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  Pref ace   

 We are excited to present to the  hepatobiliary   and pancreatic multidisciplinary com-
munity a new format in assessing and making decisions for our patients. This vol-
ume expands on the successful editions of  Diffi cult Decisions in Thoracic Surgery . 
The success of those editions has stimulated the University of Chicago surgical 
faculty to develop a series of  Diffi cult Decisions in XXX Surgery . The  Diffi cult 
Decisions in Hepatobiliary and Pancreatic Surgery  volume is the fi rst of several to 
be published over the next several years. Given that many diffi cult decisions in this 
fi eld required multidisciplinary input, we have asked a number of leaders from 
interventional radiology, intervention  endoscopy  , gastroenterology/hepatology, and 
diagnostic radiology to provide and analyze the strength of the data regarding the 
underlying diseases, diagnostics, and the nonoperative therapy. 

 The format of this book follows its predecessor. The table of contents was devel-
oped that refl ects the diffi cult decisions faced by busy, thoughtful surgeons special-
izing in the fi eld of  hepatobiliary   and pancreatic  surgery   on controversial issues. We 
invited authors with national and international reputations on the specifi c topics to 
examine the evidence that hope to inform us on the correct path. When possible, we 
asked the authors to suggested best practice approaches to these challenging topics. 
We asked the authors to develop a  PICO   table (patient population, intervention, 
comparator group, and  outcomes   measured) to crystallize the question and data 
relevant to the decision. 

 As this concept is new to  hepatobiliary   and pancreatic  surgery  , all of the chapters 
presented are new and up to date with recent literature searches. The literature 
search terms are provided so that new information relevant to the topic can be easily 
identifi ed as time progresses. 

 We are grateful to our busy colleagues who agreed to contribute to this volume 
and the publisher for supporting this volume as well as the entire planned series. As 
we know many of these diffi cult questions are initially asked by our trainees and 
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students who stimulate us to think of different approaches and evaluate the evidence 
of our current decisions. Each of the authors in this volume epitomize the constant 
effort to evaluate all the current evidence to make the correct decisions and provide 
the best clinical care for our patients.  

  Chicago, IL, USA     J.     Michael     Millis    
     Jeffrey     B.     Matthews     

Preface
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    Chapter 1   
 Finding and Appraising the Evidence: EBM 
and GRADE                     

       Sadeesh     K.     Srinathan    

    Abstract     This chapter provides an overview of the principles of evidence based 
medicine (EBM) which will assist in making diffi cult decisions in the face of incom-
plete and inadequate evidence. The steps of searching for the evidence using the 
PICO format and an overview of the study design types which make up the body 
evidence will be discussed. A more detailed treatment of the GRADE system to 
make explicit the decisions on the quality of evidence and the nature of recommen-
dations for interventions will be provided.  

  Keywords     Evidence based medicine   •   EBM   •   GRADE   •   PICO  

      Introduction 

 Surgeons routinely make diffi cult decisions. In many cases, the diffi culty lies in the 
need to make these decisions in the face of incomplete or unreliable information. An 
example of this in an individual patient is deciding to perform an exploratory lapa-
rotomy for an acute abdomen where the evidence from diagnostic studies may be 
incomplete or contradictory. Another example, in terms of policy, would be to 
decide on the appropriateness of  screening   for occult malignancies where the evi-
dence for early detection may be closely matched by evidence for undesirable 
events such as overtreatment. 

 In this book, diffi cult scenarios commonly encountered by the  hepatobiliary   sur-
geon are presented. The authors lay out the available evidence and make a recom-
mendation as to the appropriate responses in these scenarios. They have followed 
the principles of evidence based medicine in order to come to their  recommendations 
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and the purpose of this introductory chapter is to present an overview of the process 
which led their recommendations. 

 The phrase  Evidence Based Medicine   ( EBM  ) came into widespread use after 
1992 following a publication by Guyatt et al. [ 5 ], and is now commonly agreed to 
mean: ‘…the conscientious, explicit, and judicious use of current best evidence in 
making decisions about the care of individual patients. The practice of evidence 
based medicine means integrating individual clinical expertise with the best availa-
ble external clinical evidence from systematic research” it also means that “…
thoughtful identifi cation and compassionate use of individual patients’ predica-
ments, rights, and preferences in making clinical decision…” [ 13 ]. 

 The practice of  EBM   can be carried out by using the following principles: (1) ask 
a clinical question, (2) locate the evidence, (3) appraise and synthesize the evidence, 
and (4) apply the evidence [ 12 ].  

    Ask the Clinical Question 

 On the face of it, asking the clinical question is straightforward. A patient problem 
is presented and a question arises. For example, Mrs. Smith is presenting with pain-
less  jaundice   and a  diagnosis   of periampullary carcinoma. In considering the surgi-
cal options, you consider whether a pylorus preserving  pancreaticoduodenectomy   
rather than a standard Whipple procedure should be performed. 

 Going directly to Google with the key words “pylorus preserving  pancreatico-
duodenectomy  ”, we obtain 47,900 hits, while Wikipedia results in 2 hits. Clearly, 
neither of these extremes is satisfactory in determining a surgical approach. A use-
ful step is to convert this specifi c clinical question about Mrs. Smith to a form that 
will allow us to search for the relevant evidence. The   PICO    format, which is used 
throughout this book, is a useful tool for this purpose. 

 The  P  stands for Patient or Population and specifi es the patient group to which 
the question refers, in this case it may be: (a) all patients undergoing a  pancreatico-
duodenectomy  , (b) women over the age of 50, (c) Caucasian women over 50, or (d) 
Caucasian women over 50 who have previously undergone a  cholecystectomy  . It is 
apparent that each iteration of the defi nition of the population is more and more spe-
cifi c. These details are important, but we may limit the information available to us 
if we defi ne our population of interest too narrowly. 

 The  I  is for the Intervention or exposure of interest, and specifi es what has hap-
pened to a group of patients such as an operation, or a diagnostic test. In our exam-
ple the intervention we are considering is a pylorus preserving 
 pancreaticoduodenectomy  . However, there could also be specifi c issues that are 
considered important such as the specifi c method of reconstruction used or the use 
of drains. 

 The  C  refers to the comparator that we are interested in. In this case it is a stand-
ard Whipple procedure, but again we should be mindful of specifi c details of the 
standard procedure that may be important for our specifi c question. 

S.K. Srinathan
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  O  stands for the Outcome of interest. It is very important to be specifi c about the 
outcome of interest as it is likely that various studies may have used different  out-
comes   in the study design than the one you are interested in. One study may have 
been focused on gastric emptying, whereas another may have been focused on blood 
loss during the procedure. It is worthwhile to identify each outcome of interest in the 
specifi c clinical scenario and to order them in order of importance to the patient and 
surgeon so that an overall assessment of the utility of an intervention can be made. 

 Taking these features of the clinical question into account, we can frame the 
scenario for Mrs. Smith in the following  PICO   question:

  In patients with periampullary carcinoma or carcinoma of the pancreatic head, does a pylo-
rus preserving  pancreaticoduodenectomy   result in 1) less blood loss 2) lower incidence of 
delayed gastric emptying 3) lower operative  mortality   than a standard Whipple procedure? 

     P:  Patients with a periampullary carcinoma or carcinoma of the pancreatic head  
   I:  pylorus preserving  pancreaticoduodenectomy   with the use of drains  
   C:  standard Whipple operation with the use of drains  
   O:  (1) operative  mortality  , (2) delayed emptying, (3) blood loss    

 It is worth considering when reviewing the chapters in this book, whether the 
 PICO   questions chosen by the authors are suffi ciently similar to your own formula-
tion of the question for their fi ndings and recommendations to apply to your specifi c 
case.  

    Find the Evidence 

 Often the fi rst step in a literature search is to go to PubMed, the interface to access 
the Medline database of citations in the National Library of Medicine in the United 
States. However, a search of “pylorus preserving  pancreaticoduodenectomy  ” pro-
duces 781 citations. This is more than we can reasonably go through for the pur-
poses of answering a specifi c question for a patient. But, if we use the Clinical 
Queries page in PubMed which uses an algorithm to deliver focused studies relevant 
to clinical practice, [ 10 ] we obtain citations for 35 systematic reviews and 45 clini-
cal studies, much better. Alternative search engines include TRIPdatabase (  http://
www.tripdatabase.com/    ) and SUMsearch (  http://sumsearch.org/    ), which use multi-
ple databases including Medline, EMBASE, and databases of guidelines and tech-
nology may also be used. Last, but certainly not least is the expertise available 
through your local medical librarian who will be well versed in the methods of 
constructing a  PICO   question and fi nding the relevant information from the medical 
literature.  

1 Finding and Appraising the Evidence: EBM and GRADE
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    Appraise the Studies 

 Once we have found the studies of interest, the next step is to identify the “best evi-
dence”. The concept of “best evidence” assumes a hierarchy of evidence. But in 
order to apply a hierarchy, it is important to understand the types of study designs 
and their use in answering specifi c types of clinical questions. Grimes et al. [ 7 ] pro-
vide a useful taxonomy of study designs (Fig.  1.1 ). In general, questions related to 
the superiority of one intervention over another (or no intervention) are best 
answered by experimental studies where one group of patients are assigned to the 
intervention by a bias free method, while another receive a comparison intervention. 
The gold standard for the experimental study is a well-designed randomized trial. 
Other types of clinical questions such as that of prognosis are appropriately answered 
using cohort studies, while questions of  diagnosis   rely on comparing the perfor-
mance of a diagnostic test to a gold standard.

   All study types have the potential for any number of biases which may lead to a 
fi nding which deviates from the “truth” [ 8 ]. The tools of critical appraisal are used 

  Fig. 1.1    Algorithm for classifi cation of types of clinical research (Grimes and Schulz [ 7 ], 
Reprinted with permission from Elsevier)       
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determine the type and extent of these biases in the design and conduct of the study, 
and make a judgment of how it may have affected the fi ndings of the study and the 
extent to which it undermines our confi dence in the validity of the fi ndings. 

 There are many excellent resources and tools to guide us in the specifi cs of 
appraising the medical literature and practicing  EBM   and these are listed in the 
recommended readings. 

 What happens when despite the best formulation of a question and literature 
search we are unable to fi nd the high quality systematic review or randomized trial 
to guide us? Do we abandon the principles of  EBM  ? Again from Sackett: “Evidence 
based medicine is not restricted to randomized trials and meta-analyses. It involves 
tracking down the best external evidence with which to answer our clinical ques-
tions…. However, some questions about therapy do not require randomized trials 
(successful interventions for otherwise fatal conditions) or cannot wait for the trials 
to be conducted. And if no randomized trial has been carried out for our patient's 
predicament, we must follow the trail to the next best external evidence and work 
from there” [ 13 ]. 

 Although we can approach each problem we face by formulating a question and 
fi nding the best available evidence, individual clinicians are unlikely to have the 
time or resources to do this for all possible scenarios. To illustrate: our example 
 PICO   question generated 171 results using PubMed. There were 50 reviews, 74 rel-
evant trials or studies, 3 guidelines and 44 other possibly relevant titles. This took 
an experienced medical librarian about 2.5 h to identify these studies, and does not 
include the time necessary to actually read these documents and appraise them. 

 The alternative to searching for each question has been standard textbooks, 
which seek to distill the evidence and guide clinical practice. The authors of these 
textbooks have always made decisions about which studies to consider and judg-
ments about their confi dence in making recommendation based on this evidence. 
However, these judgments and decisions have not been transparent. And although 
there are many schemes in use which grade the level of evidence and have been 
increasingly used in textbooks, it is not clear on what basis these decisions of grade 
were specifi cally arrived at [ 2 ]. A good systematic review makes transparent the 
question, the search strategy, and the rules for inclusion of studies and on what basis 
the quality of the study is determined. However, the fi nal assessment of the overall 
 quality of evidence   and the subsequent recommendation arising from this evidence 
is often obscure. 

 In order to address this defi ciency this book has adopted the  GRADE   system to 
make transparent the decision-making about the  quality of evidence   and the factors 
considered in making a recommendation and a statement about the strength of this 
recommendation. The reader may disagree with certain judgments made by the 
authors, but the reason for disagreement will hopefully be clear with the GRADE 
system and the reader can make up their own minds whether the conclusions drawn 
by the authors are on the whole reasonable or valid. The key component of GRADE 
is that it explicitly separates the process of evaluating the quality of the evidence 
for an intervention from the process of making a recommendation for its adoption 
(or not).  

1 Finding and Appraising the Evidence: EBM and GRADE
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    The  GRADE   System 

 The  GRADE   system defi nes quality in the following way: “In the context of a sys-
tematic review, the ratings of the  quality of evidence   refl ect the extent of our confi -
dence that the estimates of the effect are correct. In the context of making 
recommendations, the quality ratings refl ect the extent of our confi dence that the 
estimates of an effect are adequate to support a particular decision or recommenda-
tion” [ 3 ]. It is the latter defi nition that applies in this book, and the authors have 
included a discussion of their clinical experience that brings into play the necessity 
of balancing confl icting factors in making a recommendation. A more thorough 
discussion is provided by Andrews et al. and Brozek et al. [ 1 ,  4 ]. 

 The  GRADE   table used in this book lays out the justifi cation of why these deci-
sions are made and it is instructive to describe in detail the components of the table. 
This example of a GRADE table is from Karanicalos et al.: (Tables  1.1  and  1.2 ) [ 9 ,  11 ]

    Table 1.1    The  GRADE   system   

 Study design 

 Initial quality 
of the body of 
evidence  Lower if  Higher if 

 Quality of a body of 
evidence 

 Randomized 
trials 

 High  →  Risk of bias  Large effect  High  ⊕⊕⊕⊕ 
   −1 Serious    +1 Large 
   −2 Very serious    +2 Very large 
 Inconsistency  Dose response  Moderate  ⊕⊕⊕ 
   −1 Serious    +1 Evidence 

of a gradient 
 Observational 
studies 

 Low  →    −2 Very serious 
 Indirectness  All plausible 

residual 
confounding 

 Low  ⊕⊕ 

   −1 Serious    +1 Would 
reduce a 
demonstrated 
effect 

   −2 Very serious    +2 Would 
suggest a 
spurious effect 
if no effect was 
observed 

 Imprecision  Very low  ⊕ 
   −1 Serious 
   −2 Very serious 
 Publication bias 
   −1 Likely 
   −2 Very likely 

  Derived from: Balshem et al. [ 3 ]  
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       The Header 

 The general title of the clinical question being considered.  

    Sub Heading 

 A question broken up into the  PICO   format of patient or population, the setting, the 
intervention and the comparison to which the intervention is being made. The ques-
tion is that which is of interest to the author of the table and may or may not refl ect 
the evidence which addresses this question.  

    Outcomes 

 The key component of the  GRADE   process is to focus on the  outcomes   to which the 
evidence applies. Individual studies may focus on differing outcomes that are of 
interest. It is often the case that many studies address common outcomes refl ecting 
benefi t, but do not reliably report on other outcomes, especially on harm. It is pos-
sible that with the same questions and same group of studies, the  quality of evidence   
supporting an intervention is high for one outcome such but not others. This latter 
point is one of the reasons that during formulating the question it is useful to list in 
order of importance the outcomes of interest.  

    Justifi cation for Quality Assessment 

 In the  GRADE   system, a judgment is made whether the overall  quality of evidence   
for each outcome is High, Moderate, Low, or Very Low. Initially evidence from 
RCTs is considered to be High quality evidence while observational studies start off 
as Low quality. Whether the overall body of evidence moves up or down the ranking 
is determined by the extent to which the studies have features which move them up 
or down and (Table  1.1 ) [ 3 ], specifi es the features which move a study up or down 
the list. 

    Study Limitation 

 The fi rst judgment is related to the possible defi ciency in the study designs them-
selves and these are determined during the critical appraisal process, features such 
as adequacy of randomization and blinding.  

1 Finding and Appraising the Evidence: EBM and GRADE
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    Inconsistency 

 Different studies may come to different conclusions either qualitatively e.g. the 
intervention works vs. it doesn’t or the degree to which a treatment works, i.e. the 
effect size differs. A measure of this in systematic reviews is the degree of hetero-
geneity often reported as the I 2  value and this is illustrated in our example when 
examining delayed gastric emptying. This heterogeneity can be due to differences 
in the patient population studied, the nature of the intervention, means of measuring 
 outcomes   or other study design features.  

    Directness 

 This is the degree to which the studies actually address the question we are inter-
ested in. The results may be indirect because the study population is different from 
one we are interested in or the intervention is differs substantially from what we are 
interested in. This is slightly different from the above example the indirectness 
refers to the whole body of evidence in relation to our specifi c question.  

    Precision 

 Studies may report effects with wide confi dence intervals where the values at the 
upper and lower bounds would suggest the different clinical actions. In our exam-
ple, the  mortality   associated with PPP is expected to between 120 more deaths and 
80 less deaths per 1000 patients. The wide confi dence intervals are most often 
driven by too small a sample size in a study.  

    Publication Bias 

 We may suspect publication bias when the preponderance of the available evidence 
comes from a number of small studies, most of which have been commercially 
funded. This may suggest that studies which not showing an effect have not been 
published which biases the evidence. 

     Features Increasing Quality of Observational Studies 

   Large Magnitude of Effect 

 In well designed  observation   studies, if a large and plausible effect is observed (rela-
tive risk of greater than 5 or less than 0.2) there is reasonable confi dence that the 
effect is not due to confounding. This is the reason why one doesn’t really require a 
RCT to determine if parachutes are effective.  

S.K. Srinathan
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   Dose Response Gradient 

 A fi nding in observational studies that increases our  confi dence in a cause effect 
relationship is the demonstration of a dose response effect. For example, an increased 
risk of bleeding with  increasing INR.  

   All Plausible Confounding Would Reduce the Demonstrated Effect 
or Increase it if No Effect Was Observed  

 A confounder is a factor related to both a predictor and outcome, but is not in the 
causal link between the predictor and outcome. If a likely confounder acts opposite 
to the way one would expect, then it is possible that the true effect is underesti-
mated. For example if high risk patients do at least as well with a surgical procedure 
as do those at low risk, it more strongly suggests that there is a true effect of the 
surgical intervention and would increase our confi dence and thus the quality rating 
of the evidence.    

   Summary of Findings 

 The last column is a summary of fi ndings where the estimate of relative effect, the 
baseline risk of the standard therapy and the absolute effects of the intervention are 
reported. A measure of the absolute effect is crucial for making a recommendation 
since one intervention may be more effective in comparison to another, the overall 
effect in terms of overall numbers may be small, in our example the absolute risk of 
bleeding is only decreased by 1 %. Another example is if the baseline risk of pneu-
monia is 1 % and with the addition of preoperative antibiotics drops down to .7 %. 
A change in absolute risk of .3 % is unlikely to be of clinical signifi cance despite 
there being a 30 % relative risk reduction, which in many cases would be considered 
of considerable “clinical signifi cance”. 

