitor patient safety incidents, including medication 
and prescribing errors in the NHS. Its remit grew over time to include, in 
2005, overseeing safety aspects of hospital design, and safety in medical 
research, through the Central Office for Research Ethics. Between 2005 and 
2012, it hosted the National Clinical Assessment Service, which aimed to 
resolve concerns about the performance of individual doctors and den-
tists. Finally, it also managed contracts with the three confidential enquiry 
services, [NCEPOD, Confidential Enquiry into Maternal and Child Health 
(CEMACH); Confidential Enquiry into Suicide and Homicide (CISH)], 
before devolving this responsibility to the National Institute for Health and 
Clinical Excellence.
	 The NPSA was established to ensure that incidents were reported, but 
also to promote an open and fair culture in hospitals and across the health 
services, encouraging doctors and other staff to report incidents and “near 
misses”. The aim was to develop a no-blame culture and to encourage staff 
to report without fear of personal reprimand or reprisal, enabling others to 
learn from those experiences for the benefit of patient safety.
	 The NPSA developed the NRLS,8 to collect and analyse information from 
patients and staff. From 2005 onwards, it has been possible for NHS staff 
to submit safety incident information through web-based forms (Fig. 2.1), 
although roll out of the system took 2 years longer than originally envisaged. 
The reporting form can be found at http://www.nrls.npsa.nhs.uk. 
	 The NRLS receives confidential reports of patient safety incidents from 
health-care staff across England and Wales. These reports are analysed 
by clinicians and safety experts to identify common risks to patients and 
opportunities to improve patient safety. NRLS outputs include Patient 
Safety Alerts, (including Rapid Response reports cascaded to NHS staff); the 
“Seven Steps” series of patient safety guides; feedback on data collected and 
safety information on specific topics. It has been suggested that organisa-
tions with a higher rate of reporting incidents have a stronger safety culture. 
Information from safety incidents is used to develop guidance tools and 
campaigns to encourage NHS organisations to learn from incidents, reduc-
ing risk of future recurrence.



22  Section 1: Surgery in General

Fig. 2.1: National reporting and learning service electronic incident report form 
(http://www.nrls.npsa.nhs.uk)

	 A problem for individual clinicians has been in isolating relevant infor-
mation from the large volume of cases assimilated by the NRLS, most of 
which are not relevant to an individual surgeon’s practice. For instance, 
612,414 safety incidents were reported to the NRLS between October 2011 
and March 2012. Contributions were received from 90% of NHS Trusts in 
England. Of these, in 68%, no harm came to the patient; in 25% low harm 
was incurred; in 6% there was moderate harm; 1% of incidents resulted in 
death or severe harm. The most common types of incident reported were: 
patient accidents, slips, trips and falls (26%); medication incidents (11%); 
incidents related to treatments or procedures (11%). These figures were con-
sistent with previous data releases.
	 Despite good intentions, there were significant criticisms of the NPSA. 
In 2006, the Government White Paper, “Safety First”,9 commissioned by 
the Chief Medical Officer, Sir Liam Donaldson, noted “a high volume of 
incidents reports…” but, “…too few examples where these had resulted in 
actionable learning for NHS organisations”. Furthermore, it was recognised 
that there was “…little evidence that data collected through the National 
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Reporting and Learning Service are effectively informing patient safety at 
local NHS level”.
	 In 2009, the House of Commons Health Committee on Patient Safety10 
made further critical comments: “Despite great strides made in incident 
reporting, its effectiveness is limited by significant under-reporting; absence 
of a fair blame culture in the NHS; lack of focus in the NRLS…” and suggested 
that there were “… inherent limitations of data from reporting systems as a 
means of generating information about patient safety issues and solutions”.
	 The jury, therefore, is still out on the value of large scale incident report-
ing and the inherent difficulties in extracting relevant and meaningful data 
remain unresolved. In 2012, the NPSA was abolished and its key functions 
including the NRLS were transferred to the NHS Commissioning Board 
Special Heath Authority.

Key Points
•	 Educational benefits of confidential reporting are best achieved in a 

blame-free culture.
•	 Effective feedback is an essential component of confidential reporting.

CONCLUSION
In 2005, the Scottish Audit of Surgical Mortality11 summarised the need for 
medical participation in confidential incident reporting with the following 
statements:
	 “There is agreement that our healthcare system needs to transform the 
existing culture of blame and punishment that suppresses information 
about errors into a positive culture focused on patient safety and quality 
improvement. The lessons learned in aviation support this view.12

	 Clinicians are encouraged to report and evaluate medical error, if they 
are within a safe learning environment. When clinicians can report error in 
a voluntary and confidential manner, everyone benefits. 
	 Voluntary data gathering systems are more effective than mandatory 
systems in promoting improvement as a result of the lessons learnt from 
audit”.
	 This chapter has outlined current aspects of confidential reporting of 
patient safety incidents and has described reporting systems in the United 
Kingdom. Other reporting systems, specific to institutions, exist within indi-
vidual NHS hospitals. Such systems and the lessons learned from each are 
complementary. Taken together, the educational elements derived from 
confidential reporting should serve to influence and improve surgical, 
organisational and systems-related aspects of surgical care, with resultant 
benefits for patient safety in our health-care systems.
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Key Points
•	 Useful lessons may be learnt from “near misses”, and incidents, which 

have not resulted in adverse consequences.
•	 Voluntary confidential reporting systems are complementary to, and do 

NOT replace mandatory reporting systems.
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PHILOSOPHY OF APPROACH
Death from trauma accounts for 30% of all life years lost in the 
United States,1 and is the third leading cause of death in 15–29 year olds 
in Europe.2 Penetrating trauma (Fig. 3.1) appears to be increasing in the 
United Kingdom, with an annual increase of patients sustaining stab wounds 
at 23.2% at one major London National Health Service (NHS) trust3 there-
fore remaining a significant public health issue.
	 The architecture of care for trauma patients in England has undergone 
dramatic change, due to the creation of designated trauma networks, with 
NHS England Commissioners accountable for their processes and out-
comes of care. Standards are set by a national, multi-disciplinary board (the 
Clinical Reference Group for Trauma) and monitored through peer review 
visits, process-of-care dashboards and predictive mortality modelling based 
upon compulsorily collected patient data.
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Fig. 3.1: Confiscated knives in the Scottish Courts in 2009. 
Source: http://news.stv.tv/scotland/222108-more-than-2000-knives-were-seized-in-
scottish-courts-last-year/.
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	 Management of a patient with a stab wound should begin at the point 
of injury, with appropriate road-side triage and either rapid transport to 
the nearest major trauma centre or mobilisation of an enhanced pre-hos-
pital response centred on physician-delivered pre-hospital emergency care 
(PHEC).4 Most stab wounds require no emergent intervention, but recog-
nition of the sick patient who presents with evidence of tension pneumo-
thorax, cardiac tamponade or catastrophic haemorrhage (from extremity, 
torso or junctional area) provides an opportunity to either treat at the scene 
or rapidly transport the patient. Pre-hospital emergency care-trained phy-
sicians can choose the correct path for their patient, with deployment of 
advanced airway skills (which have been deemed an essential skill for pre-
hospital doctors),5 circulatory access and the application of haemostatic 
dressings and tourniquets in order to sustain the patients physiology as 
required. Pre-hospital resuscitative thoracotomy is established in many 
regions as a technique that can be effective in restoring circulatory output 
in the management of cardiac tamponade, though survival rates for thora-
cotomy in exsanguination (using an aortic cross clamp) are dismal.6 Based 
on the experience of UK Defence Medical Services, some PHEC systems 
have made en route pre-hospital transfusion of blood and plasma avail-
able to PHEC providers, although the evidence that this affects outcome has 
yet to be conclusively demonstrated.7 Pre-hospital use of tranexamic acid 
is increasingly part of the management of the bleeding, stabbed patient.8,9 
These elements of trauma management are termed damage control resusci-
tation (DCR).10 It begins at the roadside, encompasses surgical management 
and critical care, and is aimed at preserving and restoring physiology first 
and foremost.
	 Unless the patient is in absolute extremis, the British Trauma Networks 
are predicated upon bypass of local smaller hospitals in favour of transport 
to the more replete setting of the designated Major Trauma Centre. The evi-
dence supporting this strategy is well established.11,12 Major Trauma Centres 
are commissioned centrally to provide standards of trauma care that are 
appropriate for the management of severely injured patients—this should 
include 24/7 consultant presence in the emergency department (ED), and a 
multi-disciplinary trauma team with all relevant expertise (including access 
to vascular and cardiothoracic specialists). Rapid access to on-site whole 
body computed tomography (CT), expedited transfusion services, inter-
ventional radiology and emergency theatre are other mandatory features. 
Reception and evaluation of the major trauma patient must occur hand-in-
hand with ongoing volume resuscitation, with abbreviation of normal ED 
processes and prompt diversion to theatre if the patient’s instability mer-
its emergent laparotomy, thoracotomy or vascular control. Clear standard 
operation procedures and appropriate team simulation can be valuable in 
fostering the right behaviours and team manoeuvres.
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Key Point
•	 Surgeons practicing in major trauma centres and trauma units must 

understand, and contribute to, the local operating procedures govern-
ing the function of their local trauma system. Familiarity with recep-
tion, triage and onwards movement protocols will ensure that they can 
deliver their assigned role to best effect.

IMMEDIATE ASSESSMENT AND INVESTIGATION
The patient should be assessed by the Trauma Team (Fig. 3.2) in standard 
CABC fashion, where identification and treatment of immediate threats to 
life are carried out concurrently. (C)atastrophic haemorrhage is identified 
and dealt with primarily (e.g. application of a tourniquet, direct pressure or 
decision to proceed to emergent intervention for non-compressible haem-
orrhage), followed by assessment and management of (A)irway, (B)reath-
ing and (C)irculation. Stab wounds can be the result of an assault, self-
infliction—or rarely an accident—the circumstances of the injury should 
be elucidated but are usually not relevant to the immediate resuscitation. 
Wounds may be isolated, few or many, but all must be systematically iden-
tified, mapped and assessed for likelihood of breach of underlying cavities 
or structures. Probing a wound with your digits or a surrogate is painful 
for an awake patient and, if a cavity cannot be directly sounded, a “nega-
tive” result may simply reflect the muscles of the torso acting to “baffle” 
the wound track. The back, axillae, buttock folds, groins and infra-mam-
mary areas should not be overlooked. Do not be deceived by a small entry 
wound, as this describes nothing about the depth of the wound. Similarly, 
information regarding the weapon is useful—sometimes it will be brought 

Fig. 3.2: A Typical Trauma Team in the Emergency Department.
Source: www.trauma.org.
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with the patient—but do not feel reassured by a short weapon as even these 
knives can penetrate deeply with sufficient force. Remember any weapon is 
evidenced and must be handed to the police with minimal handling. The 
patient will often arrive with a police escort. They will ask about the clini-
cal details of the patient for purposes of charging a potential suspect. This 
confidential information can be given to the police, but can be basic, e.g. 
“life threatening” or “life changing” injuries. Remember this to be a patient 
with an injury and under no circumstances whatsoever should judgment be 
exercised. The patient will be frightened; reassure them.
	 It is a truism that the young are able to preserve their blood pressure 
until catastrophic collapse is eventually encountered but one that must 
be continually mitigated through constant consideration of compensation 
when assessing the stab victim. This is especially the case if effective PHEC 
has masked the underlying seriousness of the physiological disturbance. 
Whilst haemorrhage is implicated in approximately 30% of pre-hospital 
deaths13 advanced pre-hospital resuscitation has been shown to improve 
outcomes.14 Some of the newer techniques have emigrated from recent 
experience of Defence Medical Services in Afghanistan although the utility 
of these measures has yet to be well evidenced for UK civil society:
•	 Bilateral/Unilateral Thoracostomy. This manoeuvre is practiced in the 

pre-hospital domain by PHEC physician responders when there is 
clinical suspicion of tension pneumothorax as part of the “Rule Out” 
approach to the unstable trauma patient. About 1–2 cm incisions are 
made in the “safe triangle” bilaterally which are the port for the later 
insertion of the chest drain.

•	 Tourniquets (Fig. 3.3). Whilst direct firm pressure is usually enough to 
staunch limb bleeding, the application of a tourniquet is more practical 
and allows for patient transport. The Combat Application Tourniquet 
is increasingly popular, and has certainly influenced survival in the 
battle casualty, however, civilian data also supports their use in penetrat-
ing vascular injury.15 Minor morbidity from the use of a tourniquet is 
acknowledged (e.g. limb shortening, nerve palsy at the application site, 
pain and kidney injury); however, the benefit in improved survival rates 
in major haemorrhage mean that’s use is still advocated in appropriate 
circumstances.16 If a patient arrives with a tourniquet in situ, note the 
application time, check whether it is applied tightly (it should be) and 
whether bleeding is controlled. If the wound is still bleeding, tighten 
the tourniquet by the minimal amount required to gain haemostasis. 
Be aware that a wound beneath a loosely applied tourniquet may not 
bleed until the circulating volume has been restored. If the wound is 
judged to not involve a vascular structure, a tourniquet can be loos-
ened, but only under direct observation of the wound to ensure that it 
declares itself and the tourniquet retightened if your judgment is incor-
rect. Tourniquets should be removed as soon as possible once you are 
in a position to confirm that either the wound does not pose a threat 
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of catastrophic haemorrhage or vascular control has been obtained. It 
is rare for a pre-hospital tourniquet time to be longer than an hour in 
the United Kingdom.

•	 Novel haemostatic agents. Some Ambulance Services and PHEC phy-
sicians have access to haemostatic dressing such as Celox for use on 
relatively superficial wounds although these are not licensed for use in 
chest, abdominal or cranial cavities.17 Wounds packed with such dress-
ing should be explored in the anaesthetized patient in an operating thea-
tre and not disturbed until that point less unwise probing lead to the 
de-roofing of a contained haemorrhage.

•	 Open thoracotomy (clamshell) wound. PHEC physicians are increasingly 
trained in this manoeuvre as a result of essential cadaveric courses.18 The 
chest will have been opened for one of three pathologies—pericardial 
tamponade or exsanguinating thoracic or abdominal trauma.19,20 If it is 
the former and the patient has a circulatory output, it is because the 
PHEC doctor has drained the pericardium and applied a haemostatic 
myocardial suture. The correct surgical response is to take the patient to 
theatre, to evaluate the heart, mediastinal and thoracic contents for other 
injuries and treat as required, and to close the thoracotomy wound in an 
appropriate manner. For patients with high grade blood loss secondary 
to exsanguination from any site, an aortic clamp or aortic manual pres-
sure may have been applied in order to preserve flow to the myocardium 
and brain. There will have been little opportunity for the PHEC doctor to 
do more than this and rule out a tamponade. The burden of intervention 
will fall to the surgeon, and the correct response is to initiate massive 
volume transfusion via a central line (or the right atrium) and take the 
patient directly to theatre for control of bleeding from the pulmonary 

Fig. 3.3: The Combat Applicator Tourniquet (CAT) used in significant military and 
civilian limb haemorrhage.
Source: www.aidtraining.co.uk.
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structures or intra-abdominal viscera as directed by surgical interroga-
tion of the breached compartment. In either case—drained tamponade 
or uncontrolled haemorrhage—the arrival of a pre-hospital thoracotomy 
patient who is in asystole suggests that further effort is futile.21

			  In MTCs the use of “Code Red” Resuscitation protocols for mas-
sively bleeding patients has become established as a means of co-
ordinating trauma team and surgical responses. Flowchart 3.1 gives the 
Royal London Hospital Code Red protocol.

Key Point
•	 The ED reception of the stabbed patient should focus on CABC and 

should be organised along defined trauma team roles. An increasing 
armoury of pre-hospital treatment can be used, many of which have 
implications for the receiving surgeon.

INVESTIGATION
Triaging the body cavities for haemorrhage is the sequence of diagnostic 
manoeuvres used to locate the compelling source of bleeding. A deteriorat-
ing, unstable patient with penetrating torso trauma is best investigated in the 
operating theatre with the treating surgeon basing his or her operative strat-
egy on the outcome of initial chest X-ray and focused assessment by sonog-
raphy for trauma scan; however, there is certainly a merited place for CT 
scanning of certain groups of patients. Computed tomography can provide 
valuable information on whether mediastinal injuries have been sustained, 
on whether a vascular injury has occurred, and whether the abdominal cavity 
has been violated.22 Where the configuration of knife wound track and 
underlying solid organ injury is confirmed—with no evidence of any inter-
vening hollow viscus—a conservative management strategy may be selected 
if there is no contrast blush or pseudo-aneurysm appearance. Presence of 
these latter features can guide the surgeon to seek angio-embolisation.

RESUSCITATION
Damage control resuscitation aims to correct the well-described lethal triad 
of trauma (hypothermia, acidosis and coagulopathy) with appropriate trans-
fusion of packed cells and blood plasma, patient warming, optimal oxygena-
tion and damage control surgery. Without this, mortality of the named “Lethal 
Triad” (Fig. 3.4) is almost 50%.23 It is a concept that has been reinforced by 
military experience in Iraq and Afghanistan, but there is a growing consensus 
of opinion and civilian evidence that this approach translates to improved 
survival.24 The use of Belmont and Level One type infusers allows rapid 
restoration of circulating volume. Crystalloid is no longer recommended in the 
volume resuscitation of the trauma patient; it has even been demonstrated to 
worsen Systemic Inflammatory Response Syndrome (SIRS), Acute Respiratory 
Distress Syndrome (ARDS) and Multi Organ Failure (MOF), and blood and 
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Source: Property of Barts Health NHS Trust.

blood products are the treatment of choice.25 Agreed “massive haemorrhage” 
rather than “massive transfusion” protocols (Flowchart 3.1) can facilitate rapid 
mobilisation of pre-issued blood products, especially if the requisite prod-
ucts are stored in areas adjacent to the ED.

Flowchart 3.1: Royal London Code Red Protocol. 
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	 Initial DCR protocols emphasised early resuscitation of shocked patients 
with equivalent or near-equivalent ratios of blood and plasma with follow-on 
use of platelets and cryoprecipitate.26 Recent advances in this approach have 
capitalised on the use of Rotational Elastometry or Thromboelastography 
(ROTEM) to provide near-real time, point-of-care data on the patient’s clot-
ting profile. Both techniques measure evolving clot strength as a function of 
time and can be utilised to diagnose whether poor clot strength is due to 
deficiency in factors, platelet function or hyperfibrinolysis, allowing a more 
bespoke transfusion intervention.27 This potentially means earlier restora-
tion of normal clotting, better physiological recovery and all the health and 
cost benefits associated with diminished use of blood and blood products.
	 A large, international multi-centre randomised study of use of tranexamic 
acid strongly points to the benefits of this cheap and well tolerated anti-
fibrinolytic in reducing mortality if it is administered early, with no resultant 
increase in thromboembolic events.8

	 Appropriate DCR may diminish the requirement for DCS—in that a 
warm well-resuscitated patient may be able to tolerate a definitive surgi-
cal procedure at the first encounter rather than requiring an abbreviated 
procedure aimed at curtailing surgery that goes beyond control of bleeding 
and contamination.28

Key Point
•	 Shocked patients with stab injuries require timely blood and blood 

product therapy. Agreed massive haemorrhage protocols that facilitate 
rapid transfusion of blood should be understood by surgeons respon-
sible for major trauma patients.

Fig. 3.4: The Lethal Triad of Death in Trauma Patients.
Source: www.wikepedia.org (trauma coagulopathy).
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MANAGEMENT
The techniques of DCS are well described.24,28,29 Interventional radiological 
options are infrequently applicable in penetrating trauma but include solid 
organ or deep muscle bed embolisation, in the case of active haemorrhage 
or pseudoaneurysm, and the deployment of covered stents for specific, 
discrete vascular injuries (e.g. subclavian artery). There have been major 
changes in the management of solid organ injury and there is now value 
in nonoperative management of penetrating injury to the liver, spleen and 
kidney.30-32 Initially, the decision as to whether to operate or manage con-
servatively was based on both haemodynamic stability and grade of injury. 
However, based on large prospective trials, even in higher grade injuries, 
of liver, spleen and kidney, nonoperative management is appropriate in 
the haemodynamically stable patient, regardless of the grade of injury. This 
saves an unnecessary laparotomy in all patients, a high level of postopera-
tive sepsis, blood transfusion and lifelong antibiotics in the event of splenec-
tomy, and, of course, renal salvage which is preferable. It is paramount that 
the patient’s vital signs are closely monitored, ideally in a high dependency 
unit. There is, of course, no role of nonoperative management of trauma 
to the gastrointestinal tract, as this can result in significant contamination. 
The primary concern with the conservative approach is the incidence of 
missed injuries, particularly to the bowel and pancreas, although cases of 
this remain low (2.3% in one series).33 The conservative management of 
penetrating trauma (selective nonoperative management—SNOM) to the 
abdomen—where there is no evidence of haemodynamic instability or peri-
tonitis—is therefore more established than was the case.30-33 However, such 
strategies rely upon frequent, expert review, optimally by the same clinician, 
and a compliant, alert patient in order to pick up patients who subsequently 
fail their SNOM and require laparotomy.

Key Point
•	 A good grounding in DCS is invaluable for management of the shocked 

stab patient. In stable patients without evidence of peritonism SNOM 
offers an acceptable management plan although the patient must be 
scrupulously re-assessed.

INJURY PREVENTION
Trauma continues to be a major public health issue, in particularly, because 
it affects the young, working population of a community. Prevention of 
interpersonal violence, including knife crime, is a complex task, as a full 
understanding of deeper structural causes of inequalities within a commu-
nity must be gleaned, and there is certainly no fast track method to achieve 
this.34
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Key Point
•	 Trauma surgeons should involve themselves as much as possible with 

local injury prevention programmes.

	 Weapon carrying is multifactorial, associated with fear, aggression, coer-
cion and expression strongly associated with socioeconomic status and 
often a “gang culture”.35 Attempts to theorise behaviours behind the use 
of weapons include individual and group dynamics, a motivation behind 
criminal behaviour, and how this translated to going through with an assault 
(Flowchart 3.2). These can go some way to understanding the root cause, 
and address target points along the pathway for prevention methods.36

Source: With permission from Brennan IR, Moore SC. Weapons and violence: A review 
of theory and research. Aggression Violent Behavior. 2009;14(3):215-25.

Flowchart 3.2: Weapons and violence: A review of theory and research.
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	 Prevention strategies aim at either educating at-risk groups before crimi-
nal activity takes place, or preventing re-offending by providing psychoso-
cial and community support. All of these have a cost benefit measure, both 
to the victim, offender and the taxpayer, and although there have been some 
studies in the United States conducted,37 there is little comparative data from 
the United Kingdom. This is desperately required to enable resources to be 
deployed which are effective both in cost and effect.

CONCLUSION
Knife trauma remains a significant public health issue, however, improve-
ment in outcomes is being seen as both pre-, and in hospital care is expo-
nentially improving. The introduction of the major trauma centre network 
has been vitally important for improving outcomes following major trauma, 
meaning the right patients meet the right skilled clinicians and resources 
at the right time. Treatment of trauma patients is very much an integrated 
task with each spoke of the multidisciplinary team of equal value. Whilst is 
important that progress continues, there is a large deficiency in the invest-
ment in prevention strategies, and if clinicians engage more fully with these, 
then some gravitas can be placed on this important factor in the manage-
ment of knife injuries.
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INTRODUCTION
Decisions on intravenous (IV) fluid and electrolyte provision for surgical 
patients are often difficult yet usually delegated to junior doctors who lack 
relevant experience and specific training. In their recent 2013 guidance, 
NICE (National Institute for Health and Care Excellence) reported surveys 
that show the majority of IV fluid prescribers know neither the normal fluid 
and electrolyte needs of patients nor the specific composition of available 
fluids.1 It is not therefore surprising that inappropriate IV fluids were identi-
fied as a significant contributor to morbidity and mortality in a UK National 
Confidential Enquiry into Perioperative Deaths2 and although that report 
recommended making IV fluid prescribing equal in status to drug pre-
scribing, this did not happen. Even if rarely reported, both inadequate and 
excessive IV fluids and/or electrolyte provision almost certainly continue 
to generate complications, prolonged hospital stay and increased cost.1-7

	 Poor IV fluid practice in surgery probably occurs more frequently in 
emergency departments, acute admission units and general wards than in 
operating theatres and intensive care. The 2013 NICE recommendations 
therefore concentrate on fluid prescribing for general settings, and this 
chapter has a similar focus. NICE also recognised that best fluid prescrip-
tions were extremely variable and not really amenable to proscriptive rules. 
Their most important recommendations therefore revolve around the need 
for all IV fluid prescribers to understand the principles of fluid balance in 
health and disease and for all hospitals to organize appropriate training and 
to monitor adverse, IV fluid-related events.

PROBLEMS OF PRESCRIBING IV FLUIDS IN SURGERY 
The aims of IV fluid therapy are to ensure that total fluid and electrolyte 
requirements are met and existing abnormalities are corrected if possible 
in patients where this cannot be achieved by oral or enteral routes. There 
are many reasons why providing optimal IV fluids is difficult in surgi-
cal cases, especially in ward type settings with less intensive monitoring. 
Reasonably detailed description of these problems can be found in the full 
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NICE guidance,1 and they are also covered in the NICE IV fluid training 
tool found at http://elearning.nice.org.uk/login/index.php. However, they 
are summarized below. 
	 1.	Lack of evidence:
			  The evidence to determine best practice in general surgical settings 

is limited because:
a.	 Many accepted IV fluid practices are based on historical, practical, 

production issues rather than randomised controlled trials (RCTs).
b.	 IV fluid studies cannot easily be pooled for meta-analysis as they 

examine variable outcomes in heterogeneous groups using not only 
different types of fluid with differing electrolyte content but differ-
ent volumes and rates of administration, sometimes with additional 
inotrope use.

c.	 Most published RCTs were undertaken in intensive care or intraop-
erative settings, which particularly limit interpretation of best fluids 
for resuscitation as comparisons of different fluid types are made 
either after actual initial resuscitation has taken place (randomiza-
tion occurs once patients have reached critical care) or are made in 
patients with anaesthesia-induced hypovolaemia—a situation, which 
does not closely mirror other causes of circulatory collapse. 

	 2.	Problems with salt and water overload:
			  There are many reasons why surgical patients are prone to salt and 

water overload, particularly in the early postoperative phase:
a.	 Humans have powerful sodium retention mechanisms regulated 

largely by renin–angiotensin (the kidney can reduce urinary Na+ con-
centration to < 5 mmol/L), but our capacity to excrete excess sodium 
is poor, probably because we evolved in the hot, low-sodium envi-
ronment of Africa where excess natural intake would never occur. 
Illness or injury, particularly major surgery, further enhances sodium 
retention due to increases in antidiuretic hormone and cortisol as 
well as renin-triggered aldosterone, and simultaneously, the capacity 
to excrete excess sodium is markedly impaired. 

b.	 Perioperative responses increase the transcapillary albumin loss by 
up to 300% from about 5%/hour in health to 13–15%/hour8 and sub-
sequent falls in plasma albumin then reduce intravascular volume 
(with further stimulation of renin), whilst increased interstitial albu-
min promotes oedema. 

c.	 Many surgical patients start their postoperative course in very posi-
tive sodium and water balance because of high intraoperative IV fluid 
provision needed to compensate for anaesthetic-induced vasodilata-
tion. 

d.	 Even healthy kidneys can only excrete a limited solute load—a capac-
ity easily overwhelmed by catabolic release of solutes that is added 
to any iatrogenic solute excess.9
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e.	 0.9% saline, containing 154-mmol/L sodium, is widely used despite 
the fact that normal maintenance needs are only 1 mmol/kg/day, 
which would be met in most cases by only 0.5 L of the fluid.

f.	 The intense sodium and water retentive responses described above 
imply that some postoperative oliguria is normal10 and hence the 
common practice of meeting any degree of oliguria with a “give more 
fluids” reflex often worsens salt and water overload. Additional IV 
fluids should only be given if there are signs of intravascular volume 
deficit.

g.	 Since water as well as sodium is retained postoperatively, surgical 
patients easily develop dilutional hyponatraemia when given excess 
glucose or glucose/saline. This then encourages provision of 0.9% 
saline despite the fact that many hyponatraemic patients are oedem-
atous with high total body sodium. Postoperative hyponatraemia is 
therefore best prevented or managed by decreasing total fluid provi-
sion rather than giving more sodium although this does not apply in 
some surgical cases where there are high, abnormal sodium losses 
(see below). 

h.	 Potassium depletion is a poorly recognised cause of additional 
sodium retention. In the presence of deficiency, H+ ion reabsorption 
is impaired causing hypokalaemic alkalosis and decreased capacity 
to excrete sodium. Depletion of potassium is common in postopera-
tive situations because the activation of aldosterone precipitates high 
urinary loss and the catabolic release of negatively charged intracel-
lular amino acids causes simultaneous leakage of positively charged 
intracellular potassium ions. When catabolism is extreme, the latter 
process can lead to hyperkalaemia, especially if renal function is 
impaired, but in many postoperative patients, especially those with 
additional gastrointestinal (GI) tract potassium loss, hypokalaemia or 
at least whole body potassium depletion does occur and needs cor-
rection to help treat sodium and water excess.

i.	 Malnutrition is common in surgical patients and is often accom-
panied by reductions in cell membrane pumping with consequent 
movement of sodium and water into cells and simultaneous move-
ment of potassium, magnesium, calcium and phosphate out which 
are then lost in the urine. Malnourished individuals therefore tend 
to have high total body sodium and water with low total body potas-
sium, phosphate and magnesium (even if plasma levels are normal). 
This makes them even more prone to salt and water overload.

j.	 Malnourished patients are also vulnerable to refeeding syndrome with 
the delivery of IV glucose or food promoting insulin release, which 
not only stimulates cellular glucose uptake but reactivates the cell 
membrane pumps. This then leads plasma potassium, phosphate and 
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magnesium moving back into cells with simultaneous movement of 
sodium and water back out into the circulation, effectively adding to 
any IV salt and water provision.11 Furthermore, malnourished patients 
often have diminished cardiac and renal reserve and/or hidden infec-
tion with high capillary escape rates. Advice on the prevention and 
management of refeeding syndrome can be found in NICE guidance 
on Nutrition Support REF.

k.	 Although it is well recognized that hyperchloraemia can cause hyper-
chloraemic acidosis, the fact that high plasma chloride promotes 
ileus12 and markedly reduces renal perfusion and glomerular filtration 
is less well known.13 Administration of IV fluids with high chloride 
content must clearly predispose individuals to this although con-
versely, inadequate IV provision of chloride in patients with high GI 
salt losses can cause hypochloraemic alkalosis. Since 0.9% sodium 
chloride contains 154 mmol/L of chloride and normal plasma levels 
are only 95–105 mmol/L, prolonged saline use may also promote 
oedematous states and temporary intestinal failure via hyperchlo-
raemia as well as other mechanisms.

	 3.	Problems in making accurate allowance for abnormal fluid and electro-
lyte losses: 

			  Many surgical patients have significant external losses of fluid and 
electrolytes, often from the GI or urinary tracts although high losses also 
occur with fever and burns. The presence of existing deficits from these 
losses and/or ongoing abnormal loss creates many problems for IV fluid 
prescribing:
a.	 The losses are usually difficult to measure in terms of both volume 

and electrolyte content. 
b.	 High GI sodium loss is common, potentially causing hyponatraemia 

from total body sodium depletion. This must be distinguished from 
the hyponatraemia caused by excess low sodium fluid in patients with 
activated salt and water retention when total body sodium is high. In 
truly sodium depleted cases, proper assessment of likely sodium bal-
ance will often confirm high likely losses, e.g. from a high output, high 
GI stoma, coupled with clearly inadequate provision, and spot urinary 
measurement will usually shows very low sodium levels. However, 
spot urinary measures can only be interpreted if renal function is 
reasonable and the use of diuretics also confuses the picture. 

c.	 Any deficits, which developed slowly, can be accompanied by com-
pensatory adaptations and so must only be reversed slowly to limit 
risks of problems such as pontine demyelinosis.

	 4.	Problems from internal fluid redistribution:
			  In addition to abnormal external losses, many surgical patients have 

marked internal fluid and electrolyte distribution changes especially 
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after major interventions, when septic or critically ill, or with signifi-
cant comorbidities. Most develop high transcapillary escape and whole 
body sodium and water excess with pulmonary and peripheral oedema, 
weight gain, compartment syndrome and poor wound healing, coupled 
with low intravascular volumes and renal dysfunction. IV fluid prescrib-
ing in such cases is not surprisingly extremely difficult. 

	 5.	Problems of organ dysfunction:
			  Many surgical patients have specific organ or system dysfunc-

tion related to: their primary surgical problem; complications such as 
shock, sepsis or drug reactions or existing comorbidities. Cardiac, renal 
or hepatic dysfunction particularly increases vulnerability to salt and 
water overload. 

	 6.	Problems of poor record keeping:
			  Even though regular, accurate monitoring of all relevant parameters 

must be considered as a standard of care for surgical patients on IV flu-
ids, current measurement and recording of fluid and electrolyte inputs 
(especially those contained in other IV drugs) are often poor, as are 
recordings and summary additions of outputs from all sources. Accurate 
documentation of sequential weight, which is incredibly valuable in 
making optimal fluid provision choices, is rarely done well although it 
must be recognised that even with modern equipment, accurate weight 
measurement may be impractical in immobile patients with drains, etc. 
and interpretation of sequential weight is subject to many confounders 
including fluid loss into drains and dressings and the redistribution of 
fluid as oedema or fluid in non-functioning gut or natural body cavities. 

Key Points
•	 The evidence to determine best practice in general surgical settings is 

limited.
•	 Many surgical patients have significant external losses of fluid and elec-

trolytes, often from the GI or urinary tracts although high losses also 
occur with fever and burns.

•	 Surgical patients are prone to salt and water overload, particularly in 
the early postoperative phase.

ASSESSMENT OF IV FLUID AND ELECTROLYTE 
NEEDS IN SURGICAL PATIENTS
Any patient requiring IV fluids needs assessment revolving round 4 indica-
tions for fluids, which NICE designated as the “4Rs” and incorporated into 
prescribing algorithms along with a 5th R for reassessment (Flowchart 4.1). 
The algorithms that also include some guidance on volumes and types 
of fluid to use based on evidence discussed in the “Choice of fluid type” 
section below. The 4Rs are: 
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	 1.	Resuscitation—Some surgical patients have rapid external losses of 
circulatory volume from bleeding, drains, plasma loss or the GI tract 
whilst others have high internal loss to the extravascular space or inter-
nal body compartments. Urgent fluid resuscitation and other measures 
are needed if acute or chronic fluid loss has led to circulatory decompen-
sation often accompanied by specific system dysfunction especially of 
the central nervous system with agitation, confusion or decreased con-
sciousness or cardiac arrhythmias and renal dysfunction. There is, how-
ever, a problem in that fluid overload also precipitates most of the same 
symptoms and signs so inexperienced doctors may mistake overload for 
depletion. Furthermore, there is wide variability in patients’ underly-
ing fitness and those with significant comorbidities may decompensate 
with relatively little fluid depletion whilst the young, in particular, may 
maintain systolic blood pressure until suddenly severe shock ensues.

	 2.	Routine maintenance—Advances in surgery, anaesthesia and periopera-
tive care have reduced the period of postoperative GI dysfunction and 
early removal of nasogastric drains and commencement of reasonable 
oral intake is now the norm. The routine use of postoperative IV main-
tenance fluids has therefore declined and the consequent reduction in 
iatrogenic salt and water overload may well be an under recognised 
contributor to the success of early rehabilitation after surgery protocols. 
Nevertheless, many surgical patients still need IV fluids pre- or post-
operatively for essentially routine maintenance purposes and prescrib-
ing for those with more complex fluid and electrolyte issues, needs to 
start with estimates of routine maintenance needs appropriate to body 
weight followed by adjustments either up or down.

	 3.	Replacement—As discussed above, many surgical patients need addi-
tional IV fluids to treat previous and/or ongoing abnormal losses. 

	 4.	Redistribution—As also discussed above, many surgical patients have 
marked internal fluid distribution changes. 

	 The “4Rs” approach demands careful, individual patient assessment by 
competent clinicians using all available information including: a focussed 
history; brief general examination with specific assessment of fluid status 
from trends in pulse and blood pressure, JVP and presence of oedema, and 
review of fluid balance and body weight charts. Recent laboratory results 
and trends are also needed.
	 Once an estimate of total fluid volume and electrolytes requirements has 
been made, a common prescribing error is to fail to allow for fluid and elec-
trolyte intakes from all other sources. These may include oral or enteral tube 
provision as well as any other IV therapies. Blood products, in particular, 
contain large amounts of electrolytes as do many IV drugs, especially when 
given frequently in large volume diluents, e.g. the sodium content of some 
IV antibiotics easily exceeds daily sodium needs. Most patients on artificial 
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nutrition also receive adequate fluid and electrolytes to meet at least their 
routine maintenance needs, yet prescription of inappropriate additional IV 
fluids is frequent.

REASSESSMENT AND MONITORING 
Even when taking a structured “4Rs” approach, estimates of IV fluid and 
electrolyte need will often prove incorrect, especially as clinical states are 
usually changing. There is therefore a need for constant clinical and labora-
tory. Reassessment (the 5th R) with regimens altered or stopped as appropri-
ate. This should initially include at least daily reassessments of clinical fluid 
status and fluid balance charts and weight measurement twice weekly if at 
all possible. In complex or vulnerable patients, clinical reassessment will 
need to be even more frequent.
	 Laboratory monitoring of urea, creatinine and electrolytes is also needed 
daily during initial IV fluid therapy and, as noted above, additional inter-
mittent monitoring of urinary sodium may be helpful. Chloride should also 
be measured in patients receiving significant amounts of high chloride 
(>120 mmol/L) fluids (see discussions below). 
	 Importantly, the need for continuing IV fluids is not always questioned 
by junior trainees who may be inclined simply to repeat previous days’ IV 
fluid prescriptions rather than properly reassess patients. They should there-
fore be encouraged to seek advice from more senior colleagues and proper 
review of IV fluids must be an integral part of every surgical ward round.

Key Point
•	 Any patient requiring IV fluids needs assessment revolving round 

4 indications for fluids, which NICE designated as the “4Rs” resuscita-
tion, routine maintenance, replacement and redistribution. A “5th R” 
reassessment and monitoring is also essential. 

CHOICE OF IV FLUID TYPE 
The problems of inadequate RCT evidence mentioned above have led to 
much debate about the best regimens to use for resuscitation and routine 
maintenance, and since there are virtually no RCTs relevant to best replace-
ment and redistribution issues, there is also uncertainty when prescribing 
for those indications. 

The Best Regimens for Resuscitation 
A variety of crystalloids, artificial colloids and human albumin solutions 
have been used for fluid resuscitation. Although traditional teaching sug-
gested colloids had advantages, the idea that they are much better at 
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expanding and maintaining intravascular volume is now doubted and they 
are much more expensive than crystalloids. Although in theory, colloids that 
are iso-oncotic with plasma should expand blood volume by the volume 
infused, in practice the figure is closer to 60–80%14,15 and probably much 
less in sick patients with high transcapillary leakage. Furthermore, stud-
ies showing that circulatory stability is better maintained by colloid rather 
than crystalloid in anaesthetic-induced hypovolaemia may not be relevant 
to ward patients with illness/injury-induced hypovolaemia and abnormal 
fluid distribution and handling.
	 Any advantage of colloids are also offset by potential problems of renal 
dysfunction, disturbed coagulation and allergic responses and since nearly 
all currently available semi-synthetic colloids contain 140–154 mmol/L 
sodium chloride, their use may also contribute to excess sodium and chlo-
ride provision.
	 In the United Kingdom sodium chloride 0.9%, Ringer’s lactate/acetate, 
Hartmann’s solution, gelatins, hydroxyethyl starch, and albumin are all used 
for resuscitation in general surgical areas whilst the use of dextrans or high 
molecular weight penta- and hexa starches is usually confined to intraop-
erative and ICU usage. NICE therefore only evaluated studies comparing 
those used in general areas to each other. The evaluations showed: 

Key Points
•	 Gelatins had no clear advantage over other colloids or crystalloids.15-22 
•	 Tetrastarch had no clear advantage over other colloids or crystalloids,23-27 

and three large studies in critical care suggested it may increase acute 
kidney injury (AKI) compared to 0.9% saline or Ringer’s lactate with 
one suggesting increased mortality. 

•	 Albumin 4% had no clear advantage compared to 0.9% saline although 
there was a trend towards decreased mortality in one study examining 
its use in a pre-defined sepsis subgroup.28,29 

•	 No studies compared colloids made up in balanced physiological solu-
tions to those made up in sodium chloride 0.9%.

•	 Studies of factors such as timing, administration rates and best total 
volume of fluids to give for resuscitation30-34 showed apparently impor-
tant differences between early versus late, and fast versus slow fluid 
provision but the direction of benefit was not always the same in 
different studies. 

	 The NICE concluded that crystalloids containing sodium in the range 
130–154 mmol/L should be used for resuscitation rather than colloids and 
that an initial bolus of 500 mL should be given over < 15 minutes. They also 
recommended that tetrastarches should no longer be used and that albumin 
could be considered severe sepsis although in reality, the cost implications 
of this will surely confine its use to experts in critical or high-care settings. 
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The Best Regimen for Routine Maintenance 
Sodium chloride 0.9% with or without additional potassium is the most 
commonly used IV fluid in UK surgical patients, but it may contribute to 
excessive sodium and water retention. There is therefore interest in “balan
ced fluids”, which contain less sodium and chloride and variable amounts 
of potassium, calcium and magnesium at levels approximating to normal 
needs. 
	 Five per cent glucose and glucose/salines with or without potassium 
cannot be used for rapid administration but once the glucose is metabo-
lised, they are distributed through total body water with limited effects on 
blood volume. They are therefore appropriate for preventing or correcting 
simple dehydration and also help limit starvation ketosis, although they 
make little contribution to meeting patients’ overall nutritional needs.
	 The NICE found no studies that simply compared different maintenance 
fluid choices to one another but four RCTs35-38 compared “restricted” IV 
fluid maintenance regimens (with reduced sodium chloride and fluid vol-
umes) with more “standard” regimens in postoperative patients. Two RCTs 
suggested that restricted regimens reduced mortality and hospital stays 
whilst the other two showed no difference in mortality with one suggest-
ing restricted regimens prolonged hospital stays. However, the four studies 
varied enormously with restricted groups given fluid volumes ranging from 
1.5–2.5 L/day with sodium chloride provision ranging from 62–231 mmol/
day, whereas the standard regimen groups received fluid volumes of 2–4 L/
day with sodium chloride provision ranging from 154–231 mmol/day. This 
not only prevented meaningful meta-analysis but probably explains the dif-
ferences in results with adverse outcomes seen if either too much or too 
little fluid and too much or too little sodium chloride is given. Importantly, 
all four RCTs suggested no clinically important difference in the risks of 
developing AKI when using restricted IV fluid regimens and none reported 
significant problems of hyponatraemia even though sodium chloride pro-
vision was at low levels that have traditionally been thought of as likely to 
precipitate hyponatraemic risks. 
	 The NICE also reviewed studies in which surgical patients received IV 
fluids with chloride >120 mmol/L with those receiving fluids with chloride 
<  120  mmol/L1 and concluded that provision of lower chloride fluids was 
probably associated with lower mortality and morbidity. In a separate review 
of studies examining associations between serum chloride input, plasma 
levels and clinical outcome1 suggested that hyperchloraemia occurred 
more frequently if high chloride fluids were given but that both hyper- 
and hypo-chloraemia had adverse outcome effects. These considerations 
led to NICE recommending that serum chloride should initially be moni-
tored daily when using regimens based on fluids containing >120 mmol/L 
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chloride and that if chloride levels rise, hyperchloraemic acidosis should 
be considered. Low chloride levels are most likely to reflect true saline 
depletion. 
	 The conclusion of all of the above findings was a NICE recommen-
dation that for routine maintenance an appropriate initial prescription 
should deliver approximately: 25–30 mL/kg/day of water; 1 mmol/kg/day 
of potassium, sodium and chloride; and 50–100 g/day of glucose. NICE 
also suggested that this could be achieved by using 25–30 mL/kg/day of 
sodium chloride 0.18% in 4% glucose with 27 mmol/L potassium—a fluid 
that became very unpopular with surgeons because of its association with 
hyponatraemia. However, NICE felt that hyponatraemic risks were small if 
<2.5 L/day is used and explicitly pointed out that these were only initial 
prescriptions with further prescribing needing to be guided by monitoring. 
They also recommended that less fluid (e.g. 20–25 mL/kg/day) should be 
considered in patients who are older or frail and those with renal impair-
ment, cardiac failure or malnutrition.

The Best Fluid for Replacement 
If patients need IV fluids and electrolytes for replacement purposes, it is 
important to recognize that these will usually be in addition to their routine 
maintenance requirements. Replacement for blood loss is generally by the 
use of 0.9% sodium chloride or balanced crystalloids with packed red cells 
as necessary, whilst replacement for other losses, e.g. GI or urinary, will 
usually depend on estimates of their composition but 0.9% sodium chloride, 
glucose 5% and glucose with saline solutions and balanced crystalloids can 
all be used with or without additional potassium as appropriate. Although 
it is sometimes possible to measure the volumes and electrolyte content of 
abnormal losses (e.g. with high urinary loss), more often it is only possible to 
measure volumes and not infrequently both volume and likely content must 
be estimated, predicting likely electrolyte losses from the nature of the loss 
(Fig. 4.1). Since these estimates will be subject to wide errors, particularly 
close clinical and laboratory monitoring will be needed.

The Best Fluids for Fluid Redistribution Problems
Prescribing appropriate IV fluids for patients with redistribution type prob-
lems is particularly difficult since too little leads to intravascular hypovol-
aemia, low blood pressure, poor urine output and poor tissue perfusion, 
whilst too much may promote even more oedema. Furthermore, as such 
patients get better, transcapillary leakage will decrease and the redistribu-
tion problems may effectively operate in reverse. It may therefore important 
to reduce overall IV fluid and electrolyte provision to permit a net negative 
sodium and water balance, to aid oedema resolution. 
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Fig. 4.1: The likely nature of abnormal external losses.
Source: Copyright-National Clinical Guideline Centre.

	 The overall approach is to treat intravascular hypovolaemia as one would 
for resuscitation but aim for a negative overall fluid and sodium balance as 
soon as possible. In severe cases, balance can be assessed by comparing 
total sodium intake (accounting for all sources including other IV fluids, 
IV drugs and their diluents) with total losses from urinary measurements 
and estimates of sodium in other external losses. Excretion should exceed 
intake. 
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	 A variety of IV fluid types are used in patients with internal redistri-
bution issues including crystalloids, synthetic colloids and albumin. As 
discussed above, it seems likely that the use 0.9% sodium chloride will pro-
mote more sodium and water retention than balanced solutions, but NICE 
found no studies that made any comparisons of fluid types in this situation. 
Concentrated (20–25%) sodium poor albumin has been used for oedema-
tous patients with a plasma volume deficit, aiming to draw fluid from the 
interstitial space and promote renal perfusion and excretion of sodium and 
water excess. However, this use is highly specialized and of uncertain ben-
efit. Albumin is also used in some patients with hepatic failure and ascites, 
although its use in this setting is beyond the scope of this chapter.
	 As noted above, it is also important to correct potassium depletion to 
maximize sodium exchange, bearing in mind that plasma potassium is a 
poor marker of whole body status since it is primarily intracellular. However, 
if giving generous potassium, careful monitoring for hyperkalaemia is 
needed. Hyperchloraemia should also be avoided.13

	 Diuretics should only be used with caution since they may reduce circu-
lating blood volume and consideration should always be given as to whether 
the same net effect on fluid balance might not be achieved through reduc-
tion of IV fluids, particularly a reduction in the provision of 0.9% sodium 
chloride. Twice weekly weighing, when possible, in addition to routine daily 
clinical examination allows oedema mobilization to be assessed. 

Key Point
•	 Hospitals should establish systems to ensure that all health-care profes

sionals involved in prescribing and delivering IV fluids are properly 
trained and clear incidents of fluid mismanagement (for example, 
unnecessarily prolonged dehydration or inadvertent iatrogenic fluid 
overload) should be reported through standard critical incident report-
ing, to enhance learning and experience.
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INTRODUCTION
Although the incidence of gastric cancer has steadily declined, it is fre-
quently diagnosed at an advanced stage and globally remains the second 
leading cause of cancer-related death. Age-standardised mortality rates 
are 14.3 per 100,000 in men and 6.9 per 100,000 in women worldwide. In 
2008, there were approximately 989,000 new cases of gastric cancer and 
738,000 deaths worldwide.1 The incidence shows distinct geographical vari-
ation with the highest rates in Eastern Asia (including Japan and Korea), 
South America and Eastern Europe and the lowest rates in North America, 
Western Europe and Northern and Southern Africa. Globally, it is the fourth 
most common cancer in men (after lung, prostate and colorectal cancer) 
and the fifth most common cancer in women (after breast, cervical, colo-
rectal and lung cancer). Men are twice as likely as women to develop gastric 
cancer (10.9 vs 5.5 per 100,000) with a peak age incidence of 60–84 years.2 
Prognosis depends on stage at which it is detected and complete surgical 
resection is regarded as the only option for cure. 
	 For tumours localised to invasion of the mucosa or submucosal at diag-
nosis, five-year survival rates are between 70% and 95% with exclusive surgi-
cal management. However, when extending in the gastric wall and/or there 
is locoregional nodal involvement, survival decreases to 20–30% at five years 
emphasising the fundamental importance of detecting this cancer at the 
earliest possible stage.3 Technologically advanced screening programmes 
are needed as is improvement in the prognosis of advanced gastric cancer 
through multimodality treatment.

Key Points
•	 The incidence of gastric cancer is highest in eastern Asia, eastern 

Europe and South America.
•	 Male : Female = 2:1

CLASSIFICATION OF GASTRIC CANCER (TABLE 5.1)
Gastric cancer is a broad term encompassing multiple malignancies of var-
ying histology and includes adenocarcinoma, lymphoma, gastrointestinal 
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stromal tumours (GIST), squamous cell carcinoma, carcinoid tumours 
and adenocanthoma. By far the most common is adenocarcinoma, which 
accounts for >90% of gastric cancers and will form the focus of this review.
	 The Lauren system, used to histopathologically classify gastric adenocar-
cinoma, divides the tumour into two types: diffuse and intestinal.4 Diffuse 
gastric adenocarcinoma tends to develop in younger patients, with simi-
lar incidences between men and women, and spreads by direct, lymphatic 
and transcoloemic routes often resulting in peritoneal disease. Submucosal 
infiltrative growth, a characteristic of diffuse gastric adenocarcinoma, pro-
duces a rigid, leather-bottle stomach known as linitis plastica (up to 14% of 
advanced gastric malignancies).5

	 Intestinal gastric adenocarcinoma tends to arise in an older population 
and affects men more commonly (M:F ratio 2:1). It is common in endemic 
regions, associated with environmental factors, atrophic gastritis and pref-
erentially spreads haematogenously typically resulting in liver metastases. 
Correa et al.6 described the multistep progression, from Helicobacter pylori 
infection and gastritis to intestinal gastric adenocarcinoma.
	 Macroscopically, diffuse cancers appear as ulcerating lesions endoscopi-
cally, whereas intestinal tumours tend to be exophytic, bulky lesions.

Key Point
•	 Adenocarcinoma is the commonest type accounting for >90% and are 

broadly classified as either diffuse or intestinal type.

Table 5.1: Risk factors associated with the development of gastric cancer7–10

Risk factor

Helicobacter pylori Most important modifiable risk factor (RR 2.5–3)

Smoking RR = 1.5
Also associated with increased risk of disease recurrence

Alcohol RR ~ 1 in light/moderate drinkers
Higher with heavy intake

Dietary salt and food 
preservation

RR ~ 1 with each gram of salt consumed/day
Salt-based preservatives and lack of refrigeration also 
associated with increased risk

Fruit and vegetables Reduced intake associated with increased risk

Pernicious anaemia RR = 6.8

Obesity

Genetics Hereditary diffuse gastric cancer—caused by mutation 
in E-cadherin gene. Autosomal dominant inheritance. 
Sixty-seven per cent cumulative risk of gastric cancer. Also 
increased risk of colon and lobular breast cancer.
Lynch syndrome—defective DNA mismatch repair (MLH1 
or MSH2 mutation). Autosomal dominant. Increased risk 
of gastric and colon cancer.
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CLINICAL MANIFESTATIONS, 
DIAGNOSIS AND STAGING
The vague presenting symptoms of gastric cancer account for its typically 
advanced stage at diagnosis. Although symptoms are generally nonspecific, 
patients tend to be males in the seventh to ninth decades with a history of 
tobacco use who report upper abdominal pain and weight loss. Dysphagia 
[proximal and gastro-oesophageal junction (GOJ) tumours], nausea, vom-
iting, haematemesis and melaena are all much less common presenting 
features. Rarer still are Sister Mary Joseph’s nodule and Virchow’s node.11 
Despite a meta-analysis12 incorporating over 57,000 patients reporting that 
specific “alarm” factors had pooled sensitivities and specificities of almost 
70%, their identification is likely to remain part of UK dyspepsia manage-
ment guidance given their limited predictive values. As such, 2011 consen-
sus guidelines advocate that patients ≥ 55 with new onset dyspepsia and 
all those with alarm features should have an urgent (within two weeks) 
gastroscopy.� A diagnosis of gastric cancer is made by visualising a mass or 
by histology having taken a minimum of six biopsies (Table 5.2).
	 Staging consists of physical examination, bloods tests and imaging. 
Physical examination should seek to identify skin changes or palpable 
masses, which invariably indicate advanced or metastatic disease. Basic 
blood tests include a full blood count to look for anaemia, renal biochem-
istry to identify electrolyte disturbances secondary to possible gastric outlet 
obstruction and liver function tests for possible metastases. Certain tumour 
markers have been shown to be poor prognosticators and indicate aggres-
sive disease. High serum levels of markers such as carcinoembryonic anti-
gen, CA 19-9 (carbohydrate antigen) and α-FP (alpha-fetoprotein) corre-
late with depth of tumour invasion, pathological stage, presence of vascular 
invasion and liver and lymph node metastases.14–16

Table 5.2: “Alarm” features suggestive of gastric cancer

New onset dyspepsia in patients >55 years of age

Family history of UGI cancer

Unintentional weight loss

Upper or lower GI bleeding

Progressive dysphagia

Iron deficiency anaemia

Persistent vomiting

Palpable mass

Palpable lymph nodes

Jaundice
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	 A computed tomography (CT) scan of the chest, abdomen and pelvis 
(using oral water to ensure distension of the stomach), and intravenous 
contrast has a sensitivity and specificity of 74% and 99% for liver metastases, 
respectively, and a sensitivity of 33% for peritoneal disease (specificity 99%). 
The sensitivity of CT in the detection of nodal disease ranges from 50% to 
95% with a specificity of 40–99%. Magnetic resonance imaging is inferior to 
CT for nodal staging. Positron emission tomography scanning may upstage 
tumours but can also be negative due to the low avidity of gastric cancers 
for 18F-fluoro-2-deoxyglucose and as such does not form part of the stand-
ard gastric cancer staging. It is instead reserved for oesophageal and GOJ 
tumours.17

	 Endoscopic ultrasound (EUS) has been shown in a meta-analysis to have 
a sensitivity and specificity of 86% and 91% for T staging and 69% and 84% 
for N staging, respectively. However, it has significant limitations for stag-
ing mucosal disease and hence does not form part of the standard staging 
process. It is, however, used selectively in many centres, particularly when 
the tumour is small and the information provided guides therapy.18

	 Finally, laparoscopy peritoneal washings for malignant cells are under-
taken provided that prior imaging has indicated that the tumour is resect-
able. Laparoscopy is used to detect peritoneal and metastatic disease, which 
may have been missed on imaging, typically disease of <5 mm in diameter. 
Approximately 7% of gastric cancer patients will have positive cytology. 
A 2007 study showed that staging laparoscopy changed treatment decisions 
in 28% of patients after CT and EUS.19,20

	 Peritoneal cytology was incorporated into the Japanese staging system in 
the late 1990s following multiple studies, which showed positive cytology to 
be associated with disseminated disease in addition to being an indepen
dent poor prognosticator. Aside from indicating stage IV disease, positive 
peritoneal cytology is associated with higher T and N stages.21–25

Key Points
•	 Positive peritoneal cytology indicates disseminated and thus stage 

4 disease.
•	 PET scanning is not routinely used in staging of gastric cancer.

TREATMENT
Multidisciplinary team (MDT) management planning is mandatory and 
should include surgeons, oncologists, gastroenterologists, radiologists, patho
logists, nurse specialists, dieticians and a coordinator. MDT decisions should 
be tailored to the individual patient and must take account of patient comor
bidities, nutritional status, staging investigations and patient preferences 
and be discussed with the patient to ensure a shared decision-making 
process (Table 5.3).
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Key Point
•	 Multidisciplinary management tailored to individual patients.

Surgery
Complete surgical resection (R0) remains the only curative modality for 
gastric cancer with the aim being the en-bloc removal of the primary 
tumour along with any direct extension and the nodal basins at risk for 
metastases. The UK and US guidelines recommend that all patients with 
regionally confined disease should undergo primary surgical resection for 
stage IA tumours and surgery after neoadjuvant therapy for stage II–III 
tumours. The extent of resection depends on preoperative staging. Cancers 
confined to the mucosa (T1a) are increasingly being resected endoscopi-
cally. Criteria for endoscopic resection are cancers ≤ 2  cm, which are his-
tologically differentiated and not ulcerated.26 Extensions to these criteria 
are being evaluated. Radical gastrectomy is required for stages 1b-3 dis-
ease. If a macroscopic proximal margin of at least 5-cm can be achieved 
between the GOJ and tumour, then a subtotal gastrectomy can be per-
formed. Subtotal gastrectomy has shown identical survival and mortality 
results to those of total gastrectomy with a lower complication rate and 
fewer nutritional problems. If this is not possible, then a total gastrectomy 
is required. Limited resections should only be used for palliation or in the 
very elderly.

Key Point
•	 Early gastric cancer should be treated with surgery alone.

Table 5.3: Staging of gastric cancer

N0
N1
(1–2)

N2
(3–6)

N3a 
(7–15)

N3b 
(≥16)

M1 (positive 
peritoneal 
cytology)

T1a (lamina propria or 
muscularis mucosa)

IA IB IIA IIB IV

T1b (submucosal)

T2 (muscularis propria) IB IIA IIB IIIA

T3 (subserosa) IIA IIB IIIA IIIB

T4a (serosa) IIB IIIA IIIB IIIC

T4b (adjacent organs) IIIB IIIC

Source: UICC/AJCC TNM Classification, 7th edition, 2010.
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Lymphadenectomy
Controversial issues debated and studied in the last 20 years have cen-
tred upon the extent of regional lymphadenectomy (D1 vs D2). In Japan, 
a D2 lymphadenectomy is considered routine. The superiority of stage 
adjusted five-year survival rates in Japan compared to the West may be 
due to more extensive lymphadenectomies. Three landmark randomised 
prospective studies were conducted in the West to explore whether surgical 
technique alone, namely extent of lymphadenectomy, influenced outcome. 
Bonenkamp et al.27,28 published the first randomised trial comparing D1 and 
D2 lymphadenectomies in Western patients (the “Dutch trial”). A total of 
711 patients were randomised to receive either a D1 or D2 curative resec-
tion (380 in D1 group and 331 in D2). After a median follow-up of five 
years, the overall survival rates were similar between the two groups (45% 
vs 47% for D1 and D2, respectively, p  =  .99). However, the study showed a 
higher morbidity (43% vs 25%) as well as mortality (10% vs 4%) in the D2 
group. In the same trial, a 15-year follow-up showed a lower rate of local 
recurrence and disease-related mortality in the D2 group. Factors associated 
with the higher morbidity in the D2 group were age over 65, male gen-
der, type of gastrectomy and performance of a splenectomy with/without 
pancreatectomy. Indeed, performing a simultaneous splenopancreatectomy 
obscures any benefit of a D2 lymphadenectomy over a D1. A major limita-
tion of this trial was the poor quality control of the participating surgeons 
with adequate expertise in performing a D2 dissection.
	 The British Medical Research Council ST01 was a randomised, prospec-
tive study where 737 patients were registered and underwent a staging lapa-
rotomy.29 Of these, 400 patients were eligible and subsequently randomised 
to either D1 or D2 resections. The five-year overall survival rates were simi-
lar between the two groups (35% for D1 vs 33% for D2). In keeping with the 
Dutch trial, splenectomy and pancreatectomy were independently associ-
ated with increased morbidity and mortality.
	 More recently, the Italian Gastric Cancer Study Group randomised 
76 patients to D1 and 86 to D2 resections with pancreas preservation.30 
They showed that complications were comparable between the two groups 
(10.5% for D1 vs 16.3% for D2, p  =  .29) with an overall mortality of 0.6%. 
This low mortality rate showed the safety and feasibility of a D2 resection 
with pancreatic preservation.
	 The sole randomised trial supporting a D3 resection was carried out by 
Wu et al. in Taiwan.31 This single-centre trial randomised 221 patients to 
undergo either a D3 or D1 resection. Their results showed a higher morbid-
ity in the D3 group (17.1% vs 7.3%, p  =  .012) but no significant procedure-
related mortality in either group. At 5 years, overall survival was significantly 
better in the D3 group (59.5% vs 53.6%, p  =  .041). Although interesting, it 
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is important to remember that when this trial was conducted, the lymph 
node classification system was based on nodal compartments and thus N2 
and N3 nodes may have been removed in D1 resections.
	 In a smaller randomised trial, Robertson et al.32 compared D1 subtotal 
gastrectomies to D3 total gastrectomies in 55 patients with antral cancer and 
found five-year survival to be better in the D1 group (45% vs 35%). Morbidity 
and mortality were also higher in the D3 group, which was in part attributed 
to complications related to pancreatectomy and splenenctomy.
	 Despite the negative results of the Western randomised trials, most 
surgeons consider a D2 advantageous because of better staging. The stage 
migration phenomenon, first described by Bunt et al. in 1995, was evident 
in the Dutch trial where up to 75% of specimens from patients in the D1 
group were understaged. Thus, difference between surgical approaches not 
only affects survival but may also confound adjuvant therapy.
	 Therefore, the consensus view in the West is that a D2 lymphadenectomy 
should be the standard procedure, in those deemed medically fit enough, 
and that this should be performed in specialised centres with appropri-
ate surgical expertise and postoperative care. Resections of the spleen and 
pancreas are only indicated if there is evidence of direct invasion. A sple-
nectomy is indicated for tumours of the proximal greater curve and gastric 
fundus where the incidence of splenic hilar nodal involvement is likely to 
be high. Resection of adjacent organs is indicated where there is direct inva-
sion or suspected transmural invasion and the patient is assessed to be fit 
enough for such radical surgery. Both the National Comprehensive Cancer 
Network and the 2011 BSG Guidelines recommend at least 15 lymph nodes 
be resected (Table 5.4).

Sentinel Lymph Node Biopsy (Figs. 5.1A and B)
Sentinel lymph node biopsy (SLN) is routinely used in both breast cancer 
and melanoma to determine whether a more formal lymph node dissection 
is required. Given that much of the morbidity from gastric resections relates 
to lymph node dissection, there has been interest in applying the princi-
ples of SLN to gastric cancer surgery. There is a significant variability in the 
techniques employed with the procedure being performed endoscopically 
or at open surgery and the injection site within the subserosa or submu-
cosal. Dyes used include 2% patent blue, technetium-99m Sn colloid, 1% 
isosulfan or a combination. Detection is by direct visualisation and/or the 
use of a gamma probe. Data from several individual studies indicated an 
average of 1.5–4.1 sentinel lymph nodes being detected with sensitivities 
ranging from 72% to 93%, specificities of around 75%, an overall accuracy of 
74–100% and a negative predictive value of 50%.33–37 Significant limitations 
of sentinel lymph node biopsies in the setting of gastric cancer include a 
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Table 5.4: Lymph node (LN) stations

No. 1 Right paracardial LN

No. 2 Left paracardial LN

No. 3a LN along the left gastric vessels

No. 3b LN along the right gastric vessels

No. 4sa LN along the short gastric vessels

No. 4sb LN along the left gastroepiploic vessels

No. 4d LN along the right gastroepiploic vessels

No. 5 Suprapyloric LN

No. 6 Infrapyloric LN

No. 7 LN along the left gastric artery

No. 8a LN along the common hepatic artery (anterosuperior group)

No. 8b LN along the common hepatic artery (posterior group)

No. 9 LN along the celiac artery

No. 10 LN at the splenic hilum

No. 11p LN along the proximal splenic artery

No. 11d LN along the distal splenic artery

No. 12a LN in the hepatoduodenal ligament (along the hepatic artery)

No. 12b LN in the hepatoduodenal ligament (along the bile duct)

No. 12p LN in the hepatoduodenal ligament (behind the portal vain)

No. 13 LN on the posterior surface of the pancreatic head

No. 14v LN along the superior mesenteric vein

No. 14a LN along the superior mesenteric artery

No. 15 LN along the middle colic vessels

No. 16a1 LN in the aortic hiatus

No. 16a2 LN around the abdominal aorta (from the upper margin of the 
celiac trunk to the lower margin of the left renal vein)

No. 16b1 LN around the abdominal aorta (from the lower margin of the left 
renal vein to the upper margin of the inferior mesenteric artery)

No. 16b2 LN around the abdominal aorta (from the upper margin of the 
inferior mesenteric artery to the aortic bifurcation)

No. 17 LN on the anterior surface of the pancreas head

No. 18 LN along the inferior margin on the pancreas

No. 19 Infradiaphragmatic LN

No. 20 LN in the oesophageal hiatus of the diaphragm

No. 110 Paraesophageal LN in the lower thorax

No. 111 Supradiaphragmatic LN

No. 112 Posterior mediastinal LN
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high false-negative rate and skip metastases. The Japan Society of Sentinel 
Node Navigation Surgery study group reported the findings from a multi-
centre prospective trial for SLN using a dual tracer injection in 397 patients 
with early gastric cancer. They found a detection of 97.5%, an average of 
5.6 nodes sampled, with a sensitivity of 93%, specificity, accuracy of 99% 
and false-negative rate of 7%.38 The results of this trial suggest that, whilst 
of limited use in patients with advanced disease, patients with early gastric 
cancer may benefit from a limited lymphadenectomy if SLN is negative and 
thus a better quality of life.