 The fi nal component of the  GRADE   system is to make a recommendation. In 
assessing the quality of the evidence necessary to make the recommendation, the 
ones making the recommendation should specify which of the various  outcomes   are 
crucial to making a recommendation, in our example it is reasonable to conclude 
that the evidence is low since that is the quality for the crucial outcome of periopera-
tive  mortality  . It could be argued that the 5-year  survival   is more important in which 
case the  quality of evidence   is moderate (Tables  1.2 ). 

 From determining the  quality of evidence  , a recommendation is made. This is a 
separate process from determining quality of evidence. A recommendation is either 
strong or weak where “The strength of a recommendation is defi ned as the extent to 
which one can be confi dent that the desirable consequences of an intervention out-
weigh its undesirable consequences” [ 1 ]. A strong recommendation is one where 
from the clinicians’ point of view; most patients should receive the intervention as 
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the expected benefi ts comfortably outweigh the undesirable effects. In these situa-
tion there is usually little need for extensive discussions about the merits of the 
intervention. Weak recommendations on the other hand, may be appropriate in 
some patients, but requires more thorough discussions about the benefi ts and 
adverse effects of the treatment (Table  1.3 ) [ 4 ].

   Ultimately, decisions about the care of individual patient falls to the surgeon and 
the patient which takes into account not just the external evidence for a particular 
course of action but crucially the patients own preferences and values and the practical 
ability for the surgeon to deliver on this decision in their own specifi c environment.     

  Acknowledgment   I would like to acknowledge Tania Gottschalk and Gordon Guyatt for their 
advice and assistance.  

     Other Resources 

  JAMA Users Guide: Guyatt and Rennie  
 Author Gordon Guyatt, Drummond Rennie 
 Series Users’ Guides to the Medical Literature 
 Publisher McGraw-Hill 
 Publication date: 2008 
 ISBN 978-0071590341 
 CEBM website:   http://www.cebm.net/     
  GRADE   website:   http://www.gradeworkinggroup.org/index.htm     
 EPIQ:    https://www.fmhs.auckland.ac.nz/en/soph/about/our-departments/epide-

miology-and-biostatistics/research/epiq.html       

   Table 1.3    Implications of the strength of recommendation for an intervention in the  GRADE   
approach   

 Group  Strong recommendation  Weak recommendation 

 Patients  Most patients would want the 
course of action recommended, 
and only a small proportion 
would not 

 The majority of patients would want the 
recommended course of action, but many 
would not 

 Clinicians  Most patients should receive the 
recommended course of action 

 Different choices will be appropriate for 
different patients based on their values and 
preferences. Recognizing that you must 
make greater effort to help each patient to 
arrive a  management   decision 

 Policy 
makers 

 The recommendation can be 
adopted as policy in most 
situations 

 Policy making will require substantial 
debate and involve many stakeholders 

S.K. Srinathan
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    Chapter 2   
 Is Surgery Indicated for Asymptomatic 
Giant Hepatic Hemangioma?                     

       John     Seal    

    Abstract     Liver hemangiomas are the most common benign neoplasms of the liver 
and are often diagnosed incidentally on abdominal imaging. Most liver hemangio-
mas are small (<4 cm) indolent lesions that do not require further intervention or 
surveillance in the absence of symptoms. The management of giant liver hemangio-
mas (>4 cm), however, remains controversial. The natural progression of giant hem-
angiomas is not well defi ned and the risk of life-threatening complications, namely 
rupture and bleeding, is not clearly established. The development of symptoms such 
as abdominal pain, mass effects or life-threatening events such as rupture, bleeding 
or consumptive coagulopathy is an indication for surgical resection or intervention. 
Asymptomatic giant hemangiomas present a management dilemma as the risk of 
life-threatening complications is unknown. Several single centers studies have dem-
onstrated the safety of expectant management of even very large asymptomatic 
hemangiomas. There is no evidence to support using size alone as an indication for 
resection. Although morbidity and mortality of liver resection for hemangioma has 
improved, the risks of surgical intervention need to be balanced against the rare risk 
of adverse events during expectant observation.  

  Keywords     Hemangioma   •   Liver resection   •   Observation   •   Complications   •   Liver   • 
  Giant hemangioma   •   Cavernous hemangioma   •   Surgery   •   Resection  

      Introduction 

  Liver   hemangiomas are the most common benign neoplasms of the liver and are 
often diagnosed incidentally on abdominal imaging. Most liver hemangiomas are 
small (<4 cm) indolent lesions that do not require  resection   or routine follow-up in 
the absence of symptoms or complications. The  management   of giant liver 
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hemangiomas (>4 cm), however, remains controversial [ 1 – 3 ]. In contrast to smaller 
lesions,  giant hemangioma  s can become quite large (>40 cm), symptomatic and 
even cause life-threatening complications. The most common symptoms of giant 
hemangiomas are abdominal  pain   and mass effects of the tumor such as  biliary 
obstruction   [ 4 ,  5 ], Budd Chiari syndrome [ 6 ], vena cava compression [ 7 ], and gas-
tric outlet obstruction [ 8 ]. Although spontaneous rupture is very rare, traumatic rup-
ture or intra-tumoral bleeding often necessitates emergency resection, trans-arterial 
 embolization   or both [ 9 ]. In some cases when  hepatic resection   is not anatomically 
feasible, both deceased and living donor  liver transplant   ation   have been reported for 
treatment of symptomatic giant hemangioma [ 10 – 12 ]. 

 In the absence of signifi cant symptoms, however, the rationale for surgical  resec-
tion   is less clear. The natural progression of hemangiomas and the risk of life- 
threatening complications, namely rupture and bleeding, is not well established. 
Several authors have advocated for preventive surgical resection or  enucleation   
based on tumor size, rate of growth and perceived risk of rupture despite a lack of 
supporting evidence. Also, progress in surgical technique, anesthesia and peri- 
operative care has reduced the risk of death and major complications following  liver 
resection  , further lowering the risks associated with surgical intervention. An 
evidence- based approach to surgical  management   of asymptomatic  giant hemangio-
ma  s must balance an estimate of the risk of expectant management in the absence of 
well-defi ned natural history of the disease with peri-operative  morbidity   and risks of 
surgical intervention.  

    Search Strategy 

 A literature search of English language publications from 1990 to 2014 was used to 
identity published data on  management   of liver hemangiomas using the  PICO   out-
line (Table  2.1 ). PubMed database was searched using the following terms [number 
of results]: “liver, hemangioma,  surgery  ,  observation  ” [ 36 ], “liver, giant, hemangi-
oma, surgery, observation” [ 12 ], “surgical, approach, liver, hemangioima” [80], 
“giant, liver, hemangioma, surgery, technique” [ 17 ]. Articles that did not present 
new data with respect to observation versus surgical management were excluded. 
Retrospective studies of benign liver lesions were included if a separate analysis of 
hemangiomas was provided. In an effort to be more comprehensive in the analysis, 
studies that included smaller hemangiomas (<4 cm) were considered in the review. 

   Table 2.1     PICO   table for  management   of giant liver hemangioma   

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with giant liver 
hemangioma (>4 cm) 
without symptoms 

  Surgical resection   
(anatomic  resection,   
 enucleation,    liver 
transplanta   tion  ) 

 Observation  Post operative 
complications, persistent 
or recurrent symptoms, life 
threatening adverse events 
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No prospective randomized studies comparing surgical  resection   and observation of 
asymptomatic  giant hemangioma  s were identifi ed. The PubMed search yielded six 
single institution and one multicenter retrospective study comparing surgical resec-
tion and observation of hemangiomas and four single center retrospective reviews 
of benign liver lesions that included analysis of hemangiomas. An additional two 
retrospective single center reviews of resection for hemangioma were included to 
better assess the rate of complications following resection. The data were classifi ed 
using the  GRADE   system.

       Results 

    Resection Versus Observation for Giant Hemangiomas 

 Evidence comparing  resection   versus  observation   of asymptomatic  giant hemangio-
ma  s is limited to retrospective single institution studies (Table  2.2 ) [ 13 – 20 ] and 
sub-analyses within single center retrospective studies of benign  liver tumor  s 
(Table  2.3 ) [ 21 – 24 ]. The primary  outcomes   in most of these studies included peri- 
operative  morbidity   and  mortality  , resolution of symptoms in the treatment group or 
development of new symptoms and adverse events in the observation cohorts. None 
of the studies describe deliberate changes in treatment algorithms during the study 
period and no explicit comparison of practices in different eras. Thus, the interpreta-
tion of the data is limited to center specifi c and often ill-defi ned practices in the 
 management   of giant hemangiomas. Nevertheless, the cumulative trends in out-
comes offers insight into the risks and morbidity of resection compared with obser-
vation and the natural history of giant hemangiomas.

   Table 2.2    Resection versus  observation   for liver hemangioma   

 Author (year) 
 N 
(total) 

 Resection  Observation 

 N  % Complication  N  Finding 

 Yedibela (2013)  246  103  17 %  143  56 % new symptoms, 2 deaths 
from rupture 

 Giuliante (2010)  74  40  10 %  34  No signifi cant increase in size of 
asymptomatic tumors during 
 observation   

 Schnelldorfer 
(2010) 

 289  56  14 %  233  Size not associated with adverse 
events 

 Yoon (2003)  115  52  25 %  63  36 % resected patients to exclude 
presence of malignancy 

 Terkivatan (2002)  49  11  27.3 %  38  Symptoms resolved in 12 patients 
 Pietrabissa (1996)  78  16  NA  62  No rupture in  observation   group 
 Yamagata (1991)  33  13  23 %  20  Observation group tumors <5 cm 

diameter 
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    The most recent report comparing  resection   and  observation   by Yedibela et al. 
[ 14 ] reviewed 307 hemangiomas referred for evaluation. Elective  surgery   was per-
formed in 103 patients, 62 of which were symptomatic and 41 asymptomatic. Of the 
asymptomatic patients undergoing resection, 11 were for diagnostic uncertainty, 9 
for tumor enlargement and 21 for patient fear of future complications. There was no 
 mortality   in the post-operative period and symptom resolution was achieved in 
88 % of symptomatic patients. In contrast to other studies, they report a 9 % rate of 
major complications in the observation group with two fatalities from traumatic 
hemangioma rupture. In this study, the overall trend was toward lower rates of com-
plications in the surgical treatment group. 

 Giuliante et al. [ 13 ] reviewed 74 consecutive referrals for hemangioma evalua-
tion, with 34 undergoing  observation   and 40 treated surgically. As a regional  hepa-
tobiliary   referral center, the authors discuss the bias that most  giant hemangioma  s 
were referred for symptoms, large size or diagnostic uncertainty and that the overall 
operative rate of 54 % is likely infl ated with underrepresentation of asymptomatic 
lesions. The primary indications for  resection   were abdominal symptoms, diagnos-
tic uncertainty and tumor growth. Tumor growth has been used by some centers as 
an indication for resection, but the trajectory of growth over long term follow-up 
and its implication for risk of tumor rupture is uncertain. In this study, only 7 of 14 
tumors demonstrating growth underwent resection, 5 of which had additional indi-
cations for resection (abdominal  pain   and Kasabach-Merritt syndrome). Of the 
seven tumors demonstrating growth in the observation group, the tendency to 
enlarge decreased over time and among all tumors in the observation group, there 
was no signifi cant increase in mean tumor size or development of new symptoms 
during the follow-up period. 

 Another single institution review by Terkivatan et al. [ 19 ] supported the safety of 
expectant  management   of asymptomatic  giant hemangioma  s. During the study 
period, 11 patients were treated with  resection  , all of whom had abdominal symp-
toms attributed to the hemangioma except for one asymptomatic lesion that  exhibited 
5 cm of growth over 36 months follow-up. Thirty-eight patients were managed with 
 observation  . Importantly, there was no signifi cant difference in the mean diameter 
of tumors in the resection group compared with the observation group. Twelve of 
the observation patients had abdominal  pain   on initial assessment that was not 

   Table 2.3    Studies of benign liver lesions: analysis of hemangiomas   

 Author (year) 
 N 
(total) 

 Resection  Observation 

 N  % Complication  N  Finding 

 Mezhir (2013)  151  60  NA  91  4.4 % of observed tumors were 
ultimately resected 

 Terkivatan (2001)  103  25  24 %  78  25 cm tumor followed without 
need for  resection   

 Charny (2001)  97  39  21 %  58  63.3 % of pre-operative biopsies 
were indeterminate or incorrect 

 Weimann (1997)  238  103  18.8 %  135  No episodes of bleeding in 
 observation   group 
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attributed to the hemangioma and, in each case, the pain resolved during follow-up. 
None of the asymptomatic patients developed new symptoms during a mean follow-
 up period of 59 months. 

 Schnelldorfer et al. [ 16 ] report the only contemporary series to assess the impact 
of hemangioma  management   on  quality of life  . A quality of life survey was admin-
istered with responses from 289 of 492 patients treated for hemangioma at their 
center, including patients treated with surgical  resection   or  observation  . In the 
observation group, 20 % of patients developed new-onset symptoms with 2 % being 
life-threatening. Post-operative complications occurred in 14 % of resected patients 
with 7 % being life threatening. Interestingly, the size of the hemangioma was not 
associated with adverse events in either group, lending credence to the notion that 
risk of rupture is not necessarily related to tumor size or rate of growth. The subjec-
tive quality of life survey was similar for resected and observed patients leading the 
authors to conclude that observation is preferred in most patient and surgical resec-
tion should be reserved for patient with symptoms or hemangioma-related 
complications. 

 The consideration of tumor size and rate of growth have both been proposed as 
risk factors for tumor rupture and, thus, indications for  resection   in asymptomatic 
patients. Iwatsuki et al. [ 25 ] suggested benign hepatic lesions exceeding 10 cm 
should be resected based increased risk for internal bleeding, further growth or rup-
ture, although this was not based on conclusive prospective observational data. In 
the more recent literature, an absolute size threshold as an indication for resection is 
not favored. The indication for resection of  giant hemangioma   was most often the 
development of symptoms. The rate of growth of the tumor remains a controversial 
indication for resection, although such recommendations are made without a clearly 
defi ned relationship between rate of growth and risk of rupture. Pietrabissa et al. 
[ 17 ] proposed resection for “rapidly growing” asymptomatic hemangiomas defi ned 
as a minimum 25 % increase in largest diameter over a period of 6 months. The 
rationale is based on the speculation that the risk for tumor rupture or diagnostic 
error is higher in patients with rapid growth. Although well reasoned, no clinical 
support is provided to substantial the claim of increased risk of rupture or diagnostic 
error with rapid growth, leaving the natural disease course of giant hemangiomas 
unresolved. 

 Diagnostic uncertainty has been used as an indication for  resection   of vascular 
lesions of the liver when a defi nitive  diagnosis   cannot be made from  radiologic   
studies, particularly in the setting of known extra-hepatic malignancies or risk 
factors for the development of liver malignancy ( cirrhosis  , hepatitis, steatosis). 
With advances in imaging modalities and experience at high-volume centers, 
diagnostic uncertainty is much less common. In a subgroup analysis of a retro-
spective review of benign liver lesions at Memorial Sloan-Kettering Cancer 
Center, Mezhir et al. [ 22 ] report diagnostic uncertainty as the indication for surgi-
cal resection in 53.3 % of asymptomatic hemangiomas from 1992 to 2009. 
Importantly, though, only 12.5 % of patients resected for diagnostic uncertainty 
were seen in the last 10 years of the study, suggesting a signifi cant impact of 
advances in medical imaging.  
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    Treatment of Giant Hemangiomas: Operative Approaches 
and Non-surgical Therapies 

 The  morbidity   and  mortality   of hemangioma  resection   is an important consider-
ation when determining appropriate treatment for  giant hemangioma  s, particu-
larly asymptomatic lesions. Complications following surgical resection range 
from 10 % to 27.3 % in recent studies comparing resection and  observation  . In 
a recent multi- institutional review of surgical  management   of hepatic hemangi-
omas [ 26 ], the overall rate of Clavien grade 3 complication or higher was 5.7 % 
and included  bile leak  s and bleeding. The 30-day post-operative mortality was 
0.8 % (N = 2). Although  hepatic resection  s for hemangioma can be performed 
safely, post-operative complications can be signifi cant with a nearly 1 % risk of 
death. The documented risks of  surgery   must be carefully weighted against the 
severity of symptoms and the very low risk of complications associated with 
observation. 

 Evolution in operative techniques and application of non-surgical therapies may 
lead to a less invasive and safer approach to  management   of hemangiomas in the 
future. Though technical aspects of  resection   may vary greatly between centers, a 
single center study by Lerner et al. [ 27 ] documented an intra-institutional evolution 
toward  enucleation   over resection for large hemangiomas over time with more lib-
eral use of infl ow occlusion, less intra-operative blood loss and less complications. 
 Liver   transplantation [ 10 – 12 ,  28 ] for life threatening symptoms attributed to  giant 
hemangioma  s has been reported, further expanding therapeutic options to include 
lesions anatomically unresectable by conventional approaches. Laparoscopic [ 29 –
 32 ] and  robotic   [ 33 ] approaches have been reported by several centers, although the 
impact of a minimal access approach in reducing operative risk or complications is 
not defi ned. 

 The use of several non-surgical therapies for symptomatic  giant hemangioma  s 
has been reported. Transarterial  embolization   is widely used both in the setting of 
acute  management   of ruptured hemangiomas and as a pre-operative treatment to 
reduce vascular infl ow and decrease size [ 34 – 38 ]. Radiofrequency ablation has 
also been reported for symptomatic control of giant hemangiomas with promising 
results. Gao et al. [ 39 ] report a single institution initial experience with  RFA   
treatment in giant hemangiomas. In this series, use of RFA in lesions >10 cm 
diameter had a 100 % complication rate including life-threatening complications 
of lower esophageal fi stula and acute respiratory distress syndrome. In smaller 
lesions (5–10 cm diameter), RFA was successful at controlling symptoms with 
only minor complications. Medical therapies such as the anti-angiogenic agent 
bevicizumab and the tyrosine kinase inhibitor sorafenib have also been reported 
to decrease the size of large hemangiomas, though published data is limited to 
case reports. Overall, even less invasive modes of treating giant hepatic heman-
giomas will have some risk of complication that must be carefully considered in 
asymptomatic patients.   
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    Recommendations 

  Surgical resection   is a well established and accepted treatment of symptomatic  giant 
hemangioma  s. The relative risk of surgical intervention is balanced by a benefi t to 
the patient with expected improvement or resolution of symptoms. Management of 
asymptomatic giant hemangiomas remains controversial as the natural progression 
of the disease in not well described. The hypothesis that tumor size contributes to 
the risk of rupture is not supported in the literature and should not be used alone as 
an indication for surgical  resection  . Retrospective studies from many centers dem-
onstrate that expectant  management   of asymptomatic giant hemangiomas is safe. 
Surgical resection or an alternative treatment modality should be considered if 
symptoms develop. Though several centers consider rapid growth of tumors during 
 observation   periods as an indication for resection, there is no evidence to suggest 
that growth alone presents additional risk to the patient if a defi nitive radiographic 
 diagnosis   has been made.  