Endoscopic Mucosal Resection
Endoscopic mucosal resection (EMR) is a minimally invasive method of 
providing curative resection whilst maintaining the gastric volume and 
avoiding the need for laparotomy or even laparoscopy. Postgastrectomy 
complications are avoided. EMR and endoscopic submucosal dissection 
(EDS) are indicated for patients in whom the probability of lymph node 
spread is low. However, there are concerns with this technique including the 
possibility of greater local recurrence rates and failure to obtain a staging 
lymphadenectomy. Furthermore, EMR often results in piecemeal resection, 
especially for tumours > 2 cm, and studies have found piecemeal resection 
to be associated with higher recurrence rates.39,40

	 Japanese treatment guidelines state that EMR is a standard treatment 
for differentiated mucosal gastric tumours < 2 cm and without evidence of 
ulceration. En bloc resection to evaluate the resection margins is required. 
ESD using an insulation-tipped diathermy knife (IT-knife) and the flex-
knife can be used for larger tumours and thus indications for endoscopic 
resection may be broadened. However, it is important to remember that 
approximately 50% of patients in endemic countries, such as Japan and 
Korea, present with early gastric cancer (lesions confined to the mucosa or 
submucosa), whereas such presentations are rare in the West. Furthermore, 
early gastric cancer still carries a 10–20% risk of lymph node metastases and 
given this and the fact that operator experience is still low, endoscopic pro-
cedures in the West should be individualised and restricted to specialised 
centres with multidisciplinary input.

Laparoscopic Surgery
Laparoscopic gastrectomy remains largely investigational. A small number 
of randomised controlled trials have shown laparoscopic surgery to be safe 
with the advantage of a faster recovery. However, a meta-analysis demonstra
ted a reduced lymph node yield and longer operative time when compared 
with open surgery.41 More studies and audits are needed as experience 
develops.
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Robotic Surgery
Robotic-assisted surgery has been developed for use in general and paedia
tric surgery, gynaecology and urology. Despite having several disadvantages 
such as an absence of tactile feeling and cost, it does provide multi-articu-
lated movement, reduced hand tremor, a steady camera platform and more 
precise dissections. In one of the largest series, Song et al.42 reported their 
experience of 100 patients with early gastric cancer who underwent robot-
assisted gastrectomy (33 total and 67 subtotal, with D1 lymphadenectomy) 
using the da Vinci system. The average operative time, length of stay and 
lymph node yield were 231 minutes, 7.8 days and 36.7, respectively. There 
were no deaths. Although other studies evaluating the safety of robotic 
gastrectomies have been carried out, further multi-centre, prospective and 
comparative trials are needed.

Adjuvant Therapy
Chemotherapy and Radiotherapy
There are limitations when advanced gastric cancer is treated solely with 
surgery. In the West and Asia, attempts to improve outcomes using chemo-
therapy and chemoradiation as neoadjuvant and adjuvant therapies have 
led to significant increases in survival.
	 The US INT-0116 trial evaluated the effectiveness of adjuvant chemora-
diotherapy (CRT) after curative surgery (R0) in patients with stages IB-IV 
(M0) gastric and oesophagogastric junction cancer.43 Overall survival was 
36 months in the group that received both surgery and adjuvant CRT and 
27 months in the group that was treated with surgery alone. Relapse-free 
survival was 30 months and 19 months, respectively. The results of this trial 
led to adjuvant CRT being accepted as the standard of care in the United 
States. The trial has been criticised due to the lack of surgical quality control, 
the low number of D2 lymphadenectomies (10%) and the high number of 
D0 lymphadenectomies, and thus it has been suggested that the adjuvant 
CRT merely compensated for suboptimal surgery.
	 The adjuvant chemoradiation therapy in stomach cancer (ARTIST) trial 
studied the effect of the addition of radiotherapy to adjuvant chemother-
apy after a D2 lymphadenectomy and looked at three-year disease-free 
survival.44 They found no significant difference. However, further subgroup 
analysis did show a survival advantage in those subjects with lymph node 
metastases. A further trial looking specifically at this is planned and the 
results eagerly awaited.
	 The UK MRC randomised trial (MAGIC) evaluated patients with resect-
able gastric, oesophagogastric junction and lower oesophageal cancers.45 
It compared surgery alone to three pre- and three post-operative cycles of 
epirubicin (E), cisplatin(C) and continuous intravenous 5-fluorouracil (F). 
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Figs. 5.1A and B: Nodal groups according to the Japanese Research Society of Gastric 
Cancer.

The five-year survival rate was significantly higher in the perioperative 
chemotherapy group (36.3%) compared with the surgery alone group 
(23.0%). Secondary endpoints of progression-free survival and down-staging 
rate were also significantly better in the chemotherapy group. Postoperative 
complications and 30-day mortality were similar between the two groups. 
A criticism of this trial is that whilst 86% of subjects completed the three 

A

B
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courses of chemotherapy, only 42% completed postoperative ECF therapy. 
Results of the MAGIC trial are supported by the French phase III rando
mised trial (FFCD) reported in abstract form. The MAGIC trial has led to this 
perioperative approach being adopted as a standard of care in the United 
Kingdom and parts of Europe. The noninferiority of capecitabine (X) to 
5-fluorouracil (F) and the advantage of not requiring an indwelling central 
venous catheter has resulted in many centres using an ECX regimen.
	 Although neoadjuvant CRT offers theoretical advantages over postope
rative regimens, it remains investigational and its value has not been con-
firmed in randomised control trials.
	 The chemoradiotherapy after induction chemotherapy in cancer of the 
stomach (CRITICS) trial, mainly being conducted in Holland, is comparing 
two adjunctive therapies: perioperative ECF and adjuvant CRT.46 The results 
of this study are eagerly awaited and are expected to direct adjuvant therapy 
in Europe and the United States.

Molecular Therapy
Molecularly targeted agents play a significant role in colorectal, breast 
and lung cancers. Trastuzumab, a humanised monoclonal antibody, binds 
selectively to the human epidermal growth factor receptor type 2 (HER2) 
and has improved the prognosis of HER2-positive breast cancer. HER2 over-
expression has been reported in 13–20% of gastric cancers. The ToGA study 
examined the effectiveness of the addition of trastuzumab to chemotherapy 
in patients with HER2-positive gastric cancers and showed a significant 
difference in overall survival in the trastuzumab group compared with 
chemotherapy alone (13.8 months vs 11.1 months, respectively).47 Thus, in 
patients with HER2 overexpression, consideration should be given to treat-
ment with combination.

Intraperitoneal Therapy
Gastric cancer is notorious for its high recurrence rate after curative resec-
tion and for its ability to metastasise via several pathways. Recurrence 
following curative resection is likely due to peritoneal carcinomatosis, and 
certain factors have been associated with peritoneal recurrence, e.g. younger 
patient age, serosal involvement, diffuse type cancer and presence of infil-
trative disease. Although systemic chemotherapy is the treatment of choice 
for disseminated disease, the blood-peritoneal barrier prevents the chem-
otherapeutic agents from achieving their cytotoxic effect. Intraperitoneal 
chemotherapy (IPC) provides the option for administering high doses of 
chemotherapy directly to the peritoneum whilst reducing the systemic 
effects. Intraperitoneal chemotherapy (IPC) can be combined with hypo-
thermia (HIPC) and can also be administered directly after surgery (early 
postoperative intraperitoneal chemotherapy, EPIC). A meta-analysis of, 
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predominantly Asian, studies on IPC, HIPC and EPIC found a significantly 
higher survival for HIPC compared with surgery alone, and HIPC combined 
with EPIC.48 IPC was, however, associated with an increased risk of neutro-
paenia and intra-abdominal abscesses. In Europe, a study on gastrectomy 
and HIPC will shortly begin recruitment. A total of 325 patients with stage IB 
to IV disease with serosal involvement and ≥ 1 positive lymph node and/or 
positive peritoneal cytology will be randomised for three postoperative 
cycles of epirubicin, oxaliplatin and capecitabine (EOC) and a D2 resec-
tion, or three cycles of neoadjuvant EOC followed by a D2 gastrectomy and 
30 minutes of intraperitoneal oxaliplatin.49

Treatment of Locally Advanced Inoperable Disease
Inoperable, locally advanced disease should be treated with palliative chem-
otherapy and may potentially be reassessed for surgery if a good response 
is achieved.

Treatment of Metastatic Disease
Patients with stage IV disease should be treated with palliative chemother-
apy, which has been shown to improve survival over best supportive care 
alone. A meta-analysis showed the significant benefit derived by adding an 
anthracycline to a platinum and fluoropyrimidine doublet.50 ECF remains 
amongst the most active and best-tolerated regimes. The substitution of 
capecitabine (X) for 5-FU (F) and oxaliplatin (O) for cisplatin (C) in the 
ECF regimen was evaluated in a UK National Cancer Research Institute trial 
and demonstrated the non-inferiority between ECF, ECX, EOF and EOX. 
Furthermore, the EOX combination was associated with a longer overall 
survival than ECF (11.2 months vs 9.9 months, respectively) and the inci-
dence of thromboembolic phenomena was also significantly decreased by 
the substitution of oxaliplatin for cisplatin (7.6% vs 15.1%, p =  .0003).51

	 In patients with recurrent disease, hypofractionated radiotherapy is 
effective for the palliation of bleeding, obstruction and/or pain.
	 It is the author’s opinion that palliative gastrectomy should be limited 
to a small, highly selective subgroup of patients who require palliation to 
achieve an adequate performance status that would allow treatment with 
chemotherapy. It goes without saying that such decisions should be made in 
the context of multidisciplinary management and tailored to the individual 
patient.

SUMMARY
Gastric cancer remains an aggressive disease responsible for signifi-
cant cancer-related mortality and, unlike the Far East, still presents at an 
advanced stage in the West. Surgical treatment remains the only chance of 
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cure. Simultaneous pancreatectomy or splenectomy significantly increases 
morbidity and mortality and is not recommended unless there is direct 
organ invasion. A D2 lymphadenectomy can be performed as safely as a 
D1 and provides sufficient lymph nodes for staging. Perioperative chemo-
therapy or adjuvant chemoradiotherapy are considered a standard of care. 
Neoadjuvant radiotherapy or adjuvant radiotherapy alone has yet to be vali-
dated. Currently, therapies such as IPC have not gained acceptance and are 
still being investigated. Regardless of treatment modalities, the fundamen-
tality of a tailored and multidisciplinary approach is unquestionable as it 
maximises the therapeutic options available to patients. Whilst there is still 
much work to be done, advances in knowledge of molecular pathways and 
technology will undoubtedly continue to improve patient outcomes.

Key Points
•	 Advanced gastric cancer is managed with perioperative chemotherapy 

in the United Kingdom. 
•	 Chemotherapy and/or radiotherapy is used in palliation. Rarely should 

surgery be performed.
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INTRODUCTION
Gastro-oesophageal reflux disease (GORD) is caused by excessive reflux 
of gastric contents and sometimes biliary and pancreatic secretions into 
the oesophagus. A multifactorial aetiology underlies it. The importance 
of lifestyle factors in the aetiology of GORD has been re-emphasised in a 
recent systematic review.1 It is also estimated that genetic factors contribute 
18–30% to the cause of GORD.2 Smoking, obesity and consumption of high 
energy rich foods have been associated with GORD. 
	 Some degree of gastro-oesophageal reflux is normal. It manifests as 
physiological burping during transient relaxation of the lower oesophageal 
sphincter (LOS) triggered by gastric distension especially of the fundus. 
Small volumes of gastric contents can reflux into the postprandial oesoph-
agus as seen on pH monitoring in asymptomatic individuals.3 In mild to 
moderate GORD, structural changes at the gastro-oesophageal junction 
(GOJ) reduce the resistance to reflux during the transient relaxations of the 
LOS. In severe cases, a hiatus hernia may be present allowing large volume 
of gastric contents to pass unimpeded into the hiatal sac and then strain-
ing or even deep breathing may be enough to force the contents into the 
oesophagus.4 Other factors that might contribute to the reflux are abnormal 
oesophageal motility and delayed gastric emptying.
	 Pathological reflux leads to typical symptoms of heartburn, upper 
abdominal pain and regurgitation of gastric contents into the oropharynx. 
However, apart from these typical symptoms, many other problems have 
been linked to GORD including dysphagia, hoarseness, non-cardiac chest 
pain, chronic cough, dental decay, pharyngitis and laryngitis. Of concern 
is the causal relation between oesophageal cancer and GORD via Barrett’s 
intestinal metaplasia .The incidence of distal oesophageal adenocarcinoma 
is increasing.5 Contrary to popular belief, the non-acid part of the reflux-
ate has now been shown to have a role in causing oesophageal symptoms. 
Almost half of these patients will continue to have symptoms whilst on acid 
suppression treatment.6
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INITIAL MANAGEMENT
A variety of simple measures have been proposed for management of mild 
symptoms. These include avoidance of precipitating factors like spicy foods, 
alcohol and smoking as well obesity. Although these are rarely effective for 
patients when they present with moderate to severe disease, they should 
form the first line of management.
	 Proton-pump inhibitors (PPIs) are much more effective in relieving 
symptoms and healing oesophagitis than H2 receptor antagonists (H2RA).7,8 
PPIs are associated with a greater rate of symptom relief in patients with 
erosive disease (70–80%) compared with patients with nonerosive reflux 
disease (where the symptom relief approximates 50%).8,9

	 However, patients with severe oesophagitis have a higher failure rate 
with these medications and many patients who do experience good relief 
of symptoms go on to develop “breakthrough” symptoms at a later date, 
eventually requiring an increase in dose. In some of these cases, bile or 
duodenal content reflux may play a role. Patients who respond well to PPIs 
may have to continue medication for life as symptoms recur quite rapidly 
following cessation of medications.10 Options for GORD patients refractory 
to PPIs include addition of a bedtime H2RA, addition of prokinetics like 
metoclopramide, or a trial of baclofen.8,11 The long-term use of PPIs has 
been shown to be safe and effective in spite of reports associating them to 
atrophic gastritis and parietal cell hyperplasia.12-14

Key Points
•	 GORD is very common and is linked to lifestyle factors.
•	 With most functional gastrointestinal disorders it remains important to 

tackle these lifestyle issues. 

INVESTIGATIONS

Endoscopy
Endoscopic examination of the oesophagus is the first diagnostic investiga-
tion in patients with reflux who also have alarm symptoms. Male patients 
>50 years with chronic GORD and obesity have a higher than average risk 
of developing Barrett’s oesophagus and an endoscopy is indicated.15 An 
endoscopy is essential prior to anti-reflux surgery, to exclude any other 
pathologies.

Barium Radiographs
Radiology has important role in the investigation of motility disorders. 
Videofluoroscopy combined with solid and liquid bolus swallows can help 
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in the diagnosis of pharyngeal and upper oesophageal motility disorders. It 
will demonstrate the presence of webs, rings, diverticula and hiatus hernias, 
along with the presence or absence of propagating contractions. 

pH Studies
The development of miniaturised pH catheters, digital recording devices and 
computer analysis software has made prolonged ambulatory pH recordings 
widely available in clinical practice. It allows recording of acid reflux epi-
sodes as they occur and correlates patient symptom with reflux episodes.
	 An oesophageal pH of <4, recorded 5-cm above the LOS (defined mano-
metrically) should be present for <5% in a 24-hour period in normal indi-
viduals.16

	 The prolonged catheter-based pH recording has its drawbacks. The cath-
eter may interfere with eating and about 5–10% of patients are intolerant of 
it. Thus, the modified diet and lifestyle may not be representative of a nor-
mal day reducing reflux provoking activities.17 The Bravo telemetry system is 
an endoscopically placed radiotelemetric capsule, which is better tolerated 
but is more expensive.

Manometry
Manometry is used to aid the placement of transnasal pH-impedance probes 
and is recommended before consideration of anti-reflux surgery primarily 
to rule out significant oesophageal dysmotility. High-resolution manometry 
can detect focal oesophageal dysmotility and measures the oesophagogas-
tric pressure gradient that drives bolus transport; factors linked to improved 
diagnostic accuracy. The presence of weak peristaltic amplitudes or poor 
propagation of peristalsis is not an absolute contradiction to anti-reflux sur-
gery. There is no evidence that a tailored approach to patient selection by, 
for example, choosing a partial fundoplication in patients with poor peri-
stalsis is better.

Oesophageal Impedance Measurement
Multiple intraluminal impedance (MII) is a newer technique to detect the 
flow of gas and liquid through a hollow lumen. MII is often combined with 
pH monitoring to improve detection of pathology. Impedance-pH can be 
used to determine whether the refluxate is acidic, weakly acidic or weakly 
alkaline and can be used over a 24-hour period like pH monitoring. As it 
can detect non-acid reflux, MII-pH is considered the most sensitive method 
for reflux detection.18 MII-pH has also been shown to improve the associa-
tion of symptoms with reflux by 10–20% in GORD.19 This helps stratify those 
patients who may benefit from surgical anti-reflux treatment.20
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Measurement of Duodenogastric Reflux
Although acid reflux is responsible for the bulk of oesophageal symptoms, 
symptoms can occur without acid being detected in the refluxate. The meas-
urement of bile reflux with the Bilitec 2000 recorder (Synectics, Stockholm, 
Sweden) is similar to an ambulatory pH recording. It uses spectrophotom-
etry to detect the absorbance of bilirubin as an indirect measure of bile 
reflux. Studies have shown that bile reflux is only responsible for a minority 
(7%) of symptoms.21

SURGICAL MANAGEMENT

Who to Operate on?
Patient selection for anti-reflux surgery is the key to ensuring a good surgical 
outcome. All patients who undergo anti-reflux surgery should have evidence 
of reflux demonstrated on pH studies. Patients with reflux symptoms and 
negative pH studies should be carefully counselled before embarking on 
surgery.22

	 The GORD patients who wish to discontinue medical therapy may be 
referred for surgery. There are those with large hiatus hernias, reflux with 
respiratory complications and Barrett’s oesophagus with reflux who may 
also be considered.23

	 The best surgical responses are seen in patients with typical symptoms 
that demonstrate good response to PPI therapy, have abnormal pH studies 
with good symptom correlation.24 In this group, long-term remission rates 
can be expected to be comparable and in some cases statistically superior 
to medical therapy. In a long-term follow-up of a randomised controlled 
trial comparing medical to surgical therapy for GORD, 92% of the patients 
in the medical arm were on medical therapy compared with 62% of the 
surgical cohort at 10 years.25 In a 12-year follow-up of patients randomised 
to fundoplication versus omeprazole, 53% of the surgery cohort were in 
remission compared with 45% of the medically treated patients (p =  .02), 
although symptoms of gas-bloat syndrome remained more common in the 
surgical cohort.26 The result of a number of trials comparing laparoscopic 
anti-reflux surgery with medical treatment suggests better symptom con-
trol in the surgery group.27,28 In a Cochrane review, four randomized trials 
with over 1,200 subjects randomized to medical or surgical therapy were 
included. All reported significant improvements in GORD-specific quality 
of life parameters after surgery although data were not combined.29

Key Points
•	 Careful patient workup before offering surgery is vital.
•	 All patients should have thorough oesophageal physiology studies.
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Surgical Procedures
The principle of surgical management is the creation of a mechanical anti-
reflux barrier between the oesophagus and the stomach. It entails mobilis-
ing the lower oesophagus and wrapping the fundus of the stomach, either 
partially or wholly, around the oesophagus and narrowing the hiatus.

Nissen Fundoplication
This is the most commonly performed anti-reflux procedure worldwide. 
The original operation entailed mobilisation of the oesophagus from the 
diaphragmatic hiatus, reduction of any hiatus hernia, preservation of the 
vagus and mobilisation of the posterior gastric fundus behind the oesopha-
gus without dividing the short gastric vessels and performing a complete 
360° wrap of 5-cm length. Most surgeons now agree that a fundoplication 
of 1–2  cm in length achieves an optimal outcome. This is in conjunction 
with a posterior crural repair, which still allows for oesophageal dilatation 
during swallowing.30

Posterior Partial Fundoplication
A variety of partial fundoplications have been described in an attempt to 
minimise the risk of dysphagia and gas-bloat. Toupet described a 270° pos-
terior fundoplication where the edges of the fundus are sutured to the left 
and right lateral wall of the oesophagus, as well as to the right diaphragmatic 
pillar. Lind described a similar procedure with a 300° posterior fundoplica-
tion. 

Anterior Partial Fundoplication
Several anterior fundoplications have been described, with the purpose of 
reducing the incidence of dysphagia and other side effects. Some are his-
toric and rarely performed nowadays (Belsey Mark IV procedure). The Dor 
procedure is an anterior fundoplication (180°), which is performed with a 
cardiomyotomy for achalasia. 	

Surgical Controversies
The relative merits of complete versus partial fundoplication have been 
debated for many years. On one hand, some argue that the “total” Nissen 
procedure has a higher incidence of dysphagia and gas-bloat, but on the 
other hand, it is a more effective anti-reflux procedure. Lundell et al. 
reported that dysphagia rates and reflux control at five-year follow-up 
for a Nissen and posterior partial fundoplication were similar, although 
re-operation was more common after Nissen fundoplication. The results 
were similar even at 11-year follow-up.31 Zornig reported a trial of total versus 
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partial fundoplication on patients with normal and abnormal oesophageal 
motility. A good outcome was obtained in about 90% of patients and short-
term dysphagia was more common after total fundoplications, with no cor-
relation between preoperative oesophageal motility and outcome.32,33 This is 
likely to be where the dysmotility is secondary to reflux. Studies comparing 
Nissen with anterior partial fundoplication have shown similar results.34

	 Further controversy focused on the need to divide the short gastric ves-
sels. There is no strong evidence that dividing the short gastric vessels leads 
to better functional outcomes. In fact, division of the vessels produced a 
poorer outcome due to gas-bloat related events in a single randomised 
trial.35

Key Points
•	 The choice of type of fundoplication remains a personal preference.
•	 Patients should be counselled carefully about the risks of gas bloat and 

dysphagia preoperatively.
•	 The decision to divided the short gastric vessels is often made at the 

time of surgery.

Outcomes After Surgery
The results of several large series with long-term follow-up have confirmed 
that laparoscopic Nissen fundoplication is effective, and at 10 years still 
achieves an excellent clinical outcome in >85–90% of patients. Laparoscopic 
surgery reduces pain and shortens the recovery period after surgery.36,37

	 One of the most common side effects of a fundoplication is gas-bloat 
(15–20%). A recent meta-analysis concluded that the prevalence of postop-
erative dysphagia and inability to belch were significantly lower in patients 
undergoing partial fundoplication compared with patients undergoing a 
total fundoplication.38 Because fundoplication produces a one-way valve, 
patients are usually warned about not being able to belch effectively and so 
need to be cautious about drinking fizzy drinks. Similarly, they may not be 
able to vomit. Consequently, these patients experience an increased passage 
of flatus.39

Complications
Paraoesophageal hiatus herniation is reported in the early postoperative 
period following laparoscopic anti-reflux surgery in up to 7% of cases.40 
Extended oesophageal dissection into the mediastinum during laparoscopic 
procedures, increased risk of breaching the left pleural membrane and less 
postoperative pain are factors, which have been implicated in allowing the 
stomach to slide into the left hemithorax during coughing, vomiting or any 
exertion in the early postoperative period (Figs. 6.1A and B). Routine hiatal 
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repair has been shown to reduce the incidence by almost 80% and excessive 
strain on the repair should be avoided in the early postoperative period by 
the use of antiemetics and avoiding heavy lifting/straining.40

	 Severe early dysphagia requiring surgical revision occurs and conver-
sion from a Nissen to a partial fundoplication or, in extremes, undoing the 

Figs. 6.1A and B: (A) Computed tomographic scan showing migration of the whole 
stomach up into the mediastinum following a fundoplication; (B) Sagittal section showing 
the migrated stomach above the diaphragm. (P: Pylorus; A: Antrum; F: Fundus).

A

B
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fundoplication may be required. A tight “wrap” may be seen on a contrast 
swallow study (Fig. 6.3). More common is a tight diaphragmatic hiatus 
either due to a tight crural repair, which requires a laparoscopic release of 
one or more crural sutures, or due to scarring requiring endoscopic dilata-
tion or laparoscopic division of the hiatal ring.41

	 An intra-operative pneumothorax may occur in up to 2% of patients from 
injury during the retro-oesophageal dissection. This is more common with 
large hiatus hernias and may occasionally need a tube thoracostomy.
	 Injury to the vagus nerve may be responsible for postoperative diar-
rhoea and symptoms of delayed gastric emptying. Iatrogenic oesophageal 
and gastric perforation complicate around 1% of cases in most series. Rarer 
complications, such as, vascular or liver injury, pulmonary embolism and 
bilobed stomach have all been described.30

Key Points
•	 Early paraoesophageal herniation is a rare but problematic compli

cation.
•	 Most patients will experience dysphagia postoperatively. 
•	 Significant dysphagia two months postoperatively requires careful 

investigation.

Failure of Anti-Reflux Surgery
It is difficult to get an accurate estimate of the rates of redo anti-reflux sur-
gery as most studies are of small volume or from a single centre. Lafullarde 
published a reoperation rate of >10% in patients who underwent a fun-
doplication between 1991 and 1994.42 More recently, reoperation rates of 
approximately 5% have been reported.43-45

	 The main reason for failed anti-reflux procedures is inadequate patient 
selection. Other causes of a poor outcome include failure to recognise 
delayed gastric emptying; failure to recognise a short oesophagus or wide 
hiatus; failure to recognise oesophageal dysmotility/endstage reflux disease 
and failure in the technical aspects of the procedure.
	 Common surgical pitfalls include:
•	 The fundus being wrapped around the stomach instead of the oesopha-

gus
•	 Incomplete oesophageal mobilisation to obtain a 2–3  cm of abdominal 

oesophagus
•	 Incomplete mobilisation of the gastric fundus (some cases may neces-

sitate division of the short gastric vessels) resulting in a tight fundopli-
cation

•	 Incomplete crural closure or tight crural stitches leading to strangulation 
of the crural muscles (use of pledgets and meshes is advocated by some).
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	 Horgan et al. described a classification system: Type I failures occur with 
displacement of the GOJ through the oesophageal hiatus with (type IA) or 
without (type IB) the wrap. Type II failures are defined as failure secondary 
to a para-oesophageal hernia. Type III failures occur as a result of malposi-
tion of the wrap at the time of the initial surgery, usually on the cardia of 
the stomach.46

	 Fundoplication failures not included in this classification system also 
include wraps that are too tight or loose, or failures secondary to unrecog-
nized oesophageal or gastric dysmotility.47

Key Points
•	 Surgical failure is linked to poor patient selection.
•	 Technical faults in fashioning the fundoplication should also be 

considered.

Management of Recurrent or 
Persistent Symptoms After Surgery
Patients present with persistent symptoms, recurrent symptoms or new 
symptoms. Persistent symptoms are common in patients with atypical 
symptoms of GORD. Failure to relieve preoperative symptoms is likely due 
to an initial misdiagnosis. Recurrence of symptoms following an initial relief 
after surgery suggests the possibility of a disrupted, slipped or herniated 
fundoplication. New-onset symptoms, like persistent dysphagia, are linked 
to a tight, misplaced or twisted wrap.
	 To clarify the aetiology an upper gastrointestinal barium study (video 
fluoroscopy) and endoscopy is essential (Figs. 6.2 and 6.3). It is often nec-
essary to repeat the 24-hour oesophageal pH study as well. Oesophageal 
high definition manometry can help in the diagnosis of a slipped fundopli-
cation.
	 Laparoscopic revisional surgery is technically challenging. Operative 
times, length of hospital stay and morbidity is greater in revisional surgery 
compared to the primary procedure. Outcomes of revisional surgery are not 
as good as the primary procedure with an increased incidence of gas bloat 
and dysphagia and poorer control of symptoms.47

	 Mediastinal oesophageal mobilisation is essential in patients with a 
shortened oesophagus and sometimes a Collis gastroplasty is required to 
get an adequate length of abdominal oesophagus. A gastropexy to anchor 
the fundoplication to the crura is occasionally used to minimise the risk of 
wrap migration. The use of pledget reinforcement to the crural or gastric 
sutures can help avoid early disruption of the repair.
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Key Points
•	 Revisional surgery is very challenging.
•	 Revisional surgery should be preceded by repeating most UGI inves-

tigations.
•	 Clinical outcomes after revisional surgery are less satisfactory.

Fig. 6.2: Barium swallow showing distal oesophageal holdup proximal to a smooth 
stricture in the region of the wrap. This suggests a very tight fundoplication wrap.

Fig. 6.3: Normal endoscopic appearance of a Nissen fundoplication.
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ENDOSCOPIC PROCEDURES
There have been a few attempts at endoscopic therapies. Procedures 
which narrow the GOJ have disappointing clinical outcomes and more 
recent endoscopic (transoral) partial fundoplication techniques are being 
described with more promise.

Radio Frequency
The Stretta procedure used a device to apply radiofrequency energy to the 
GOJ to cauterise the oesophageal muscle and cause fibrosis, thereby aiming 
to tighten the GOJ. Subsequent randomized trial of the Stretta and sham 
endoscopy showed no difference at six-month follow-up.48

Endoscopic Suturing
The EndoCinch procedure entails the endoscopic placement of two 3-mm-
deep sutures into the gastric mucosal folds immediately below the GOJ, 
to create pleats to narrow the region. However, studies showed that reflux 
was cured in only a minority of patients. In a randomized sham controlled 
trial, symptom scores improved following the EndoCinch procedure, but 
the results did not compare well with the outcomes of laparoscopic anti-
reflux surgery.49

	 The NDO Plicator uses a flexible overtube, which can be retroflexed in 
the stomach. A screw penetrates and retracts the GOJ and full thickness 
plication of the cardia is done to narrow the GOJ. This is secured with a 
special suture. A sham controlled trial actually showed a significant reduc-
tion in oesophageal acid exposure from 10% to 7% at three months, but the 
degree of improvement was inferior to a surgical anti-reflux procedure.50

Endoscopic Fundoplication
EsophyX: The EsophyX procedure aims to construct a fundoplication. An 
endoscope is passed through the device and both are passed transorally into 
the stomach. The endoscope is retroflexed and a screw anchors tissue at the 
GOJ for caudal retraction. A plastic arm then compresses the fundus against 
the oesophagus and multiple polypropylene fasteners are passed between 
the oesophagus and the fundus to anchor them together. Fasteners are 
applied starting from the greater curvature and advancing radially towards 
the lesser curvature to produce a 200–300° anterior partial fundoplication.
	 Clinical experience with this device is limited to a few centres in Europe. 
Limited published clinical studies suggest that in some patients a fundopli-
cation can be constructed. However, the short-term results are still inferior 
to a laparoscopic fundoplication.51

Medigus: The Medigus SRS procedure is another endoscopic construction 
of an anterior partial fundoplication. It uses a purpose built disposable 
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endoscope that contains stapling and ultrasound devices. The tip can retro
flex more acutely than a standard gastroscope, allowing it to meet the side 
of the instrument. The end of the device can be locked to the side, forming 
two halves of a stapler and ultrasound is used to measure the gap between 
the tip and the side, to allow optimum staple placement. The fundus of the 
stomach is stapled to the side of the oesophagus, 2–3 cm above the GOJ.52

NEWER PROCEDURES

LINX Reflux System
The LINX device consists of a series of titanium beads with magnetic cores 
sealed inside. The beads are linked by titanium wires to form a flexible 
and expandable ring with a “Roman arch” configuration. Each bead can 
move independently of the other, creating a dynamic implant that mimics 
the physiological movements of the GOJ without limiting its range of 
motion. The attractive force between closed beads is approximately 40g and 
decreases exponentially with distance. It is available in different sizes and is 
can reach almost twice its diameter when all beads are separated. 
	 For reflux to occur, the intragastric pressure must overcome both LOS 
pressure and the magnetic bonds of the device, creating a resistance to 
opening. This device, whilst augmenting the LOS, allows expansion to 
accommodate a food bolus or the escape of elevated gastric pressure seen 
with belching or vomiting. This provides control of reflux without compro-
mising the physiologic function of the LES.53

	 The LINX device is implanted laparoscopically under general anaesthe-
sia. It is placed in a tunnel between the posterior vagus and the oesophageal 
wall and the opposing ends are then brought to the anterior surface of the 
oesophagus and connected together. It may be performed as a day case.
	 Sphincter augmentation using the LINX Reflux has shown efficacy up 
to 4 years in the reduction of the amount of pathologic oesophageal acid 
exposure in a small number of subjects. This device has been approved 
by the Food and Drug Administration, USA based on a clinical study in 
100 GORD patients. This study found that performance of LINX resulted in 
consistent symptom relief and pH control with markedly fewer side effects 
than traditional laparoscopic fundoplication in well-selected patients.54

EndoStim LES Stimulation System
In selected patients with GORD, electrical stimulation of the LOS results in 
raised LOS pressure without interfering with the LOS relaxation. The stimu-
lation electrodes are placed in the LOS and a pulse generator is implanted 
laparoscopically. LOS stimulation is delivered in 6–12, 30-min sessions each 
day. Initial reports suggest that it reduces oesophageal acid exposure and 
good symptom control at 12-month follow-up.55
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INTRODUCTION
Pancreatic cancer is the 10th most common cancer in the United Kingdom 
and the 13th most common cancer worldwide. However, it is the fifth most 
common cause of cancer-related mortality in the East and the fourth most 
common cause of cancer-related mortality in the West.1-3 Over 8,000 new 
cases of pancreatic cancer are diagnosed every year in the United Kingdom. 
The incidence rate is currently 9.7 per 100,000 in the United Kingdom, with 
its peak between the seventh and eight decades and is rare under the age 
of 40. With a slight bias to younger men and older women, the male to 
female ratio is 1:1.4,5

	 Surgical resection remains the only hope of cure for patients diagnosed 
with pancreatic cancer. It has an overall survival of 0.4%6 to 4%,7 with those 
patients amenable to surgical resection and adjuvant chemotherapy having 
a five-year survival of up to 23%, as reported by the ESPAC1 study.8 As pan-
creatic cancer often presents late, < 20% of patients have surgically resect-
able disease at the time of diagnosis.4 Of the inoperable ones, approximately 
two thirds present with distant metastases and the remaining one third 
with locally advanced disease.9 In one study involving 799 newly diagnosed 
patients only 18% were considered suitable for curative resection, whereas 
no five-year survivors were recorded in the inoperable group.10 Defining 
resectability is therefore one of the most important and crucial aspects in 
the management of pancreatic cancer.

DEFINITIONS
Historically localised pancreatic tumours have been classified as either 
resectable or unresectable. It is primarily the relationship of the pancreatic 
cancer to the vessels that defines resectability. Over the last two decades 
the terms “locally advanced” and “borderline resectable” pancreatic cancer 
have come in to use.
	 To help fully understand what these terms mean it is important to be 
familiar with the TNM staging system, which is listed below.
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Table 7.1: The American joint committee on cancer stage groupings and TNM 
definitions.

Stage TNM Description

0 Tis, N0, M0 Tis = Carcinoma in situ

IA T1, N0, M0 T1 = Tumour limited to the pancreas, ≤ 2 cm in greatest 
dimension 

IB T2, N0, M0 T2 = Tumour limited to the pancreas, > 2 cm in greatest 
dimension

IIA T3, N0, M0 T3 = Tumour extends beyond the pancreas but without 
involvement of the coeliac axis or superior mesenteric artery

IIB T1, N1, M0
T2, N1, M0
T3, N1, M0

N1 = Regional lymph node metastasis

III T4, any N, M0 T4 = Tumour involves the coeliac axis or the superior 
mesenteric artery (unresectable primary tumour)

IV any T, any N, M1 M1 = Distant metastasis

	 Locally advanced pancreatic cancer is described as having left the 
boundaries of the pancreas and invaded locally adjacent structures such as 
major blood vessels, lymph nodes, bowel or the bile duct, without evidence 
of distant metastatic disease. Involvement of locoregional lymph nodes is 
not regarded as a surgical contraindication, whereas if the para-aortic or 
other distant lymph nodes are affected, these should be regarded as metas-
tases. Locally advanced pancreatic cancer may or may not be resectable and 
would include T3 and T4, of the above TNM classification, whereas T1 and 
T2 are considered resectable tumours. 
	 In 2001, Mehta et al. reported a study in which patients were classified 
as “marginally resectable” based on radiographic evidence of partial portal 
vein (PV), superior mesenteric vein (SMV) or mesenteric arterial involve-
ment.11 These radiographic findings were felt to make surgery technically 
challenging to gain a resection margin free of tumour. This study became 
one of the first descriptions of “borderline resectable” disease.
	 Since then two subtly different definitions have become established in 
the current literature. In 2006, the MD Anderson Cancer Center (MDACC) 
group reported their definition of borderline resectable tumours.12 Two 
years later, the American HepatoPancreatoBiliary Association (AHPBA)/
Society of Surgical Oncology (SSO)/Society for Surgery of the Alimentary 
Tract (SSAT) Groups published a Consensus document.13 Both the MDACC 
and the AHPBA/SSO/SSAT groups defined borderline resectable pancreatic 
cancers on the basis of a limited radiographic interface between the tumour 
and the superior mesenteric artery (SMA) (Fig. 7.1) or hepatic artery (HA). 
The definitions from the two groups however differ on the extent of venous 
involvement required to classify borderline tumours, as the MDACC group 
describes any venous involvement as resectable disease and only occlusion 
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of the SMV or PV (with the possibility of reconstruction) as borderline.14 
These two sets of criteria to define borderline disease have ultimately been 
incorporated into the National Comprehensive Cancer Network (NCCN) 
Guidelines for pancreatic cancer treatment. 
	 The current NCCN Criteria for resectability of pancreatic cancer are 
listed below and describe the differences between resectable, borderline 
resectable and unresectable pancreatic cancer.15 Recently, these criteria 
have also been supported and recommended by the International Study 
Group for Pancreatic Surgery.16

Resectable
•	 Arterial: Clear fat planes around the coeliac axis (CA), SMA and HA.
•	 Venous: The SMV or PV abutment but no distortion of the vessels.

Borderline Resectable
•	 Arterial (Head of Pancreas): Gastroduodenal artery encasement up to 

the HA with either short segment encasement or direct abutment of 
the HA but without extension to the CA. Tumour abutment of the SMA 
<180° of the circumference of the vessel wall. 

•	 Arterial (Body/Tail of Pancreas): Less than 180° involvement of the 
circumference of the CA. 

•	 Venous: Venous involvement of the SMV or PV with distortion or narro
wing of the vein or occlusion of the vein with suitable vessel proximal 
and distal, allowing for safe resection and replacement (Fig. 7.2).

Fig. 7.1: Coronal computed tomography (CT) demonstrates involvement of the lateral 
wall of the superior mesenteric artery (SMA) for approximately 180°. Patient was 
considered “borderline resectable” and is currently having neo-adjuvant chemoradio
therapy.
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Unresectable
•	 Arterial (Head of Pancreas): Greater than 180° encasement of the 

circumference of the SMA or any CA abutment.
•	 Arterial (Body/Tail of Pancreas): SMA or CA encasement >180°.
•	 Arterial (Any Part of the Pancreas): Aortic invasion or encasement.
•	 Venous: Unreconstructable SMV and/or PV. 
•	 Nodal Status: Metastases to lymph nodes beyond the field of resection 

should be considered unresectable.

	 The ambiguity of terms such as “abut” or “encase”, used within both 
the MDACC and AHPBA/SSO/SSAT classification systems as well as in the 
NCCN guidelines, has caused some difficulty in standardising radiological 
reports.12,14 To simplify and standardise the language to describe borderline 
resectable pancreatic cancer, the Alliance for Clinical Trials in Oncology/
Southwest Oncology Group/Eastern Cooperative Oncology Group and the 
Radiation Therapy Oncology Group have recently proposed an alternative 
definition. This definition is currently being used in a pilot study of border-
line resectable pancreatic cancer (Alliance Trial A021101). 
	 According to this definition borderline resectable pancreatic cancer 
must meet one or more of the following:12

	 1.	An interface exists between tumour and the SMV or PV measuring 
≥ 180° of the vessels wall circumference, and/or reconstructable venous 
occlusion.

	 2.	An interface exists between tumour and the SMA measuring < 180° of 
the vessel wall circumference. 

Fig. 7.2: Coronal CT demonstrating superior mesenteric vein (SMV) involvement, with 
short segment of occlusion of the portomesenteric vein. Biliary dilatation is noticed 
as the tumour is obstructing the distal bile duct.
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	 3.	A reconstructable, short-segment interface of any degree exists between 
tumour and the common HA.

	 4.	An interface exists between tumour and the coeliac trunk measuring 
< 180° of the vessel wall circumference.

	 In summary, borderline resectability is determined by minimal arterial, 
and up to, more extensive venous involvement, which might preclude a 
potentially curative resection. Resectional surgery should aim to achieve 
complete tumour clearance (R0), although several studies have shown that 
the resection margin status is not the most important prognostic indicator, 
with patients undergoing R0 and R1 resections having a similar survival.17-20

	 The role of neo-adjuvant oncological treatment in patients with bor-
derline pancreatic cancer is still not defined, with different studies 
suggesting a survival benefit and higher R0 rates with preoperative chemo-
therapy, radiotherapy or a sequential combination of both.11,21-24 In 2013, 
Takahashi et al. highlighted the potential benefit of neo-adjuvant chemo-
radiotherapy in borderline resectable pancreatic cancer. They reported 
54% of patients in the borderline resectable group were resected post 
neo-adjuvant chemotherapy with a 98% R0 resection rate. This produced 
a 34% five-year survival rate in this group.25

	 An international RCT, the ESPAC-5 trial (ISRCTN89500674), is currently 
recruiting patients with borderline resectable pancreatic cancer, randomised 
to surgery versus neo-adjuvant oncological treatment followed by surgery.

•	 TNM Classification used for staging pancreatic adenocarcinoma.
•	 Borderline resectability based on interface between tumour and vascu-

lar structures.
•	 Different criteria have been suggested to define borderline resectable 

disease but NCCN guidelines most frequently used.

INCREASING RESECTABILITY RATES
Survival for pancreatic cancer has not changed in the last 40 years. However, 
with advancement in surgical technique and improvement in perioperative 
care surgical mortality has reduced to < 5%. In high volume, specialised 
centres, postoperative mortality rates of 2–3% have been reported.26 To try 
and increase resectability and improve the long-term survival for patients 
with pancreatic cancer, extensive surgical procedures have been developed, 
mainly involving vascular reconstruction techniques. The journey to this 
point has not been straightforward or without complication.
	 Birkmeyer et al.26 first reported aggressive surgery for borderline resect-
able pancreatic cancer with the first SMV resection and reconstruction in 
1951. Asada et al. followed this by performing a radical pancreaticoduo-
denectomy (PD) and PV resection in 1963.27 In 1973, Fortner first described 



92  Section 2: Upper GI Surgery

the regional pancreatectomy. This involved a total pancreatectomy, radical 
lymph node clearance, combined PV resection (type 1) and/or combined 
arterial resection and reconstruction (type 2).28

	 Due to the higher morbidity and mortality associated with these techni-
cally demanding and complex operations, and with no discernable benefit 
in survival, the West temporarily abandoned this aggressive surgical practice. 
More recently, however, to improve resectability rates of pancreatic cancer, 
there has been growing interest in revisiting these procedures by experi-
enced teams, in high volume centres and in selected cohorts of patients.

Venous Resection
Venous involvement by pancreatic cancer is not considered a contraindica-
tion to surgical resection. In 2004, Yekebas et al.29 demonstrated a periopera-
tive mortality and long-term survival similar to those reported in patients 
undergoing conventional surgery with no PV resection. 
	 However, a pancreatic resection requiring venous reconstruction is tech-
nically challenging and may be associated with a higher morbidity. Despite 
the evidence from Tseng et al. there was concern amongst surgeons as to 
the feasibility of the procedure.
	 These concerns were tackled by Zhou et al. in 200830 and Siriwardana and 
Siriwardena et al.,31 with a meta-analysis in 2012, when they reported that 
there was no statistically significant difference in intraoperative blood loss 
and transfusion requirement between patients undergoing pancreatic resec-
tion with and without PV reconstruction.29,30

	 In support of this Ravikumar et al. have recently published a large UK 
multicentre retrospective cohort study comparing, PD with venous resec-
tion (PDVR) and surgical bypass for T3 adenocarcinoma of the head of the 
pancreas. Morbidity was similar between the PDVR and PD groups, with 
only delayed gastric emptying and patients requiring blood transfusion 
being greater in the PDVR group.9

	 With the technical and safety aspects of these procedures placed to one 
side, outcomes needed to be addressed. 
	 In 2006, Siriwardana reported a large systematic review of 1646 patients 
who had undergone portal-SMV resection during pancreatectomy for 
cancer. They concluded that, with the high rate of nodal metastases and the 
low five-year survival rates, once the PV is involved cure is unlikely even 
with radical surgery.31 This paper may be criticised as many of the series 
had only a few cases reported, the review covered a long historical period 
when surgical technique was different and most importantly approximately 
15% of the series included patients with simultaneous venous and arterial 
resections.
	 The implication of this systematic review is one of surgical futility if there 
is venous involvement. Reports have disputed this view as patients with 
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stage III pancreatic cancer have a median survival time of 10–12 months, 
shorter than the median survival reported in many series of PV resection 
for pancreatic cancer.9,17,32 Indeed, to date, several studies have shown that 
PV resection in patients with pancreatic cancer has comparable survival 
to standard pancreatectomy and is a safe procedure when performed in 
specialist HPB Units. Most importantly, it confers a survival advantage over 
surgical palliation, as demonstrated also by two randomised controlled 
trials. 
	 In the first one, Lygidakis et al. compared en bloc splenopancreatic and 
venous resection versus palliative gastrobiliary bypass and reported two-year 
survival rates of 81.8% and 0%, respectively,33 whereas the randomised con-
trolled trial by Doi et al. in 2008 was closed early when interim analysis 
showed a clear survival benefit for PDVR with chemoradiotherapy com-
pared with chemoradiotherapy with or without a surgical bypass.34

	 This led an expert consensus statement to conclude that PDVR and 
reconstruction is the standard of practice for pancreatic adenocarcinoma 
locally involving the PV/SMV, providing that adequate inflow and outflow 
veins are present, the tumour does not involve the SMA or HA and an 
R0/R1 resection is reasonably expected (Figs. 7.3A and B).35,36 

Arterial Resection
Since the original description from Fortner in 1973 several authors have 
published their experience of arterial resection in borderline resectable 
pancreatic cancer. 
	 In 2007, Hirano et al. reported their long-term follow-up for patients 
undergoing distal pancreatectomy with en bloc CA resection (DP-CAR) 
(Figs. 7.4A and B). They reported one-year and five-year survival rates of 
71% and 42%, respectively, and concluded that DP-CAR offers a high R0 
resectability rate and may potentially achieve complete local control in 
selected patients.37 
	 Bachellier et al., in 2011, matched a group of patients undergoing 
pancreatectomy with arterial resection to conventional pancreatectomy and 
demonstrated similar three-year survival rates.38 Also in 2011, Bockhorn et al. 
reported one of the largest series on pancreatectomy with simultaneous 
arterial resection (n = 29) and concluded that there was no overall difference 
in disease-specific survival for patients who underwent arterial reconstruc-
tion versus those patients who underwent pancreatectomy alone. Also both 
resection groups had better survival than the non-resected patients who 
underwent a palliative bypass.39 Despite these positive reports, to date there 
is not sufficient evidence to suggest arterial resection as a standard of care 
in patients with borderline disease.
	 Mollberg et al. also, in 2011, summarised the experience of pancrea-
tectomy with arterial resection in a systematic review and meta-analysis. 
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B

This report included 26 studies, a total of 2609 patients, with conside
rable heterogeneity between them. Three hundred and sixty-six, out of the 
2609 patients underwent an arterial resection and reconstruction in con-
junction with a pancreatectomy. 
	 The results of the review suggested a significantly increased periope
rative morbidity and a mortality rate compared with the one observed 
in patients undergoing standard pancreatectomy. A subgroup analysis 
confirmed this risk when arterial resection was compared with the PV 
reconstruction. 

Figs. 7.3A and B: (A) Axial section showing extensive involvement of portomesenteric 
vein with bile duct stenting. (B) Whipples procedure has been performed with 
reconstruction of the portal vein, using an interposition graft from the internal jugular, 
and re-implantation of the splenic vein.
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	 Significantly poorer survival outcomes at one year (49.1%), three years 
(8.3%) and five years (0%) were also demonstrated in this study. However, 
a potential medium term survival benefit was suggested when comparing 
pancreatectomy with arterial resection to medical palliation.35

	 The study by Mollberg et al. is a detailed analysis of the available data 
from 1973 to 2010. The conclusion is that for tumours involving the arterial 
structures, including the SMA and the common HA, arterial resection may 
be justified in highly selected patients, preferably in the context of studies 
involving neo-adjuvant protocols of chemo and radiotherapy. A prospective 

Figs. 7.4A and B: Axial computed tomography (CT) demonstrating soft tissue 
around the coeliac axis (A). Patient underwent a distal pancreatectomy with en-bloc 
coeliac artery resection after sequential neo-adjuvant chemotherapy and chemora
diation (B).
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registry to allow accurate analysis of outcome data for patients undergoing a 
pancreatectomy with arterial resection was also proposed. This is currently 
being developed and is part of a multicentred prospective study.40

•	 Resectability rate can be increased by extending surgical indications, 
particularly in patients with borderline disease.

•	 Portomesenteric venous reconstruction should be the standard of care.
•	 Arterial resection still controversial and appropriate only within pro-

spective studies in highly selected patients.

CONCLUSIONS
Although borderline pancreatic cancer currently encompasses both arte-
rial and venous involvement, the two types of vascular reconstruction have 
completely different risks and outcomes.
	 The first is widely accepted as a standard of care in patients with radio-
logical abutment or even encasement if a surgical option to reconstruct the 
vessel exists. The second, on the other hand, is highly controversial with 
very few centres performing this type of surgery. Newly designed prospec-
tive studies integrated with medical oncological treatments will hopefully 
provide an answer in the near future as to whether arterial resection should 
be performed in patients with pancreatic cancer.
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INTRODUCTION 
Laparoscopic colorectal surgery has led the way to the establishment of 
the enhanced recovery programme (ERP) or “fast track” pathway as it is 
sometimes known. Indeed, its demonstrated success in colorectal surgery 
has allowed it to be adopted into a wide range of allied surgical specialities.
	 From its conception in early 2000, Kehlet coined the phrase “ERP” and 
published his remarkable findings reducing operative morbidity and reduc-
ing length of stay to a minimum.1 The combination of the ERP and laparo-
scopic surgery are synergistic and to this day the vast majorities of colorectal 
units in the United Kingdom follow an abbreviated form of the original ERP.

What Is the ERP?
Traditional hospital stay of 10–14 days for major bowel resection had been 
accepted as the normal practice until fairly recently. However, in 2000, Basse 
and Kehlet3 described a clinical pathway to accelerate recovery after colonic 
resection, which dramatically cut down length of stay. Their study described 
a median stay of two days with a readmission rate of 15%.
	 After study and development a consensus on what the ERP core protocol 
contained was formed by Fearon et al. in 2005.2

	 The principles of care are based on:

	 1.	Preoperative interventions
	 2.	Perioperative interventions
	 3.	Postoperative care.

	 Enhanced recovery following colorectal surgery aims to minimise the 
stress response on the body and return gut function as rapidly as possible. 
It can be thought of as a combination of elements, which together reduce 
the morbidity and length-of-stay postcolorectal resection. Many of the inter-
ventions aim to address postoperative ileus, which is a major hurdle to 
overcome for recovery following colorectal surgery. In addition to minimis-
ing the stress response to surgery the aim is to speed recovery and return 
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to normal function, thus minimising complications and improving overall 
outcomes. Over the last decade there has been an increasing consensus as 
to what denotes an ERP. It is important to stress that a multidisciplinary 
approach is mandatory for enhanced recovery after surgery (ERAS) to func-
tion. This must incorporate willingness from hospital staff as well as the 
patient and the relatives. A relatively recent role is that of the “Enhanced 
Recovery Nurse Specialist”. They are central and coordinate the multi-modal 
aspects of care including input from allied specialities such as the wards 
nurses, pain team, dieticians and physiotherapists. 

Preoperative Interventions 
Major surgery produces a stress on the body, which leads to increased meta-
bolic demand and nitrogen consumption. Typically, the patient will be in 
a catabolic state for the first few days postoperatively and will lose lean 
muscle mass rapidly as the body tries to replenish its nitrogen stores. 
	 The introduction of “carbohydrate loading” two hours preoperatively 
decreases postoperative insulin resistance and negative nitrogen balance, 
thus reducing postoperative complications. Several randomised trials have 
shown this benefit along with the importance of maintaining postoperative 
oral nutrition as well.4 
	 Patients find bowel preparation difficult to tolerate and troublesome to 
manage. Along with the dehydration and potential renal sequelae of the 
mass osmotic loss of fluids, patients themselves find the discomfort and 
disturbance the night prior to their surgery impacts on their physical and 
emotional status. It stands to reason that “a good night’s sleep” before major 

Fig. 8.1: Principles of ERAS.
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surgery should be sought if at all possible. Multiple systematic reviews and 
meta-analyses have assessed the role of bowel preparation and concluded 
that mechanical bowel prep does not reduce anastomotic leakage and may 
increase wound infection rates.5

	 Most surgeons now use bowel preparation for patients undergoing ante-
rior resection and total mesorectal excision (as a column of faeces between 
the stoma and defunctioned anastomosis could theoretically increase the 
chance of anastomotic dehiscence). For left sided or high rectal anastomo-
ses a simple enema at the time of surgery is employed.

Key Points
Preoperative care incorporates optimisation of the patient, ensuring 
adequate hydration and minimisation of starvation. 
•	 Admission on the day of surgery.
•	 Judicious use of bowel preparation.
•	 Carbohydrate pre-loading.
•	 Careful counselling of the patient.

Perioperative Care
Perioperative care starts with minimising the insult of surgery. With the 
advent and progress of laparoscopic surgery, wounds are now much smaller, 
access to parts of the abdomen that previously would have needed larger 
incisions can be accomplished with incisions that do not need closing. There 
is less tissue manipulation, retraction and stress.6 This facilitates reduced 
anaesthetic and analgesic requirements. This in turn leads to reduced bed 
rest and an earlier return to normal function.
	 The laparoscopic approach is only a facet of the ethos of enhanced 
recovery. Certainly, it lends itself to the programme but in no way does an 
operation not performed laparoscopically (wholly or partly) exclude itself 
from using the tools of enhanced recovery. As discussed earlier enhanced 
recovery is making its way into all the surgical specialities and is not con-
fined to colorectal resection solely.
	 The perioperative preparation starts in the anaesthetic room. The 
anaesthetist plans the anaesthetic in close conjunction with the surgeon. 
Consideration is given as to the type of agents used; pre-medication is 
now avoided; agents with long half-lives and opiates are minimised. The 
patient is minimally starved and is relatively well hydrated. Perioperative 
analgesia is planned; mid-thoracic epidural or transversus abdominus plane 
blocks and patient controlled analgesia (PCA) are selected depending on 
the unit’s preference. There are issues however with epidural anaesthesia. 
Hübner et al. randomised 128 patients to Epidural vs PCA and found the 
epidural arm to slow down recovery and increase the need for vasopressor 
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support.8 Patient pain scores on day one were unchanged. Combined with 
the accepted 10% failure rate of epidurals they concluded that this mode of 
anaesthesia should not be recommended. Total intravenous anaesthesia is 
becoming more commonplace, and agents such as remifentanil have ultra-
short half-lives of 4 minutes leading to a “fast on, fast off” effect. Other 
methodologies exist such as single shot spinal anaesthesia, infusion cath-
eters and peripheral antagonists, but the principle remains the same, i.e. 
one should aim for a comfortable patient postoperatively who is able to 
return to function rapidly.
	 Nasogastric drainage and postoperative drains should be avoided if 
possible. This aids early patient mobillisation. No benefit for routine anasto-
motic drainage has been found by a recent Cochrane review.7 Intra-operative 
use of noninvasive monitoring should be used for goal directed fluid 
replacement. Central venous and arterial line catheters are no longer stand-
ard for the American Society of Anaesthesiologists grade I and II patients.
	 Fluid balance is a topic of much controversy with many contradictory 
findings from trials. However, the evidence is clear that gut function and 
tissue healing, morbidity and hospital stay are adversely affected by the 
overuse on intravenous fluid therapy.9 This along with Brandstrup’s10 work 
shows a clear survival benefit in those patients who are fluid restricted as 
opposed to those that receive large sodium and volume loads. It was shown 
that a patient who received < 2  L and 77 mmol of sodium per day had 
improved gastric emptying and reduced complications. It is not clear as to 
the cause of this effect, but we must remember that during surgical stress 
the body retains salt and water via anti-diuretic hormone and renin–angion-
tensin–aldosterone pathways. Goal directed fluid therapy intra-operatively 
optimises cardiac output and improves outcome.11 Use of trans-oesophageal 
Doppler allows for the measurement of stroke volume and cardiac output. 
Its use has been validated to give accurate changes in cardiac output as 
opposed to an absolute true value. Fluid therapy can then be directed at 
keeping pre-load optimised (and hence Starling’s curve within its maxi-
mal contractility) to reduce the work of the myocardium. It is now routine 
to administer relatively small amounts of colloid frequently whilst guided 
by the oesophageal Doppler readings. An important point to note is that 
postoperative hypotension should never be blamed on the epidural anaes-
thesia, a surgical cause should be excluded in the first instance. Although 
commonplace, hypotension due to epidurals is caused by the blocking of 
sympathetic fibres in the epidural space. This causes dilation of peripheral 
blood vessels and decreased peripheral vascular resistance. If longstand-
ing hypotension is problematic then vasopressors are a better compensator 
then large volumes of fluid. Decreasing the epidural rate to allow the patient 
to feel pain is never a solution.
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	 Surgical technique is evolving to produce minimal trauma to the patient. 
Often though a surgeon’s desire for minimising the scar or extraction site 
can lead to overcomplicating the operation itself. Therefore, a balance needs 
to be met with minimally invasive surgery including the total operating time, 
number of ports, extraction site size, benefit to the patient, etc. Specimen 
extraction should be accomplished by the smallest incision possible such as 
transverse incision for colonic resections and either a modified Pfannenstiel 
or lower midline for rectal resections. Infra-umbilical incisions are prefer-
able as they cause less postoperative pain. 

Key Points
•	 Tailor the type of anaesthesia to the patient and operation.
•	 Avoid long-acting opiates.
•	 Laparoscopic surgery reduces the overall stress response.
•	 Goal directed fluid therapy reduces complications.

Postoperative Interventions
As described adequate pain relief is essential. The patient must be motivated 
and pain free to do the things we ask of them. A well-sited epidural, mini-
mal tissue handling, small surgical scars and no “tubes” to tie the patient 
down are all beneficial. Early mobilisation with the patient sitting out of bed 
the following postoperative day is desirable. An established care plan with 
motivated staff who can guide and encourage the patient provides the best 
care. We find the establishment of colorectal nurse specialists who visit the 
patient daily and monitor progress invaluable.
	 Early feeding is a cornerstone of ERAS and discontinuation of IV fluids 
should be done as soon as feasible. Commencement of carbohydrate drinks 
should supplement normal dietary intake. The patient should be monitored 
for early postoperative complications and rapid intervention offered.
	 Patients should be monitored for the development of an ileus, and if 
identified oral feeding should be curtailed and supportive measures put in 
place such as IV fluid replacement with high concentrations of electrolytes 
along with nasogastric drainage. Discharge planning should commence as 
early as possible. After discharge telephone follow-up at 24 hours is arranged 
with the Nurse Specialist. This gives the patient confidence that they are still 
under an umbrella of care. Patients also have ease of access to the surgical 
team via the ERAS Nurse Specialist and can have close follow-up and rapid 
assessment if not progressing along the expected path.

SPECIAL CONSIDERATIONS
Many surgeons apply ERAS selectively and proportionally. Whilst this is 
not incorrect and we feel a proportionate response is merited as one can 
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sometimes predict, which patient will tolerate the protocol and which will 
not. This comes with experience but we feel that elements of ERAS can be 
beneficial to all patient groups. 
	 Application of ERAS in the elderly has been hitherto thought of as 
unwise. Bagnall et al.12 performed a systematic review, which included the 
findings of 16 studies. They found ERAS to be safe in the elderly population 
(> 65) with ERAS promoting a reduction in complications and shortened 
length of stay.
	 Many of the randomised controlled trials that have looked into the effi-
cacy of ERAS are critical of the readmission rate. However, a recent sys-
tematic review by Nicholson et al.13 looked at over 5,000 patients. They 
concluded that there was a reduction in the length of stay, a reduction in 
the 30-day complication rate but no difference in all cause mortality, major 
complications or readmission rate.
	 Enhanced recovery following colorectal resection has delivered a frame-
work with which patient centred care can flourish. It divides the patient 
journey into stages and ensures the surgical stress inflicted onto the patient 
is minimised. However, one should remember that although all of the 
interventions are recommendations to the patient, and have been proven 
to shorten stay, minimise risk and reduce morbidity, a tailored approach 
with the patient’s abilities and wishes should be employed. 
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INTRODUCTION
Despite being one of the oldest reported medical conditions, the man-
agement and treatment of anal fistula is still evolving. The prevalence of 
the disease is unclear as the majority of epidemiological studies cite inci-
dence within poorly defined populations. There are well-documented links 
between fistula-in-ano and Crohn’s disease; however, the majority of fistu-
lae seen in clinical practice are cryptoglandular in origin. Whilst cryptog-
landular fistulae are perceived to be easier to manage, they can still be a 
challenge to treat; the management of this type of fistula will be the focus 
of this chapter. Anal fistulae caused by carcinoma, tuberculosis, HIV and 
other infections are rare, but they do need to be considered in unusual or 
persistent disease.

PATHOGENESIS
Fistula are believed to be infective in origin, although recent evidence 
suggests that there is a paucity of bacteria found within fistula tracts and 
chronic bacterial infection may not be the pathological process that leads 
to maintenance of the disease.1 Despite this, the cryptoglandular theory, 
based on the studies performed by Tucker, Hellwig and Eisenhammer is 
still central in our understanding of the how fistulae are initially formed. It 
is believed that anal sepsis originates from cystic dilatation of anal intra-
muscular glands due to blockage of draining ducts. This leads to formation 
of an intersphincteric abscess that then tracks in the direction of the lon-
gitudinal anal muscle as its fibres penetrate into the internal and external 
anal sphincter muscles. Around 40% of patients presenting with an acute 
perianal abscess will develop a chronic fistula after incision and drainage.2

DIAGNOSIS
Initial management of fistula-in-ano involves establishing the diagnosis, 
delineating the anatomy and planning subsequent surgical management. In 
the majority of patients a single primary fistula tract exists and the anatomy 
can be determined by examination under anaesthesia (EUA) adhering to 
the principles described by Goodsall. A thorough preoperative assessment 

9
Chapter

Management of 
Fistula-in-ano

Clarisa Choh, Claire Warden, Thomas Dudding



Chapter 9: Management of Fistula-in-ano  109 

with the patient awake is mandatory as sphincter length and integrity may 
be difficult to evaluate during anaesthesia. Asking the patient to voluntarily 
contract the external anal sphincter will demonstrate the levator plate and 
the anorectal junction. The lower border of the internal anal sphincter and 
intersphincteric groove can also be palpated and an estimation of internal 
and external anal sphincter length obtained. The external anal sphincter 
is deficient in the anterior upper third of the anal canal and may lead to a 
significantly shorter functional sphincter than would be expected by pal-
pation of purely the posterior sphincter. The location of the external and 
internal opening or openings should be determined, and the primary tract 
can usually be palpated as a fibrous cord in the perianal area. Induration 
may be found in the anal canal at the site of the internal opening and on 
palpation of the tract pus may be expressed. Induration in the pararectal 
space is suggestive of supralevator extension of a primary or secondary tract. 
In some instances the use of high-resolution anorectal manometry can be 
useful in assessing preoperative sphincter function and length. This may 
aid decision making about whether fistulotomy may be safely performed.

Key Points
•	 A thorough clinical examination of the patient whilst awake and under 

general anaesthesia is essential in the assessment of fistula-in-ano.
•	 Determination of sphincter length, integrity and function is mandatory 

prior to consideration of fistulotomy.

IMAGING
The role of imaging is to assist with the identification of complex fistulous 
tracts and attempt to accurately define the anatomical relationship of the 
tracts to the anal sphincter muscles. This is thought to allow greater accu-
racy in surgical drainage and enables the surgeon to assess the potential risk 
of sphincter injury. Magnetic resonance imaging (MRI) and endo-anal ultra-
sonography are the most commonly used modalities. Recent meta-analysis 
however concluded that whilst imaging demonstrates adequate sensitivity 
in the detection of fistula, the specificity is diagnostically poor and gains lit-
tle information over that observed during EUA.3 Further studies are required 
to clarify the utility of these radiological tools. 
	 Serial MRI may play a more important role in assessing outcomes of 
medical therapy in the treatment of Crohn’s fistulae with anti-TNF agents. 
The EUA allows the use of fistula probes or hydrogen peroxide infiltrated 
into the tract to aid identification of the internal opening. The presence 
of secondary tracts is more difficult to evaluate and in some cases, if the 
anatomy is unclear, radiological assessment may be required to aid diag-
nosis. In the majority of simple fistulae however, radiological evaluation is 
not required.
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Key Point 
•	 Magnetic resonance imaging has poor specificity in defining the rela-

tionship of anal fistula tracts and should only be used in patients with 
complex fistulae in whom the anatomy is unclear during EUA.