    A Personal View of the Data 

  Surgical resection   of giant symptomatic hemangiomas is widely accepted as the 
risks of  surgery   are balanced by a direct benefi t of symptom relief. Though resolu-
tion of symptoms after  resection   is not universal and varies in published reports, it is 
reasonable to expect a high rate of symptom resolution if the initial symptoms were 
appropriately attributed to the hemangioma. To that end, symptomatic patients with 
 giant hemangioma  s should be carefully assessed to ensure the symptoms, in particu-
lar non-specifi c abdominal  pain  , can be attributed to effects of the mass. The retro-
spective series highlighted in this chapter support the safety and prudence of deferring 
surgical resection in asymptomatic patients with giant hemangiomas. Yedibela et al. 
reported a higher rate of adverse events in patients under  observation   including two 
deaths from rupture, compared with other contemporary series that report no adverse 
events. Overall, the evidence indicates observation of even very large hemangiomas 
is safe. There is no evidence to support size alone as an indication for surgical resec-
tion in asymptomatic lesions. Impending complications such as vascular compres-
sion or gastrointestinal obstruction may be appropriate. Patient anxiety has been 
reported as an indication for surgical resection of asymptomatic lesions in some 
series. While anxiety can certainly be a signifi cant symptom, it is the responsibility 
of the surgeon to reassure patients regarding the very low risk of adverse events 
associated with observation and to manage patient anxiety non-operatively. Finally, 
the risk of rupture related to tumor growth is unclear, but to date no series has dem-
onstrated that rapid growth of hemangiomas presents an increased risk if a defi nitive 
 radiologic    diagnosis   has been made. Rapid growth may prompt further investigation 
to confi rm the diagnosis and exclude concern for malignancy, but there is insuffi cient 
evidence to support surgical resection on the basis of growth alone.  
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    Recommendations 

•     Symptomatic liver hemangiomas should be surgically resected if symptoms are 
attributed to the hemangioma itself (evidence quality high, strong 
recommendation).  

•   Asymptomatic  giant hemangioma  s can be safely observed regardless of tumor 
size (evidence quality moderate, strong recommendation).  

•   The size of the hemangioma (greatest diameter) alone should not be used as an 
indication for  resection  . (evidence quality moderate, strong recommendation)  

•   Rate of growth alone should not be used as an indication for surgical  resection   
(evidence quality low, weak recommendation).        
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    Chapter 3   
 What Is the Best Surgical Method 
of Addressing Hepatic Hemangiomas?                     

       J.     Michael     Millis      and     David     Caba     Molina   

    Abstract     Hepatic hemangiomas are the most common benign tumor of the liver 
and the second most common tumor following metastases. The diagnosis and man-
agement of hepatic hemangiomas has improved signifi cantly for the past decade. 
The decision to treat this tumors surgically should be based mostly on symptomatol-
ogy, inability to exclude malignancy, documented growth and less on feasibility for 
resection or patient anxiety. The decision for observation should be based on a thor-
ough examination of asymptomatic tumors with benign characteristics on imaging. 
The surgical treatment of choice has evolved from formal hepatectomies to selected 
enucleation with improvement in outcomes regardless of the size of the lesion. 
Minimal invasive techniques have similar results as open surgery in appropriately 
selected patients with no difference in morbidity and mortality.  

  Keywords     Hepatic hemangioma   •   Liver tumors   •   Enucleation  

      Introduction 

 Hepatic hemangiomas are the most frequent benign tumors of the liver with a fre-
quency of 0.4–7.3 % in adults with a higher incidence in woman [ 1 – 3 ]. 

 The accurate  diagnosis   of hemangiomas is a key component given the current 
high frequency of incidental fi ndings on  CT   scans that lead to further workup to 
differentiate malignant neoplasms from benign tumors. The most sensitive studies 
are MRI (100 %), CT scan (98.3) and US (96.9 %) [ 4 ]. 

 The most common indications for the treatment of hemangiomas are abdominal 
 pain  , diagnostic uncertainty, enlargement, occupations and hobbies that may entail 
abdominal trauma and the extremely rare Kasabach-Merrit syndrome. The  defi nition 
of “ giant hemangioma  s” in the majority of the studies is a tumor with more than 
4 cm in diameter [ 5 ,  6 ]. 
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 There are four classic surgical methods of treatment for hepatic hemangiomas: 
 liver resection  ,  enucleation  , hepatic artery ligation and  liver transplant   ation   [ 7 ]. 
Enucleation refers to the creation of a plane between the normal liver parenchyma 
and the hemangioma without (or minimal) removal of normal hepatic parenchyma 
and it’s though to decrease blood loss,  bile leak   and preservation of parenchyma [ 8 ]. 

 Newer adjuvants in the surgical treatment had emerged in the past decade includ-
ing  laparoscopic   ultrasonic  resection   and supraselective arterial  embolization  , those 
techniques are used to increase safety of  surgery   [ 9 ,  10 ]. Other non surgical treat-
ments like  radiotherapy  ,  chemotherapy   and transarterial embolization (TAE) had 
been proposed as successful alternatives when surgical resection is not indicated or 
feasible [ 11 – 13 ]. The resection can be achieved via an  open   or laparoscopic tech-
nique and new technology like  RFA   has been used as part of the surgical minimal 
invasive category. 

    Search Strategy 

 An online literature search on English Language of publications from 2000 to 2014 
was used to identify and select published data on the surgical  management   of 
hepatic hemangiomas using the  PICO   outline (Table  3.1 ).

   The Databases used for the search were PubMed, Cochrane  Evidence Based 
Medicine  , MEDLINE-MEDLINE plus/OVID, Science Citation Index Expanded 
(SCI-EXPANDED). The terms used for the search were: “liver/hepatic hemangi-
oma treatment” “surgical treatment of liver/hepatic hemangioma” “ management   of 
liver/hepatic hemangioma” “ resection   of/for hepatic hemangioma”, “treatment of 
liver/hepatic hemangioma”. The search was expanded to use articles that included 
or addressed hepatic hemangiomas as part of benign tumors of the liver since hem-
angiomas tend to be clustered in that group as well, those terms include: “benign 
 liver tumor  s” “treatment of benign liver tumors” and “management of benign liver 
tumors”. 

 The studies showed were: Randomized controlled trials: 0, Retrospective cohort: 
26.   

   Table 3.1     PICO   table for surgical  management   of hepatic hemangiomas   

 P (Patients)  I (Intervention)  C (Comparator group) 
 Outcomes 
(Outcomes measured 

 Patients with 
diagnosed liver 
hemangioma 
(symptomatic or 
asymptomatic) 

 Surgical intervention 
(Open, Laparoscopic, 
mixed interventions with 
adjuvant treatment) 

 No surgical intervention 
( observation)   vs Surgical 
intervention ( enucleation   
vs  hepatectomy,    open   vs 
Laparoscopic) 

 Perioperative 
complications 
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    Results 

    Observation vs Surgical Treatment with Hepatectomy 

 The decision to treat hepatic hemangiomas surgically can be challenging when the 
indications are not well established and up to date guidelines are not encountered in 
the literature. Resection is indicated for symptoms and questionable  diagnosis   and 
the most widely methods studied are  resection   and  enucleation   [ 14 – 16 ]. 

 A study from the University of Cincinnati from 2003 proposed an algorithm 
where the initial step is a triple phase  CT  , if there was any uncertainty of the  diag-
nosis   of hemangioma a tagged RBC/MRI scan was obtained, if the lesion was 
asymptomatic  observation   would be granted and  surgery   was indicated in symptom-
atic patients or increase in size along with large size hemangiomas. Ninety two 
percent of the entire series was properly diagnosed with this algorithm. Hemangiomas 
were 29 % of the cohort [ 17 ]. 

 In 2001 Terkivatan et al. study aimed to prove that surgical treatment may not be 
justifi ed during long term follow up of patient with benign tumors of the liver. This 
study involved other benign  liver tumor  s and a total of 208 patients were analyzed 
of which 49.5 % (103) were hemagiomas and 24.2 % (25) of those patients under-
went surgical  resection  . The main indication for resection in this subset of patients 
was abdominal  pain   (60 %) followed by suspected metastases. Non-anatomic resec-
tion (40 %) and segmental resections (28 %) were the most common procedures 
utilized. In terms of postoperative  morbidity   24 % (6) had a reportable complica-
tion. The mean follow up for this group was 39 months. Of the conservative arm 
(non operative) a mean follow up of 45 months showed no  mortality   or coagulation, 
although there’s no mention on growth or increased pain in the follow up [ 18 ]. 

 In a retrospective cohort at the University of Miami including benign and solid 
tumors of the liver seen over 14 years a total of 130 cases where treated, 55 % 
were hemangiomas (71 patients). Surgical excision was performed in 49 %. The 
 morbidity   was 5 %. No rupture or progression of symptoms was observed in the 
asymptomatic group, although the follow up details are not specifi ed in the study 
they concluded that  resection   in asymptomatic patients is not justifi ed no matter 
the size [ 3 ]. 

 In 2003 Yoon et al .  at MSKCC published a large series where only hemangiomas 
where included. A total of 115 patients in the 8 year cohort were analyzed, 45.3 % 
(52 patients) presented with symptoms (abdominal  pain  ) and underwent surgical 
 resection  , whereas 54.7 % (63) where observed. Inability to exclude malignancy 
was the indication in 29 %. 

 The median size of the resected group was 11 cm vs 4 cm unresected group, and 
of those more than half (58 %) had tumors larger than 10 cm. Enucleation was the 
treatment of choice in 60 %. Their complication rate was 25 %. In the  observation   
arm only four patients had persistent symptoms without major complications [ 5 ]. 

 In 2005 a paper from a group at the University of São Paolo presented a retro-
spective series of 249 patients over 14 years. In this series 31.7 % patient were 
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symptomatic. The paper made emphasis in conservative treatment, only 3.2 % 
(n = 8) were treated with  surgery  , the main indication was  pain  . Giant hemangiomas 
(>4 cm) were present in 27.4 % of the cohort. The mean follow up was 78 months 
without any complications in the  observation   arm [ 19 ]. 

 In the Amsterdam experience a cohort of 34 patients were identifi ed and surgical 
 resection   was undertaken in 14 (41 %) after a mean follow up of 36.5 months due to 
progressive abdominal  pain   and suspected malignancy. Fifty eight percent of a 
group of tumors >5 cm underwent surgical treatment whereas in the group of 
smaller hemangiomas (<5 cm) only 20 %. The  observation   arm did not show any 
complications with a mean follow-up of 19.6 month [ 20 ]. 

 A retrospective cohort from the Mayo Clinic in 2010 evaluated the rate of 
hemangioma- associated complications in patients with  giant hemangioma  s after 
clinical  observation   and after  operative management   to identify the optimal treat-
ment algorithm. This series was based in a survey examination. A total of 233 patient 
(80.6 %) fell in the nonoperative group and 56 (19.4 %). Only 11 % of the nonopera-
tive group had symptoms whereas 52 % on the operative group had abdominal  pain  . 
Nine percent of patient in the observation group developed symptoms or complica-
tions after  diagnosis  . Of the operative arm 34 patients had partial  hepatectomy   
(60.7 %), 22 patients underwent  enucleation   (1  laparoscopic  ). The survey revealed 
that 93 % of patients undergoing  surgery   had good or better health status and there 
was no statistical signifi cant difference in the overall rate of adverse events between 
the two groups. The long term risk of adverse events associated with non operative 
 management   is similar to the short term risk of operative intervention. 

 Based on this study, prophylactic intervention independent of the size without 
any clinical indication is not recommended due to the potential life-threatening 
event (2 % nonoperative vs 7 % operative) [ 6 ]. 

 Yedibela et al. in 2013 published a large series of patients undergoing  observa-
tion   or surgical treatment of hemangiomas larger than >4 cm. A total of 103 patients 
underwent surgical  resection   mainly for abdominal  pain   (60 %). The indication for 
 surgery   in 51 % of asymptomatic patients was anxiety. There was resolution of 
symptoms in 88 % of patients. There was no statistical difference in the overall rate 
of adverse events between the surgical and observation group [ 21 ].  

    Enucleation vs Hepatectomy 

 In the year 2000 Özden published a study including 172 patients of which 42 
underwent a surgical procedure for the treatment of hepatic hemangioma. Patients 
were evaluated to assess the effect of  surgery   ( enucleation   using Pringle maneu-
ver). Abdominal  pain   was the major indication for elective surgery, 78.5 % under-
went enucleation followed by formal  hepatectomy   Early  morbidity   occurred in 
12 % (5 patients) bleeding being the most common. A total of 33 patients (78 %) 
were followed for a median interval of 53 months, of those patients 96 % (32) were 
symptomatic prior the intervention. Complete resolution of pain was achieved in 
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88 % (24) of patients and US revealed no recurrences. The evaluation method was 
not well standardized and enucleation was favored as a safer technique by the 
authors [ 22 ]. 

 At the University of Chicago a cohort of benign tumors of the liver included 28 
patients with benign tumors 35.7 % being hemangiomas (10 patients) the most com-
mon presenting symptom was  pain   and  enucleation   was performed in 64 % of 
patients. The complication rate was 10.7 % for the total cohort with no mention on 
hemangioma related complications [ 23 ]. 

 A series from 2001 illustrated the changing indications for  resection   when 
patients are analyzed in a large cohort when indications changed (sixe, symptoms 
etc). This series included 57 patients undergoing resection for abdominal  pain   or 
size >4 cm, (criteria until 1996, cohort 1995–1999 after that only hemangiomas 
larger than 10 cm and pain were indications for  surgery  ). Sixty six percent their 
cases were  enucleation   as it was favored over the course of the cohort. Their com-
plication rate was 10.4 % without any  mortality  . A recurrence occurred in 5.2 % of 
their patients (3 patients) [ 24 ]. 

 Another series of 2001 demonstrated the relationship between tumor size and 
presence of symptoms, this series included 155 patient with benign  liver tumor  s, of 
which 63 % (97 patients) had been diagnosed with hemangiomas, 40 % of those 
patients underwent  resection   with the main indication being persistent symptoms 
(23 %). The majority (53 %) underwent  enucleation  , followed by segmentectomy 
(20 %). The median follow-up was 16 months and the series complication rate was 
21 % [ 25 ]. 

 A case series for giant  cavernous hemangioma  s including 52 patients was pub-
lished to compare the  outcomes   on patients undergoing  enucleation   vs lobectomy. 
The series showed a higher complication rate with lobectomy (44 % vs 11 %), right 
lobe lesions more often treated with enucleation. Pringle fl ow occlusion was used 
far more frequently for enucleations (78 % vs 16 %). There was no statistical differ-
ence in operative times and transfusions, although there was a trend towards 
improvement with enucleation [ 26 ]. 

 The second study to compare  enucleation   versus  hepatic resection   was published 
in 2005. A cohort of 22 symptomatic patients underwent enucleation (n = 10) or 
formal  liver resection   (n = 12). The operative time was longer in the  resection   group 
and blood loss along with need for transfusion was also greater in the resection 
group with no effect in length of stay. The complication rate was 14.2 %. In this 
study tumor localization and number of hemangiomas were the factors for the selec-
tion of  surgery  , being multiple and deep/central masses likely o have a formal resec-
tion [ 27 ]. 

 A small cohort of 21 patients published in the 2007 showed that patients under-
going  enucleation   had less operative time (170 vs 230 min), blood loss (400 vs 
1329 cc) and no  morbidity   with decreased length of hospital stay (5.6 vs 9.9 days) 
compared to  liver resection  . In this series the major indication were symptoms fol-
lowed by uncertain  diagnosis   [ 28 ]. 

 The approach for the surgical treatment with  enucleation   was addressed by the 
largest study available by Xiao-Hui regarding centrally of peripherally lesions and 
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their respective  outcomes  , with the assumption that centrally located lesions (defi ned 
Couinaud’s segments I, IV, V and VII) are more challenging to resect. A total of 172 
patients underwent enucleation with Pringle maneuver for  pain  , lesions larger than 
10 cm or enlarging tumors. A total of 76 (44.2 %) were centrally located and 96 
(55.8 %) were peripherally located. Enucleation of centrally located hemangiomas 
required signifi cantly longer vascular infl ow occlusion time (45.3 vs 32.6 min)lon-
ger operating time (124.5 vs 89 min), higher volume of blood loss (800 vs 500 cc), 
greater blood transfusion (51 vs 42 pts, at least one unit of blood) and longer hospi-
tal stay (10.2 vs 9.1). The  morbidity   was 2.9 % for the entire series with no differ-
ence in the two groups, no  mortality   was registered. The median follow-up was 
27 months and complete resolution of pain was achieved in 39.8 % and amelioration 
in 49.4 %. 

 This study is the only one to compare a crucial factor when deciding on  resection   
of hemangiomas, the location of the hemangioma. As seen on previous papers, 
peripherally located lesions are more amenable for  laparoscopic   resection [ 8 ]. 

 In 2011 a cohort of 74 patients was analyzed and were divided in two groups, for 
their  management  , operative (54.1 %) and nonoperative (45.9 %) with a median 
follow-up of 77.3 months. Abdominal  pain   was present in 37.8 % of the total cohort 
and in 62 % of the patients undergoing  resection   compared to 8.8 % in the nonop-
erative group. The mean size of the lesions was larger in the operative group (11.9 
vs 6 cm). A total of 28 formal  liver resection  s were made and 12 enucleations. This 
cohort includes a change after year 2000 when 50 % were resected by enucleations, 
size not being any different for  enucleation   vs formal resection. The decision was 
based on the location and the relationship with major vascular and biliary structures. 
The resection group had more pedicle clamping time than the enucleation subset, 
the rest of the intraoperative parameter did not show any statistical difference [ 29 ].  

    Minimal Invasive Approach 

 Minimal invasive techniques include  laparoscopic   and  robotic    resection   with adju-
vant technical instruments that facilitate the procedure [ 30 ]. 