CLASSIFICATION
Once the relationship of the fistula tract to the internal and external sphinc-
ters is established, the type of fistula can be documented using Parks’ 
classification. Fistulae may be classified as high or low based on the amount 
of sphincter that lies below the tract. Traditionally, based on anatomical 
texts the dentate (pectinate) line lies at the junction between the lower one 
third and upper two-thirds of the anal canal and thus a fistula originating at 
or below this line is termed a low anal fistula (<30% sphincter involvement). 

INITIAL TREATMENT
The goal of all fistula management is to control the sepsis and if possible, 
eradicate the tract whilst minimising the risk of faecal incontinence and 
recurrence. Fistulae may cause minimal symptoms or incapacitating pain 
and discharge and management has to be tailored to the patient taking into 
account the severity of their symptoms and their willingness to tolerate their 
symptoms or risk incontinence.
	 After defining the anatomy of the fistula tract or tracts, traditionally the 
initial goal of management has been to drain any sepsis and when pos-
sible eradicate the tract via fistulotomy, fistulectomy or a combination of 
both. Whilst many authors deem the laying open of low anal fistulae to be 
“safe”, anatomical variation between patients needs to be considered. In 
some patients the sphincter is very short (<1  cm) and caution should be 
adopted, especially in female patients with anterior fistula tracts. 
	 The risk of faecal incontinence increases with the complexity of the fis-
tula. The more sphincter muscle included in the fistulotomy the higher the 
risk of incontinence.4 In one large retrospective study, the risk of inconti-
nence after fistulotomy for intersphincteric and trans-sphincteric fistulae 
was 37% and 54%, respectively, with higher rates seen with suprasphincteric 
and extrasphincteric fistulae.5 Females are more likely to develop impaired 
continence following surgery when compared to males because of the 
shorter sphincter complex.5 The risk of incontinence may be lower in those 
for whom the EAS is not divided.6 
	 Whilst fistulotomy is the most effective cure for fistula-in-ano, if it cannot 
be safely performed then a loose seton is often placed. In the case of a trans-
sphincteric fistula the external component of the tract can be laid open or 
excised to the external anal sphincter in an attempt to reduce pain and aid 
drainage. The implication and risks of more advanced surgical procedures 
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can then be discussed with the patient before proceeding with any further 
intervention. Some patients will be content with a loose seton as acceptable 
definitive long-term management. In others, especially those with Crohns, 
this may be the preferred clinical option if the risk of incontinence or recur-
rence is high.
	 Cutting setons cause patient discomfort and appear not to eliminate the 
risk of incontinence and therefore are now seldom used. As many as two 
thirds of patients develop incontinence to flatus or liquid stool and one 
third to solid stool after use of a cutting seton, although this may reflect the 
complexity of the fistula for which the seton is used to treat.7,8

Key Point 
•	 A loose seton can be an acceptable long-term treatment for patients 

who do not wish to risk incontinence resulting from surgical interven-
tion to the anal sphincters. 

ADVANCED TREATMENTS
Simple fistulae are effectively treated by fistulotomy. Advanced treatments 
are developed to deal with complex tracts (Flowchart 9.1). Complex fistula 
surgery often involves staged procedures if more than one third of the 
sphincter muscle is involved or there are multiple external orifices. The 
initial operation is often insertion of a loose seton to allow drainage and 
control infection.
	 The emphasis of recent advances in surgical technique has been to pri-
marily eradicate the source of ongoing infection by isolation of the tract 
from the anal canal and removal of granulation tissue from the chronic 
epithelialised lining of the tract whilst minimising trauma to the sphincter 
muscles (sphincter-sparing measures). Treatments can be classified into 
those that aim to fill the fistula tract, those that aim to ligate the tract and 
those that aim to eradicate the tract via an endoluminal approach. Reported 

Flowchart 9.1: Flowchart to show the current treatment options used for complex 
fistula-in-ano where a long-term seton or fistulotomy is deemed to be an unacceptable 
solution.



112  Section 3: Lower GI Surgery

benefits of most treatments are derived from uncontrolled case studies that 
report retrospectively on only short-term outcomes. In many cases, hetero-
genicity of fistula type and aetiology makes comparison of different treat-
ment modalities difficult. Smoking, diabetes and obesity appear to adversely 
affect the outcome of complex fistula surgery. 

FILLING THE TRACT
Two treatments, glues and plugs, are simple to use, relatively inexpensive, 
and can be repeated, which may improve success rate (Table. 9.1).
	 Many clinicians advocate their use before other more invasive surger-
ies as they avoid the risk of incontinence, and create minimal stress for the 
patient. 

Glues
Fibrin glue is the most popular compound used. This biological glue, made 
of fibrinogen, thrombin and other clotting factors, is injected into a pre-
pared anal fistula tract in an attempt to seal it. Although numerous small, 
uncontrolled studies appear encouraging, meta-analysis has confirmed that 
healing only occurs in 50–60% of patients.9,10 Results appear to be better 
when the glue is used in patients with simple fistulae.10 A study performed 
by Singer, which considered antibiotics mixed in with fibrin glue, dem-
onstrated no difference in healing rate.11 Although healing at the external 
opening often is witnessed, only a small proportion of patients achieve clini-
cal or radiological healing.12 Future advances may relate to adding stem 
cells to the glue to help accelerate healing. In a randomized controlled trial 
comparing glue versus glue and stem cells in patients with cryptoglandular 
and Crohns fistulae, the use of stem cells appeared to significantly increase 
the rate and success of healing. Recurrence however still occurred in some 
patients in the medium term.13 Further data are required to support the use 
of this expensive treatment prior to utilisation in routine practice.

Anal Fistula Plug
The anal fistula plug is made up of synthetic polymers that provide a scaf-
fold to promote tract healing using a sphincter-preserving approach. It is 
positioned from inside the anus with sutures and conforms to the tract. A 
mucosal flap can be raised and used to cover the internal opening. There 
is wide variation in the reported effectiveness of fistula plugs although sys-
tematic review suggests that the proportion of patients achieving closure is 
likely to be in the region of 55% in both cryptoglandular and Crohn’s fistu-
lae.14 Although a loose seton is often placed prior to a staged plug insertion, 
Chan et al. found that a successful outcome was more likely achieved 
in patient in whom no previous intervention had been performed.15 
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Complications can include plug dislodgement, infection requiring drain-
age and/or seton placement, or failure with formation of a persistent tract. 
However, in those in whom the plug fails to close the tract, quality of life 
may still improve16 and patients may have less persistent pain.17 Risk fac-
tors for plug failure include smoking, diabetes or previous fistula surgery. 

Key Points 
•	 Fistula plugs and glue have a high failure rate with fistula healing occur-

ring in only around one-half of patients. 
•	 However, as their use does not preclude other treatments and the risk 

of sphincter damage is low they remain an attractive first-line surgical 
treatment option for tracts not amenable to fistulotomy. 

LIGATION OF THE TRACT

Anorectal Advancement Flap
For many years anorectal advancement flaps have been used for high or 
complex anal fistulae where fistulotomy would otherwise have led to incon-
tinence. The technique of advancement flap involves debridement of the 
fistula tract, utilisation of a well-vascularized rectal mucosal or anodermal 
flap to cover the internal opening of the tract with or without closure of the 
tract. The success rate at one year appears to be in the region of 60%.18,19 
Recent pilot data suggest that a similar outcome can be achieved by simply 
placing a super-elastic nitinol clip to occlude the internal opening, although 
larger studies with longer follow-up are required to see if this is a viable 
treatment option.20

Ligation of Intersphincteric Fistula Tract
Disconnection of the fistula tract from the anal canal with eradication or 
the tract in the intersphincteric space was first described in 1993.21 It was 
not until recently however that ligation of the intersphincteric fistula tract 
(LIFT) gained popularity due to its reported success rate and low risk of 
incontinence. It is based on the concept of secure closure of the internal 
opening and concomitant removal of the infected cryptoglandular tissue in 
the intersphincteric plane. 
	 The procedure involves a radial incision at the intersphincteric groove, 
with dissection continued cranially in the interspincteric plane to isolate 
the fistula tract as it crosses from the internal to the external sphincter. 
The tract is ligated with absorbable suture at the lateral border of the inter-
nal anal sphincter and the external component is treated by curettage 
or fistulotomy. Despite being known as a sphincter-sparing technique, it 
can involve a large amount of tissue dissection and in patients in whom 
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previous surgery has been performed fibrosis and scarring can make the 
tract difficult to define. The technique seems most suited for patients with 
simple high trans-sphincteric fistulae of cryptoglandular aetiology and the 
majority of publications reporting the outcomes of the technique reflect 
this.22 The role of a placing a pre-LIFT seton to control sepsis prior to per-
forming the LIFT procedure remains unclear with little evidence of any 
beneficial role.23

	 Systematic review of the literature reports marked variation in clinical 
healing rates (40–95% success), which may reflect variations in surgical 
technique used.22,23 Virtually, all studies report only short-term outcomes 
and use external opening closure to define healing without imaging to look 
for deeper eradication of sepsis. Pooled results suggest that in the short-
term the clinical success rate of LIFT is 71–76%.22,23 Modifications of the 
LIFT technique may yield higher success rates. Placement of a biological 
graft to reinforce the ligation and closure of the fistula tract, “BioLIFT”,24 
has a reported success of fistula healing in 92% of patients. This is further 
reinforced with a study that used an anal plug to close the external tract in 
addition to the LIFT procedure.25 This reported a 95% success rate, and a 
complete healing time of four weeks, faster than reported in other studies. 
The addition of a partial fistulotomy may also be beneficial with reported 
healing rates of 85% and no episodes of incontinence.26 
	 Lehmann and Graf looked specifically at outcomes of LIFT performed 
for recurrent fistulae. The complete healing rate was 47%, with a persistence 
or recurrence of the fistula in 40% of patients.27 One explanation for the 
lower cure rate may be due to fibrosis and scarring from chronic inflam-
mation and previous interventions, which may result in obliteration of the 
intersphincteric space, thus making the tract difficult to identify and the 
dissection challenging.

Key Points
•	 The LIFT appears to be an attractive treatment option in the treatment 

of cryptoglandular trans-sphincteric fistulae with around three quarters 
of patients having successful healing. 

•	 The results may not be as favourable when the technique is used for 
complex or recurrent fistulae.

OBLITERATION OF THE TRACT
Whilst not currently used in routine clinical practice, pilot studies have 
suggested that intra-luminal obliteration of the internal epithelialised sur-
face of the fistula tract using diathermy or laser may be successful with 
minimal risk of sphincter damage. These techniques are experimental and 
their use should be monitored within a trial setting.
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	 Video-assisted anal fistula treatment (VAAFT) uses a small 5-mm fistulo-
scope, irrigation and diathermy to destroy the tract wall under direct vision 
with closure of the internal opening by stapler, suture or advancement flap. 
The only large study of 98 patients with predominantly trans-sphincteric 
fistulae reported a primary healing rate of 74% at three months.28

	 Fistula Laser Closure (FiLaC) uses a radial emitting laser probe, drawn 
through a prepared tract, which destroys the epithelial lining with mini-
mal thermal spread or extra-luminal tissue damage. The internal opening is 
closed by advancement flap. Pilot data suggest a 71% closure rate at median 
20 months follow-up with no reported deterioration in continence.29 

Key Points 
•	 Endoluminal obliteration of the fistula tract using Laser (FiLaC) or dia-

thermy (VAAFT) is a novel approach in the treatment of fistulae with 
encouraging results in pilot data. 

•	 Further well-designed prospective studies are required before these 
interventions are adopted into routine clinical practice. 

CONCLUSION
In the last five years, there have been several new techniques developed to 
expedite the healing rates of anal fistulae whilst trying to maintain conti-
nence. The LIFT procedure appears to be promising with high healing rates, 
low recurrence rates and minimal incontinence issues. The new endolu-
minal eradication therapies (VAAFT and FiLaC) show promise, although 
there is currently a lack of efficacy data to support their use. It remains to 
be seen whether further randomised comparative trials with larger numbers 
of patients and longer follow-up will reveal similar favourable results. There 
is a trend to combine operative techniques, and one could speculate that 
further refinement of techniques will result in higher healing rates. Indeed, 
combining multiple approaches, including the use of biological agents (anti-
TNF) to treat a fistula tailored on aetiology, anatomy and complexity, may 
yield the best results in the future.
	 For the patient, fistula surgery will always involve weighing-up what is 
an acceptable balance between risk of recurrence and risk of incontinence. 
Despite all the recent advances in surgical treatment, with each approach 
having advantages and disadvantages, fistulotomy still remains the gold 
standard in terms of cure, whereas the simple loose seton still has an impor-
tant role to play in the management of complex fistulae.
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HISTORY OF ROBOTIC SURGERY
Heartthrob was the world’s first surgical robot and performed the first ever 
robotic operation, an arthroscopy, in Vancouver in 1984. Further develop-
ments included the Unimation Puma 200 robot used to place a CT-guided 
needle for a brain biopsy in 1985,1 PROBOT with the world first pure robotic 
operation on a prostate at Guy’s and St Thomas’ Hospital, London, in 1992, 
and also in that year ROBODOC, which milled out precise fittings in the 
femur for hip replacement.2 SRI International developed robotic systems 
further with the help of grants from NASA.3 The first robotic surgery using 
this system was performed in Ohio, USA, followed by a variety of proce-
dures; fallopian tube reconnection in 1998, a beating heart coronary artery 
bypass graft in 19994 and a cholecystectomy performed remotely in 2001. 
	 Intuitive Surgical bought the patents from SRI International and these 
allowed the da Vinci robots to sense the surgeon’s hand movements and 
then translate them electronically into scaled-down micromovements to 
manipulate the robotic instruments. Other features detect and filter out 
physiological tremor in the surgeon’s hand movements and the use of two 
cameras allow a true stereoscopic picture to be transmitted to the surgeon’s 
console.5 Milestones for the da Vinci system include a heart bypass in 
Germany in 1998 and the first all-robotic-assisted kidney transplant in 2009. 
The da Vinci Si was released in 2009 and had an option of dual surgeon 
consoles to facilitate training.6 The patents bought from SRI International 
are due to expire in 2015 and 2016. Since then robotic surgery has evolved 
in most fields of surgery, but radical prostatectomy remains the most widely 
performed and accepted robotic operation.7,8 

ROBOTIC SURGERY— 
ADVANTAGES AND DISADVANTAGES
Robotic surgery has many advantages of minimally invasive surgery. 
Instrument articulation beyond normal laparoscopic (or even human) 
manipulation and three-dimensional magnification results in improved 
ergonomics and precision. Additionally, the camera view does not dete-
riorate with assistant fatigue or inexperience. There are many reports that 
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show robotic surgery to be comparable to laparoscopic and open surgery in 
terms of outcome.9,10 Learning curves are said to be less than laparoscopic 
approaches and surgeons report less fatigue. However, only one opera-
tion has proved its effectiveness above its laparoscopic and open counter-
parts, namely robotic radical prostatectomy. The 3D view and instrument 
manipulation allow visualisation and protection of the pelvic nerves to an 
unmatched degree. Operations in fixed small spaces with the inherent poor 
access, such as oral and pelvic surgery, have benefited from the fixed robotic 
platform. The ergonomics and precision make intracorporeal suturing far 
easier than laparoscopic. New technologies also allow the assessment of 
bowel vascularity prior to anastomosis.11 The progress is more evolution 
than revolution.
	 Robotic surgery has pitfalls, but this is expected for early generation 
technology. The slave robot unit arms needs to be connected (docked) with 
the trocars placed in the patient. In colorectal surgery, this entails an initial 
laparoscopy (the robot camera can be used to save costs, but is heavy) with 
placement of the appropriate ports. These ports are currently wider and 
more numerous than the corresponding ports needed for the equivalent 
laparoscopic operation and need to be placed carefully. 
	 For all colorectal procedures a reverse Trendelenburg position is needed 
with appropriate patient protection. Once ports are placed and small bowel 
moved out of the operative field, the slave robot unit is moved by an assis-
tant to the patient side. This is known as docking with the camera, target and 
slave unit that need to be in a straight line. End docking between the legs 
is easiest, with least robot arm clashing, but limits access to the perineum. 
Side docking is more flexible, but can lead to more clashing of the arms. 
Once docked further patient movement is not possible without de-docking 
the slave unit. This means that splenic flexure mobilisation is completed in 
this position rather than the usual head-up position used in laparoscopy. 
This restricted movement is more important if the patient becomes acutely 
unwell and the anaesthetist demands an immediate halt to the surgery and 
needs the patient be placed supine with the removal of all instruments. 
It is therefore essential that emergency de-docking be discussed at stage 2 
of World Health Organisation check single time and practiced regularly. 
The lack of tactile (haptic) feedback can be overcome by developing and 
recognising surrogate markers of tension. Surgery for robotic surgeons is 
much more visual based.
	 Early in the learning curve, robot arm clashing can be frustrating and 
limiting. Once the system is understood, this becomes more limited and less 
of a problem especially when compared to a difficult low rectal cancer case 
performed laparoscopically where clashing does limit dissection.12 Recent 
robot technology was designed for one-quadrant surgery, which is fine 
for certain surgical specialties, but not colorectal surgery. Surgeons were 
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pragmatic and used hybrid techniques (laparoscopic abdominal and pelvic 
robotic surgery), dual robot docking and single robot docking techniques 
to overcome this limitation.9 Newer technology will aid this also.
	 The robotic system is expensive to purchase and maintain. The da Vinci 
series costs a million pounds or more and its disposable supply cost is £1,000 
per case.10 The instruments are reusable, but restricted to 10 different cases. 
After an instrument has been utilised in 10 different patients, the robot will 
not accept its further use irrespective of the total time each instrument has 
been used. This leads to the situation where some instruments are used for 
more than 30 hours and others for 30 minutes after their use in 10 patients, 
but both cost £3,000. Interestingly, Intuitive Surgical allows the same instru-
ments to be used up to 30 times in some countries. It is expected that the 
current UK limit will be raised as pressure from competitors mounts. There 
is a shelf life to each robotic system (five to seven years), but the trade-in 
values are high.
	 An additional tariff is chargeable with robotic procedures in the NHS. 
NHS England is reviewing the evidence for each different surgical procedure 
and if not supported may allow local Clinical Commissioning Groups to 
pay the lesser laparoscopic tariff. This may add to the many hospital trusts 
looking to end their robotic programs especially if they do not operate on 
prostate cancer, which already has the support of NICE. With the current 
tight fiscal demands on the NHS, NHS England has placed a moratorium 
on new robot system purchases. Although cost-effectiveness is difficult to 
calculate, it seems that 150–250 cases need to be done annually to make 
each robotic system cost-effective.7 This may require changes in job plans 
and theatre utilisation. Additional cost pressures come from the fact that 
operative time for robotic operations is generally longer.8

	 The initial take-up of robotic surgery was reminiscent of the take-up 
of laparoscopic cholecystectomy. Individuals took on the challenge, some 
without the appropriate training leading to an excess of complications, off-
camera injuries and deaths.12 This has led to the statement made by the 
President of the American College of Obstetric and Gynecology earlier this 
year warning of the wide-scale adoption of robotic surgery, surgeons jump-
ing on the robotic bandwagon and the lack of evidence.13

	 Multiple litigations claims are pending against Intuitive Surgical in the 
United States. Partly because of this, training for robotic surgery is becom-
ing more formalised not only for the surgeon but also for the whole team.11 
This has come from the industry as well as the clinical governance structure 
in hospital trusts. The learning phase is intensive and it is recommended 
that surgeons must operate on 12–18 patients before they adapt to robotic 
operating. During the training phase, the procedures can take up to twice 
as long as traditional surgery, leading to reallocation of resources and pro-
longed anaesthesia for patients. Accreditation may additionally be needed 
in individual operations. 
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Key Points
•	 Robot-assisted surgery has overcome some of the limitations of mini-

mal access surgery.
•	 Robotic systems provide unparalleled 3D views, precise dissection and 

a stable operating base.
•	 Robotic surgery has disadvantages such as greater cost, longer opera-

tive time, lack of haptic feedback and limited intra-quadrant manoeu-
vrability.

•	 Various bodies are now working on training and accreditation for 
robotic colorectal surgery.

COLORECTAL SURGERY
The colorectal world has been slow to take up robotic surgery. However, 
there are now several series published which include over a thousand 
patients, mostly from South Korea and the United States.14 Results to date 
indicate that robotic-assisted colorectal procedures are safe and outcomes 
are comparable to laparoscopic or open surgery. In fact some studies indi-
cate better outcome in terms of reduced pain, decreased length of hospital 
stay and quicker recovery.15 Most of the studies have been for colon and 
rectal cancer, but a few include benign disease. The vast majority of the 
studies use the da Vinci robots. 

Right Hemicolectomy
Various series were published for early results of right hemicolectomy con-
firming feasibility, safety and equivalent outcome.15,16 Advantages of a robotic 
approach are the increased precision of dissection and option of an easier 
intracorporeal anastomosis. However, there are major disadvantages—e.g. 
prolonged duration of surgery, increased cost and the one-quadrant nature 
of the da Vinci—which actually may make the surgery more difficult.16

	 A standard laparoscopic right hemicolectomy is not a challenging proce-
dure, with good results. It is of no surprise that there is decreasing interest in 
performing this procedure robotically, and most robotic colorectal surgeons 
prefer the laparoscopic approach to the robotic approach. This preference 
may change with improving technology.

Anterior Resection
A narrow pelvis can be a surgical challenge, but this is where robotic colo-
rectal surgery has its greatest potential. Anterior resection is the commonest 
robotic colorectal operation performed.16 It does not make a difficult pelvis 
easy, but can be a definite advantage. The 3D image and enhanced vision 
help identify the pelvic nerves accurately, and the articulated robotic instru-
ments allow precise dissection. 
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	 Anterior resection is a three-quadrant operation and the original da 
Vinci robots were not designed for this without intraoperative re-docking. 
As such, there are many ways to perform an anterior resection. Hybrid tech-
niques involve laparoscopic abdominal surgery and robotic pelvic surgery.17 
There are several ways to perform a completely robotic anterior resection. 
Duel docking techniques involve one docking for the splenic flexure and 
another for the remainder. Single docking anterior resection involves a soli-
tary docking in the left iliac fossa, but still requires the robot arms to be 
shifted to different trocars when moving from the abdominal to the pelvic 
section of the procedure.18 The surgical technique uses conventional lapa-
roscopic medial to lateral mobilisation; however, the robotic ports’ place-
ment is completely differently compared to the laparoscopic technique 
(Figs. 10.1 to 10.3). 
	 The major advantage of the robotic technique is the precision of dis-
section, which gives a better total mesorectal excision with reduced pelvic 
nerve damage. A systemic analysis suggested that oncological outcomes are 
comparable if not better with the use of a robot.10 However, there are some 
well-recognised disadvantages such as increased operating time, longer 
learning curve, increased cost, lack of tactile feedback and lack of overall 
view.
	 European accreditation for low anterior section has been launched in 
October 2014 led by the Portsmouth group. It involves a standardised single 
docking methodology. Only two to three groups in the UK perform single 
docking anterior resections at present so it remains to be seen if other units 
will adopt this as well.
	 ROLARR and SOLARR are international randomised trials compar-
ing laparoscopic and robotic rectal cancer surgery. The results are eagerly 

Fig. 10.1: Operating surgeon at Robotic console.
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Fig. 10.2: Schematic view of robot slave unit with docked arms without sterile drapes.

Fig. 10.3: Patient side robot slave unit with docked arms and sterile drapes.

awaited, but doubts remain about the lack of standardised robotic opera-
tive methodology. As long as the pelvic surgery was done robotically it was 
accepted into the trials.19,20

Key Points
•	 Various bodies are now working on training and accreditation for 

robotic colorectal surgery.
•	 Low anterior resection and ventral mesh rectopexy are the commonest 

colorectal operations performed.
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SURGERY FOR INTERNAL AND 
EXTERNAL RECTAL PROLAPSE 
Laparoscopic ventral mesh rectopexy and sacrocolporectopexy have become 
the gold standard for both internal and external rectal prolapse since they 
result in the least degree of postoperative constipation and recurrence.21 
Robotic surgery is ideally suited for this type of surgery. The 3D views, pre-
cision of dissection and incorporeal suturing allow surgery not achievable 
laparoscopically. Various series have shown results similar to that found in 
larger laparoscopic series. 
	 Most laparoscopic techniques involve ventral rectal dissection only. 
Robotic surgery allows this as well. However, as one can dissect extensively 
down the narrow anterior dissection tube, this allows the pelvic floor to be 
exposed widely once beyond the important pelvic nerves. This enables the 
ventral mesh to be sutured to the pelvic floor as well as to the rectum.
	 Ventral mesh rectopexy for internal rectal prolapse has a recurrence 
rate, half of which comes from a large posterior internal prolapse that has 
not been dealt with sufficiently. The Oxford Pelvic Floor Group suggested 
a limited posterior dissection and mesh for certain patients at higher risk 
of failure in addition to the ventral mesh. Posterior dissection risks postop-
erative constipation especially if dissection is too lateral. Limited posterior 
dissection still requires mesh to be sutured to mesorectal fat that is not ideal 
for fixation. Robotic modified Orr-Loygue involves a standard ventral mesh 
plus a narrow mesh posteriorly. Robotic dissection allows a long narrow 
tube to be dissected posterior to the rectum, in between the hypogastric 
nerves down to the rectal tube and Waldeyer’s fascia allowing mesh to be 
sutured to the rectal muscle.22-26 It is not yet known whether this improves 
outcome.
	 The disadvantages of this technique are as with any robotic surgical 
technique, increased cost, prolonged surgery and off sight injury. 

Transanal Surgery
One can perform single access surgery with certain types of da Vinci robot. 
This would mean TEMS/TAMIS/TASER-type procedures could be performed 
with all the visual and suturing advantages of the robotic platform.6

Total Colectomy
At present the transverse colon remains too flexible an organ to deal with 
robotically. 

FUTURE DEVELOPMENTS
Intuitive Surgical’s share price is at an all-time high, but profits are low espe-
cially when compared to the turnover. This has analysts worried for several 
reasons. The patents for many of the da Vinci robots run out 2015/6 with 
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competitors now appearing on the market. The new da Vinci robot Xi is a 
spectacular machine, but despite it costing the same as the current da Vinci 
robot, technology experts are disappointed with it. The Xi has been designed 
for multi-quadrant work, with arms that automatically deploy in positions to 
avoid clashing. The robot also swings round to make a total colectomy pos-
sible. The problem with the Xi is that its competitors are based on a single 
incision/access system and cost less than half the price. Another dark cloud 
on the horizon for Intuitive Surgical is the pending litigations that have the 
potential to derail the company.
	 Single access,27 multi-quadrant robotic surgery, with costs far closer to 
laparoscopic counterparts, is a mouth-watering prospect and does not seem 
that far off. Current da Vinci robots are early generation machines. If sur-
gical robotic technology goes the way of other technology such as smart 
phones, then nearly every abdominal operation will be possible using a 
robot. However, if there is a mushrooming of different robots and technolo-
gies, then training will become a major problem with its subsequent effect 
on patient safety.

Key Points
•	 Robotic surgery has already surpassed what is achievable laparoscopi-

cally.
•	 Even the limited number of procedures performed, studies have already 

shown robotic surgery to be at least the equivalent of laparoscopic and 
open surgery.

•	 Newer generation robots promise greatly improved functionality, single 
incision multi-quadrant access with markedly reduced cost may make 
robotic surgery widely acceptable.
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INTRODUCTION
In the United Kingdom over 40,000 new cases and over 10,000 deaths occur 
each year as a result of prostate cancer, making it the commonest cancer 
and second leading cause of cancer-related death in men. Fortunately, 80% 
of men will survive for at least five years after the initial diagnosis. 
	 The incidence of prostate cancer increases with age and postmortem 
data demonstrates histological prostate cancer in approximately 30% of 
all men in their 40s and in up to 90% of men in their 80s–90s. However, 
the actual clinical incidence peaks at age 65–79 but then drops thereafter, 
which may be due to a lower rate of prostate-specific antigen (PSA) testing 
in this older population. The lifetime risk of developing prostate cancer in 
the United Kingdom is 1 in 8.

SCREENING
The multi-centre European Randomized Study of Screening for Prostate 
Cancer (ERSPC) was established in 1994 in which 162,388 men aged 
55–69 were randomised to either receive PSA-based screening or not, with 
an 11-year follow-up.1 
	 It is the only study to show a significant benefit from screening with 
0.4% of the patients assigned to PSA screening dying from prostate cancer, 
compared to 0.5% in the control group. No difference was seen in all-cause 
mortality. 
	 To prevent one prostate cancer death the number needed to screen was 
781 or one per 27 men diagnosed. Although this study showed a benefit for 
screening this needs to be balanced against overdiagnosis and subsequent 
overtreatment. 
	 Not all agree with these findings and the results of 80,379 patients 
from the Finland section showed a non-significant decrease in mortality.2 
Attention has also focused on the Swedish section, which had a four times 
greater absolute survival benefit compared to the overall ERSPC results. 
In addition the Swedish section had a longer overall follow-up, included 
younger men (aged 50–54 years) and had an inappropriately high rate of 
primary androgen deprivation therapy (ADT) in the control arm.3
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	 Another important study was the United States multi-centre Prostate, 
Lung, Colorectal and Ovarian cancer screening trial (PLCO).4 A total of 
76,693 men were randomised to either screening (PSA and DRE) or to 
standard care. Their updated data from 2012 showed that after 15 years of 
follow-up no significant difference in prostate cancer-specific mortality was 
seen between the two groups. These results were in stark contrast to the 
results from the ERSPC study. However, 44% of patients had undergone PSA 
testing prior to randomisation thus potentially eliminating aggressive dis-
ease and subsequently 52% of patients in the control arm had opportunistic 
screening, which may have led to significant contamination of the results.
	 A subsequent Cochrane review of five prostate cancer screening rando
mised control trials (RCTs) found no benefit to screening after a pooled 
meta-analysis.5 They did comment that 3 out of the 5 studies had potential 
for a high level of bias whilst the ERSPC and PLCO studies had a low level 
of bias but had opposing results.
	 The United States preventative services task force (USPSTF) reviewed 
existing literature and updated their 2008 recommendations. In 2008, the 
USPSTF recommended against PSA testing in men aged ≥ 75 years and that 
there was inconclusive evidence for use in men aged 50–74 years. In 2011, 
the task force commented that the implications for healthcare have not yet 
been fully realized and they recommended that no healthy man should 
undergo PSA screening unless he has symptoms of prostate cancer.
	 The British Association of Urological Surgeons also does not currently 
recommend screening and the American Urological Association recom-
mends screening in the 55–69 age groups only after an informed shared 
decision discussing potential benefits and risks has taken place.

Key Point
•	 The incidence of prostate cancer increases with age and post-mortem 

data demonstrates histological prostate cancer in approximately 30% 
of all men in their 40s and in up to 90% of men in their 80s–90s.

DIAGNOSIS

Transrectal Ultrasound-Guided Biopsies
Transrectal ultrasound-guided (TRUS) biopsy has been the staple prostate 
cancer diagnostic procedure for over two decades. A 7.5-MHz multiplanar 
probe is used to visualise the prostate and most commonly 10–12 cores are 
taken using a periprostatic block. This can be easily performed in an office 
or day case setting.
	 There have however been many criticisms of this technique. Analysis 
of radical prostatectomy specimens have found that 20–25% of patients 
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may harbour anterior tumours, which can be missed by the transrectal 
approach.6,7 In addition, over 30% of patients will be found to have a tumour 
after rebiopsy with a negative initial biopsy and persistent concern for pros-
tate cancer. Another concern with TRUS biopsies has been an associated 
sepsis rate of up to 6% due to passage of the needle through rectal flora. 
Different antibiotic regimes have been implemented dependent on local 
antibiotic sensitivities.
	 Multiple methods have been described to improve the diagnostic yield 
of the prostate biopsy, which include transrectal saturation, transperineal 
(TP) saturation and most recently multi-parametric magnetic resonance 
imaging (mpMRI)-guided biopsies. A systematic review by Nelson et al. 
found no significant difference in yield between any of the three options 
with all finding cancer in approximately 30–40% of cases.8 However, mpMRI-
guided biopsies produced these results with significantly fewer cores taken 
per patient.

Transperineal Biopsies
Transperineal biopsies have been gaining popularity not only with a view 
to improve accuracy but also to reduce the risk of sepsis. The sepsis rate is 
<1%; however, acute urinary retention appears to be more common with 
TP biopsies and ranges from 2% to 9%.9

	 Barzell and Melamed have described a mapping TP technique by using 
a brachytherapy grid and sampling every 5 mm.10 Onik et al. used this tech-
nique to assess patients for focal cryotherapy of the prostate and found that 
after taking a mean of 50 cores, 23% of cancers were upgraded whilst 60% 
of patients had bilateral disease.11 Due to the sampling frame it is possi-
ble to miss tumours < 5 mm and thus the diagnostic accuracy for clinically 
significant cancer is between 90% and 95% when compared to a radical 
prostatectomy specimens.