 One of the fi rst  laparoscopic   liver  resection   series of benign tumors was pub-
lished in 2003 to asses the feasibility, safety and  outcomes   in a multicenter setting 
in 18 centers in Europe. In this series of 87 patients only 13 patients (15 %) corre-
sponded to hemangiomas. The main indication for  resection   was  pain   an undeter-
mined nature of atypical features. In the overall series 95 % of the tumors were 
located in the left lobe or anterior segments. For the hemangiomas almost 60 % of 
the lesions where localized in segments II and II with a median size of 6 cm with a 
10 % conversion to  open   procedures (bleeding being the major cause, 45 %). The 
main procedures were wedge resection followed by segmentectomy and major  hep-
atectomy   in three patients. Only one conversion was documented for a 13 cm hem-
angioma [ 31 ]. 
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 The fi rst paper to describe a series a  laparoscopic   radiofrequency ablation of 
hepatic hemangiomas consisted of 27 patients with symptomatic and rapid-growth 
lesions. A total of 50 liver lesions were treated successfully. There was a median 
follow up of 21 months without any complications. An intraoperative laparoscopic 
 ultrasound   was used prior and at completion of the ablation. An abdominal US and 
 CT   were performed 7 days and a moth after  RFA  . Follow up CT scans were obtained 
3–6 months achieving 100 % necrosis and relieve of symptoms in about 85 % of 
patients [ 32 ]. 

 The use of other technology as adjuvant in surgical treatment has been addressed 
in paper utilizing ultrasonically activated device in 12 patients (8 formal resections, 
4 enucleations) was published with no  mortality   or  morbidity   [ 33 ]. 

 A most recent study from Ho et al. addressed factors determining surgical  out-
comes  . The series includes 61 patients undergoing  resection   for  giant hemangioma  s 
(>4 cm), postoperative complications were associated with larger tumors, symp-
tomatic presentation, increased blood loss and operative time and greater use of 
intraoperative infl ow control. A Pringle maneuver was used in 50.8 %. The patients 
who had complications the majority had central tumors and required lobectomy. 
The complication rate was 4 % for  enucleation   and 19.4 % for resection [ 34 ]. 

 A study by Yang et al. aimed to compare an important technical aspect of the 
surgical  resection   of hemangiomas, selective hepatic vascular exclusion (SHVE). A 
total of 273 patients had a hemangioma at least compressing one of the major 
hepatic veins from. Either SHVE (n = 120) or Pringle maneuver (n = 153) was used. 
No protocol was used for the selection. There was a signifi cant difference favoring 
SHVE in the following intraoperative data: Blood loss (600 vs 1,000), blood trans-
fusion units (2 vs 4). Major blood loss of 2000 L only happened in the Pringle group 
and 85 % in this group did not undergo a blood transfusion compared to 76 % in the 
Pringle group, also there was no air embolism and no conversion to total hepatic 
vascular exclusion (7.2 % in the Pringle group). The operative time was longer in 
the SHVE group (139.8 vs 124.2) The overall complication rate was higher in the 
Pringle group (30.7 % vs 20.8 %) [ 35 ]. 

 More recently Miura et al. described a retrospective review from six major liver 
centers in the US. A total of 241 patients underwent  open    surgery   (mainly  hepatec-
tomy   or segmentectomy) but 17 % had a  laparoscopic   approach, showing the ten-
dency to adopt this technique. A total of 63.2 % of the patient undergoing surgery 
for symptoms had improvement. Complication rate was 14 % with improvement of 
symptoms in 63.2 % [ 36 ]. 

 A summary of the major published reports describing the various surgical options 
for hepatic hemangiomas is provided in Table  3.2 .

3 What Is the Best Surgical Method of Addressing Hepatic Hemangiomas?



32

   Ta
bl

e 
3.

2  
  H

ep
at

ic
 h

em
an

gi
om

a 
tr

ea
tm

en
t   

 A
ut

ho
r 

(y
ea

r)
 

 N
 

 A
ge

 
 Si

ze
 (

cm
) 

 O
pe

ra
tio

n 
 C

om
pl

ic
at

io
n 

ra
te

 
 O

th
er

 
 St

ud
y 

ty
pe

 
(Q

O
E

 a  )
 

 Ö
zd

en
 e

t a
l. 

(2
00

0)
 [

 22
 ] 

 42
 

 50
 

 10
 

 E
nu

cl
ea

tio
n 

 12
 %

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 Te
rk

iv
at

an
 

et
 a

l. 
(2

00
1)

 
[ 1

8 ]
 

 To
ta

l c
oh

or
t: 

20
8 

 48
 

 9.
0 

 Se
gm

en
te

ct
om

y,
 L

ob
ec

to
m

y,
 

w
ed

ge
  r

es
ec

tio
n   

 24
 %

 
 In

cl
ud

es
 o

th
er

 b
en

ig
n 

 liv
er

 tu
m

or
s   

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
 10

3:
 H

em
an

gi
om

as
 

(2
5 

op
er

at
iv

e,
 7

8 
 ob

se
rv

at
io

n)
   

 K
am

m
ul

a 
et

 a
l. 

(2
00

1)
 

[ 2
3 ]

  

 To
ta

l: 
28

 
 35

 
 7 

 E
nu

cl
ea

tio
n 

 10
.7

 %
 

 In
cl

ud
es

 o
th

er
 b

en
ig

n 
 liv

er
 tu

m
or

s   
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 H
em

an
gi

om
as

: 1
0 

 R
ed

dy
 e

t a
l. 

(2
00

1)
 [

 3 ]
 

 To
ta

l: 
13

0 
 49

 
 6.

9 
 Se

gm
en

te
ct

om
y,

 L
ob

ec
to

m
y 

tr
is

eg
m

en
te

ct
om

y 
 5 

%
 

 In
cl

ud
es

 o
th

er
 b

en
ig

n 
 liv

er
 tu

m
or

s   
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 H
em

an
gi

om
as

: 7
1 

(3
5 

op
er

at
iv

e,
 3

6 
 ob

se
rv

at
io

n)
   

 1.
2 

%
  m

or
ta

lit
y   

(p
t 

w
ith

 F
N

H
) 

 O
ne

 u
nr

es
ec

ta
bl

e 
he

m
an

gi
om

a 
 C

ha
rn

y 
et

 a
l. 

(2
00

1)
 [

 25
 ] 

 To
ta

l: 
15

5 
 52

 
 12

.1
 

 E
nu

cl
ea

tio
n.

 S
eg

m
en

te
ct

om
y,

 
lo

be
ct

om
y 

 21
 %

 (
w

ho
le

 s
er

ie
s)

 
 In

cl
ud

es
 o

th
er

 b
en

ig
n 

 liv
er

 tu
m

or
s   

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
  H

em
an

gi
om

a   
:9

7 
(3

9 
op

er
at

iv
e)

 
 Po

pe
sc

u 
et

 a
l. 

(2
00

1)
 [

 24
 ] 

 57
 

 44
.2

 
 9 

 E
nu

cl
ea

tio
n,

 s
eg

m
en

te
ct

om
y 

an
d 

 he
pa

te
ct

om
y   

 10
.3

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 Y
oo

n 
et

 a
l. 

(2
00

3)
 [

 5 ]
 

 11
5 

(5
2 

op
er

at
iv

e,
 

63
  o

bs
er

va
tio

n)
   

 52
 

 6 
 E

nu
cl

ea
tio

n,
 S

eg
m

en
te

ct
om

y 
 25

 %
 

 96
 %

 s
ym

pt
om

 
re

so
lu

tio
n 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
 M

ed
ia

n 
eb

l 4
00

 c
c 

 D
es

co
tte

s 
et

 a
l. 

(2
00

3)
 

[ 3
1 ]

 

 To
ta

l: 
87

 
 41

 
 6 

 L
ap

ar
os

co
pi

c 
 re

se
ct

io
n   

 5 
%

 (
w

ho
le

 s
er

ie
s)

 
 In

cl
ud

es
 o

th
er

 b
en

ig
n 

 liv
er

 tu
m

or
s  .

 O
ne

 
co

nv
er

si
on

 to
  o

pe
n   

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
 H

em
an

gi
om

as
: 1

3 

 T
sa

i e
t a

l. 
(2

00
3)

 [
 14

 ] 
 43

 
 Sy

m
pt

om
at

ic
 v

s 
su

sp
ic

io
us

  d
ia

gn
os

is
   

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

. L
ow

 

J.M. Millis and D.C. Molina



33
 A

ut
ho

r 
(y

ea
r)

 
 N

 
 A

ge
 

 Si
ze

 (
cm

) 
 O

pe
ra

tio
n 

 C
om

pl
ic

at
io

n 
ra

te
 

 O
th

er
 

 St
ud

y 
ty

pe
 

(Q
O

E
 a  )

 

 L
iu

 e
t a

l. 
(2

00
4)

 [
 37

 ] 
 To

ta
l :

 1
07

 
 43

 
 2.

8 
(w

ho
le

 
se

ri
es

) 
 L

ob
ec

to
m

y,
Se

gm
en

te
ct

om
y,

 
w

ed
ge

 
 16

 %
 

 In
cl

ud
es

 b
en

ig
n 

an
d 

m
al

ig
na

nt
 p

at
ho

lo
gy

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 H
em

an
gi

om
as

: 1
2 

 K
im

 e
t a

l. 
(2

00
4)

 [
 17

 ] 
 To

ta
l: 

71
 

 41
 

 N
A

 
 L

ob
ec

to
m

y,
 w

ed
ge

 
se

ge
m

en
te

ct
om

y 
 27

 %
 (

w
ho

le
 s

er
ie

s)
 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
  H

em
an

gi
om

a:
   2

1 
 L

er
ne

r 
et

 a
l. 

(2
00

4)
 [

 31
 ] 

 52
 (

27
 lo

be
ct

om
y,

 
25

  e
nu

cl
ea

tio
n)

   
 48

 
 10

.9
 

 E
nu

cl
ea

tio
n 

vs
 L

ob
ec

to
m

y 
 27

 %
 

 O
nl

y 
 gi

an
t 

he
m

an
gi

om
as

  , 
co

m
pa

re
d 

 re
se

ct
io

n   
vs

 
 en

uc
le

at
io

n   

 C
as

e 
se

ri
es

 

 H
am

al
og

lu
 

et
 a

l. 
(2

00
5)

 
[ 2

7 ]
 

 22
 

 46
 

 9 
 H

ep
at

ec
to

m
y 

vs
  e

nu
cl

ea
tio

n   
 14

.2
 

 O
nl

y 
 gi

an
t 

he
m

an
gi

om
as

   
co

m
pa

re
d 

 en
uc

le
at

io
n   

vs
  r

es
ec

tio
n   

 H
er

m
an

 e
t a

l. 
(2

00
5)

 [
 19

 ] 
 24

9 
(o

nl
y 

8 
un

de
rw

en
t  s

ur
ge

ry
)   

 49
 

 3.
7 

 L
ob

ec
to

m
y,

 s
eg

m
en

te
ct

om
y 

 N
on

e 
 Su

rg
ic

al
 tr

ea
tm

en
t 

gr
an

te
d 

to
 le

si
on

s 
>

14
 c

m
 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 

 Fa
n 

(2
00

5)
 

 27
 

 41
 

 5.
5 

 L
ap

ar
os

co
pi

c 
 R

FA
   (

50
 le

si
on

s 
tr

ea
te

d)
 

 N
on

e 
 C

om
pl

et
e 

ne
cr

os
is

 
ac

hi
ev

ed
 in

 1
00

 %
 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
 Ib

ra
hi

m
 e

t a
l. 

(2
00

7)
 [

 38
 ] 

 To
ta

l: 
84

 
 43

.6
 

 8.
2 

 L
ob

ec
to

m
y,

 s
eg

m
en

te
ct

om
y,

 
w

ed
ge

 
 8.

3 
(w

ho
le

 s
er

ie
s)

 
 In

cl
ud

ed
 p

at
ie

nt
s 

w
ith

 
H

ep
-B

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 H
em

an
gi

om
as

: 4
6 

 E
rd

og
an

 
et

 a
l. 

et
 a

l. 
(2

00
7)

 [
 20

 ] 

 34
 (

14
 o

pe
ra

tiv
e)

 
 48

.5
 

 12
.9

 
 B

is
eg

m
en

te
ct

om
y,

 lo
be

ct
om

y,
 

se
gm

en
te

ct
om

y 
 21

 %
 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 

 Si
ng

h 
et

 a
l. 

(2
00

7)
 [

 28
 ] 

 21
 

 42
.5

 
 9.

5 
 E

nu
cl

ea
tio

n 
vs

 H
ep

at
ec

to
m

y 
 23

 %
 (

al
l i

n 
th

e 
re

se
ct

ed
 g

ro
up

 
 B

el
li 

et
 a

l. 
(2

00
9)

 [
 33

 ] 
 18

0 
(1

2 
su

rg
ic

al
 

tr
ea

tm
en

t 
 N

A
 

 N
A

 
 E

nu
cl

ea
tio

n 
 E

nu
cl

ea
tio

n 
us

in
g 

ul
tr

as
on

ic
al

ly
 

ac
tiv

at
ed

 d
ev

ic
e 

in
 4

 
ca

se
s 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 

(c
on

tin
ue

d)

3 What Is the Best Surgical Method of Addressing Hepatic Hemangiomas?



34

Ta
bl

e 
3.

2 
(c

on
tin

ue
d)

 A
ut

ho
r 

(y
ea

r)
 

 N
 

 A
ge

 
 Si

ze
 (

cm
) 

 O
pe

ra
tio

n 
 C

om
pl

ic
at

io
n 

ra
te

 
 O

th
er

 
 St

ud
y 

ty
pe

 
(Q

O
E

 a  )
 

 Fu
 X

ia
o-

H
ui

 
et

 a
l. 

(2
00

9)
 

[ 8
 ] 

 17
2 

(9
6 

pe
ri

ph
er

al
, 

76
 c

en
tr

al
) 

 46
/4

2 
 10

/1
1 

 E
nu

cl
ea

tio
n 

 2.
6 

 C
en

tr
al

ly
 v

s 
pe

ri
ph

er
al

ly
, i

m
pa

ct
 o

f 
lo

ca
tio

n 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 

 Sc
hn

el
ld

or
fe

r 
et

 a
l. 

(2
01

0)
 

[ 6
 ] 

 28
9 

(2
33

 n
on

-
op

er
at

iv
e,

 
56

-o
pe

ra
tiv

e)
 

 51
 

 8.
4 

 Pa
rt

ia
l 

 he
pa

te
ct

om
y/

   en
uc

le
at

io
n/

   R
FA

   
 7.

1 
%

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 G
iu

lia
nt

e 
et

 a
l. 

(2
01

1)
 

[ 2
9 ]

 

 74
 (

34
 n

on
- 

op
er

at
iv

e,
 4

0 
op

 
 46

.3
 

 6/
 11

.9
  

 Pa
rt

ia
l 

 he
pa

te
ct

om
y/

   en
uc

le
at

io
n   

 10
 %

 
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

 H
o 

et
 a

l 
(2

01
2)

 [
 34

 ] 
 61

 
 47

.3
 

 10
 

 E
nu

cl
ea

tio
n/

lo
be

ct
om

y 
 13

.1
 %

 
 O

nl
y 

 gi
an

t 
he

m
an

gi
om

as
   

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 
 Y

ed
ib

el
a 

et
 a

l. 
(2

01
3)

 
[ 2

1 ]
 

 24
6 

(1
03

 o
pe

ra
tiv

e,
 

14
3 

no
n 

op
er

at
iv

e)
 

 52
 

 9.
1 

  he
pa

te
ct

om
y,

   s
eg

m
en

te
ct

om
y 

 17
 %

 

 Y
an

g 
Y

 e
t a

l. 
(2

01
4)

 [
 35

 ] 
 27

3 
 45

/4
1 

 14
.2

/1
2.

9 
 L

ob
ec

to
m

y/
Se

gm
en

te
ct

om
y 

 26
 %

, 1
.3

 %
 

 m
or

ta
lit

y   
 C

om
pa

re
s 

se
le

ct
iv

e 
va

sc
ul

ar
 e

xc
lu

si
on

 v
s 

Pr
in

gl
e 

m
an

eu
ve

r 

 R
et

ro
sp

ec
tiv

e 
co

ho
rt

-l
ow

 

 M
iu

ra
 e

t a
l. 

(2
01

4)
 [

 36
 ] 

 24
1 

 46
 

 8.
5 

 E
nu

cl
ea

tio
n/

 he
pa

te
ct

om
y/

  se
g

m
en

te
ct

om
y-

 
 5.

7 
%

, 0
.8

 %
 

 m
or

ta
lit

y   
 R

et
ro

sp
ec

tiv
e 

co
ho

rt
-l

ow
 

   a  Q
ua

lit
y 

of
 e

vi
de

nc
e  

J.M. Millis and D.C. Molina



35

        Recommendations 

•     The indication for the  resection   of hepatic hemangiomas has to be based on 
symptoms, suspicion of malignancy or growth, although no size increment or 
specifi c time interval is known (Evidence quality Moderate, strong 
recommendation)  

•   When feasible,  enucleation   is the method of choice to allow preservation of 
parenchyma, decreased blood loss and need for outfl ow control (Evidence qual-
ity Moderate, strong recommendation)  

•   Laparoscopic  resection   of hemangiomas is a safe procedure when patients are 
appropriately selected and the procedure is performed by an experienced sur-
geon. (Evidence quality low: weak recommendation)  

•   Alternative procedures like Radiation, Chemotherapy and TAE should be used as 
second line agents or for palliation purposes (Evidence quality low: weak 
recommendation)        
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    Chapter 4   
 Which Diagnostic Modality is best to Assess 
Benign Hepatic Tumors?                     

       Stephen     Thomas      and     Aytekin     Oto   

    Abstract     Benign hepatic lesions are relatively common in the general population. 
The majority of these lesions are incidentally detected at imaging and don’t pose 
any risk to the patient. Some of these lesions have characteristic imaging features 
while others can have atypical imaging features and can pose a diagnostic chal-
lenge. Utilizing the proper imaging modality and intravenous contrast agents can 
help better characterize them and minimize unnecessary workup of these lesions. 

 Benign hepatic lesions are classifi ed according to their cell of origin. This article 
discusses common and uncommon benign hepatic tumors, their different imaging 
features, and the diagnostic modality that can best characterize them.  

  Keywords     Hemangioma   •   Focal nodular hyperplasia   •   Hepatocellular adenoma   • 
  Biliary hamartoma   •   Medical imaging   •   Benign liver lesions  

      Introduction 

 There is high prevalence of benign hepatic lesions in the general population. While 
most of these lesions are usually asymptomatic and incidentally detected, they may 
pose a clinical dilemma in patients with systemic disease, chronic liver disease or in 
patients with a malignancy undergoing staging. These lesions may require addi-
tional imaging to prove benignity or in some cases may need  resection   due to their 
size or risk of hemorrhage. The benign hepatic neoplasms include hemangiomas, 
which are of mesenchymal origin; focal nodular hyperplasia (FNH), hepatocellular 
adenoma (HCA), and nodular regenerative hyperplasia (NRH) which are of hepato-
cellular origin; hepatic cysts,  bile duct   hamartoma which are of cholangiocellular 
origin. 
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 Imaging modalities commonly used for non-invasive liver lesion work-up and 
characterization includes ultrasonography (US),  computed tomography   ( CT  ), mag-
netic resonance (MR) imaging. The tumor features being evaluated include their 
cystic or solid appearance; calcifi cations, fat and hemorrhage within the lesion; 
lesion border and capsule. The use of intravenous contrast agents allows evaluation 
of lesion vascularity, perfusion, hepatocyte function and biliary excretion. 

 There is a paucity of prospective studies comparing all modalities and their per-
formance in detection and  diagnosis   of benign hepatic tumors in the literature. 
Imaging technologies were introduced at different decades with each modality 
undergoing signifi cant technological advances over time leading to improved lesion 
conspicuity and characterization. In many cases, studies comparing the imaging 
fi ndings of a particular modality with lesion histology have not been performed. 
Comparison with either another modality or following lesion stability over time 
would be considered the “gold-standard”. Modalities such as US,  CT   and MR have 
improved lesion detection and characterization with the introduction of intravascu-
lar contrast agents, including selective  hepatobiliary   MR contrast agents, which 
have improved liver lesion characterization. Sonographic contrast agents have pro-
vided additional diagnostic capability to conventional ultrasonography. However, 
although these are widely available in Europe, their availability is limited in the US. 

 In this chapter, we will discuss the imaging features of  cavernous hemangioma  , 
focal nodular hyperplasia, hepatic adenoma, biliary hamartoma, and provide a pre-
ferred modality imaging in diffi cult cases. 

    Cavernous  Hemangioma   

  Ultrasonography     The ‘typical’ imaging features of a small hemangioma (<2 cm) 
on  ultrasound   is uniform hyperechogenicity (66 %), well defi ned margin and poste-
rior acoustic enhancement [ 1 ]. Between 20 and 40 % (mostly larger lesions) can 
have an ‘atypical’ pattern with an echogenic border either as a thick rind or thin rim 
with a hypoechoic internal echo pattern or an anechoic/cystic pattern (Fig.  4.1 ) [ 2 , 
 3 ]. Hemangiomas detected by ultrasound tend to be stable over time with 82 % 
 having similar imaging characteristics. 18 % can show change in their sonographic 
appearance and they can also grow in size over the time [ 4 ]. The ultrasound appear-
ance of hemangiomas can overlap with those of hepatocellular carcinoma (HCC) 
and some hypervascular hepatic metastases [ 5 ,  6 ]. As a result, patients with chronic 
liver disease or with a known or suspected extra-hepatic malignancy should undergo 
a confi rmatory examination such as a contrast enhanced  CT   or MRI.

     Computed Tomography     Hemangiomas are well demarcated masses that are 
hypo-attenuating to liver parenchyma and are iso-attenuating to blood pool on non- 
contrast  CT  . Dystrophic calcifi cations can be present in approximately 10 % of 
lesions. With contrast administration, hemangiomas have a typical enhancement 
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pattern with peripheral nodular discontinuous enhancement on the arterial and early 
portal venous phase with gradual centripetal fi lling on delayed phase images. This 
enhancement pattern is present in approximately 60 % of all hemangiomas, more 
commonly present in larger lesions and varies by size: >2 cm (85 %), 1–2 cm (55 %) 
and <1 cm (23 %) [ 7 ]. Smaller lesions can show diffuse hyper-enhancement, a pat-
tern that can be seen in metastasis.  

  Magnetic Resonance Imaging     A typical hemangioma is a well-demarcated 
homogenous mass that is hypointense on T1-weighted images and hyperintense on 
T2-weighted images (T2–WI) (Fig.  4.2 ). The very long T2 relaxation of hemangio-
mas is useful in distinguishing them from malignant hepatic neoplasms. 
Hemangiomas demonstrate a relative increase in signal intensity on heavily T2–WI 
sequences compared to moderately T2–WI sequences. In contradistinction, other 
solid hepatic masses show a relative decrease in signal intensity on more heavily 
T2–WI [ 8 – 11 ]. Using a 1.5 Tesla MR unit, MRI can characterize lesions as heman-
giomas with an accuracy of 84–97 % based on T2 values, morphologic features and 
tissue homogeneity [ 8 ,  10 ,  11 ]. However, hypervascular metastasis from pheochro-
mocytoma, carcinoid, and pancreatic islet-cell tumor can also be hyperintense on 
T2–WI and is a pitfall of this technique [ 12 ,  13 ]. Therefore, intravenous adminis-
tered contrast agent is usually required to make a defi nitive  diagnosis   of hemangi-
oma. Hemangiomas >4 cm can be heterogeneous in signal due to fi brosis, 
hemorrhage, thrombosis, hyalinization and cystic degeneration [ 14 ,  15 ].

    Use of an intravenous gadolinium based contrast agent (GBCA) results in similar 
enhancement patterns as  CT   with arterial peripheral nodular or globular enhance-
ment and progressive centripetal enhancement (Figs.  4.3  and  4.4 ). This pattern is 
seen in hemangiomas >2 cm; small lesions <2 cm may have a homogenous enhance-
ment on early phase and may be indistinguishable from small hypervascular 
 metastasis. Metastasis tends to have a continuous rim enhancement on later phases 
of imaging [ 12 ,  13 ,  16 ]. Contrast enhanced MRI is able to distinguish hemangioma 
from metastasis with an accuracy of 96 % [ 17 ].

  Fig. 4.1    Ultrasound of the 
liver shows a hypoechoic 
heterogeneous mass within 
the left lobe of the liver 
with a hyperechoic rim 
( arrow )       

 

4 Which Diagnostic Modality is best to Assess Benign Hepatic Tumors?



42

       Strategy for Diffi cult Cases 

 MRI is the modality of choice in cases where the  diagnosis   is not certain. The use 
of heavily weighted T2–WI, multi-phasic contrast sequences with the ability to 
obtain multiple delayed phases without any ionizing radiation can help confi rm 
the diagnosis of hemangioma. MRI can identify atypical features of hemangiomas, 

  Fig. 4.2    Axial fat 
saturated T2-weighted 
MRI shows a well- 
demarcated T2 
hyperintense mass in the 
left lobe of the liver 
( arrow )       

  Fig. 4.3    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows the 
classic peripheral nodular 
discontinuous 
enhancement on early 
arterial phase of imaging 
( arrow )       
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which include incomplete contrast fi lling, seen in hemangiomas larger than 3 cm 
due to central scarring. Lesions greater than 5 cm can have “fl ame shaped” discon-
tinuous peripheral enhancement which may dominate or coexist with the typical 
nodular enhancement [ 18 ]. Hyalinized hemangiomas can be predominately fi brosed 
with obliterated vascular spaces and may not enhance. They may be only be slightly 
hyperintense on T2-WI, lack the early enhancement on dynamic contrast enhancement, 
with slight peripheral enhancement on late phase and may be confi dently diagnosed 
on MR [ 19 ].   

    Focal Nodular Hyperplasia 

  Ultrasonography     FNH are frequently fi rst identifi ed on US as the modality is 
commonly used to evaluate the liver and gallbladder. However, FNH echotexture 
can be quite variable. They can appear hyper, hypo, and isoechoic relative to hepatic 
parenchyma. Isoechoic lesions may only be detected if they deform the hepatic 
contour. Frequently, FNH are located in the subcapsular area of the liver and 
may deform the liver contour or rarely may be exophytic. The central scar, which is 
an important imaging feature, is only present in about 20 % of cases. Gray scale 
sonography is unable to reliably distinguish FNH from other neoplastic lesions [ 20 ].  

  Computed Tomography     Detection and characterization of FNH is done using a 
tri-phasic contrast enhanced  CT  . On unenhanced CT, FNH is usually a homogenous 
isoattenuating or hypoattenuating mass. On arterial phase, FNH has marked arterial 

  Fig. 4.4    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows the 
progressive centripetal 
enhancement on portal 
phase of imaging with the 
mass fi lling in and 
remaining iso-intense to 
vasculature ( arrow )       
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enhancement that is homogeneous [ 20 – 22 ]. In about 30 % of cases a visible central 
scar is present which does not enhance on early phases of imaging and can be very 
small [ 20 ,  23 ]. In larger lesions, feeding hepatic arteries, small central and septal 
arteries, and early draining veins can be present [ 22 ,  24 ]. On portal venous and delayed 
phases, FNHs are iso-attenuating to hepatic parenchyma (Fig.  4.5 ). Enhancement 
of the central scar can be seen on delayed phases of imaging when it contains myxo-
matous stroma [ 23 ,  25 ]. While no prospective studies exist regarding the accuracy 
of CT to detect and characterize FNH, a small retrospective series (n = 20) showed 
that CT had a sensitivity of 70 % and specifi city of 92 % and led to the correct 
characterization in 78 % of cases [ 26 ]. In a larger series of 86 patients with 99 foci 
of FNH, CT was able to correctly diagnose FNH in 60.3 % of cases [ 27 ].

     Magnetic Resonance Imaging     On unenhanced MR, FNH has similar characteris-
tics to hepatic parenchyma on T1- and T2-weighted sequences [ 28 ]. Atypical fea-
tures include hyperintense appearance on T1-WI due to steatosis, sinusoidal 
dilatation, or hemorrhage [ 28 ]. The central scar can be present in 25–43 % of lesions 
and is T1 hypointense and T2 hyperintense (Fig.  4.6 ) due to presence of vascular 
channels and  bile duct  ules [ 29 – 32 ].

    Using IV GBCA, typically FNH has homogenous arterial enhancement and is isoin-
tense to liver on portal venous phase. The central scar can be present in 79 % of 
FHN and is hyperintense due to enhancement on delayed phase of imaging (Figs. 
 4.7  and  4.8 ) [ 32 ].

    Hepatobiliary contrast agents are unique MR contrast agents in that are taken up 
by functioning hepatocytes and excreted with bile. Hepatobiliary GBCAs such as 

  Fig. 4.5    Contrast 
enhanced  CT   shows a right 
hepatic lobe mass that is 
nearly iso-attenuating to 
the hepatic parenchyma 
( arrow ). The lesion has a 
small hypo-attenuating 
central scar ( arrow head )       
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Gd-BOPTA and Gd-EOB-DTPA have properties of an extracellular contrast agent 
providing dynamic contrast enhancement information and biliary excretion for 
delayed  hepatobiliary   imaging performed 20 min after contrast bolus injection. 
Lesions that contain functioning hepatocytes show contrast uptake. Since FNH con-
tain functioning hepatocytes, on delayed phase of imaging, they are typically hyper-
intense to isointense to hepatic parenchyma [ 31 ,  33 ]. 

 The sensitivity and specifi city of MRI in differentiating FHN from hepatocellu-
lar adenoma (HCA) is 96.9 %, and 100 %, and is primarily based on the contrast 
washout on  hepatobiliary   phase in hepatic adenomas when using Gd-BOPTA in a 
prospective study [ 34 ]. Using Gd-EOB-DTPA and the hepatobiliary phase the sen-
sitivity to detect FNH was 96 % with a positive predictive value of 96 % when 
compared to HCA [ 35 ]. 

  Fig. 4.6    Axial fat 
suppressed T2 weighted 
MRI shows a mildly 
hyperintense mass ( arrow ) 
with a hyperintense central 
scar ( arrow head )       

  Fig. 4.7    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows 
hyper-enhancement of the 
mass on arterial phase 
( black arrow ). The central 
scar does not enhance 
( arrow head )       
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    Strategy for Diffi cult Cases 

 MRI using a  hepatobiliary   specifi c contrast agent may characterize lesions that 
cannot be otherwise characterized by  CT  . Atypical FNH lesions may show only 
mild arterial enhancement, and may be hypointense to liver parenchyma on late 
dynamic phase. For these lesions adding a hepatobiliary phase and calculating a 
signal intensity (SI) ratio improves diagnostic yield. Using a cutoff value of 0.87 for 
the SI ratio during the hepatobiliary phase, the sensitivity and specifi city for differ-
entiating FNH from HCA was 92 % and 91 % respectively [ 36 ].   

     Hepatocellular Adenoma   

  Ultrasonography     HCA have a heterogeneous variable echotexture with 80 % 
 having a mixed echogenicity and 20 % purely hypoechoic [ 37 ]. In a small study of 
27 cases of HCA, the lesions were hypoechoic to hepatic parenchyma in 41 %, 30 
% are hyperechoic, 22 % are isoechoic, and 7 % are of mixed echogenicity [ 21 ]. The 
utility of gray scale  ultrasound   to characterize HCA is limited due the overlap of 
imaging features with other benign and malignant hepatic lesions.  

  Computed Tomography     HCAs have a variable appearance on unenhanced  CT   
images. They may be hypoattenuating due to the presence of intracellular lipid, old 
hemorrhage or necrosis, or it may be hyperattenuating from acute hemorrhage or 
large amounts of glycogen [ 37 ]. HCA are sharply marginated – 85 %, nonlobu-
lated – 95 %, sometimes encapsulated – 30 %, and rarely can calcify 5–10 %. 
Necrosis or hemorrhage can occur in 25 % of lesions [ 38 ,  39 ]. HCAs are almost 
uniformly (80–100 %) hyperattenuating on hepatic arterial phase and have variable 
appearance on portal venous phase with 31 % remaining hyperattenuating, 44 % 

  Fig. 4.8    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows the 
mass to be iso-attenuating 
to the liver on portal 
venous phase ( black 
arrow ). The central scar 
now enhances, 
characteristic of focal 
nodular hyperplasia ( arrow 
head )       
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isoattenuating, and 25 % hypoattenuating [ 39 ,  40 ]. On delayed phase CT, HCAs 
characteristically are hypoattenuating to liver parenchyma with few (6 %) that are 
hyperattenuating [ 39 ]. The enhancement pattern helps differentiate FNH from 
HCA, which is important for patient  management  . HCA however have similar con-
trast enhancement characteristics as hepatocellular carcinoma (HCC) and differen-
tiation between the lesions can be problematic especially in lesions that have 
undergone hemorrhage [ 41 ].  

  Magnetic Resonance Imaging     HCAs have a variable appearance on MRI as there 
are sub-types including infl ammatory, steatotic or those with β-catenin activation.  

 The infl ammatory subtype accounts for 30–50 % of adenomas. These lesions are 
mildly hyperintense on T2–WI especially in the periphery of the lesion (Fig.  4.9 ), 
and iso to hypointense on T1–WI with heterogeneous signal intensity. There is char-
acteristic T2 hyperintense rim like band termed the atoll sign in the periphery of the 
lesion that is isointense to surrounding liver toward the center of the lesion can be 
seen in 43 % of infl ammatory HCAs [ 42 ].

   Infl ammatory HCAs are diffusely hyperintense on arterial enhancement persist-
ing into the portal venous and delayed phases (Figs.  4.10  and  4.11 ). The T2 hyper-
intensity and persistent enhancement together are 85.2 % sensitive and 87.5 % 
specifi c for the  diagnosis   [ 43 ].

    The steatotic subtype, shows diffuse signal loss on chemical shift sequence due to 
homogenous intratumoral fat. These lesions show moderate arterial enhancement not 
persisting into the portal venous phase [ 43 ]. The presence of intratumoral fat is not 
specifi c for HCAs as up to 40 % of hepatocellular carcinomas may contain fat [ 44 ]. 

  Fig. 4.9    Axial fat 
suppressed T2 weighted 
MRI shows a mildly 
hyperintense mass ( arrow ) 
in the right lobe of the liver 
and larger mass in the left 
lobe of the liver ( arrow 
head )       
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  Fig. 4.10    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows brisk 
homogenous enhancement 
of the right hepatic lobe 
mass ( arrow ) and the 
larger left hepatic lobe 
mass ( arrow head ) during 
arterial phase of imaging       

  Fig. 4.11    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows the 
right hepatic lobe mass 
( arrow ) and the left hepatic 
lobe mass ( arrow head ) 
remain hyperintense to 
liver on portal venous 
phase       

 HCAs with β-catenin activation can have non-specifi c imaging features with strong 
arterial enhancement and portal venous washout. MRI may not be able to defi nitively 
characterize these lesions as the imaging features can overlap with HCC [ 43 ]. HCAs 
with activated β-catenin present a high risk of malignant transformation [ 45 ]. 
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    Strategy for Diffi cult Cases 

 Since HCAs can have several subtypes, undergo hemorrhage, and have variable 
imaging features on conventional MRI, they may not be easily discriminated from 
FNHs. Using  hepatobiliary   contrast agents on MR will improve the diagnostic per-
formance of MRI. Delayed hepatobiliary phase images can be used to separate 
HCA from FNH with the former appearing hypointense to liver (Fig.  4.12 ) [ 34 ]. 
Follow-up studies have shown that up to 71 % of infl ammatory HCAs can have 
areas of iso- or hyperintensity to the surrounding liver in the hepatocyte phase [ 46 ].

         Biliary Hamartoma   

  Ultrasonography     Biliary hamartomas have a variable appearance on  ultrasound  . 
They usually present as tiny hypoechoic or hyperechoic foci measuring less that 
10 mm scattered through out the liver and may be associated with comet-tail arti-
facts (Fig.  4.13 ) [ 47 ,  48 ]. Their variable appearance on sonography may be mis-
taken for metastasis.

     Computed Tomography     At unenhanced  CT  , biliary hamartomas appear as well- 
marginated hypo or iso-attenuating lesions of nearly uniform size that do not 
enhance on contrast administration (Fig.  4.14 ) [ 48 ]. Their imaging features are 
important to recognize as they may simulate metastases or microabscesses [ 49 ,  50 ].