Multiparametric MRI
As mentioned mpMRI is a newly evolving technique. Initially, prebiopsy 
T2-weighted MRI was used to avoid post-biopsy haemorrhage artefacts 
within the prostate. This artefact may lead to difficulty in local diagnosis 
and staging and can take weeks to months to resolve. 
	 Additional diffusion weighted and gadolinium dynamic contrast 
enhanced sequences (Fig. 11.1) were added to the standard T2-weighted 
sequences to develop mpMRI as a primary diagnostic tool, with biopsies 
only being taken if the mpMRI demonstrates a lesion. A 1.5 or 3 Tesla 
scanner is used along with either a pelvic-phased array or endorectal coil 
to improve on the signal-noise ratio and to improve spatial resolution. 
Diffusion weighting assesses the restriction in free movement of water 
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within cancerous tissue due to its cellular architecture, whereas contrast 
sequences assess the early perfusion of cancerous tissue due to angiogen-
esis.
	 A Likert scale is normally used from 1 to 5, which correlates well with 
the odds of detecting cancer.12 Puech et al. compared mpMRI to radical ret-
ropubic prostatectomy (RRP) specimens and found that it had a diagnostic 
accuracy of 75%, largely due to a specificity of 95%.13 Haffner et al. assessed 
whether only targeting MRI positive lesions was possible and found that 
targeted cores had an equal ability to pick up significant cancer when com-
pared to standard 12 core TRUS biopsies, but with a mean of only 3.8 cores 
taken per patient.14

	 Ultrasound fusion techniques have also been developed to allow more 
accurate targeting of lesions. Siddiqui et al. performed a TRUS biopsy and 
MRI/ultrasound fusion targeted biopsy in 582 patients. The addition of a 
targeted biopsy led to an upgrading of tumour in 32% of patients. Fusion tar-
geted biopsy detected 67% more Gleason > 4 + 3 disease compared to TRUS 
and missed 36% of Gleason < 3 + 4 thus potentially reducing the risk of over 
diagnosis.15 
	 Overall, mpMRI appears to be here to stay but its exact role is yet to 
be established. Many studies have quoted a negative predictive value of 
between 80–90% for significant cancer, and this appears to give it an advan-
tage in selecting patients for subsequent biopsy but currently data is only 
available from high volume centres and doubts exist on reproducibly in 
local hospitals.12,16-18 Similarly, performing purely targeted biopsies raises 
concerns of missing significant disease and in the authors’ opinion both 

Fig. 11.1: Dynamic contrast-enhanced multiparametric magnetic resonance imaging 
prostate. Contrast-enhanced sequence demonstrating right peripheral zone tumour.
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standard and targeted biopsies will need to be performed to give the high-
est diagnostic yield and accuracy. Work is also underway in using mpMRI 
as a method for selection and follow-up of patients on active surveillance 
(AS) protocols.

Natural History of Prostate Cancer
Albertson followed up 767 patients for a median of 24 years who had a 
diagnosis of nonmetastatic prostate cancer made after either transurethral 
resection of prostate (TURP) (71%) or biopsy (26%) and were unable to 
have radical treatments. He found that untreated Gleason 6 disease had a 
cancer specific mortality (CSM) of 27%, whereas this was between 40% and 
90% for Gleason >7 disease.19 Data from the Scandinavian prostate cancer 
group-4 (SPCG-4) trial also showed that with watchful waiting (WW) 72% 
of patients with mainly clinically detected prostate cancer were alive after 
23-year follow-up.20 From the hormone therapy arm of the SPCG-7 study 
where the majority of patients had T3 disease, the cancer-specific survival 
(CSS) was 76.1% at 10 years.21

	 Although on radical prostatectomy specimens prostate cancer is com-
monly multi-focal, some of these results may be explained by the fact that 
small volume tumours may be clinically insignificant. Similarly, re-review of 
Eggener et al’s data on 9,554 patients showed a 0% mortality at 15 years in 
those with true Gleason 6 disease.22 Ross et al. also showed that no lymph 
node metastases occurred in 14,000 radical prostatectomy and lymph node 
specimens of patients with Gleason 6 disease.23

	 Further work has shown that progression and metastases may be linked 
to an index lesion. Small volume Gleason 6 disease may not meet the cri-
teria to be classified as a cancer whilst mice models have shown that only 
specific tumour lines are responsible for metastases. Human autopsy stud-
ies have also confirmed this mono-clonal origin for lethal disease.24-26

	 Thus, it is clear that not all prostate cancer is created equal and this 
needs to incorporated into discussions with patients regarding their 
management. 

Key Points
•	 With WW 72% of patients with mainly clinically detected prostate 

cancer are alive after 23 years follow-up. 
•	 From the hormone therapy arm of the SPCG-7 study where the majority 

of patients had T3 disease, the CSS was 76.1% at 10 years. 

TREATMENT
The exact management strategy depends not only on the stage and grade of 
the disease but also on the patient’s age, comorbidities and ultimately their 
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preference. The most common options are AS, radical treatments such as 
RRP, external beam radiotherapy (EBRT), brachytherapy or focal treatments 
such as cryotherapy or high-intensity focused ultrasound (HIFU).

Active Surveillance
Active surveillance protocols were implemented in an attempt to defer rad-
ical treatment for patients and thus avoid their potential significant side 
effects. Different criteria exist for defining low-risk disease, which may be 
suitable for an initial surveillance strategy. The updated Epstien criteria 
from 2004 define low-risk disease as clinical stage <  T1, no pattern 4, PSA 
density ≤ 0.15, ≤ 2 positive cores and <50% single core involvement.27 Many 
series use this as their selection criteria for AS whilst others use the D’Amico 
low risk category and occasionally Gleason 3 + 4 disease is also included, 
such as in the Royal Marsden criteria.28

	 The longest running series is by Klotz with a median of 6.8 years of 
follow-up.29 This series includes 450 patients of which 30% would be classi
fied as moderate risk disease (Gleason 3+4 and PSA <15). The 10-year actu-
arial CSS was 97.2% with only five deaths noted. Overall, 30% of patients 
eventually ended up having radical treatment, most commonly due to 
reclassification of disease after biopsy for a PSA doubling time (PSADT) 
< 3 years. Similar results with an almost 100% CSS have been seen by 
others and the largest series of 988 patients of low-risk prostate cancer is 
taken from the ERSPC screening trial where estimated 10-year CSS is 100%.30

	 Most AS protocols also include a repeat biopsy and as we have already 
mentioned this can re-classify disease in approximately 30% of patients thus 
making them unsuitable for surveillance. The timing of this biopsy is vari-
able but most commonly is performed at one year. Biopsies for progression 
are normally performed when PSADT < 3  years or if there is change in 
clinical stage.
	 The subsequent outcomes of patients undergoing radical treatment after 
a period of AS appear not to be compromised. Eighty-six per cent of the 
patients in Klotz’s series remain untreated or without failure of secondary 
treatment.29 

Radical Prostatectomy
Prior to wide spread PSA testing the SPGC-4 RCT compared WW with 
radical prostatectomy. A total of 695 men met the inclusion criteria of age 
< 75 years, clinical T1 or T2 disease, a life expectancy > 10 years, a PSA of 
< 50 and a negative bone scan. They were randomly assigned to have either 
an RRP or WW. Patients were reviewed six monthly for two years and then 
annually. Those on WW were allowed palliative or symptomatic treatment 
such as ADT or TURP.
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	 The results have been updated and published on four occasions with 
23 years of follow-up (median 13.4 years). The original results in 2005 paper 
showed an increased CSS of 5.8% in favour of RRP compared to WW (8.6% 
vs 14.4%). The overall mortality in those undergoing prostatectomy was 
23.9% compared to 30.5% in those selected for WW, 83 versus 106 men 
respectively. This difference continued to increase over time and the 2014 
data quotes a number needed to treat to prevent one death as 8. Those aged 
< 65 years had the greatest benefit with the number needed to treat being 4. 
In addition, RRP also conveys a reduction in metastases if performed in 
older men.20,31-33

	 In the PSA era a US study called the “Prostate Cancer Intervention Versus 
Observation Trial” has also attempted to determine whether there was any 
benefit to radical surgery in patients with prostate cancer. They randomised 
731 men to compare radical prostatectomy against observation in localised 
prostate cancer. Fifty perent of men had T1c and after a median follow-up 
of 10 years no significant difference in either all cause or CSM was seen. 
However, subgroup analysis showed that in patients with a PSA > 10 ng/mL, 
radical prostatectomy was associated with a 7.2% reduction in CSM. They 
also showed trending data for a benefit in those with intermediate and high-
risk disease.34

	 The opposing results in these two studies may be explained by the fact 
that they recruited patients at different stages of their disease. PSA screening 
has led to a stage migration with patients being detected with T1c, clini-
cally impalpable disease compared with those who present with symptoms. 
Thus offering prostatectomy to low-risk patients may not have any benefit. 
However patients at higher risk such as those with a PSA >10 ng/mL and/or 
clinically palpable disease may have benefit from radical prostatectomy. 
Furthermore, retrospective and cohort reviews have shown that RRP 
carries better outcomes in high risk and locally advanced disease than other 
treatment options such as radiotherapy or hormone deprivation.
	 Comparing the surgical methods for robotic, laparoscopic or open radi-
cal prostatectomy, a significant difference in oncological outcomes has not 
been shown. Two series of over 1000 patients having RRPs have shown a 
96% biochemical disease-free survival (bDFS) at one year, 90% at three years 
and 87% at five years.35,36 Unsurprisingly, in patients with high-risk disease 
the outcomes are worse with a one year bDFS of 71% at dropping to 59% at 
three years.37 Apart from a benefit to the surgeon robotic and laparoscopic 
procedures have consistency been shown to reduce length of stay and have 
lower blood loss, which is offset against its higher costs when compared to 
open surgery. 

Radiotherapy
The current standard of care is intensity modulated radiotherapy (IMRT) 
with escalated dosing of 76–80 Gy and a period of ADT. 
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	 Bolla et al. published their RCT on EBRT versus EBRT and ADT in 2010. 
They randomised 415 with T3–T4 prostate cancer and found a 25% improve-
ment in 10-year CSS in patients who received adjuvant ADT.38

	 Some felt that the ADT was having the primary effect rather than the 
radiotherapy. However, subsequently multiple studies have shown that the 
addition of radiotherapy to ADT does improve survival over ADT alone. 
The SPGC-7 study by Widmark et al. showed a 12% 10-year improvement 
in CSM with the addition of flutamide. With a median of 7.6-year follow-up 
bDFS was 82.4%.21

	 Another notable paper is the PRO7 trial where ADT was compared to 
ADT with IMRT and the combination treatment showed a 23% improve-
ment in CSS after 6 years of follow-up.39 
	 Currently, research is assessing the role of early or late radiotherapy 
in patients with T3 or high-risk disease or positive surgical margins after 
RRP, as up to 50% may develop local recurrence.40 RADICALS is one such 
UK-based trial comparing salvage or immediate radiotherapy with or with-
out hormonal manipulation.41 Three other trials, which have published their 
data, are the SWOG 8794, EORTC 22911 and the ARO 96-02.42-44 All have 
shown an improvement in bDFS with early radiotherapy but only the SWOG 
study showed an improvement in metastases free survival or overall survival 
(OS).

Brachytherapy
Brachytherapy for localised prostate cancer has been in use since the late 
1980s and has shown similar results to EBRT with bDFS of between 71% 
and 96% at five-year follow-up.45 It is classically delivered as low dose 

Fig. 11.2: Robotic radical prostatectomy—intraoperative image.
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permanently implanted prostatic seeds (iodine-125 or palladium-103) or 
more recently as temporary high-dose seeds (HDR-Brachytherapy with 
iridium-192). HDR therapy is normally performed in high risk/T3 disease 
and is commonly given with a course of EBRT and ADT. Generally accepted 
patient selection criteria for low-dose brachytherapy include:

•	 Stage cT1b-T2a N0, M0
•	 Gleason score < 6  
•	 PSA < 10 ng/mL  
•	 < 50% of biopsy cores involved with cancer  
•	 Prostate volume of < 50 cm3 
•	 International Prostatic Symptom Score < 12  

	 Potters et al. reported results for 1,449 consecutive patients having 
brachytherapy, with “high-risk” patients also receiving EBRT. Sixty-one per 
cent of patients had T1c disease and 33% had T2a disease. After 12 years of 
follow-up, the OS was 81% and CSS was 93%. In this series, bDFS appeared 
to be unaffected by either hormone use or the addition of EBRT.46 

Minimally Invasive Treatments
Cryotherapy uses freezing treatments to induce cell death by dehydration, 
protein denaturation, ice crystal formation, which results in cellular rupture 
and vascular stasis, thrombi formation and ischaemia. It may also induce 
an immune response towards the cancerous cells. Whole gland therapy 
has a large evidence base and a series of 590 patients with 5.4 year mean 
follow-up, by Bahn et al in 2002, reported a bDFS of 92% for low-risk, 89% 
for intermediate-risk and 89% for high- risk cancer.47 Similar results were 
reported by Rodriguez et al. on 108 patients with a median follow-up of 
five years. They showed a bDFS of 96.4% for low-risk, 91.2% for intermedi-
ate- risk and 62% for high-risk tumours.48 An RCT comparing whole gland 
cryotherapy to EBRT also found no difference.49 These outcomes compare 
favourably to studies assessing outcomes of primary focal cryotherapy 
which have reported a bDFS between 71% and 93% at follow-ups ranging 
from 9 months to 70 months.50,51

	 HIFU uses focused ultrasound waves to induce mechanical and thermal 
tissue damage along with cavitation, which results in coagulative necrosis. 
Crouzet et al. published a large single centre study of whole gland treat-
ment in 1002 patients with T1 or T2 disease who were unsuitable for radical 
surgery. The eight-year bDFS for low-, intermediate- and high-risk disease 
patients were 76%, 63% and 57% respectively. The 10-year OS and CSS were 
80% and 97% respectively.52

Side Effects
All the radical and whole gland treatments have a high level of morbid-
ity particularly in terms of continence and erectile dysfunction (ED). The 
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robotic technique for RRP has significantly reduced the early operative com-
plications. Continence rates after RRP ranges between 69% and 92.5% whilst 
ED rates range from 10% to 50% at one year.
	 Assessing toxicity from radiotherapy using the modified Radiotherapy 
and Oncology Group scale (RTOG), 22.8% can develop grade 2 bowel, blad-
der and lymphatic complications and late grade 3–4 complications includ-
ing death in < 5%.53 Secondary malignancies of the rectum and bladder have 
also been reported. In addition, brachytherapy may result in the need for 
TURP in up to 9% of cases. 
	 A meta-analysis showed one-year potency rates of 76% for brachyther-
apy, 60% for combined brachytherapy and EBRT, 55% for EBRT alone, 34% 
with a nerve sparing RRP and 25% for open RRP.54

	 Comparably, high side-effects also occur with whole gland cryotherapy 
and a Cochrane review by Shelly et al. in 2007 found impotence rates of 
47–100%, incontinence in 1.3–19%, urethral sloughing in 3.9–85%, fistulae 
in 0–2%, bladder-neck obstruction in 2–55%, stricture in 2.2–17% and pain 
in 0.4–3.1%.55

	 Primary focal cryotherapy studies report a much better side-effect profile 
with incontinence rates of from 0% to 3.6% and ED in 0–42%. Haematuria, 
strictures and rectal fistulae are also very rare.
	 Improvements in the HIFU device have resulted in a decrease in inconti-
nence from 6.4% to 3.1% and bladder outflow obstruction from 34.9% to 5.9%. 
Furthermore, only 0.4% of all patients developed rectourethral fistulae.

Key Points
•	 The most common treatment options are AS, radical treatments such 

as RRP, EBRT, brachytherapy or focal treatments such as cryotherapy 
or HIFU. 

•	 All the radical and whole gland treatments have a high level of side 
effects particularly with regards to continence and ED.

METASTATIC DISEASE
Prostate cancer cells are under the influence of androgens, 90% of which 
are secreted by the testes and 10% by the adrenal glands. The hypotha-
lamic–pituitary–gonadal axis controls their secretion. Luteinizing hormone 
secreting hormone (LHRH) from the hypothalamus stimulates the anterior 
pituitary to secrete luteinizing hormone (LH), which stimulates the Leydig 
cells of the testes to secrete testosterone. 
	 Treatment of advanced and metastatic prostate cancer has largely been 
with hormonal manipulation/ADT by either blockade of the androgen 
receptor, by disrupting the hypothalamic–pituitary–gonadal axis (LHRH anta
gonists/agonists) or by preventing secretion with bilateral orchidectomy. 
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	 Surgical or chemical castration is the ultimate goal, where currently we 
aim for a testosterone level of < 20 ng/mL (0.7 nmol/L).56

	 Recent data suggest that the drop to nadir PSA level after starting ADT is 
closely correlated with prognosis. The SWOG 9346 trial found that median 
survival for a patients with a nadir PSA after seven months of <0.2 ng/mL 
was 75 months, PSA of 0.2–4 ng/mL was 44 months and for a PSA > 4 ng/mL 
was 13 months.57

	 Others have also tried to identify poor prognostic groups such as with 
visceral metastases, high-grade disease, high-presenting PSA and high 
PSADT after reaching a nadir.
	 Patients on ADT develop side effects such as loss of libido, hot flushes, 
gynaecomastia, breast pain, osteoporosis, increased risk of diabetes and 
cardiovascular disease, which can limit their quality of life (QoL). Several 
trials assessing intermittent androgen therapy (IAT) have concluded that 
there is no detriment to OS and there may be some benefit in improving 
QoL. Thus, a well-informed patient may be treated with IAT until a state of 
castrate resistance develops. 
	 After 18–24 months patients eventually develop a castrate resistance 
state where PSA continues to rise despite castrate testosterone levels. The 
current definition is three consecutive PSA rises, one week apart with 2 PSAs 
rising > 50% over the nadir. 
	 Classically, initial treatment has been the use of maximum androgen 
blockade with the addition of anti-androgens such as bicalutamide to the 
LHRH agonist. Once this fails a trial of anti-androgen withdrawal is normally 
performed, which can lead to a PSA response in up to 30%. Subsequently, 
in patients with a good performance status docetaxel was the chemothera-
peutic agent of choice. The TAX 327 study showed a two-month survival 
advantage for patients having docetaxel + prednisolone versus mitoxantrone 
+ prednisolone.58 
	 Recently, although newer treatments such as abiraterone, enzalutamide 
and cabazitaxel have become available, which have been assessed in the 
pre- and post-docetaxel setting.
	 Abiraterone is a CYP17 inhibitor, which prevents intra-cellular testoster-
one synthesis and is usually administered alongside prednisolone. It gives 
approximately a median five-month survival advantage in both the pre- and 
postdocetaxal setting.59-61 
	 Enzalutamide is a new anti-androgen, which blocks the androgen recep-
tor and also prevents its translocation and transcription. The PREVAIL trial 
assessing enzalutamide in the predocetaxal setting was stopped after an 
interim analysis. After a median of 22-month follow-up an 81% relative 
reduction in radiographic progression free survival and a 29% relative risk 
reduction of death was seen in favour of enzalutamide. Previously, a median 
5.8 month improved survival had been seen in the post-docetaxal setting.62,63
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	 Cabazitaxel is a taxane derivative, which has been shown to have a 
median 2.4 month improved survival in the post-docetaxel setting.64

	 The exact sequence of these drugs remains to be determined and 
hopefully future research and ultimately availability of these compounds 
will determine their exact position in the treatments of metastatic castrate 
resistant prostate cancer.
	 Recent work has focused into chemoreduction and two large database 
studies have shown improved survival in patients who have had radical 
treatments.65,66 Going into the future treating the local tumour in patients 
with metastatic disease may convey a survival benefit. Only well-designed 
RCTs will be able to answer this question. 
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INTRODUCTION
Johannes Muller first described a tumour of breast in 1838,1 which was fleshy, 
contained cystic spaces, and had a leaf-like architecture. He coined the term 
cystosarcoma phyllodes1 derived from Greek word phullodes  meaning leaf 
like. Its malignant potential was first described by Cooper and Ackerman 
in 1943 and the disease was aptly renamed as phyllodes tumour (PT) by 
World Health Organization (WHO).2 It is classified under a heterogenous 
group of “fibroepithelial tumours”, which describes a spectrum of bipha-
sic neoplasm comprising fibroadenoma (FA), PT, and breast hamartomas. 
These involve proliferation of both epithelial and stromal components. It 
accounts for <1% of all breast malignancies and <5% of soft tissue sarcomas3 

with a higher prevalence in American white and Asian population.4 Triple 
assessment has standardized the diagnosis of the majority of breast lumps; 
however, in patients of PT, clinical, radiological and cytopathological exami-
nation in isolation or combination may not be of much help because of their 
poor accuracy.5 Rarity of the disease, occasional difficulty in preoperative 
diagnosis, its tendency to recur and a poor response to chemotherapy and 
radiotherapy, all lead to a delay in diagnosis, difficulty in management and 
attendant morbidity.

CLINICAL PRESENTATION
The age at presentation of PT is variable with a median of 45 years, about 
two decades later than that of FA,6 which is an important differential diag-
nosis. PT rarely afflict adolescent and younger females.7 They usually present 
with a history of a unilateral long standing painless firm breast lump.4 Rapid 
rate of growth and large size though suspicious for malignant PT are not 
so rare in benign and borderline PT. PT tend to be of smaller size in the 
western world7 because of screening and earlier presentation. In the author’s 
experience, PT are relatively large at presentation in developing countries, 
probably because of illiteracy, poverty and delay in diagnosis.
	 A classical case of PT is a female patient over 35 years presenting with a 
large irregular, rapidly growing lump usually in the upper and outer quad-
rant of breast4 with shiny skin and dilated coursing veins. The skin over the 
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lump may show a bluish discoloration whilst nipple retraction is uncom-
mon, as is fixation to skin and pectoral muscles. Large tumours may present 
with ulceration. Twenty per cent of patients have palpable axillary lymph 
nodes but only 5% of these harbour metastases. There are occasional case 
reports of PT in males presenting with gynaecomastia, in association with 
FA.8-10

Key Points
•	 Large, unilateral, painless, rapidly progressing lump with bosselated 

surface.
•	 Median age of presentation is 45 years.
•	 Tumour fixation to skin and pectoral muscle is a rarity, as is nipple 

retraction.
•	 Axillary lymphadenopathy is present in 20%, but only 5% are malignant.

ROLE OF PREOPERATIVE INVESTIGATIONS

Imaging
High-resolution ultrasound (HRUSG) and mammography are often the first 
investigations to be performed.5 However, none of the currently available 
radiological tools like HRUSG, mammography, contrast-enhanced com-
puted tomography and magnetic resonance imaging (MRI) can discriminate 
PT from FA or differentiate benign from malignant PT with 100% accuracy.

High-Resolution Ultrasound 
On HRUSG, PT is seen as a well circumscribed lesion with smooth walls 
and edges exhibiting low internal echoes.11 They appear heterogeneous rep-
resenting solid areas interspread with cystic fluid filled spaces along with 
septations and are usually devoid of microcalcifications. PTs usually have 
smaller ratio of length to anteroposterior diameter compared with FA12 and 
exhibit good transmission devoid of posterior acoustic enhancement. Cystic 
areas within a solid lesion is a hallmark of PT.11

Mammography
Mammography does not provide any extra-information over and above 
HRUSG. PT has well-defined borders, at times lobulated with or without 
coarse micro-calcification, often difficult to differentiate from FA.11,13-16 The 
only hallmark defined for PT on mammography is a zone of radiolucency 
around the lesion, which is due to the pressure effect of the tumour and 
represents itself as a halo.13-16 However, the halo sign is a tell-tale sign of 
most benign pathologies of the breasts.17



Chapter 12: Phyllodes Tumour of Breast: Still a Challenge  149 

Magnetic Resonance Imaging 
The PT appears well circumscribed, lobulated lesions having intramural 
septations on MRI. The differentiating features include internal anatomical 
variation within the lesion, along with expression of time-signal intensity 
curve, which has a rapid pattern.
	 The MRI has shown its usefulness in the diagnosis of PT > 3 cm or when 
it is very close to the chest wall where other modalities fail.15 In larger PTs 
(>3 cm) specific dynamic enhancement patterns indicating malignant nature 
are observed,15 which include a characteristic leafy and lobulated pattern 
best picked up by a subtraction MRI. High signal intensity on T

2
-weighted 

images corresponds to haemorrhage and cystic changes. Increased Vmax 
(systolic peak velocity), PI (pulsatility index) and RI (resistance index) 
also characterize PT.16 Proton magnetic resonance spectroscopy,19 positron 
emission tomography scan18 and scintimammography20,21 may be of help; 
however, these investigations are yet to find a place in standard imaging 
protocols for PT.

Role of Pathological Analysis
Macroscopically, PT varies from being small to large and PT > 20 cm in 
diameter have been reported. Smaller PTs often resemble FAs in being solid, 
compact tumours of small size, grey in colour, lobulated and at times hav-
ing a cystic consistency. Giant PTs (>10 cm) constitute about 20% of all PTs 
and often exhibit reddish grey, flesh like areas with unequal distribution of 
necrotic gelatinous and hemorrhagic areas. However, the size of PT is not 
predictive of malignant histotype.

Fine-Needle Aspiration Cytology
On cytopathology, PTs are characterised by a dimorphic distribution of stro-
mal and epithelial elements. PT stroma is highly distinctive and contains 
cohesive stromal cells with well-marked borders. Nuclear atypia, isolated 
stromal cells with naked nuclei and hyperplasia of ductal cells without 
apocrine cells are often found. Dispersed stromal cells with spindle-like 
nuclei, if >30% of total cells are diagnostic of PT.22 This hyperplasia and 
hypercellularity of stroma differentiates PT from FA. Epithelial clusters in PT 
although quiescent are >1 mm in size, undulating and elongated as opposed 
to flattened and blunt clusters seen in FA.23 These epithelial elements found 
in benign PT are absent in malignant lesions.24 Cellular pleomorphism, 
hypercellularity with nuclear hyperchromatism and aberrant mitoses are 
indicators of malignant PT.25,26 Due to the heterogeneous nature of tumour 
morphology, it often suffers from sampling errors and close to a quarter of 
lesions remain undiagnosed.27,28



150  Section 4: Surgical Oncology

	 The preoperative diagnosis of PT continues to challenge pathologists and 
surgeons alike. The presence of more than two features of combined clinical, 
radiological and cytopathological findings incorporated into “Paddington 
clinicopathological suspicious score” mandates a core biopsy of the lesion 
(Table 12.1).28 

Core Needle Biopsy
Core biopsy provides a large amount of tissue with all the components; 
therefore, its diagnostic accuracy compared with cytopathology is better. 
On histopathology, PT may lack a true capsule,29 exhibiting a hypercellular 
stromal component with increased mitotic activity along with cystic spaces 
lined by an epithelial component in papillary protrusion-like fashion with 
exaggerated intra canalicular proliferation. This stromal proliferation is most 
abundant in periductal areas and is heterogeneous in nature compared with 
FA, where it is uniform without atypia or increased mitoses. Although core 
biopsy, suffers from sampling errors like cytopathology it is more useful as 
the yield of tissue is increased and the preoperative differentiation between 
benign and malignant PT may be possible.28-32

	 The criteria proposed by Azzopardi29 and Salvadori et al.32 is considered 
the gold standard in distinguishing benign from malignant PT based on 
stromal hypercellularity, cellular atypia, tumour margins (pushing or infil-
trative), tumour necrosis and increased mitoses (Table 12.2).

Table 12.1: Criteria for preoperative biopsy.

Paddington clinicopathological suspicious score

Clinical findings:
• Sudden increase in size in a longstanding breast lesion.
• Apparent fibroadenoma > 3 cm in diameter in a patient > 35 years.

Imaging:
• Rounded borders with a lobulated appearance at mammography.
• Alternation of cystic areas within a solid mass on high-resolution ultrasound.

Cytopathologic findings:
• Presence of hyper cellular stromal fragments.
• Indeterminate features.

Table 12.2: Azzopardi and Salvadori criteria for diagnosis of nature of phyllodes 
tumour.

Histological type

Criteria Benign Borderline Malignant

Tumour margins Pushing ↔ Infiltrative

Stromal cellularity Low Moderate High

Mitotic rate (per 10 hpf ) <5 5–9 >10

Pleomorphism Mild Moderate Severe
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Immunohistochemistry and Molecular Analysis
Flow-cytometric estimation of S-phase fraction/DNA ploidy, p53 expres-
sion and Ki67 index assist in histological grading and may be of help in 
predicting the clinical outcome. The expression of CD10 varies in various 
subtypes of fibroepithelial tumours of the breast with greater expression in 
PT compared to FA. Increased expression of CD 10 is associated with greater 
malignant and metastatic potential in PT.33 Tse et al. also noted a positive 
correlation between nitric oxide synthase (NOS) expression in stromal cells 
and tumour grade along with vascular endothelium derived growth factor 
and micro-vessel density.34 A high expression of stromal NOS correlates with 
malignancy, but its role is questionable in predicting malignant progres-
sion and potential to metastasize. Stromal endothelin 1 (ET 1) expression35 

correlates well with atypical histological features and may have a limited 
role in tumour recurrence. Recently, hypoxia inducible factor 1 alpha was 
proposed to help in predicting the grade of PT and its metastatic potential. 
Its over expression is said to reduce the disease free survival thus offering 
a platform for development of newer targeted therapies.36

Key Points
•	 Preoperative pathological analysis plays the most pivotal role in diag-

nosis of PT.
•	 Core needle biopsy has a distinct role.
•	 Role of IHC and molecular analysis is only supportive and not diag-

nostic.
•	 Criteria proposed by Azzopardi–Salvadori and Paddington clinico-

pathological suspicious score gives better insight in preoperative diag-
nosis and stratification (Table 12.2).

	 Other recently explored molecules include ras homolog enriched in 
brain (RHEB), histone deacetylase 1(HDAC1) and WEE1homolog (WEE1).37 
RHEB has a role in cell growth and the cell cycle. HDAC1 determines the 
tumour progression and thus prognosis, whereas WEE1 belonging to nuclear 
kinase is a tumour suppressor. Both FA and PT express these proteins but 
their levels differ. Expression of RHEB and HDAC1 is highest in PT and 
determines tumourigenesis in the stromal component. The expression fre-
quencies of RHEB, HDAC1 and WEE1 proteins were found to be highest in 
epithelial cells of normal breast tissue, intermediate in FA and lowest in PT. 
However, the usefulness of these molecules in diagnosis of PT is yet to be 
standardized.37

Prognostic Factors
The prognosis of PT is determined by various factors, histopathology being 
strongest of all. On histopathology, mitotic figures greater than three per 
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high power field, stromal over growth with atypia, tumour necrosis, infil-
trating margins, mixed mesenchymal components are all associated with 
poor prognosis. Multivariate analyses have shown that histological type 
and tumour necrosis seem to be most potent prognostic factors.38 It is the 
borderline and malignant PT that most commonly metastasizes. Patients 
with metastasis and lymph node involvement have a poor prognosis and 
decreased survival.39 P53 over-expression is a marker of poor prognosis, as is 
increased telomerase activity, which is detected by flow-cytometric analysis.
	 Most of the malignant tumours are large in size,40 but no correlation 
exists between the recurrence and size of the primary lesion; however, size 
is an important predictor of metastasis. Age is not an independent factor 
but patients presenting in adolescence have a less aggressive course com-
pared to their older counterparts.16,17 After surgery, benign, borderline and 
malignant PT have five-year disease-free survival of 96%, 74% and 66%, 
respectively.41

Key Points
•	 Prognosis depends on histopathology and tumour margins after resec-

tion.
•	 Expression of molecular markers like p53, Ki67 and telomerase are 

being investigated.
•	 Five-year disease-free survival after surgery for benign, borderline and 

malignant disease is 96%, 74% and 66%, respectively.

MANAGEMENT

Surgery for Primary Lesion 
Surgery forms the mainstay in the management of PT and ranges from wide 
local excision with a margin of normal breast tissue to mastectomy depend-
ing on the histological grade and clinical behaviour of the tumour.42

	 Unlike four decades ago, when radical surgery was standard treatment 
for all PTs without due consideration of histopathology or tumour size and 
behaviour, surgical management has become more conservative, based 
on the fact that radical surgery does not offer added survival advantage. 
Enucleation or shelling out of PT irrespective of histological type has been 
abandoned owing to a higher rate of recurrence.42 Controversy exists regard-
ing the extent of surgery especially for borderline and malignant PT. PT 
diagnosed preoperatively, must undergo a wide local excision with a margin 
of at least 1 cm all around the tumour, especially for borderline and malig-
nant PT.
	 The PT irrespective of tumour histological grade, diagnosed after local 
excision should be closely followed whilst those with positive margin should 
undergo re-excision with a margin of 1 cm.27,43 Wide local excision is an 
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adequate procedure as long as the tumour to breast size permits, leading to 
breast conservation. If it is a giant (>10 cm) PT then mastectomy is preferred 
with intent to remove the entire visible tumour.
	 Clinically, palpable lymph nodes are present in 20% of all PTs, whereas 
histopathological evidence of metastasis is present in < 5%.42 The major 
route of metastasis is hematogenous. Lymph node involvement is a rarity 
and does not warrant routine axillary lymph node dissection until there is 
pathological evidence of metastatic deposits.27,41,43 Norris and Taylor31 have 
suggested that if lymph nodes are large enough one low lying lymph node 
should be taken for histopathological examination, a concept similar to sen-
tinel lymph node in breast cancer. Sometimes, patients with giant PTs have 
multiple enlarged lymph nodes suspicious of malignancy. Should lymph 
nodes be found to be metastatic on frozen section, axillary lymph node dis-
section may be done. In the absence of frozen section, axillary lymph node 
dissection seems to be a safe bet. However, there is dearth of literature on 
this specific issue. A suggestive flowchart for management of PT is shown 
in Flowchart 12.1.