  Fig. 4.12    Axial fat 
saturated T1-FSPGR post 
contrast MRI performed 
with a  hepatobiliary   
contrast agent and imaged 
during the hepatobiliary 
phase (20 min after 
injection) shows no 
retention of contrast in the 
right hepatic lobe mass 
compatible with a hepatic 
adenoma ( arrow ). The left 
hepatic lobe mass retains 
contrast and is compatible 
with focal nodular 
hyperplasia ( arrow head )       
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  Fig. 4.13    Ultrasound of 
the liver shows increased 
parenchymal echogenicity 
of the right lobe with 
multiple small echogenic 
interfaces       

  Fig. 4.14    Contrast 
enhanced  CT   shows 
multiple small nearly 
uniformly hypo-attenuating 
lesions in the liver ( arrow 
heads ). No clear enhancing 
wall is seen       

     Magnetic Resonance Imaging     Biliary hamartomas have a characteristic appear-
ance at MRI. They are hypointense on T1–WI, well defi ned and hyper-intense on 
T2–WI (Fig.  4.15 ). With GBCA they do not have central enhancement but may have 
a thin rim of peripheral enhancement, which may be from compressed hepatic 
parenchyma (Fig.  4.16 ) [ 51 ].
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  Fig. 4.15    Axial T2 
weighted MRI shows 
multiple small nearly 
uniformly sized T2 
hyperintense lesions 
( arrow heads )       

  Fig. 4.16    Axial fat 
saturated T1-FSPGR post 
contrast MRI shows 
multiple small nearly 
uniformly sized hypo- 
intense lesions in the liver. 
Some have a subtle 
perceivable wall ( arrow ), 
which represents 
compressed hepatic 
parenchyma       

          Conclusion 

 Focal liver lesions are commonly encountered during routine imaging. While US 
and  CT   are able to detect and characterize many lesions, MR imaging with hepato-
cyte specifi c contrast agents can be used for diffi cult lesions an may be able to 
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defi nitively characterize liver lesions so as to avoid biopsy or  surgery  . However, for 
lesions that do not have typical imaging features or those that are complicated by 
hemorrhage may have to undergo biopsy for accurate  diagnosis  .     
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    Chapter 5   
 Cystic Diseases of the Liver                     

       John     F.     Renz    

    Abstract     This manuscript provides a concise surgical review of cystic diseases of 
the liver. Attention is paid to diagnosis, pre-surgical evaluation, surgical techniques, 
including laparoscopy, and post-surgical care of the patient with cystic disease of 
the liver.  

  Keywords     Liver cyst   •   Liver surgery   •   Hepatobiliary surgery   •   Cystic disease of the 
liver   •   Cystadenoma  

      Introduction 

 Cystic disease of the liver is a frequent indication for surgical consultation as 
 modern cross-sectional imaging identifi es some form of hepatic cystic disease in as 
high as 18 % of studies [ 1 ]. A myriad of conditions manifest  cystic disease of the 
liver   with an equally broad spectrum of prognoses; however, the overall  manage-
ment   of cystic diseases within the liver is straightforward provided one adheres to 
several guiding principles. Furthermore, the widespread application of  laparoscopy   
and intra-operative  ultrasound   has signifi cantly improved therapeutic options for 
patients and surgeons.  

    Surgical Considerations 

 The approach to cystic diseases of the liver begins with recognition of four broad 
classifi cations based upon etiology. These categories are: congenital, neoplastic, 
traumatic, and infectious. Congenital cysts are, by far, the most prevalent and arise 
from a defect in production of  bile duct   basement membrane resulting in cystic 
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malformation of intrahepatic bile ducts [ 2 ,  3 ]. These include simple cysts and adult 
polycystic liver disease (APLD) [ 3 ]. Neoplastic cysts may be primary or metastatic. 
Cystadenoma and cystadenocarcinoma may originate within the liver while cystad-
enocarcinomas from the ovary and pancreas often metastasize to the liver. Traumatic 
cysts form secondary to liver injury such as disruption of an intrahepatic bile duct 
or subcapsular hematoma. Infectious cysts include  pyogenic    liver abscess  , hydatid 
disease, and amoebic abscesses as well as extra-hepatic cysts secondary to retained 
gallstones from a previous  cholecystectomy   [ 2 ]. Formulating a robust working 
hypothesis as to the origin of the cyst is essential to anticipating the optimal surgical 
therapy. 

 A second principle in approaching cystic liver disease is meticulous analysis of 
 radiologic   imaging. Often, patients presenting for surgical consultation have had 
diagnostic or potentially therapeutic procedures previously performed. These not 
only include interventional radiologic procedures such as biopsy, needle aspiration, 
and sclerotherapy but previous surgical fenestration. Complications such as bleed-
ing or infection from these procedures can signifi cantly alter subsequent imaging 
and the occurrence of a complication may not have been clinically recognized. In 
situations where any previous procedure has been performed upon a cyst, every 
effort should be made to obtain as much possible imaging, particularly cross- 
sectional imaging, that was performed prior to the intervention. If  surgery   is being 
entertained, recent cross sectional imaging ( computed tomography   or  magnetic 
resonance imaging  ) will facilitate accurate cyst classifi cation and symptom correla-
tion while reducing the chance of an unanticipated change in surgical plan during 
surgery. 

 Cross sectional imaging analysis focuses upon four specifi c areas: number of 
cysts, cyst content, cyst wall architecture, and cyst location. Cysts may be single or 
multiple with a homogenous or heterogenous cyst content. The cyst wall architec-
ture may be uniform in thickness or irregular in thickness with projections of 
the cyst wall into the lumen or septations. Lastly, does the cyst location support the 
patient’s symptoms? Appreciation of multiple closely approximated cysts, hetero-
geneous cyst content without prior intervention, or any cyst wall architecture that is 
not completely uniform are indications for further investigation utilizing intra- 
operative  ultrasound   and a surgical approach that requires more than simple 
fenestration. 

 Correlation of cyst location to the patient’s symptoms is particularly important in 
the  management   of congenital cysts. Common presenting symptoms include 
abdominal  pain  , epigastric bloating, early satiety, and dyspepsia [ 2 ]. Large size 
(>6 cm), pericapsular or ventral location, and heterogenous content suggesting 
 previous hemorrhage are typically associated with abdominal pain while epigastric 
bloating, early satiety, and dyspepsia are associated with predominantly left lobe, 
dorsally located lesions may be symptomatic at a smaller size. Biliary disease, 
gastro- esophageal refl ux disease, and other common indications of abdominal 
pain should be excluded prior to offering  surgery   for abdominal pain secondary to 
congenital cysts [ 2 ].  
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    Congenital Cysts 

 Congenital cysts include simple cysts and APLD. Simple cysts are single or multi-
ply scattered, uniform, thin-walled masses with a homogenous, low-viscosity cyst 
content. Histologically, the cyst lining is simple cuboidal or columnar epithelium 
that produces a serous fl uid. Large cysts are more frequent in women with a female 
to male ratio of 4:1 and are uncommon under the age of 40 years. The average 
reported size of simple cysts is 3 cm and most are asymptomatic. Simple cysts on 
occasion may rupture into the abdominal cavity causing transient peritoneal 
 discomfort but hemorrhagic rupture is exceedingly rare [ 2 ,  3 ]. 

 Simple cysts are ideally approached laparoscopically. The cyst should be care-
fully examined utilizing intra-operative  ultrasound   to confi rm a uniform thin lining 
with no papillary projections into the cyst lumen or hepatic parenchyma. The cyst 
wall typically demonstrates sharp sonographic echo demarcation secondary to the 
luminal fl uid interface and compressed hepatic parenchyma [ 4 ]. Simple cyst fl uid is 
clear and serous; however, a previous hemorrhage may produce a heterogeneous 
mix. In either case, the cyst should be aspirated and a generous excisional biopsy 
obtained for histologic evaluation. If a  cystadenoma   is excluded, the fenestration 
may proceed to wide excision of the cyst wall. Intra-operative ultrasound can be 
intermittently utilized to maximize wall excision without encountering major vas-
cular structures. Argon beam coagulation of the remnant epithelial surface can be 
employed to destroy remaining biliary epithelia and recruit an infl ammatory 
response but is not mandatory. When operating for a presumed simple cyst, if a 
cystadenoma cannot be excluded or the cyst content is overtly bilious, fenestration 
should be abandoned for  hepatic resection  . If there is a potential cystadenoma, the 
 resection   should include at least a 0.5 cm margin with pathologic confi rmation. In 
the scenario of overtly bilious cyst fl uid, the resection is indicated to completely 
remove the cyst lining so as to expose biliary radicle(s) for repair. 

 Percutaneous therapies for the  management   of simple cysts including aspiration 
and sclerotherapy are available. Aspiration as a diagnostic maneuver to assess 
symptom alleviation is potentially valuable but should not be considered defi nitive 
therapy due to a high recurrence rate [ 5 ]. Notably, aspiration will change the  radio-
logic   appearance of the cyst. Sclerotherapy may be applied in patients who are poor 
surgical candidates but its effi cacy is lower than surgical fenestration [ 6 ]. 

 APLD is most often identifi ed in the presence of polycystic kidney disease and 
results from a mutation in the PKD-1 or PKD-2 gene. A rare mutant of the protein 
kinase C gene, 80 K-H, can manifest as isolated APLD. Cysts appear similar to 
simple cysts except they are far more numerous, generally smaller in size, bilobar in 
distribution, and are associated with numerous microcysts in their vicinity. A female 
predominance is observed with pregnancy and hormonal therapy implicated in 
APLD progression. Renal failure also correlates with APLD progression. APLD is 
associated with cerebral artery aneurysm, valvular heart disease, inguinal hernia, 
and diverticulosis [ 2 ,  3 ]. 
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 Symptoms may result from infection, traumatic rupture, intracystic hemorrhage, 
Budd-Chiari syndrome, dyspnea, or extrinsic compression of the biliary or digestive 
tracts [ 3 ]. Excluding infection, the occurrence of symptoms should be interpreted 
as the result of excessive abdominal volume and therapeutic options designed to 
signifi cantly reduce volume rather than attention to an isolated cyst(s). Currently, 
there are no medical therapies to reduce disease burden or prevent progression [ 2 ]. 

 Surgical therapy designed to substantially reduce abdominal volume offers the 
greatest promise for durable benefi t. To this end, substantial knowledge in heptobili-
ary  surgery   is required to tailor procedures according to symptoms, cyst distribu-
tion, parenchymal preservation, biliary and vascular anatomy. Fenestration or 
dominant cyst wall excision is unlikely to yield long-term benefi t. Instead, surgical 
 resection  , preferably laparoscopically, should be optimized to remove the highest 
concentration of cysts at the initial operation [ 7 ]. This yields the greatest chance of 
durable relief while preserving hepatic function as subsequent attempts at extensive 
resections following previous surgical procedures become signifi cantly more diffi cult 
and risk parenchymal ischemia. For extensive disease, APLD progression mandates 
consideration of  liver transplant   ation   [ 7 ]. 

 While not a true cystic disease, Caroli’s disease does deserve mention as it may 
enter the differential  diagnosis   of a patient presenting with presumed intra-hepatic 
cysts. Caroli’s disease is an autosomal recessive congenital malformation with a 
female predominance that results from incomplete gestational biliary duct forma-
tion. The biliary dilations are not true cysts as each communicates with the biliary 
system. Hence, a magnetic resonance cholangiopancreatography will demonstrate 
segmental dilatations in one or both hepatic lobes that often contain choledocholiths 
[ 2 ]. The most common presentation of Caroli’s disease is  cholangitis   secondary to 
impaired biliary excretion. Caroli’s disease may coexist with congenital hepatic 
fi brosis and predisposes to cholangiocarcinoma. When unilobar, more commonly 
the left hepatic lobe, surgical  resection   to include the extra-hepatic biliary tree with 
a Roux-en-Y  hepaticojejunostomy   is preferred. Extensive bilobar disease is a much 
more diffi cult condition that mandates ursodeoxycholic acid,  surveillance   imaging 
for cholangiocarcinoma, judicious instrumentation of the biliary tree when abso-
lutely necessary and potential consideration of  liver transplant   ation   [ 2 ].  

    Neoplastic Cysts 

 Neoplastic cysts may be primary or metastatic. Primary cystadenocarcinoma of the 
liver is uncommon as is its precursor lesion a  cystadenoma  . Together, they comprise 
<1 % of intra-hepatic cystic lesions observed on cross-sectional imaging [ 2 ,  8 ]. 
Metastatic cystic lesions, most commonly from the pancreas or ovary are equally 
uncommon; however, both primary and metastatic cystic lesions carry a poor prog-
nosis mandating precise surgical  management   from the onset to optimize outcome. 
Essential to properly managing these lesions is maintaining a high index of suspi-
cion. This is best achieved from the very fi rst examination of cross sectional 
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imaging. As previously stated, every effort should be made to observe imaging that 
does not refl ect interventions performed upon the cyst. The  observation   of heteroge-
neous or  mucinous   cyst content, septations, papillary projections, irregular wall 
thickness or the presence of a mass associated with the cyst is not consistent with 
congenital cystic disease. If any of the above are observed, serologic studies to 
exclude hydatid should be performed before proceeding to the operating room for 
excision of a presumed neoplastic cyst. While carbohydrate antigen 19-9 and 
carcinoembryonic antigen levels may be elevated in neoplastic cystic fl uid, these 
fi ndings are not diagnostic and attempts to obtain diagnostic cyst fl uid sampling 
pre-operatively are not encouraged [ 9 ]. 

 Surgical planning for a presumed neoplastic cyst involves formal  hepatic resec-
tion   to obtain an appropriate surgical margin. If a neoplastic cyst is entertained after 
initiating a fenestration procedure, conversion from a  laparoscopic   to an  open   pro-
cedure may afford improved source control and limit potential tumor distribution 
within the abdomen. Whenever one is contemplating reoperation for a recurrent 
cyst, particularly if the patient derived their initial care from another provider, 
 caution in reviewing the surgical procedure and pathology is prudent as is the 
 performance of a formal hepatic  resection  .  

    Traumatic Cysts 

 The incidence of traumatic cysts within the liver is increasing secondary to the 
widespread applicability of  percutaneous   diagnostic and therapeutic interventions. 
Traumatic cysts are a misnomer as they are technically pseudocyst cavities created 
secondary to hepatic injury without an epithelial lining. These cavities can be the 
result of a subcapsular hematoma, an intra-parenchymal hematoma, or coagulative 
necrosis following a parenchymal ablative procedure. Clinically, these patients 
present with constitutional signs of sepsis following bacterial superinfection of the 
pseudocyst. Initial treatment with broad-spectrum antibiotics and  percutaneous 
drainage   is often successful with surgical debridement and drainage ( laparoscopic   
or  open  ) reserved for unique circumstances [ 2 ,  10 ].  

    Infectious Cysts 

 Infectious cysts include  pyogenic    liver abscess  , hydatid disease, fungal, and amoe-
bic abscesses as well as extra-hepatic cysts secondary to retained gallstones from a 
previous  cholecystectomy   [ 10 ]. Irrespective of the etiologic agent, the approach to 
infectious cysts uniformly involves  diagnosis  , systemic treatment, cyst evacuation, 
and prevention of re-infection. Appropriate history and physical examination, in 
addition to serologic assay, are central to the early diagnosis of hydatid disease and 
amebiasis. An infectious etiology should also be appropriately excluded in the 
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pre-operative evaluation of a neoplastic cyst. Following diagnosis, systemic treat-
ment is initiated prior to evacuation of the cyst. Traditional operative therapy for 
infectious cysts is rapidly being replaced by  percutaneous    drainage   with  surgery   
reserved for larger cysts (>5 cm in diameter) or percutaneous treatment failures 
[ 11 ]. Following drainage, treatment is continued to prevent superinfection while the 
liver remodels. 

 Pyogenic  liver abscess   (PLA) has historically resulted from portal venous seed-
ing of bacteria from appendicitis or diverticulitis. In immunocompromised patients, 
 Candida  should be a consideration; however, improved medical therapy has signifi -
cantly lowered the incidence of PLA from these etiologies. Instead, PLA is now the 
most commonly the result of biliary tract disease or hepatic parenchymal ablation 
[ 2 ]. Hepatic parenchymal ablation with superinfection has been previously described 
but biliary tract manipulation, either instrumentation ( ERCP  ) or stenting, along with 
obstruction from a benign or malignant  stricture   can incite a PLA [ 2 ,  10 ]. 

 Attention to the patient’s medical history in approaching a PLA guides therapy. 
In the setting of a PLA secondary to bacterial/fungal seeding, the routine algorithm 
advocated above with  percutaneous    aspiration  /drainage is recommended. The deci-
sion to leave a drain should be tailored to the situation as repetitive aspiration has 
been demonstrated to be equivalent to drainage in smaller (<5 cm diameter) PLA 
[ 12 ]. When a PLA from a biliary source is suspected, the treatment should be surgi-
cal, typically a  hepatic resection  , and directed at the underlying biliary etiology. 

 Hydatid disease is caused by  Echinococcus granulosus  or  Echinococcus 
 multilocularis  where humans are an intermediate host. Endemic areas include South 
America, Middle East, Far East, East Africa, Australia and the Mediterranean 
 countries where sheep are plentiful. The most common presentation is persistent 
right upper quadrant  pain   secondary to cyst expansion and hepatic parenchymal 
compression; however, other serious complications from erosion of hydatid cysts 
into biliary and vascular structures have been reported. Cross-sectional imaging and 
an eosinophilia can be highly sensitive in conjunction with an appropriate history 
but the  diagnosis   is confi rmed serologically. Surgical  management   has dramatically 
changed from traditional  open    hepatic resection   to  percutaneous    drainage   with 
 laparoscopy   as indicated according to the above infectious cyst protocol [ 2 ,  13 ,  14 ]. 

 Amebic hepatic abscess secondary to  Entamoeba histolytica  should be consid-
ered in toxic patients a recent history of visiting tropical climates. The patients 
 classically present with acute abdominal  pain   and fever. Cross sectional imaging 
demonstrates a single large loculated abscess with a heterogeneous content. The 
widespread parenchymal necrosis from the protozoan produces the “anchovy sauce” 
appearance of the cystic fl uid. Diagnosis is by serology but, unlike hydatid disease, 
these patients do not exhibit eosinophilia. Treatment is as outlines for infectious 
cysts utilizing metronidazole, emetine hydrochloride, chloroquine phosphate, or 
diloxanide furoate. One unique consideration in amebic abscess is their proclivity to 
rupture. When located near the hepatic capsule, early aspiration and drainage is 
indicated [ 2 ].  
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    Summary 

 Cystic diseases of the liver are common and multifactorial in origin. A standardized 
approach to an hepatic cyst, as outlined above, begins with a meticulous history and 
physical examination to broadly hypothesize the cyst etiology as congenital, neo-
plastic, traumatic, or infectious. Detailed  radiologic   analysis can then be incorpo-
rated evaluating the number, location, cyst content, cyst content heterogeneity, and 
wall characteristics to refi ne the hypothesis. Serologic studies add further data for 
differentiating complex infectious from neoplastic cysts. For infectious cysts,  per-
cutaneous    drainage   is becoming the standard while  laparoscopy   is the preferred 
method for all other cysts requiring  surgery  .     
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    Chapter 6   
 When Should You Operate on Major 
Hepatic Trauma?                     

       Cory     Evans      and     Martin     A.     Croce    

    Abstract     Hepatic trauma causes a signifi cant amount of morbidity and mortality. 
The decision to on whether or not to operate is a key step in managing this problem. 
Operative management carries with it a higher rate of morbidity and mortality than 
non-operative management. However, clear indications do exist when an operation 
is needed. These include hemodynamic instability, continued bleeding, peritonitis, 
and other abdominal injuries requiring operation. Operative management involves a 
graded response to the injury. Selected angioembolization can be a useful adjunct to 
both operative and non-operative approach to hepatic trauma.  

  Keywords     Hepatic trauma   •   Operative management   •   Non-operative management   
•   Angioembolization  

      Introduction 

 Hepatic trauma is associated with a signifi cant amount of  morbidity   and  mortality  . 
It is a complex and challenging problem to manage. Hemodynamically unstable 
patients with a blunt mechanism of injury to the liver should undergo  operative 
management   [ 1 ]. Similarly, patients with penetrating hepatic injuries mostly need 
operative  management   to search for associated intra-abdominal injury [ 2 ]. Non- 
operative management (NOM) of hemodynamically stable patients with blunt liver 
trauma has become the standard of care. This is a change in philosophy of manage-
ment of these injuries began to evolve in the early 1990s. Spurred by case reports 
and results from the pediatric literature, several studies in this period showed a high 
rate of success of NOM for all American Association for the Surgery of Trauma 
(AAST) grades of blunt  hepatic trauma   [ 3 – 5 ]. More recently, several centers have 
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been evaluating patients for  non-operative management   of penetrating hepatic trauma. 
These patients must be hemodynamically stable and carefully selected [ 6 – 8 ]. 

 Patients who are managed with  early operative management   have higher Injury 
Severity Scores (ISS), higher rates of hypotension upon presentation, and higher 
 mortality  . Failure of NOM is also associated with higher overall mortality [ 4 ]. For 
this reason, the attempt will be made to manage most patients with blunt liver injury 
non-operatively. Angiography can be used as an adjunct to NOM or  operative 
 management   of liver injury [ 1 ]. The failure of  non-operative management   can be 
due to the development of hemodynamic instability, failure to respond appropriately 
to transfusion or drop in hematocrit, suspicion of injury to other organs requiring 
operation, or clinical peritonitis [ 3 ]. Failures may be due to the liver injury itself or 
due to injuries to other intra-abdominal organs. Not surprisingly, higher grade 
injuries have a higher rate of failure. Grade IV and V injuries may have as high as 
two-third failure rate [ 2 ,  3 ]. Risk factors for failure are older age, lower admission 
mean SBP, worse base defi cit, higher mean lactate, higher mean ISS, and hemoperi-
toneum extending into the pericolic gutter [ 3 ]. 

 Operative  management   strategies can range from simple electrocautery and 
 topical hemostasis to  liver transplantation      at the other extreme end of the spectrum. 
Most authors advocate a graded approach to the  operative management   of liver 
trauma. This begins with topical hemostasis for lower grade injuries, to suture ligation 
of bleeding vessels, to anatomic and non-anatomic  liver resection  s. In the 1990s the 
concept of damage control laparotomy was reintroduced. Injuries to the liver are 
usually to the veins, which are a low pressure system. These can often be controlled 
simply with temporary gauze packing. This limits blood loss and allows for resuscita-
tion of the patient. The patient can then return to the operating room in 24–72 h and 
defi nitive control if needed can be achieved.  

    Search Strategy 

 A literature search from the PubMed Database of English language publications 
from the last 10 years was used to identity published data on the  operative manage-
ment   of liver trauma using the  PICO   outline (Table  6.1 ). Terms used in the search 
were “operative liver trauma”, or “operative  hepatic trauma  ”. Articles were excluded 
if the full text was not available through the institution. Case reports were excluded. 

   Table 6.1     PICO   table for perioperative arrhythmia prophylaxis for lung  resection     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with 
traumatic liver 
injury 

 Operative 
 management   or 
 angioembolization   

 Non- operative 
management   

 Failure of  non-operative 
management,    morbidity   and 
 mortality,   liver related morbidity 
and mortality 
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Twenty-six articles were selected to be used for the writing of this chapter. All stud-
ies used data from retrospective analysis, or data that was prospectively entered into 
a trauma database. Other cited articles were review articles or book chapters. The 
data was classifi ed using the  GRADE   system.

       Results 

    Non-operative Management 

 Hemodynamically stable patients with blunt liver injury can be managed non- 
operatively in up to 80 % of cases. All grades of liver injury except Grade VI can be 
managed non-operatively [ 2 ]. Cumulative results of reported NOM in the last 10 
years shows a success rate of 91.3 %. This is including studies looking only at high 
grade liver injuries. Most common liver related reasons for the failure of NOM 
include continued drop in hematocrit or continued bleeding, hemodynamic instabil-
ity, and biloma or  bile leak   (table). Non-liver related causes of failure of NOM are 
related to injury to other organs; mostly spleen, pancreas, or small bowel (Table  6.2 ).

   Higher grades of liver injury according to AAST grading system are more likely 
to be managed operatively and tend to have a higher failure rate of NOM. The 
results of fi ve studies were tabulated showing failure rates in Grade I of 0 %, Grade 
II of 0.8 %, Grade III of 3.0 %, Grade IV of 10.4 %, Grade V of 21.7 % [ 9 – 13 ]. 
Christmas et al. showed a similar trend of increasing  operative management   with 
higher grade injuries [ 14 ]. Cohn et al. also reported a poor sensitivity for predicting 
the need for operative  management   based on the AAST grading system for liver 

   Table 6.2    Failure of  non-operative management   and reasons for failure   

 Author (year)  N  op  NOM 
 Fail 
NOM 

 HD 
unstable 

 Hct. 
drop  Peritonitis  Other 

 Fang (2006)  278  64  214  30  0  24  0  6 
 Gaarder (2007)  114  41  73  11  ns  ns  ns  ns 
 Ghnnam (2013)  56  20  36  0  ns  ns  ns  ns 
 Kozar (2005)  337  107  230  12  0  1  0  11 
 Morales (2014)  117  19  98  7  0  2  2  3 
 Norrman (2009)  46  11  35  4  0  2  1  1 
 Parray (2011)  152  ns  152  8  8  0  0  0 
 Prichayudh (2013)  152  92  60  6  0  4  2  0 
 van der Wilden 
(2012) 

 393  131  262  23  0  7  10  6 

 Zago (2012)  120  55  65  6  2  0  4  0 
 Combined  1765  540  1225  107  10  40  19  27 
 %Combined  –  –  –  8.7  10.4  41.7  19.8  28.1 

   op   operative management  ,  NOM   non-operative management  ,  ns  not studied  
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trauma. They did, however, report that the fi ndings of lacerations involving more than 
two segments, lacerations extending into the hilum, and active extravasation correlate 
with a >90 % specifi city for either angiographic or operative intervention. Furthermore 
they report a specifi city of 85 % for intervention for >500 cc hemoperitoneum [ 15 ]. 
Interestingly, Fang et al. reported an operative rate of 100 % in 14 patients who had 
free extravasation of contrast into the peritoneal cavity [ 16 ] (Table  6.3 ).

   Several factors are signifi cantly associated with failure of NOM. These include 
hypotension on admission, worse base defi cit, higher lactate, higher ISS, vascular 
blush on  CT  , and hemoperitoneum on CT scan extending into at least the paracolic 
gutters [ 3 ]. Polanco retrospectively analyzed the National Trauma Data Bank for 
isolated liver injuries. In over 3000 patients, increasing age, higher ISS, and hypo-
tension on presentation were identifi ed as risk factors in patients more likely to fail 
NOM [ 4 ]. In a smaller study, Norman et al. also found ISS and a lower presentation 
blood pressure in patients failing NOM [ 17 ]. One study identifi ed only lower average 
blood pressure as a predictor of failure [ 20 ], while other studies failed to identify 
any variables as risk factors for failure of NOM [ 13 ,  18 ]. 

 Penetrating trauma to the abdomen is generally managed with laparotomy, 
 however case series do exist of the  non-operative management   of highly selective 
patients. Inaba et al. reported a series of eight patients with isolated liver injury 
and two patients with liver and kidney injury following gunshot wounds that were 
managed non-operatively. One patient with a isolated liver injury underwent non- 
therapeutic laparotomy and was discharged home after an 79 day recovery in the 
hospital [ 6 ]. MacGoey et al. presented a series of ten non-operatively managed 
patients with penetrating injuries with two failures of NOM due to hemodynamic 
instability [ 7 ]. Omoshoro-Jones et al. in a prospective study of 33 highly selected 
patients with gunshot wounds to the liver, had only two non-liver related failures of NOM 
[ 8 ]. These studies involved highly selected patients who were hemodynamically 

   Table 6.3    AAST grade of injury and failure of  non-operative management   based on grade   

 Non- operative management   total  Failure  non-operative management   

 Author (year) 
 Grade 
I 

 Grade 
II 

 Grade 
III 

 Grade 
IV 

 Grade 
V 

 Grade 
I 

 Grade 
II 

 Grade 
III 

 Grade 
IV 

 Grade 
V 

 Ghnnam 
(2013) 

 4  11  12  9  0  0  0  0  0  0 

 Kozar (2005)  na  na  130  92  8  na  na  0  7  4 
 Norman 
(2009) 

 24  11  3  1 

 Parray (2011)  30  63  26  33  0  0  0  2  6  0 
 Saltzherr 
(2010) 

 20  43  30  10  1  0  1  4  2  0 

 van der 
Wilden (2012) 

 na  na  na  234  28  na  na  na  19  4 

 Zago (2012)  51  14  5  1 
 Combined  58  74  209  378  51  0  1  6  34  9 
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stable with right upper quadrant gunshot wounds and no clinical signs of peritonitis 
who had a reliable abdominal exam [ 6 – 8 ]. Based on the paucity of data, laparotomy 
is recommended for patients with penetrating  hepatic trauma  .   

    Angiography and Embolization 

 The EAST guidelines for  management   of liver trauma give a level 2 recommendation 
to the use of angiography and  embolization   as an adjunct to  operative management   
of liver trauma or as a primary treatment modality for NOM in transient responders 
to resuscitation. They also give a level 2 recommendation to the use of angiography 
in patients who have an active blush on  CT   scan [ 1 ]. Sivrikoz et al. performed 
a retrospective analysis of over 6000 patients with isolated grade IV and V blunt 
hepatic injuries from the National Trauma Data Bank to investigate the role of 
 angioembolization  . Eleven percent of these patients underwent angiographic embo-
lization. Angiographic embolization was shown to be an independent predictor of 
 survival   in both patients undergoing operation and patients managed non- operatively 
[ 19 ]. Saltzherr et al. showed a reduced  mortality   in high grade liver injuries and 
higher percentage of liver injuries successfully managed non- operatively after the 
introduction of angiographic embolization at their facility [ 11 ]. Christmas et al. 
showed embolization prevented failure of  non-operative management   in patients 
with persistent liver bleeding in 11 of 12 patients [ 14 ]. Van der Wilden et al. report 
successful non-operative management of grade IV and V while heavily  relying on 
angiography and embolization. Embolization had a 93 % success rate for preventing 
FOM for persistent bleeding in 59 patients [ 20 ]. Dabbs et al. performed a retrospec-
tive analysis of 538 patients admitted with high grade liver injuries. One hundred 
sixteen of these underwent angiography and 71 had embolization. Forty- three 
of these patients had hepatic related complications including 100 % of patients 
with grade 5 injuries and thee were eight liver related deaths. The most common 
complication they observed was major hepatic necrosis which made up 42 % of the 
complications [ 21 ]. 

    Outcomes 

 Published studies over the last 10 years were combined to determine the  morbidity   
and  mortality  , liver related (LR) morbidity and mortality of operative, NOM and 
failure of NOM for blunt  hepatic trauma  . Not all studies consistently differentiated 
LR morbidity and mortality from all cause morbidity and mortality. Some only 
report LR morbidity and mortality or combined morbidity and mortality. Some 
studies focus only on high grade liver injuries. Not surprisingly, patients who were 
managed with an operation, either on presentation or after failure of NOM trended 
towards having higher morbidity and mortality. Morbidity of NOM was 18 % with 
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mortality of 3.6 %. LR NOM morbidity was 2.2 % with no mortalities. Failure of 
NOM had a morbidity and mortality of 55 % and 14.4 %, respectively. LR failure 
NOM had morbidity of 44.8 % and mortality of 14.1 %. Operative morbidity and 
mortality were 79.9 % and 43.6 %. LR operative morbidity and mortality were 
34.9 % and 21.3 % [ 9 ,  10 ,  13 ,  16 – 18 ,  20 ,  22 – 24 ] (Table  6.4 ). Christmas et al. 
showed a signifi cantly higher mortality in grade III–V injuries managed operatively 
vs. non- operatively [ 14 ].

       Surgical Strategies 

 Operative  management   of the liver fi rst involves proper mobilization to allow for 
suffi cient exposure to deal with the injury. This begins by dividing the ligamentum 
teres and mobilizing the falciform ligament off the abdominal wall. The right and 
left triangular and coronary ligaments should also be divided so that both lobes of 
the liver are freely mobile. The caveat is that the presence of a confi ned, nonexpand-
ing retrohepatic hematoma should be a contraindication to mobilization of the liver 
in patients with blunt trauma. This often signifi es an injury to the retrohepatic veins 
or inferior vena cava. Mobilizing the liver can lead to uncontrolled hemorrhage 
from these injuries [ 2 ]. 

 Bleeding from minor lacerations to the liver can usually be controlled with 
manual compression, electrocautery, or topical hemostatic agents. The argon beam 
coagulator or Aquamantis may also be used to control hemorrhage, but should not 
be used for deep lacerations [ 25 ]. In damage control situations, packing the liver 
with gauze laparotomy pads and compression are the fi rst line strategies to control 
bleeding [ 23 ,  25 ]. These will be removed at a planned second look laparotomy after 
the patient has been properly resuscitated, usually between 24 and 72 h after the 
initial operation. Often, the liver is packed in conjunction with other hemostatic 
procedures [ 3 ]. 

 If persistent bleeding or  bile leak   is present despite packing, the injury will need 
further exploration. The Pringle maneuver is useful to control infl ow while the 
wound is explored. In general, this should not be left in place for more than 
30–45 min [ 2 ]. Intermittent clamping in a 15 min on 15 min off fashion is preferred 
[ 25 ]. If bleeding persists despite the Pringle maneuver, bleeding is most likely from 
a retrohepatic venous source. Visible bleeding vessels or  bile duct  s in the liver 
parenchyma should be suture ligated. Injuries to large veins can be repaired with 
5–0 polypropylene suture. Often bleeding and bile leak is hidden deep within a 
laceration. To gain exposure, the fi nger fracture technique can be used to further 
 open   up the liver parenchyma, ligating and dividing vessels as they are exposed. 
However, this can be quite time consuming. Alternatively a  laparoscopic   stapler 
with vascular loads can be used to divide the liver more quickly [ 2 ,  25 ]. 

 Every effort should be made to control bleeding from a retrohepatic venous 
injury by packing alone [ 23 ]. If forced to repair this type of injury, total vascular 
insolation needs to be achieved. This is accomplished by controlling the suprarenal 
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IVC, and suprahepatic IVC and the porta hepatis. The suprahepatic IVC is readily 
controlled within the pericardium either via a median sternotomy or by incising the 
tendinous portion of the diaphragm. The suprarenal IVC can be approached by per-
forming a Kocher maneuver or by mobilizing the left lobe of the liver and entering 
the lesser sac along the lesser curvature of the stomach. Historically the Schrock 
atriocaval shunt has been advocated for addressing these injuries. However,  survival   
is uniformly poor and this technique has all but been abandoned [ 2 ,  23 ]. 

 Morales Uribe et al. discussed their  operative management   techniques for blunt 
liver trauma. Of 19 patients, three with grade I liver injuries required no intervention 
to the liver, one with a grade II injury was treated by suturing. Of the remaining high 
grade injuries, seven were treated with packing alone, two with packing plus suturing, 
two with packing plus non-anatomic  resection  , one with packing plus hepatic artery 
ligation. They had eight liver related mortalities including both patients undergoing 
resection and the patient undergoing hepatic artery ligation [ 18 ]. Polanco et al. 
reported a much lower  mortality   rate for operative  management  . In 144 patients with 
liver trauma, resection was performed in 56 patients, packing in 30 patients, hepator-
rhaphy in 15, and no liver intervention in the remaining 16. They had an overall 
series mortality of 9 % including non-operatively managed patients and those who 
succumbed in the trauma bay. Patients managed by resection had an overall  morbid-
ity   of 62.5 % and mortality of 17.8 %, but liver related morbidity and mortality were 
30 % and 9 % respectively. Mortality for hepatic venous injury was only 25 %. The 
authors advocate resection for continued venous bleeding, devitalized tissue for 
which the injury has done a large portion of the resection, and major  bile leak  s [ 26 ].   

    Recommendations 

  Liver   injuries should be operated on when a patient is hemodynamically unstable, 
develops peritonitis, continues to bleed, or has other abdominal injuries requiring an 
operation. Although some studies have shown successful NOM of penetrating liver 
injuries, this has been done in specialized centers with the resources to do so. Due 
to the high possibility of missing associated abdominal injuries, NOM of penetrating 
liver injuries is not recommended. NOM of blunt injuries should only be attempted 
in centers with units capable of continuous monitoring of patients with serial 
 physical exams and laboratory studies. Angiographic  embolization   can be used as a 
modality to aid NOM or as an adjunct to  operative management  , but should not be 
used as a replacement for operative intervention in unstable patients. All hemody-
namically stable patients with blunt liver injuries should undergo a  CT   scan. 
Although higher grade injuries are associated with higher failure of NOM, CT grading 
alone is not predictive of failure. Operative  management   of liver injuries should 
include a graded response to the injury using the simplest technique possible 
to manage the problem. Peri-hepatic packing should be used as a damage control 
strategy to allow time for appropriate resuscitation. Liver  resection   can be used for 
defi nitive management when required.  
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    A Personal View of the Data 

 More recent studies confi rm earlier data which resulted in a paradigm shift from 
operative to selective NOM of blunt liver injury. Characteristics of the liver injury 
which result in failure of NOM are not based on the radiographic severity of the 
injury, and the decision to operate should be based on the patients clinical status. 
While there is clearly a lower  morbidity   and  mortality   rate for patients in whom 
successful NOM can be achieved, one should not hesitate to operate when the 
 situation calls for it.  