Breast Conserving Surgery and Reconstruction
Reconstruction offers emotional well-being with a better quality of life. 
Reconstruction of the breast does not interfere in the recognition of recur-
rent tumour.44 Breast conserving surgery with wide local excision has recur-
rence rates similar to mastectomy if oncological principles are adhered to. 
Breast reconstruction can be performed immediately after primary sur-
gery or after an interval. Breast reconstruction is done with pedicle flaps; 
transverse rectus abdominis myocutaneous and latissimus dorsi (LD) flap 
being commonly used. Breast prosthesis, such as tissue expanders/saline 
implants and Alloderm are used when subcutaneous tissue is scanty. In 
breast reconstruction surgery, the nipple areola complex (NAC) is often 
spared for better cosmetic results. Sparing NAC is controversial in centrally 
located tumours and may be sacrificed and reconstructed with skin grafts 
and tattooing. Good results are obtained when an LD flap with implants is 
used.44 However, newer surgical techniques are needed to fulfil the growing 
need of reconstruction.

Key Points
•	 Wide local excision with a margin of >1 cm is standard treatment, irre-

spective of the nature of disease.
•	 In giant PT (>10 cm), mastectomy is preferred.
•	 Axillary lymph node dissection is not routinely warranted due to rarity 

of metastasis in the lymph node.
•	 Breast reconstruction should be considered in patients undergoing 

mastectomy. It offers better quality of life.
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Recurrence and Metastasis: Factors and 
Guidelines for Treatment 
Despite the best efforts of surgical management, PT has a tendency to recur 
locally and most commonly within the first few years following surgery. The 
rate of recurrence is maximum for borderline and malignant PT (30–65%) 
followed by benign PT (15–30%).27,28,41,43,45,46 In the majority of cases recur-
rence presents as an isolated lesion resembling the original tumour albeit 
with increased cellularity and aggressive histological features. Positive mar-
gins after excision determine local recurrence. Recurrence of benign PT is 
managed with wide local excision whilst mastectomy is reserved for border-
line or malignant PT. At times, aggressive widespread recurrence with chest 
wall and lung parenchyma involvement may necessitate active palliation 
with extended excision, reconstruction and radiotherapy (Flowchart 12.2).

Key Points
•	 Local recurrence is more common than distant metastasis, seen maxi-

mally in borderline and malignant PT.
•	 Distant metastasis occurs rarely, lungs followed by bone, heart and liver 

being common sites.
•	 Adjuvant radiotherapy can be considered in PT having recurrence with 

invasion to chest wall or inadequate margin.
•	 Role of chemotherapy and endocrine therapy has not well established.

	 Distant metastases occur in 10% of the patients with the lungs being 
most commonly involved followed by bone, heart, liver and abdominal 
viscera. If malignant PT metastasizes, it usually does so in the first 10 years 
of index surgery with or without local recurrence or involvement of lymph 
nodes.27,28,41,43,45,46 Histopathological examination of metastatic disease shows 
aberrant stromal fragments, atypia, overgrowth, high mitotic index, tumour 
necrosis with no evidence of epithelial elements. The risk of metastasis is 
not determined by tumour margin positivity after initial surgery but by 
tumour behaviour and biology. Adjuvant radiotherapy is strongly favoured 
in PT with chest wall invasion or if the margins are <1 cm with inadequate 
resection.47,48 Wide local excision of malignant and borderline PT with nega-
tive margins combined with adjuvant radiotherapy has led to a reduction 
of the recurrence rate from 86% to 59%.48 Both radiotherapy and chemo-
therapy are not routinely indicated.26,27,41,43 There is high epithelial expres-
sion of oestrogen receptor (58%) and progesterone receptor (75%), singly 
or in combination, and the level decreases with increasing degree of malig-
nancy. Despite PT being oestrogen receptor, progesterone receptor positive, 
endocrine therapy and adjuvant cytotoxic chemotherapy have no proven 
role in treatment.49 A flowchart for management of recurrent PT is given in 
Flowchart 12.2.
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Flowchart 12.2: Management of recurrent and metastatic PT.

CONCLUSION
Rarity of disease, comparative difficulty in preoperative histopathological 
diagnosis, propensity to recur and a poor response to chemotherapy and 
radiotherapy all lead to difficulty in management, delay in diagnosis of PT 
with attendant morbidity. Delay in presentation results in a large size mak-
ing management more difficult. Histopathology remains the gold standard 
in making the diagnosis. Despite the best efforts at surgical management, 
PT has a tendency to recur locally and most commonly within the first 
few years of surgery. The size of the lesion has no bearing on recurrence. 
Radiotherapy finds favour in management of PT with chest wall invasion 
or if the margins are <1 cm with inadequate resection. Despite PT being 
oestrogen receptor, progesterone receptor positive, the role of endocrine 
and chemotherapy therapy has yet to be established.

Key Points
•	 A fibroepithelial tumour of breast.
•	 Accounts for <1% of all breast malignancy and <5% of soft tissue 

sarcoma.
•	 Mostly occurs between ages 40 and 50 years.
•	 Preoperative diagnosis is relatively difficult as many features mimic 

those of fibroadenoma.
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•	 Surgery forms main stay of treatment, wide local excision with a margin 
of at least 1 cm should be applied irrespective of tumour behaviour.

•	 Chemotherapy, radiotherapy and hormonal manipulations have no 
proven role.

•	 PTs are notoriously known to recur locally whilst distant metastasis is 
uncommon.

•	 Breast reconstruction should be offered to patients postoperatively.
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INTRODUCTION
Approximately 40% of patients treated for colorectal cancer will develop 
liver metastases during their life time following treatment of the primary 
cancer, and these are defined as “metachronous” metastases. Approximately 
15% of all patients diagnosed with colorectal cancer will have radiologi-
cal evidence of liver metastases at the time of initial presentation,1 and 
these are termed synchronous colorectal liver metastases (SCLM). It is the 
management of this group of patients which we will discuss. SCLM are 
accepted as indicative of a poor prognosis compared with metachronous 
lesions, consistently demonstrating more aggressive biological traits such as 
increased incidence of multiple, bilobar, large dimensional disease and thus 
irresectability.2

	 Colorectal liver metastases presenting within one year of the primary 
colorectal cancer are likely to behave biologically as those identified at the 
initial diagnosis, and this group of patients too will have an adverse biologi-
cal behaviour from those who develop liver metastases several years later.3

	 Despite these apparent biological differences, the surgical manage-
ment for both synchronous and metachronous liver metastases has, hith-
erto, been similar. The classical surgical strategy has been a sequential 
resection, whereby the primary tumour is resected first with subsequent 
adjuvant systemic chemotherapy followed by liver resection. Some cen-
tres are now undertaking a “reverse sequential“ or “liver-first” approach, 
whereby the hepatic resection is performed first followed by the primary 
tumour resection for SCLM patients with rectal cancers on the postulate 
that in advanced rectal cancer the reverse strategy has a survival benefit, 
in sequential resections, by removing the main indicator of poor prognosis 
first thereby avoiding unnecessary rectal surgery in patients with incurable 
metastatic disease.4,5 We consider the evidence supporting the different 
surgical approaches and impart our experience in managing this group of 
patients through the prism of a multidisciplinary team comprising academic 
surgeons, oncologists and radiologists in the institutional setting of an inter-
national comprehensive cancer centre. 
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Key Points
•	 Approximately 15% of all patients presenting with colorectal cancer will 

have liver metastases at the time of initial diagnosis, and at least 40% 
of the remainder of patients will go on to develop liver metastases at 
some time later.

•	 Synchronous colorectal liver metastases are an indicator of poor prog-
nosis when compared with metachronous colorectal liver metastases 
and so likely represent a different biological group.

•	 Patients developing liver metastases within one year of diagnosis also 
demonstrate an adverse tumour biology similar to that of SCLM patients.

SELECTION FOR SURGERY
Full characterisation of the extent and distribution of disease is essential.6,7 
We recommend, all patients considered for radical treatment are evaluated 
by computed tomography (CT) of the chest, abdomen and pelvis, dedicated 
gadoxetic acid enhanced and diffusion-weighted magnetic resonance imag-
ing (MRI) of the liver and 18F-FDG PET/CT to identify extra-hepatic metas-
tases. Postchemotherapy morphological and functional metabolic response 
data8-10 are used to aid in case selection. In the case of a rectal primary, 
pelvic MRI is performed.11 All patients are discussed by the multidisciplinary 
team (MDT) in dedicated tumour-specific MDMs, where all relevant medi-
cal and ancillary disciplines are represented (Flowchart 13.1). 
	 Untreated, patients with SCLM have an overall five-year survival of 3%.1 
Only surgical intervention offers possibility of long-term cure, and survival 
for patients rendered free of all evaluable disease ranges from 37% to 58%.12 
Previously held criteria for inoperability with a curative intent such as more 
than three liver lesions, bilobar distribution or extra-hepatic disease are no 
longer considered contraindications to a hepatic resection, provided all 
sites of disease can be adequately treated. We acknowledge that there is 
a growing interest towards complete resection in the presence of control-
lable serosal disease, retroperitoneal nodal disease and even for maximally 
debulking operations, and that debulking operations and that by these 
criteria between 15–13% of patients with SCLM will be found to be eligible 
for resection with a curative intent.13

	 In an era of effective chemotherapy, we consider that patients in whom 
all sites of disease can be controlled are potentially operable and our criteria 
for resectability in the liver is the ability to gain negative resection mar-
gins whilst leaving sufficient residual functional liver volume with adequate 
inflow and outflow to support the patient in the postoperative phase. The 
use of portal venous embolisation, downsizing chemotherapy, radiofre-
quency ablation and two-stage hepatectomies has increased the proportion 
of eligible patients.14
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	 As the majority of the patients will have significant medical comorbidi-
ties, which will impact on the decision, timing and strategy for operation, 
close cooperation between the colorectal, hepatobiliary, anaesthetic and 
postoperative care teams is essential.15

Key Points
•	 Liver metastases are best characterised by MRI and extra-hepatic dise

ase identified with 18-FDG CT/PET.
•	 All patients should be discussed by colorectal and hepatobiliary MDTs, 

and close cooperation is essential.
•	 SCLM is a signal of poor tumour biology and prognosis and should be 

considered for neoadjuvant chemotherapy to assess response, demon
strate the tumour biology and treat occult micrometastatic disease.

•	 The response to neoadjuvant systemic chemotherapy is an indicator of 
long-term oncological outcome and can be demonstrated by morpho-
logic and functional imaging.

Flowchart 13.1: Algorithm for management of colorectal cancer patient presenting 
with synchronous liver metastases.
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•	 Complete elimination of all evaluable disease remains the only chance 
of cure.

•	 Only approximately 15% of patients with synchronous colorectal liver 
metastases will have resectable liver disease at presentation, but the use 
of techniques such as portal vein embolisation and multimodal liver-
directed therapies such as RFA and conversion systemic or regional 
chemotherapy can enlarge the pool of resectable patients by approxi-
mately 10%. 

•	 Main determinant of whether a patient is a surgical candidate is the 
ability to control all sites of intra- and extra-hepatic disease and retain 
sufficient functional liver volume, usually 25% in good quality liver and 
40% in damaged liver.

ONCOLOGICAL MANAGEMENT
The adverse prognosis of patients with SCLM is understood. At diagnosis 
the patient may have upfront resectable disease or borderline/irresectable 
metastases. For patients with de novo resectable disease, the EORTC 40983 
trial, which randomised 364 operable patients to 12 cycles of periopera-
tive FOLFOX (oxaliplatin plus fluorouracil) chemotherapy or surgery alone, 
demonstrated a three-year progression-free survival (PFS) benefit of 8.1% 
in favour of chemotherapy Hazrd Ratio = 0.77, range 0.60–1.00; p = 0.041.16 
This trial was underpowered for overall survival (OS) and revealed a non-
statistically significant six-year OS benefit of 4.1% for patients treated with 
perioperative chemotherapy. A small proportion of patients (7% in EORTC 
40983) progressed during chemotherapy, and these patients demonstrated 
an aggressive disease biology unlikely to benefit from resection and we con-
sider such patients as inoperable for treatment with curative intent. 
	 For a patient with borderline/irresectable disease receiving preoperative 
chemotherapy, the speed and quality of response as measured by dimen-
sional, morphological and functional changes bear strongly correlated to a 
probability of eventual resection and to both PFS and OS.17-19 This implies 
that the most appropriate active regimen should be selected, with the caveat 
that for most patients this will be part of a continuum of care due to the 
metastatic nature of the cancer. Doublet or triplet chemotherapy using a 
fluoropyrimidine backbone with the addition of either or both of irinote-
can and oxaliplatin has been examined for the purpose of “conversion” to 
resectability; triplet combinations are not only associated with increased 
response rates but also with increased toxicity.19,20

	 The use of anti-angiogenic and anti-EGFR monoclonal antibodies (beva-
cizumab and cetuximab or panitumumab, respectively) has led to signifi-
cant improvements in survival for patients with stage IV irresectable colo-
rectal cancer, and these drugs may also improve outcomes for patients with 
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resectable disease. However, it should be noted that most data are derived 
from trials that are not liver surgery specific, and consequently the absolute 
number of patients resected in any study is small, leading to significant inter-
study heterogeneity and difficulty interpreting outcomes. Bevacizumab does 
not consistently increase response rates when added to cytotoxic chemo-
therapy, and this inconsistency is also reflected in liver resection rates in 
randomised trials. Although resection rates were increased from 6.4% to 
8.1% in bevacizumab-treated patients in the NO16966 trial (Ox5FU ± bev), 
they were not significantly increased in other studies.21,22 Despite these con-
flicting results, cytotoxic chemotherapy and bevacizumab for patients with 
RAS mutant SCLM remain a reasonable option as there is clear evidence 
that OS is improved.23

	 With respect to anti-EGFR therapy, extension of exon 2, 3 and 4 of KRAS 
and NRAS has aided in further refining the patient population who may 
benefit from these agents.24 Retrospective analysis of chemotherapy plus 
cetuximab/panitumumab trials excluding patients with previously unex-
amined RAS mutations demonstrates that the addition of anti-EGFR ther-
apy significantly increases response rates for these patients, independent 
of the chemotherapy companion arm.24-26 For this reason, full RAS testing 
is recommended for all patients prior to initiation of anti-EGFR therapy. 
Increasingly, systemic therapy will become “personalised”, maximising the 
therapeutic index and utilising cytotoxic and targeted biological agents.27,28

Key Points
•	 EORTC 40983 demonstrated that perioperative FOLFOX resulted in a 

three-year PFS benefit of 8.1% in patients with resectable disease. 
•	 Patients may have “upfront” resectable metastases or borderline/irre-

sectable disease. Response to preoperative chemotherapy correlates with 
conversion to resectability and also to OS. 

•	 Although there is conflicting data, the use of bevacizumab is recom-
mended in patients with RAS mutant as OS is shown to be improved.

•	 Extended RAS testing is necessary before considering anti-EGFR 
therapy.

OPERATIVE PLANNING
It is important to carefully consider both the effect of pre-existing liver 
damage, such as alcoholic or non-alcoholic steatohepatitis, and systemic 
chemotherapy on the functional and regenerative capacity of the remnant 
liver.29 Most patients will have received at least doublet chemotherapy and 
likely, in addition, monoclonal agents such as bevacizumab. Irinotecan can 
induce steatohepatitis, fibrosis or even cirrhosis, and oxaliplatin may lead to 



Chapter 13: Management of Patients with Primary Colorectal Cancer  165 

sinusoidal injury and intra-hepatic veno-occlusive disease.29 Preoperative, 
percutaneous biopsy of the future remnant liver should be considered in 
cases of concern. We believe an interval of 4 weeks before operation to be 
safe in the absence of VEGF inhibitors and 6 weeks if the latter agents have 
been deployed.23

	 We routinely only perform hepatic resections for patients with SCLM 
with a curative intent and a simultaneous resection where possible. In 
simultaneous resections, it is our preference for the colorectal primary to be 
resected first, by open operation and laparoscopically for a rectal primary. It 
is important in simultaneous resections that the anaesthetic delivery, surgi-
cal techniques and postoperative care are carefully considered, and if there 
are concerns during the colorectal phase such as unexpected complexity, 
blood loss or physiological performance then dialogue between the surgical 
teams may lead to deferment of the liver phase.15

	 Laparoscopic liver resection is uncommonly feasible as most patients 
have extensive liver disease requiring major hepatectomies. Intraoperative 
ultrasound is routinely used to confirm the location, size and anatomic rela-
tionship of metastases. Where the surgical field cannot encompass all sites 
of disease, for example bilobar disease, preoperative, intraoperative or post-
operative radiofrequency ablation can be considered but with awareness 
of the limitations of RFA determined by proximity to intra-hepatic vascular 
structures and tumour size resulting in higher local recurrence rates up 
to 50% for lesions >  3 cm.30 The development of microwave ablation ther-
apy should increase the range of lesions treatable by such in situ ablative 
techniques.31

	 To avoid ischaemia on the chemotherapy-exposed liver, we do not use 
inflow clamping (Pringle manoeuvre). The Aquamantys System (Medtronic; 
Minneapolis, MN) bipolar coagulator prior to division with a cavitation 
ultrasonic aspirator (Valley Boulder, CO) is preferred for parenchymal trans-
action.32 To avoid imaging artefact on follow-up MRI, we do not use any 
metal clips on the resection surface.

Key Points
•	 Low threshold to exclude chemotherapy-induced hepatic damage 

before proceeding with surgery.
•	 Primary tumour should be resected first during a simultaneous resec-

tion to allow the hepatic resection to be postponed if there are concerns 
regarding duration of surgery or blood loss.

•	 Anaesthetic techniques including low central venous pressure and 
oesophageal Doppler should be used to minimise the risks of surgery.

•	 Avoid metal clips to prevent future imaging artefact during follow-up.
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DISCUSSION
The standard surgical treatment for patients with SCLM has been a sequen-
tial resection. Recently, however, there has been a growing trend to favour 
simultaneous resections in many centres.33 There remain concerns about 
the safety and the long-term outcomes of simultaneous resections. This 
has led to most surgical units undertaking “simultaneous” resections in 
only a highly selected group of patients and restricted to straightforward 
colonic and hepatic resections.33 Moreover, sequential resections tend to 
be favoured in patients considered to be high risk, that is the elderly, or 
patients with chemotherapy-induced hepatic damage requiring a substan-
tial liver resection.34 In a recent meta-analysis, we demonstrated that most 
centres had elected to perform sequential resections in patients with more 
extensive metastatic disease.35 Where the patient’s performance status is the 
source of concern, simultaneous resections may be inappropriate. We have 
demonstrated that, where the appropriate expertise exists, neither the extent 
of the metastatic burden nor the stage or location of the primary tumour 
should necessarily preclude simultaneous resections.34

	 Whether simultaneous resections for patients with SCLM have an onco-
logical benefit when compared with sequential resections remains unclear, 
and the heterogeneity of disease burdens when comparing the two surgical 
strategies make reported data difficult to interpret.35 Supporters of sequen-
tial resections feel that an interval prior to the hepatic resection permits 
progressive metastatic disease to declare itself and excludes such patients 
from further surgery and have concerns that simultaneous resections may 
leave behind occult micro-metastases in the remnant liver.29,36 Analysis of 
our series of patients with SCLM undergoing simultaneous resections dem-
onstrated that when stratified for extent of metastatic disease, those patients 
undergoing synchronous resections attained similar three-year overall and 
disease-free survivals to those treated by sequential resection.34 In addition, 
it is thought that a better oncological result can be achieved with simul-
taneous resections by avoidance of the postoperative suppression of cell-
mediated and humoral immunity and induction of pro-inflammatory and 
coagulopathic cascades as a consequence of firstly operation to resect the 
primary,37-39 and then again at liver resection and moreover by avoiding the 
inevitably longer delay in the commencement of adjuvant chemotherapy 
associated with sequential resections.40 A clear benefit of simultaneous 
resection is a reduction in the length of hospital stay by obviating the need 
for two admissions.34,35

	 The majority of studies comparing sequential versus simultaneous 
resections have a higher proportion of colonic primaries in the simultane-
ous resection group.33,41 Rectal cancer resections and major hepatectomies 
dominate in our cohort of simultaneous resection for SCLM, and we have 
shown good postoperative and oncological outcomes.34 Patient safety is key 
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to selection regarding whether patients should undergo a sequential or a 
simultaneous resection. It is clear that a sequential approach will remain 
an important tool in the surgeon’s armamentarium, particularly in patients 
where there are concerns regarding age or fitness or when an emergency 
primary tumour resection is required. Simultaneous resections are extensive 
and complex operations that should only be undertaken in centres where 
these procedures are routine. Moreover, it is essential that there is a close 
cooperation with all members of the multidisciplinary team, in particular 
a close association between the colorectal and liver surgical teams.15

Key Points
•	 Simultaneous resections are an emerging strategy for patients with 

SCLM.
•	 Sequential resections have a role when there are concerns regarding 

patient fitness, age or in an emergency presentation.
•	 Simultaneous resections prevent a delay in systemic chemotherapy and 

avoid the effect of postoperative immunosuppression associated with 
a sequential approach. 

•	 Where the appropriate expertise exists, simultaneous resections are safe 
even for patients with rectal cancer or need for major liver resections.

•	 Simultaneous resections should only be undertaken in centres where 
they are routinely performed.

IRRESECTABLE SYNCHRONOUS 
COLORECTAL LIVER METASTASES
The majority of patients presenting with colorectal liver metastases will be 
initially found to have irresectable disease.29 It is currently advised that all 
patients should receive neoadjuvant systemic chemotherapy.29 Moreover, 
this strategy, if downsizing is sufficient, can render the metastatic disease 
resectable in between 12% and 40% of patients with initially irresectable 
disease,42 and the use of monoclonal agents has been shown to increase 
this percentage.21-27,43 With this approach, 5-year OS rates of 33% have been 
reported, almost replicating the OS rates of patients with initially resectable 
colorectal liver metastases.42,43

	 There is no consensus regarding the optimal management of the pri-
mary tumour in patients with irresectable liver disease. Management of the 
primary tumour should take into consideration the nature and severity of 
symptoms from the primary tumour and patient’s wishes and comorbidi-
ties.44,45 The treatment should aim to maintain or improve the patient’s qual-
ity of life, control symptoms and prolong OS.44,45 Patients with rectal cancer 
and who are capable of tolerating a major surgical intervention should be 
considered for chemoradiation when there is a high risk of obstruction or 
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likelihood of developing debilitating pelvic symptoms. Otherwise, the fol-
lowing options should be considered: defunctioning colostomy, primary 
tumour resection, stenting, chemotherapy/chemoradiation or laser recana-
lisation to achieve effective palliation and equivalent survival.46

ADJUNCTIVE TREATMENTS
There is evidence to suggest that hepatic arterial infusion with chemo-
therapy combined with systemic chemotherapy, or intra-arterial infusion 
of yttrium-90 microspheres combined with systemic chemotherapy, show 
good response rates in patients with irresectable liver disease. However, 
despite improvements in time to progression, it remains unclear whether 
there is a translation into improved OS.14,47

	 The development of stereotactic body radiotherapy (SBRT) has been 
shown to have a low toxicity and can prevent progression in patients with 
limited hepatic disease and is now thought that SBRT will be a useful 
adjunct in the presence of limited irresectable disease.14,47,48

Key Points
•	 Majority of patients with SCLM will have irresectable disease on pres-

entation.
•	 12–40% of patients with intially irresectable disease can be converted 

to resectable disease with systemic chemotherapy. 
•	 All patients with irresectable disease who can tolerate systemic chemo-

therapy should be so treated.
•	 Management of the colorectal primary should be according to whether 

it is symptomatic or asymptomatic. There are no clear guidelines on 
management, and it should be dictated by the patient’s prognosis and 
wishes.

•	 Adjunctive therapies such as RFA and microwave ablation have a role to 
play particularly in irresectable disease. The use of RFA can increase the 
proportion of curative resections. SBRT is emerging as a useful adjunct 
in patients with irresectable limited hepatic disease.

EXTRA-HEPATIC METASTASES
Patients presenting with colorectal liver metastases and synchronous extra-
hepatic disease pose a dilemma to both surgeons and oncologists. Until 
recently, the presence of extra-hepatic disease was considered an absolute 
contraindication to surgery. However, good five-year survival data of 28–40% 
are reported in patients, where the extra-hepatic disease is controlled by 
systemic or surgical treatment.49
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Key Point
•	 The presence of extra-hepatic metastases is no longer an absolute con-

traindication to potentially curative liver resection in a highly selected 
group of patients.

FOLLOW-UP
Despite the many oncological and surgical advances in the management of 
patients with SCLM, the majority of patients will develop hepatic recurrence 
within two years following surgery with a curative intent. Close surveillance 
of patient’s postcurative resection is essential as a significant proportion 
of patients who develop a hepatic recurrence will be amenable for further 
surgery.29,50

Key Point
•	 Close follow-up following curative hepatic resections is essential as the 

majority of patients will develop a recurrence, which will be amenable 
to further surgery.
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INTRODUCTION
Varicose veins are a common pathology affecting between 25% and 40% of 
the general population.1,2 Primary varicosities manifesting as engorged, thin-
walled veins most commonly arise at the main interconnections between 
the deep and superficial venous systems: the saphenofemoral junction 
(SFJ), saphenopopliteal junction (SPJ) and deep perforators. Secondary 
varicosities are associated with an identifiable pathology (usually in the 
deep venous system) leading to superficial venous hypertension.3

	 Longitudinal studies suggest that the annual incidence of venous reflux 
in the general population is almost 1% with the superficial system (in parti
cular the long-saphenous vein) affected in two-thirds of cases.2 Chronic 
venous disease secondary to deep venous reflux, obstruction or calf mus-
cle-pump failure can lead to the development of most varicose veins and 
thus associated risk factors for varicose veins include previous deep venous 
thrombosis (DVT), posture and raised intra-abdominal pressure (e.g. preg-
nancy, obesity and intra-abdominal malignancy).2,3 The Edinburgh Vein 
Study followed up a random sample of 1,566 men and women aged 18–64 
years and found that a past history of DVT and being overweight (body 
mass index of 25.0–29.9) were associated the development of venous reflux 
at odds ratios of 11.3 and 2.1, respectively.2

	 Varicose veins can be a significant cause of morbidity with symptomatol-
ogy independent of objective clinical assessments of severity; having larger 
varicose veins does not appear to equate to more symptoms and conversely 
patients with only “minor” apparent varicosities can have significant symp-
toms.4 Associated health-care costs in the United Kingdom are significant 
with treatments for venous disease accounting for approximately 2% of the 
National Health Service (NHS) budget in 2001.3 Approximately 90,000 vari-
cose vein operations are performed each year in England.5

	 Objectified assessments of clinical severity of lower limb venous disease 
allows for delivery of treatment pathways and enables health-care workers to 
generalise the findings of research units from different countries. The CEAP 
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(Clinical, Etiology, Anatomy, Pathophysiology) classification is thus com-
monly used (Table 14.1) although other venous specific (e.g. the Aberdeen 
Varicose Vein Questionnaire) and generic systems (e.g. Short Form Health 
Survey 36) are also available to assess quality of life.3,6,7 A combination of 
these form the basis of Patient Reported Outcome Measures that the UK 
Health and Social Care Information Centre use to assess the effectiveness 
of care delivered to NHS patients undergoing varicose vein surgery.8

Table 14.1: CEAP (Clinical, Etiology, Anatomy, Pathophysiology) classification of 
lower venous disease.

Clinical classification: 

C0: No visible or palpable signs of venous disease 

C1: Telangiectasies or reticular veins 

C2: Varicose veins 

C3: Edema

C4a: Pigmentation or eczema

C4b: Lipodermatosclerosis or athrophie blanche 

C5: Healed venous ulcer 

C6: Active venous ulcer 

S: �Symptomatic, including ache, pain, tightness, skin irritation, heaviness, and 
muscle cramps and other complaints attributable to venous dysfunction

A: Asymptomatic

Etiology classification: 

Ec: Congenital 

Ep: Primary 

Es: Secondary 

En: No venous cause identified

Anatomic classification: 

As: Superficial veins 

Ap: Perforating veins 

Ad: Deep veins 

An: No venous location identified

Pathophysiologic: 

Pr: Reflux 

Po: Obstruction 

Pr,o: Reflux and obstruction 

Pn: No venous pathophysiology identifiable
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Key Points
•	 Varicose veins are a common problem particularly in overweight 

patients.
•	 Associated health-care costs for managing venous disease are signifi-

cant.
•	 Objectified assessments of disease severity and symptomatology allows 

generalisation of research findings and protocolised treatment.

ROLE OF PREOPERATIVE DUPLEX 
ULTRASOUND SCANNING (USS)
Historically, preoperative assessment for varicose veins comprised observa-
tion with clinical tests such as the “Tourniquet” and “Tap” test occasion-
ally combined with hand-held Doppler examination to determine sites of 
venous reflux and therefore to direct surgery. These tests are now obsolete—
indeed, although the “Tourniquet” and “Tap” tests still feature in medical 
text books, they should not be used in clinical practice.
	 Duplex will define the origin of venous reflux causing the varicose veins 
and will confirm function and patency of the deep venous system. Duplex 
is superior to both clinical examination and hand-held Doppler for accu-
rate assessment of venous reflux.9-11 Indeed, although incompetence of the 
saphenous veins is common, only three-quarters of patients are suitable for 
endovenous therapy [e.g. due to tortuous or very large calibre (>12  mm) 
veins, bifid systems, an extra-fascial venous course or pelvic reflux as the 
origin of venous incompetence].12 Consequently, surgery for primary vari-
cose veins in the absence of pre-operative Duplex USS imaging may result 
in inadequate or inappropriate surgery. In a randomized trial, a re-opera-
tion rate of 9.5% and recurrent reflux rate of 41.1% for patients was seen in 
those who did not have pre-operative imaging compared to rates of 1.4% 
and 15.0% in those who did.13 Thus guidance in both the UK and USA now 
recommends Duplex USS imaging as standard for preoperative assessment 
in all patients with varicose veins.14,15

SURGICAL AND CLOSURE TECHNIQUES

Open Surgery
First described by Friedrich von Trendelenburg more than 200 years ago, 
open surgery was the “gold standard” technique for operative management 
of lower limb varicose veins. The underlying principle remains to discon-
nect the point of reflux from the deep venous system into the superficial 
system. Indeed, the Trendelenburg operation of ligation of the �����������long saphe-
nous vein (LSV) at the femoral vein continued as “normal” practise into the 
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1980s. This evolved to flush ligation of the LSV at the SFJ in an attempt to 
reduce neovascularisation and recurrent reflux. Attempts to seal the SFJ or 
cover this with a synthetic patch and prevent recurrence by neovasculari-
sation proved ineffectual and were abandoned.16 Addition of LSV stripping 
to the knee developed into routine practice with observational evidence of 
reduced need for re-intervention.17 SFJ flush ligation and stripping of the 
LSV remains the standard of surgical care in many centres.
	 However, the last decade has seen the development of minimally inva-
sive endovenous techniques and has led to a 50% reduction in the propor-
tion of venous interventions performed as open surgery in England.3 The 
National Institute for Health and Clinical Excellence in the United Kingdom 
has recently recommended endothermal ablation as the first-line treatment 
of choice in patients with varicose veins.15

Endovenous Techniques
Endovenous approaches rely on injuring the target vein endothelium and 
application of compression to stimulate occlusion of the lumen. The most 
common techniques in current clinical usage are endothermal ablation 
(by either laser or radiofrequency, RF) and chemical ablation with foam 
sclerosant. All of these techniques require accurate pre-procedural duplex 
scanning to define the exact venous segment to be treated and are per-
formed under ultrasound control to determine accuracy and effect of the 
intervention. In many cases procedures can be performed under local 
anaesthetic and in the outpatient setting.

Endothermal Ablation
The technique for either laser or radiofrequency ablation (RFA) is similar.
	 Ultrasound guidance is used to facilitate vein cannulation using a 
Seldinger technique and a standard (often 7fr) introducer sheath. Placement 
of the catheter is confirmed with USS along the target vein to the origin of 
reflux (usually 2 cm distal to the SFJ or SPJ). USS is then used to guide instil-
lation of saline with local anaesthetic agent (commonly 20 mL 1% lidocaine 
in 500  mL normal saline) around and along the length of the vein within 
its fascial sheath. This “tumescence” achieves not only anaesthesia but pro-
vides a “heat sink” effect to prevent excess heat energy being imparted to 
surrounding tissues, increases the distance between the vein and the overly-
ing skin (thus reducing the chance of skin burns) and provides latent com-
pression (thus reducing the amount of energy needed to achieve closure). 
A minimum 1 cm of tumescence around the vein reduces risk of skin burn 
or fibrosis (which can cause causing postoperative tattoing and “tethering” 
of the skin). With the patient in “head down” position to empty the vein, 
the thermal catheter then heat treats the section of vein. Post-procedure 
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the patient is placed into compression for 5–21 days. Complications of the 
procedure include bruising and superficial thrombophlebitis often several 
days following intervention. This is usually self-limiting and is managed 
with conservative therapy of compression and a course of nonsteroidal anti-
inflammatory drugs. In the mid-term, some patients have a sense of pulling 
or tethering in the thigh where the residual LSV fibroses but skin staining, 
thermal burns or deep venous injury/thrombosis are rare.3

Endovenous Laser Ablation (EVLA)
EVLA utilises an optical fibre, normally in the infrared portion of the spec-
trum, to generate thermal energy (up to 800°C) causing obliteration of the 
vein and subsequent fibrosis (http://venacure-evlt.com/endovenous-laser-
vein-treatment/angiodynamics/products/laser/).18,19 The term endovenous 
laser therapy is often confused with EVLA: it is the same treatment but refers 
to a specific make of 910 nm generator and laser fibre made by Diomed. 
There are now a variety of fibres with different wavelengths available (from 
810 nm to 1470 nm) depending on the manufacturer. Following vein cannu-
lation and subsequent tumescence the laser fibre is withdrawn in a steady 
continuous manner (0.2  cm/s) whilst discharging a 14W power source 
with an aim to deliver 60–70 J of energy to each treated centimetre of vein. 
Complications of the procedure include bruising, skin staining, thermal 
burns, superficial thrombophlebitis and deep venous injury/thrombosis.3

Radiofrequency Ablation
RFA utilises RF waves to generate thermal energy (of 85°C–120°C) instead 
of laser.20 Procedural steps for this approach are otherwise as for EVLA. 
The commonest RFA catheter used is the VNUS ClosureFast system (now 
known as Venefit, Covidien, Mansfield, MA, USA) (https://www.venefit-
procedure.com/closurefast.aspx).21 VNUS ClosureFast allows deliver of RF 
energy to a pre-defined length of vein segment (3–7  cm depending on the 
type of RFA catheter) over 20 seconds with each more distal vein segment 
treated in subsequent serial 20 second bursts. VNUS ClosureFast facilitates 
a faster treatment rate (0.35 cm/s) and by allowing discrete segmental treat-
ment, possibly avoids variations in the amount of delivered energy related 
to operator technique.3 Other manufacturers of RFA catheters utilise a 
continuous pull-back technique similar to EVLA.

Sclerotherapy
This technique utilises chemicals, which are toxic to endothelium, to induce 
venous scarring and subsequent occlusion. In the United Kingdom, 1–3% 
sodium tetradecyl sulphate (STD) or 0.5–3% polidocanol (PD) are most 
commonly used. Sclerotherapy is the gold standard for treatment of thread 
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or spider veins by direct injection with microfine needles (31g). It is also 
used in the treatment of arteriovenous and lymphatic malformations.
	 For the treatment of varicose veins, STD or PD are emulsified with air 
in a 1:4 ratio by the Tessari technique using 2 Luer-lock syringes connected 
by a three-way tap22 (https://www.youtube.com/watch?v=Zoond6y2dQ0).23 
This converts the sclerosant from a liquid state to a foam. Foam sclero-
therapy (FS) is beneficial for three reasons: firstly, it generates a bright ultra-
sonic signal and can therefore be tracked throughout the treated venous 
segment (thus also reducing the likelihood of embolisation into the deep 
venous system), secondly, it achieves greater surface contact with the vein 
wall and thirdly, it is less prone to deactivation through contact with blood 
proteins thus increasing its potency. FS can be used to treat either truncal 
disease or isolated varicosities and has the advantage of being able to navi-
gate tortuous pathways and treat small veins. It is injected into the target 
vein under US guidance (without the need for tumescent anaesthesia) and, 
as with EVLA, post-procedural compression is required. Complications of 
FS include brown skin staining and rarely necrosis (particularly if sclerosant 
extravasates) as well as DVT and migraine.3 Neurological events such as 
transient ischemic attack are rare and it is postulated that they are related to 
sclerosant or air emboli reaching the cerebral carotid circulation in patients 
with undiagnosed right-to-left cardiac shunts (e.g. patent foramen ovale).24,25

Other Endovenous Ablative Methods
Newer approaches with a smaller (but growing) evidence base than the 
three aforementioned techniques include steam ablation [Steam Varicose 
System, which provides thermal ablation through pulsated steam (http://
www.inycom.com/productos-medicina/ablacion-endovenosa-por-vapor-
de-agua)], non-thermal techniques, which obviate the need for tumescent 
anaesthesia such as mechanochemical ablation [ClariVein, which uses a 
rotating wire at the catheter tip to abrade the endothelium and simultane-
ously delivers intra-luminal sclerosant (http://clarivein.com/)] and intra-
luminal adhesive sealant [Sapheon Venaseal Closure System (http://www.
venaseal.com/how-venaseal-works/)] as well as hybrid open/endoluminal 
approaches such as cryoablation.3,26-32

Key Points
•	 Endovenous closure techniques are now established as the preferred 

treatment for varicose veins.
•	 Endovenous techniques can be divided into thermal (requiring local 

anaesthesia) and non-thermal ablative methods.
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EFFICACY AND COST-EFFECTIVENESS OF 
ENDOVENOUS TECHNIQUES
Given the traditional role of open surgery, newer endovenous approaches 
[especially EVLA, RFA and USS-guided FS (UGFS)] have been subject to 
scrutiny through numerous randomized controlled trials (RCTs) and sub-
sequent meta-analyses to demonstrate their efficacy.
	 A recent systematic review identified 28 RCTs suitable for meta-anal-
ysis.33 Eleven RCTs compared EVLA with surgery, 8 RCTs compared RFA 
with surgery, 4 RCTs compared UGFS with surgery, 5 RCTs compared RFA 
with EVLA and there was one multi-comparison RCT. Only 3 RCTs were 
considered to be at low risk of bias.34-36 The primary outcome was defined 
as “primary failure” (i.e. failure to completely abolish truncal reflux). As 
illustrated in Figures 14.1A to D, no difference was found between either 
RFA or EVLA versus surgery or between RFA and EVLA. UGFS was associ-
ated with a greater than two-fold risk of failure in comparison with open 
surgery. For secondary outcomes, no difference was noted between either 
RFA or EVLA versus surgery in terms of clinical recurrence whilst EVLA and 
RFA were associated with significantly less post-operative pain and a lower 
risk of wound infection and haematoma. RFA conferred a higher risk of 
post-operative superficial thrombophlebitis in comparison to open surgery 
(RR 2.3) but was nonetheless associated with a faster return to normal activ-
ities (whilst EVLA was not for either outcome). Of note, a homogenous find-
ing within both this meta-analysis and more recent double-blinded RCTs 
was that postoperative pain after RFA was less in comparison to EVLA.33,37

	 The REACTIV (Randomised clinical trial, obsErvational study and 
Assessment of Cost-effecTIveness of the treatment of Varicose veins) trial 
had previously demonstrated both the clinical effectiveness and the cost-
effectiveness of open surgical intervention in comparison to conservative 
management.38 In this context, the cost-effectiveness of newer endovenous 
techniques in comparison to open surgery has been the subject of consid-
erable interest especially given the current economic climate affecting the 
NHS.39 Cost-effectiveness studies suggest that open surgery performed as a 
day-case and RFA or EVLA performed under local anaesthetic in a day-case 
or office-based setting are likely to be cost-effective treatments whilst the 
overall utility of UGFS remains uncertain as its initial lower cost may be 
offset by the higher costs of re-intervention in the medium term.40,41

VENOUS ULCERATION
Approximately 3% of patients with varicose veins will develop venous ulcers.15 
However, what is not clear is who will get ulceration—indeed many patients 
can have varicose veins for years without any impact on their quality of life. 
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Figs. 14.1A to C

A

B

C



Chapter 14: Superficial Venous Incompetence and Varicose Vein  183 

Figs. 14.1A to D: Meta-analysis of pooled results for primary outcome (failure to 
completely abolish truncal reflux) after different interventions.
Source: Reproduced with permission from Siribumrungwong B, Noorit P, Wilasrusmee 
C, Attia J, Thakkinstian A. A systematic review and meta-analysis of randomised 
controlled trials comparing endovenous ablation and surgical intervention in patients 
with varicose vein. Eur J Vasc Endovasc Surg. 2012;44(2):214-23. 

The impact of venous ulceration is significant: the average healing time is 8 
weeks with a 60–80% relapse rate and 10–20% of patients are poor respond-
ers requiring prolonged (often more than 12 months) labour-intensive nurs-
ing care (Fig. 14.2).42 The financial burden of venous ulcer care is estimated 
at $3 billion annually across Western countries. In the United Kingdom, 
wound management (of all descriptions) represents the majority of clinical 
activity performed by district (community) nurses. The accepted treatment 
for venous ulceration is compression either delivered via layered bandag-
ing or from elasticated stockings.3,43 The ESCHAR study (Effect of Surgery 
and Compression on Healing And Recurrence) randomised 500 patients 
with active or recently healed venous ulceration to either compression alone 
or compression with superficial venous surgery.44 Although rates of wound 
healing were no different (hazard ratio 0.84; 95% confidence interval, CI, 
0.77 to 1.24), ulcer recurrence rates were significantly reduced in the group 
undergoing surgery (hazard ratio -2.76; 95% CI -1.78 to -4.27)—an effect, 
which persisted at four years.44,45 Trials are currently ongoing to compare 
early versus delayed intervention in lower limb venous ulceration [e.g. the 
EVRA (Early Venous Reflux Ablation) Ulcer trial; http://public.ukcrn.org.
uk/Search/StudyDetail.aspx?StudyID=15078].46

COMPRESSION HOSIERY
Compression was considered a first-line treatment for symptomatic but 
otherwise uncomplicated varicose veins as they are non-invasive and 

D
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Fig. 14.2: Venous ulceration affecting the gaiter area.
Source: Reproduced with permission from Onida S, Lane TRA, Davies AH. Varicose 
veins and their management. Surgery—Oxford International Edition. 2013;31(5):211-7.

cost-effective.3 The mechanism of action of compression is through the 
exertion of graded external pressure to the skin at the level of the ankle 
and at sequentially lower amounts as one ascends higher. The net result is 
a reduction in the volume of the venous reservoir, reduced venous stasis/
reflux, improved capillary pressure gradients and thus improved arterial 
inflow.3 There are five different classification types for compression hosiery 
and each type has between three and four classes of compression represent-
ing different in vitro pressure measurements.47 In the United Kingdom, class 
II stockings (British Standard), which exert a pressure of 18–24 mm Hg are 
most commonly prescribed.3

	 Due to study heterogeneity (e.g. the use of different types of stock-
ings in different patient groups across different studies) and consequently 
poor-quality evidence, the scientific basis supporting the use of compres-
sion hosiery for uncomplicated varicose veins is equivocal and current 
official guidance in both the USA and the United Kingdom suggests that 
compression should not be used as a rationing tool in lieu of definitive 
treatment.3,14,15,47

RECURRENCE AND PELVIC VEIN REFLUX
Recurrence after varicose vein surgery is relatively common, associated 
with poorer patient outcomes and can present with advanced clinical signs 
(skin changes) in a quarter of patients.48 Treatment is frequently challenging 
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because of the atypical anatomy of recurrence and the hazards associated 
with re-operative fields.49 Knowledge of the history and operations under-
taken for varicose veins is therefore necessary to optimise outcomes and 
consequently the surgeon should be aware of the index procedures to help 
guide future definitive treatment.
	 The term “REVAS” (REcurrent Varices After Surgery) was proposed by 
international consensus to define: true recurrences (e.g. due to neovascu-
larisation), residual veins [either due to tactical error (inappropriate initial 
surgery) or technical error (inadequate surgical technique)] and new varices 
as a result of disease progression.48,50 In 10% of cases, no source of reflux 
can be demonstrated but in the remainder the majority (50%) of recurrence 
is due to SFJ incompetence whilst a further 20% have pelvic or abdominal 
vein reflux.48,51 Intervention to abdominal and pelvic veins is emerging as 
a neoadjunctive treatment (i.e. prior to lower limb venous surgery) in the 
management of patients with lower limb varicose veins demonstrated to 
have pelvic vein reflux on preoperative imaging (Fig. 14.3).52

	 In women with a pelvic component to their lower limb venous insuf-
ficiency, focussed questioning and examination at consultation will usually 
suggest a pelvic source. Thus the presence of varicosities of the vulva (par-
ticularly in pregnancy), atypical leg symptoms (typically mid-thigh pain) 
and also lower limb venous symptoms that vary with the menstrual cycle 
are suggestive whilst atypical medial or posterior position of the varicose 
veins may also be observed.53,54

Fig. 14.3: Embolization of the left ovarian vein with contrast demonstrating reflux 
from the left renal vein.
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	 Treatment by embolisation of incompetent pelvic veins has been shown 
to reduce the risk of lower limb varicose vein recurrence. Indeed, Creton et al. 
observed an improvement in 80% of cases of recurrent varicose veins 
three years postembolisation of incompetent ovarian and pelvic varices.55 
Similar results have been reported by van der Vleuten et al. who noted an 
improvement of symptoms in 66.9% of patients two months after embo-
lisation.56 Meneses et al. investigated the effects of performing embolisa-
tion before recurrent varicose vein surgery in a small series and found that 
embolisation both reduced the risk of re-recurrence and improved symp-
toms even without surgery.57 

Key Points
•	 Numerous randomized studies have confirmed the efficacy of end-

ovenous techniques in comparison to open surgery.
•	 Venous ulceration is the most severe complication of varicose disease 

and confers a significant disease burden due to prolonged healing times 
and high relapse rates.

•	 Compression has been demonstrated to accelerate healing of venous 
ulceration whilst surgery has not.

•	 Adjunctive techniques such as abolition of pelvic vein reflux may have 
a role in reducing recurrence of varicose veins.

CONCLUSION
The modern management of patients with varicose veins focuses on the 
patients’ symptoms and clinical severity of disease. Accurate diagnosis by 
routine preoperative duplex ultrasound will enable direction of appropriate 
therapy and should be considered mandatory. In most cases, treatment can 
be delivered through new endovenous modalities thus obviating the need 
for hospital admission. Most patients can ambulate within hours, analgesic 
requirements are minimal and many return to work within days. Accurate 
diagnosis of the origin of the varicosities and a treatment plan, which 
addresses these sources, will minimise the risk of recurrence.
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OESOPHAGOGASTRIC

Bariatric Surgery
Treatment options for obesity include non-surgical treatments, such as 
behavioural therapies, dietary changes and pharmacotherapies and bari-
atric surgery. Current National Institute for Clinical Excellence guidelines 
recommend evaluation of bariatric surgery for individuals with a body mass 
index (BMI) > 40 or > 35 with serious comorbidities related to obesity in 
whom all appropriate non-surgical measures have been tried.1

	 The most common surgical techniques used are Roux-en-Y gastric 
bypass, sleeve gastrectomy or gastric banding. Two RCTs were reported 
in 2013 comparing operative to nonoperative treatment strategies. The 
Diabetes Surgery Study compared the efficacy of intensive medical man-
agement (included weight lowering medications) to Roux-en-Y gastric 
bypass surgery to achieve control of comorbid risk factors in patients with 
diabetes.2 After 12 months, 28 participants (49%; 95% confidence interval, 
CI, 36%–63%) in the gastric bypass group and 11 (19% 95%CI 10%–32%) 
in the lifestyle-medical management group had achieved the primary end-
points of HbA1c < 7.0%, LDL cholesterol < 100 mg/dL and systolic blood 
pressure < 130 mm Hg (odds ratios, OR, 4·8; 95%CI 1·9–11·7). The other 
study randomised obese participants (BMI  > 28) with type II diabetes and 
hypertension into three groups of usual care, usual care with exenatide, a 
glucagon-like peptide-1 agonist and Roux-en-Y gastric bypass surgery.3 The 
study found that participants in the group randomised to surgery had the 
greatest improvement in the primary endpoint, left ventricular mass index 
as a measure of cardiac function, at 12 months. BMI was also maximally 
reduced in the group undergoing surgery. 
	 A meta-analysis of 11 studies, including the above two RCTs, aimed to 
quantify the overall effects of bariatric surgery compared to non-surgical 
treatment for obesity.4 The authors found that surgery resulted in a greater 
weight loss (mean difference -26 kg (95%CI -31 to -21)) and higher remis-
sion rates of type II diabetes [relative risk 22·1 (3·2 to 154·3)]. As with the 
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two RCTs above, follow-up in all trials was short and overall limited to a 
maximum of two years. As such information on the longer term efficacy of 
these interventions is lacking. 

Key Point
•	 Bariatric surgery is an effective treatment for obesity although the long-

term efficacy is yet to be evaluated. 

Gastro-oesophageal Reflux Disease
The REFLUX trial compared minimal access surgery to medical manage-
ment for gastro-oesophageal reflux disease with longer follow-up data avail-
able to determine whether benefits are sustained.5 The primary outcome 
measure was self-reported quality-of-life score on disease-specific REFLUX 
questionnaire. Just 63% (112/178) of those allocated to surgery actually 
underwent an operation, which likely reflects the difficulty in randomising 
between two very different treatments. Despite this there were still clear dif-
ferences in outcome between the intention to treat groups with the RELFUX 
score significantly favouring the surgical treatment group (mean difference 
8·5 95%CI 3·9–13·1 p <  ·001, at five years).

Key Point
•	 The improved outcome from surgical treatment of gastro-oesophageal 

reflux disease compared to medical management was sustained at 
five years follow-up.

HEPATOPANCREATOBILIARY

Enhanced Recovery Following Liver Resection
Enhanced recovery pathways (ERPs) after surgery aim to attenuate the stress 
response to surgery and enable a rapid recovery. To date there is limited 
evidence for their use following liver resection. A small RCT was conducted 
in one UK hospital comparing an ERP after open liver resection to standard 
care.6 The trial was powered to detect an ambitious three-day reduction 
in length of stay with 46 patients in the ERP group and 45 in the standard 
care group included in the analysis. Median time until medically fit for dis-
charge was reduced in the ERP group (three vs six days with standard care; 
p <  ·001), as was length of stay (four vs seven days; p <  ·001). 
	 Although these results reach significance the study does have limita-
tions. Instead of using distance randomisation, the sealed envelope system 
was used, which can compromise this process.7 There was no stratification 
resulting in an imbalance in baseline characteristics between the groups 
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with more patients in the ERP group having higher Portsmouth modifica-
tion of the P-POSSUM operative severity scores, reflecting the higher num-
ber of major resections in this group (p  =  ·012). The median length of stay 
achieved in both groups of this study are certainly excellent and may reflect 
health-care professionals being more attuned to the principles of enhanced 
recovery and therefore incorporating aspects into all patients’ management. 

Key Point 
•	 Enhanced recovery pathways, which are increasingly being adopted for 

general surgical procedures, are both safe and effective to use after liver 
resection. 

Ischaemia Reperfusion Injury
The main disadvantage of vascular inflow occlusion used during liver sur-
gery to reduce bleeding is the postoperative liver dysfunction and morbid-
ity that can result from ischaemia-reperfusion injury. Two meta-analyses 
published in 2013 focused on therapeutic strategies to reduce the effects 
of such ischaemia-reperfusion injury. The first examined RCTs evaluating 
ischaemic preconditioning prior to either continuous or intermittent clamp-
ing.8 Eleven suitable studies were identified, but no significant benefit was 
found in terms of mortality or morbidity; however, the trials identified were 
somewhat heterogeneous. 
	 A further meta-analysis aimed to determine the effect of administration 
of perioperative steroids on ischaemia-reperfusion injury and the surgical 
stress response.9 Six studies were included, of which five were RCT’s, and 
the pooled results demonstrated that patients receiving intravenous glu-
cocorticoids were 24 per cent less likely to suffer postoperative morbidity 
compared with controls (risk ratio 0·76, 95%CI 0·57–0·99; p  =  ·047). It is 
unlikely that this will be incorporated into clinical practice since the study 
has a number of limitations including that less than one fifth of study sub-
jects underwent major hepatectomy.

Pancreaticoduodenectomy
Pancreaticoduodenectomy (PD) is the only therapeutic modality offering 
long-term survival in patients with operable pancreatic head or periamp-
ullary tumours. It remains a surgical procedure with high morbidity often 
related to the pancreatic anastomosis. The postoperative course can be sub-
stantially affected by the occurrence of pancreatic fistula potentially leading 
to the life-threatening complication of a delayed bleed from a pseudoaneu-
rysm. Much research has addressed the optimum approach to pancreatic 
anastomosis although there is still little consensus. 
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	 Two trials were published in 2013 favouring reconstruction with pan-
creaticogastrostomy (PG) over pancreaticojejunostomy (PJ).10,11 One ran-
domised 329 patients intraoperatively to either PG or PJ after PD for pan-
creatic or periampullary tumours.10 Patients were stratified according to size 
of pancreatic duct measured intraoperatively. Whilst the overall incidence of 
postoperative complications did not differ between the groups, there was a 
significant difference in the primary outcome measure of clinical postopera-
tive pancreatic fistula (grade B or C as defined by the International Study 
Group on Pancreatic Fistula). A total of 33 (19·8%) patients in the PJ group 
and 13 (8·0%) in the PG group had clinical postoperative pancreatic fistula 
(OR 2·86, 95%CI 1·38–6·17; p =  ·002). 
	 A smaller RCT of 123 patients conducted across two centres similarly 
randomised between PJ and PG intraoperatively without stratification by 
duct size.11 The primary endpoint of the study was the incidence and severity 
of pancreatic fistula after PD. This trial, with slightly different methodologies 
and inclusion criteria to the first, similarly demonstrated a higher incidence 
of pancreatic fistula following PJ than for PG (20/58 vs 10/65, respectively; 
p  =  ·014). The severity of pancreatic fistula was also higher in the PJ group 
(grade A: 2% vs 5%; grade B–C: 33% vs 11%; p =  ·006).
	 Whilst the results of both of these RCTs favour PG, the study designs 
have been questioned.12,13 Specifically, issues regarding surgeon’s experience 
and the effect of institution volume on outcomes have been raised. In the 
first trial, surgeons were required to have previously undertaken just five 
PJ and five PG procedures, whereas the second did not make a stipulation. 
Neither reported on the annual volume of the participating surgeons nor 
institutions. Such studies will always be open to criticism and it is notewor-
thy that whilst the first study is criticised for not standardising the technique 
of anastomosis, the second is criticised for only allowing a duct-to-mucosa 
technique in the PJ arm.

Key Point 
•	 There have now been a number of RCTs addressing the optimum pan-

creatic anastomosis after PD. Current evidence supports the use of PG, 
however, until there is multi-institutional consensus on the optimum 
study design it is unlikely that the results of trials will be translated into 
clinical practice.

Cholecystectomy 
Studies on single incision laparoscopic cholecystectomy appear regularly in 
the literature, although, owing to limited data on the safety of the procedure, 
it has not been routinely adopted. One particular meta-analysis published 
in 2013 included 13 RCTs comparing single incision laparoscopic surgery 
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(SILS) cholecystectomy to the standard laparoscopic approach.14 There was 
a higher procedure failure rate, longer operating time, and greater blood 
loss in the SILS group than the conventional laparoscopic cholecystectomy 
group. This may in part reflect the fact that in the majority of RCTs included, 
the SILS procedures were performed during the surgeon’s learning curve. 
Whilst there was no difference found in postoperative pain, cosmetic satis-
faction was greater in the SILS group; the authors note these results must be 
interpreted with caution due to wide confidence intervals and small num-
bers of RCTs examining some of these outcomes. 
	 Another study evaluated the benefit of the open technique compared to 
the laparoscopic approach. Patients were randomised to either small inci-
sion open cholecystectomy (SIOC), with a 4–8-cm-long transverse incision 
over the right rectus abdominis muscle, or conventional laparoscopic chol-
ecystectomy.15 This was a pragmatic expertise-based study with the aim of 
avoiding the confounder identified in the above meta-analysis that of the 
surgeon’s learning curve. As such, patients were randomised to surgeons 
with expertise in either intervention, rather than to procedures done by 
surgeons expected to have equal competence in both operations. Whilst 
mean duration of surgery was shorter in the SIOC group, there was a small 
decrease in postoperative quality of life in the SIOC group. Details of what 
this related to, e.g. cosmesis, are not provided.

Key Point 
•	 Single-incision laparoscopic cholecystectomy is associated with 

improved cosmetic satisfaction, but there are still no adequately pow-
ered trials to assess its safety.

COLORECTAL

Colonic Investigations
Several procedures are available to investigate patients with symptoms 
suggestive of colorectal cancer. The first randomised data on symptomatic 
patients were published in 2013 from two trials led by the UK Special 
Interest Group in Gastrointestinal and Abdominal Radiology (SIGGAR); one 
comparing computed tomographic colonography (CTC) and barium enema 
(BE),16 the other CTC and colonoscopy.17 Each trial had a 2:1 randomisation 
in favour of the “default” whole-colon examination. Eligible patients were 
those ≥ 55 years with symptoms or signs suggestive of colorectal cancer who 
were fit to undergo full bowel preparation, had no known genetic predis-
position to cancer, no history of inflammatory bowel disease, no whole-
colon examination in the past six months and were not in active follow-up 
for previous colorectal cancer. The primary outcome measure for the CTC 
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versus colonoscopy trial was the requirement for additional tests needed 
to diagnose or exclude significant neoplasia. For the CTC versus BE study 
it was detection rates and diagnostic sensitivity of significant colonic neo-
plasia by each test.
	 The results of the first sub-trial16 demonstrated that CTC detects sig-
nificantly more colorectal cancers or large polyps than BE (93/1277 7·3% 
vs 141/2527 5·6%, relative risk 1·31, 95%CI 1·01–1·68; p  =  ·039) and has a 
lower miss rate for colorectal cancer (CTC missed three of 45 colorectal 
cancers and BE missed 12 of 85). Rates of additional colonic investigation 
were higher after CTC than after BE due to higher detection rates of both 
large and small polyps. Given that CTC is a less burdensome procedure for 
patients and affords the opportunity to refer patients for same day colon-
oscopy, it is likely that it should replace BE in this setting.

Key Point 
•	 CT colonography should be the preferred radiological test over BE for 

investigation of symptomology suggestive of colorectal cancer.

	 The results of the other sub-trial,17 CTC versus colonoscopy, have gen-
erated more discussion. In terms of detection rates of colorectal cancer or 
large polyps there was no difference, 11% for both procedures. CTC missed 
just one of 29 colorectal cancers and colonoscopy missed none of 55. There 
was no difference in serious adverse events. CTC did generate substantially 
more follow-up tests than colonoscopy (30·0% vs 8·2% relative risk 3·65, 
95%CI 2·87–4·65; p < ·0001) with almost half of the referrals being for small 
(<10 mm) polyps of clinical uncertainty. As such there was a low probability 
of finding cancer or a large polyp on follow-up tests. The authors suggested 
that many of these follow-up investigations might be avoided by the devel-
opment of guidelines for patient referral and the use of techniques such as 
faecal tagging to increase specificity. At present the number of other refer-
rals for incidental findings detected by CT is not reported.

Key Point
•	 Although CT colonography provides a similarly sensitive and less inva-

sive alternative to colonoscopy, the high referral rates will need to be 
addressed.

Laparoscopic Surgery for Colorectal Cancer
Two trials were published in 2013 comparing laparoscopic to open resection 
for colorectal cancer: long-term follow-up of the MRC CLASICC trial,18 and 
short-term results of the COLOR II trial.19 The MRC CLASICC (Conventional 
versus Laparoscopic-Assisted Surgery in Colorectal Cancer) trial was com-
menced in 1996. Unlike similar studies launched in other countries this 
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trial was the only one to include rectal cancers and undertake standard-
ised reporting and central review of pathology specimens. The short-term 
outcomes of the trial, first published in 2005, demonstrated higher, albeit 
not significantly, rates of positive circumferential resection margin involve-
ment following laparoscopic anterior resection.20 However, at three-year 
follow-up there was no difference in terms of local recurrence rates21 and 
five-year follow-up data similarly showed no differences in terms of overall 
survival, disease-free survival or local and distant recurrence between the 
groups.22 The long-term results published in 2013, at a median follow-up 
of 62 months, continue to support the use of laparoscopic surgery for both 
colonic and rectal cancer.18 Median overall survival for colonic cancer was 
85·1 months and rectal cancer 73·6 months with no statistically significant 
difference between the groups.
	 The COlorectal cancer Laparoscopic or Open Resection (COLOR II) 
trial compared laparoscopic to open surgery in patients with rectal cancer 
and was of a non-inferiority design. The short-term results published in 
early 2013 demonstrated equivalent findings in terms of safety and resec-
tion margin.19 Whilst laparoscopic operations took longer (240 min vs 188 
min, p  <  ·0001), there was a lower intraoperative blood loss (median 200 
mL vs 400 mL p  <  ·0001). In addition bowel function returned sooner (2·0 
days vs 3·0 days, p  <  ·0001) and hospital stay was shorter (8·0 days vs 9·0 
days, p  =  ·036) in the laparoscopic group. There was no standardisation of 
perioperative protocols in this study and notably ERPs were not mandated. 
The protocol simply stated that within each centre open and laparoscopic 
patients were to be managed similarly. The length-of-stay figures were better 
than in the CLASICC trial, although of course the first patients were ran-
domised to the respective studies eight-years apart. As such, it is likely that 
in COLOR II the majority of centres would have used principles of enhanced 
recovery. Similarly, the operative conversion rate of 16% in COLOR II, com-
pared to 29% in CLASICC likely reflects the additional experience that has 
been gained with time.

Key Point 
•	 There is now considerable trial evidence to support the use of laparo-

scopic surgery for resection of both colonic and rectal cancer.

BREAST

Intraoperative Radiotherapy
Intraoperative radiotherapy (IORT) delivers a high dose of radiation pre-
cisely to the targeted area with minimal exposure of surrounding tissues 
and has been found to be feasible in the management of a number of solid 
tumours.
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	 The results of two trials, ELIOT23 and TARGIT-A,24 examining the role 
of IORT for women undergoing breast-conserving surgery became avail-
able in 2013 and have generated considerable discussion. The use of IORT 
removes the need to attend a radiotherapy centre daily for up to six weeks, 
which is stressful and inconvenient meaning that many women worldwide 
who live remote from such facilities undergo mastectomy. These trials were 
undertaken to determine whether IORT could be shown to be non-inferior 
to external beam radiotherapy (EBRT) in reducing local recurrence. Each 
trial compared a different type of IORT with EBRT, and the primary outcome 
was recurrence in the conserved breast. 
	 TARGIT-A utilised the Intrabeam device (Carl Zeiss Meditec, Oberkochen, 
Germany), which provides a point source of 50 kV energy X-rays at the 
centre of a spherical applicator, whereas ELIOT used linear accelerators to 
undertake the electron IORT technique. Both were non-inferiority trials; in 
ELIOT the prespecified equivalence margin was local recurrence of 7·5% in 
the IORT group and the TARGIT-A trial had a prespecified non-inferiority 
margin of 2·5% at five years. Overall in TARGIT-A, the five-year risks for local 
recurrence in the conserved breast for IORT versus whole-breast irradia-
tion were 3·3% (95%CI 2·1–5·1) versus 1·3% (0·7–2·5; p  =  ·042). TARGIT-A 
did however contain both pre-pathology, with IORT delivered at the time 
of lumpectomy, and post-pathology strata with IORT delivered as a second 
procedure by reopening the wound. When just the pre-pathology stratum 
was considered, that is those patients randomised before lumpectomy, the 
results were 2·1% (95% CI 1·1–4·2) for IORT and 1·1% (0·5–2·5) for whole 
breast radiotherapy (p  =  ·31). By contrast ELIOT did not allow a post-
pathology procedure. After a median follow-up of 5·8 years in the ELIOT 
trial, the five-year event rate for IBTR was 4·4% (95%CI 2·7–6·1) with IORT 
and 0·4% (0·0–1·0) with whole-breast irradiation. Although the event rate 
is higher in the EBRT group, both trials met their pre-defined criteria to 
conclude that IORT is non-inferior to EBRT. 
	 Following these trials it is now argued that IORT is an acceptable alter-
native to EBRT in selected patients.25,26 Indeed, it may be preferable given 
that it can be completed in one procedure and in some parts of the world 
may avoid mastectomy. Others are less convinced with heavy criticism of 
both trial design and analysis.27,28 Indeed, some argue that present follow-up 
is currently too immature to determine whether IORT is sufficiently effi-
cacious to replace EBRT. However, it is clear that the technique warrants 
evaluation and guidance on the use of the intrabeam radiotherapy system 
for early breast cancer is currently in development by the National Institute 
of Health and Care Excellence.

Key Point
•	 IORT may offer a safe and effective alternative to EBRT in selected 

patients undergoing breast-conserving surgery.
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