    Recommendations 

•     Trial of NOM for all patients who are hemodynamically stable with blunt liver 
injuries  

•   Operative  management   for penetrating liver injuries  
•   Operative  management   of blunt liver injuries who are or become hemodynamically 

stable, patients who develop peritonitis, patients with ongoing bleeding, or 
patients with associated injuries requiring an operation        
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    Chapter 7   
 Surgical Treatment of Hepatocellular 
Carcinoma: Resection Versus Transplantation                     

       Thomas     Pham    ,     Tsuyoshi     Todo    ,     Robert     Gish    , and     Waldo     Concepcion    

    Abstract     Hepatocellular carcinoma is the second most common cause of cancer 
mortality worldwide and its incidence is rising in North America, with an estimated 
35,000 cases in the U.S. in 2014. The best chance for cure is surgical resection in 
the form of either segmental removal or whole organ transplantation although recent 
survival data on radiofrequency ablation approximates surgical resection and could 
be placed under the new moniker of “thermal resection”. The debate between surgi-
cal resection and transplantation focuses on patients with “within Milan criteria” 
tumors, single tumors, and well compensated cirrhosis who can safely undergo 
either procedure. Although transplantation historically has had better survival out-
comes, early diagnosis, reversal of liver disease, and innovations in patient selection 
and neo-adjuvant therapies have led to similar 5-year survival. Transplantation 
clearly has less risk of tumor recurrence but exposes recipients to long term immu-
nosuppression and its side effects. Liver transplantation is also limited by the severe 
global limit on the supply of organ donors whereas resection is readily available. 
The current data does not favor one treatment over the other for patients with 
 minimal or no portal hypertension and normal synthetic function. Instead, the 
 decision to resect or transplant for HCC relies on multiple factors including tumor 
characteristics, biology, geography, co-morbidities, location, organ availability, 
social support and practice preference.  
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      Introduction 

  Liver   transplantation and surgical  resection   have remained the key fi rst-line thera-
pies for hepatocellular carcinoma (HCC) as they hold the greatest chance for a cure. 
The Barcelona Clinic Liver Cancer (BCLC) staging and treatment guidelines best 
incorporate tumor, liver and patient characteristics to assess  survival   with all HCC- 
directed interventions [ 1 ]. According to this guideline, curative surgical resection 
and  liver transplant   ation   are reserved for patients with early stage disease whereas 
intermediate and advanced stage tumors are subject to palliative therapies [ 2 ] that 
may prolong life and occasionally be associated with a cure. 

 Patients with early stage tumors and advanced liver disease (Child-Pugh Class B 
and C), especially if multiple tumors, clearly benefi t from  liver transplant   ation   as 
 resection   results in poor  overall survival   [ 3 ]. On the other hand, surgical resection is 
most benefi cial for those patients with early stage tumors, single tumors and early 
 cirrhosis   or no underlying liver disease [ 4 ]. The debate lies within the small group 
of patients whose tumors are within Milan criteria, especially those with a single 
tumor, who have Child-Pugh Class A cirrhosis, who have no signifi cant portal 
hypertension as determined by hepatic vein pressure gradient, and who are without 
liver dysfunction.  Liver   transplantation appears to be the obvious choice for cure as 
the entire tumor along with the fi eld defect of cirrhosis is removed. However, trans-
plantation is not available to everyone as fewer than 30 % of patients are eligible at 
the time of presentation and it is severely limited by the number of donor organs 
available [ 1 ]. For this reason,  hepatic resection   continues to play a signifi cant role 
in the treatment of HCC even though it is applicable to only approximately 15 % of 
cases. It is readily available without the need for a waitlist and may be less restric-
tive than Milan criteria in regards to tumor size. 

 The aim of this discussion is to review the current data detailing  outcomes   such 
as  overall survival  , disease free  survival  , and recurrence following  resection   and/or 
transplantation for Milan criteria HCC. Numerous studies and meta-analyses have 
been performed addressing this topic but heterogeneous patient populations and 
retrospective observations have produced moderate to low quality data. Here we 
analyze current data, provide evidence-based recommendations for clinical practice 
and discuss future avenues of research.  

    Search Strategy 

 A literature search of peer-reviewed English language publications from 1996 to 
2014 was used to identify data on  liver resection   and/or transplantation as the treat-
ment for  hepatocellular cancer  . Databases searched were Pub Med and Cochrane 
 Evidence Based Medicine  . Terms used in the search were “hepatocellular  carcinoma 
surgical treatment,” “HCC  resection   versus transplantation,” “HCC resection,” 
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“HCC transplantation,” “HCC downstaging,” “Milan Criteria expansion.” “UCSF 
criteria,” “salvage transplantation AND secondary transplantation.” Articles were 
excluded if they included hepatocholangiocarcinoma, fi brolamellar HCC and non-
 cirrhosis   HCC. Living donor  liver transplant   ation   for HCC was also excluded from 
this analysis. No randomized controlled trials were identifi ed. Articles analyzed 
here include ten retrospective studies, two prospective cohort studies, three review 
articles, four meta-analyses and two clinical guidelines. The data was classifi ed 
using the  GRADE   system.  

    Results 

    Resection of Hepatocellular Carcinoma 

 When considering patients for surgical  resection  , various factors such as tumor size, 
number, tumor biology, vascular invasion, underlying liver dysfunction, presence of 
portal hypertension, type of resection, and ability to treat the underlying liver 
 disease help determine patient  survival   [ 5 ]. Reported 5-year  overall survival   and 
disease- free survival are 50–60 % and 25–35 %, respectively, in patients with HCC 
and preserved liver function [ 6 ,  7 ]. Preserved liver function refers to those with 
Child-Pugh Class A  cirrhosis   with or without portal hypertension (PHTN). 
According to the American Association for the Study of  Liver   Diseases (AASLD) 
and the European Association for the Study of the Liver (EASL), PHTN is a relative 
contraindication to resection because of increased  morbidity   and  mortality   follow-
ing  surgery   [ 2 ]. Santambrogio et al. and others have challenged this dogma and have 
shown that patients undergoing resection who had clinically signifi cant portal 
hypertension (splenomegaly >12 cm, platelet count <100 k/mm 3 ) and preserved 
liver function (INR, bilirubin, and albumin within normal limits) had 5-year  survival 
equivalent to that of patients without PHTN who undergo resection, 65 % vs. 70 % 
[ 8 ]. Multivariate analysis identifi ed albumin as an independent predictive factor for 
survival. Although not found to be signifi cant in this study, bilirubin has been shown 
to be an independent predictor of survival in other studies [ 3 ,  7 ]. All patients 
included in the Santambrogio et al. study had transplantable tumors that were single 
lesions <5 cm, Child-Pugh Class A, BCLC stage Class A1 to A3. The study’s fi ndings 
helped establish a role for resection for HCC as patients with early tumors and well 
compensated cirrhosis can safely undergo resection.  

    Transplantation for Hepatocellular Carcinoma 

 Soon after  liver transplant   ation   was deemed successful, surgeons began using trans-
plantation as a treatment for HCC. The benefi ts of transplantation over  resection   for 
 cancer   appeared obvious in that the entire organ-containing tumor was removed and 
in most cases the signifi cant risk factor for malignancy ( cirrhosis  ) was also removed. 
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Unfortunately, poor understanding of the biology of HCC resulted in high recurrence 
rates, as evidenced by studies showing recurrence as high as 74 % within 2 years [ 9 , 
 10 ]. It was clear that simple removal of the tumor with transplantation was not 
 suffi cient to cure patients with HCC. 

 It was not until 1996 that Mazzaferro and colleagues published the results of a 
prospective cohort study that investigated 48 cirrhotic patients who underwent  liver 
transplant   ation   for HCC with single tumors 5 cm, or up to three tumors, the largest 
of which is 3 cm. Evident radiographical evidence of vessel and lymph node inva-
sion were also excluded. Survival of these patients was comparable to that of 
patients who underwent transplantation for nonmalignant diagnoses (70 % at 
5 years) [ 11 ]. In this cohort, 60 of 295 patients (20 %) were deemed candidates for 
liver transplantation. Forty-eight of these 60 patients were ultimately transplanted 
secondary to wait list drop off. This landmark article gave birth to the widely 
adopted Milan criteria which are used to guide decision making in most transplant 
centers today. Numerous retrospective studies have validated improved  survival   of 
patients transplanted within Milan criteria [ 12 – 14 ]. 

 The diffi culty in analyzing transplant  outcomes   is that patients are naturally 
selected when evaluated for transplant. This is seen in the landmark study by 
Mazzaferro et al. where 48 of 60 patients eventually underwent transplantation 
while the remaining 12 suffered from waitlist dropout. Although not specifi cally 
detailed in that study, the most common reasons for removal from the waitlist are 
tumor growth outside of Milan criteria, death and development of contraindications 
to transplant [ 15 ]. It is possible that patients who undergo transplant tend to have 
less aggressive tumors than those who exceed Milan criteria while on the wait list. 
To offset this selection bias seen in outcome studies where  survival   and tumor recur-
rence are measured at the time of transplant, intention to treat (ITT) analyses were 
performed where outcome is measured starting at the time of listing. Llovet et al. 
performed an ITT analysis in patients who underwent transplant (n = 87) or  resec-
tion   (n = 77) from the years 1989 to 1997 [ 7 ]. Upon analyzing patients with early 
HCC (single tumors 5 cm), survival between resection and transplant groups were 
similar at 74 % at 5 years when resection patients with clinically relevant portal 
hypertension were excluded. Interestingly, the most common causes of death in the 
transplant arm were wait list drop off (n = 8) and post-transplant infections (n = 8). 
The most common cause of death post- resection was tumor recurrence (n = 26). 
This study sparked the debate on resection versus transplant for early stage tumors 
and several ITT analyses following it showed similar results [ 16 ,  17 ]. These studies 
included patients from the pre-Model for End Stage  Liver   Disease ( MELD  ) era 
where HCC patients were allocated according to time on the waitlist which has been 
shown to be a poor predictor of death [ 18 ]. After MELD criteria were adopted by 
the United Network for Organ Sharing (UNOS) in 2002, special allocation was 
given to HCC patients which resulted in decreased wait time, with 87 % of patients 
being transplanted within 3 months [ 19 ]. To this date there have been no publica-
tions that compare resection to ITT survival in only MELD-era patients undergoing 
transplant for Milan criteria HCC.  
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    Expanding the Milan Criteria 

 Since its induction in 1996, the Milan criteria have been the cornerstone for HCC 
transplant evaluation. Expansion of these criteria is underway so as to offer trans-
plantation to a wider group of patients at initial presentation. Yao et al. have pro-
posed the UCSF criteria which include solitary tumors 6.5 cm or no more than 
three tumors with the largest 4.5 cm not totaling more than 8 cm [ 20 ]. This fi nding 
was retrospectively determined by explant tumor characteristics and excluded 
tumors with gross vascular invasion. Survival at 5 years for 70 patients total was 
75 % for those within UCSF criteria (n = 18) but only 50 % at 1 year for patients 
beyond their newly defi ned criteria. This 5-year  survival   was not signifi cantly dif-
ferent from those transplanted within Milan criteria but not UCSF criteria. In a 
subsequent retrospective study by Duffy et al. encompassing 467 patients, 5-year 
survival again was not signifi cantly different between those of UCSF criteria and 
Milan criteria [ 14 ]. More recently, a UNOS analysis by Patel et al. analyzed post- 
transplant survival of HCC patients who were within Milan criteria and those who 
were outside Milan but within UCSF [ 21 ]. Of the 3434 patients identifi ed between 
2002 and 2007 only 59 were within UCSF criteria and 1913 were within Milan 
criteria. Four year survival was 72 % for Milan and 51 % for UCSF with no statisti-
cal difference (p = 0.21). Opponents of criteria expansion suggest that the UCSF 
criterion applies to a small and clinically insignifi cant subset of patients and that 
they used explant pathology to stage the disease. This small number of patients that 
are within these criteria may contribute to the inability to detect signifi cance in 
survival between UCSF and Milan criteria patients. Further evaluation with long 
term prospective studies are needed to elucidate this matter.  

    Salvage Transplantation 

 Salvage transplantation refers to transplantation after primary  resection   secondary 
to tumor recurrence or deterioration of liver function. The proposed benefi t from 
this approach is that patients with  resectable   Milan tumors will be spared the  mor-
bidity   and cost of organ transplantation and thus make more donor organs available 
for those who will clearly benefi t from them (advanced liver disease, unresectable 
but transplantable tumors). One major drawback is that transplantation is only avail-
able to those who have recurrence within Milan criteria. Thus, patients who were 
transplantable at the time of presentation who undergo resection may then not be 
transplantable at the time of recurrence. Adam et al. retrospectively compared 17 
patients undergoing salvage transplantation to that of 195 patients undergoing pri-
mary transplantation for HCC [ 22 ]. They found that secondary  liver transplant   ation   
was associated with a signifi cantly higher operative  mortality  , tumor recurrence and 
lower overall 5-year  survival   (41 % vs 61 % p = 0.03); 98 transplant eligible patients 
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underwent resection and 69 (70 %) had recurrence. Only 17 (25 %) of the 69 patients 
had recurrence within Milan criteria. In an ITT analysis by Del Gaudio et al. com-
paring 10 patients undergoing salvage transplantation to 293 patients listed for 
transplantation, overall 5-year survival was 66 % following secondary transplant 
and 58 % following primary transplant with no signifi cant difference observed [ 17 ]. 
One of the limiting factors in these retrospective ITT analyses is that patients listed 
for transplantation who forego resection have more advanced liver disease while 
those who undergo resection tend to have early liver disease but more advanced 
tumors (outside Milan criteria). This in part may explain the high recurrence rate 
seen after resection and the relatively few patients who have transplantable recur-
rence. It remains unclear whether the benefi t of saving allografts by resecting fi rst 
outweighs the number of patients who potentially would have been cured with pri-
mary transplantation but now have non-transplantable disease following resection.  

    Treatment Prior to Transplantation 

 The dropout rate while awaiting transplant has increased because of greater demand 
without signifi cant increase in the supply of donor organs [ 7 ,  23 ]. Dropout rates are 
estimated to be between 12 and 20 % [ 15 ]. This has led most transplant centers to 
adopt the use of ablative therapies prior to transplant to halt tumor progression and 
thus prevent dropout although conclusive data showing decreased waitlist removal 
or improved post-liver-transplant  survival   has not been published. This bridge 
 therapy includes radiofrequency ablation ( RFA  ), transarterial chemoembolization 
(TACE), transarterial bead  embolization   (TABE), transarterial radioembolization 
(TARE) and  percutaneous   ethanol injection (PEI). Because PEI for the most part 
has been replaced by RFA, TACE, TABE, TARE, microwave and RFA are now the 
most common treatments used for pre-transplant ablative therapy [ 24 ]. Several 
studies have suggested that RFA, TACE and TABE are safe and effi cacious 
 treatments to prevent tumor progression and waitlist dropout [ 25 ,  26 ]. There are few 
studies that directly compare dropout rates in treated and untreated pre-transplant 
patients. Interpretation of these studies is diffi cult given their heterogeneous patient 
populations without clear criteria for treatment [ 27 ]. In one study that used a deci-
sion model based on a review of the current literature to simulate a randomized trial 
of treatment with TACE vs. no TACE in 600 virtual patients with HCC and  cirrho-
sis  , it was found that the benefi t of  neoadjuvant   TACE may be limited to those 
patients transplanted from 4 to 9 months from fi rst TACE [ 28 ]. In another study that 
used a Markov model to assess a hypothetical cohort of cirrhotic patients with early 
HCC, it was found that adjuvant therapies for HCC while waiting for  liver trans-
plant   ation   provide moderate life expectancy gains and are cost effective for waiting 
lists of 1 year or more, but that only percutaneous treatment confers a relevant sur-
vival advantage for shorter waiting times [ 29 ].  
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    Living Donor  Liver   Transplantation for HCC 

 Although living donor  liver transplant   (LDLT) for HCC has waned in frequency in 
the United States, it has gained popularity in Asian countries such as Japan, South 
Korea and China [ 30 ,  31 ]. This is because the paucity of deceased donors available 
in those countries makes LDLT a desirable option. LDLT has the potential advan-
tage of decreased time to transplant as compared to those waiting for deceased 
donor livers. The major drawback is the risk to the donor who undergoes a major 
operation with a  morbidity   rate of 16 % and  mortality   estimated at one in 500 per-
sons [ 32 ]. Studies comparing  outcomes   between LDLT and deceased donor liver 
transplant have shown that living donor recipients experience shorter wait times, are 
more likely to have tumors that exceed Milan criteria, have higher alpha fetoprotein 
levels and are less likely to have undergone pre-operative therapies such as embolic 
or thermal ablation [ 33 ]. This and other studies show little to no  survival   benefi t of 
LDLT over deceased donor transplant [ 34 ,  35 ]. Although LDLT offers transplanta-
tion for those outside of Milan criteria who would not qualify for deceased donor 
transplant, the potential harm to the donor for similar outcomes results in its remain-
ing controversial. This likely has contributed to the trend of performing less LDLT 
for HCC in the United States.  

    Comparative Outcomes Between Resection 
and Transplantation for HCC 

 The debate between  resection   and transplantation revolves around patients who 
have well compensated  cirrhosis   with Milan criteria  resectable   tumors. Patients 
within these criteria represent a very small proportion of those who initially present 
with HCC. This is especially true in western countries where hepatitis C is the most 
common cause of  liver failure   and HCC is a result of the progressive and in most 
cases advanced cirrhosis [ 15 ]. Given the need for a large number of patients to show 
statistical signifi cance, it would be diffi cult to perform a high-quality prospective 
randomized controlled trial comparing resection and transplantation. In fact, our 
search of the literature revealed that no randomized controlled trials addressing this 
issue exist. Instead,  outcomes   of surgical treatment for HCC stem from retrospec-
tive analyses that have inherent detection, selection and attrition biases. Given the 
numerous articles available on this subject, several meta-analyses have been 
 published to delineate the role of transplantation and resection for treatment of HCC 
[ 36 – 39 ]. However, there is reason to be wary of these meta-analyses because they 
pool data from heterogeneous populations with variable selection criteria and treatment 
protocols. One such meta-analysis by Dhir et al. focused their choice of articles to 
strict criteria which excluded studies with non-cirrhotic patients, fi brolamellar HCC 
and hepatocholangiocarcinomas but included those with HCC within Milan criteria 
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and computation of 5-year  survival  ; between 1990 and 2011 they identifi ed ten arti-
cles that fi t within these criteria, of which six were ITT analyses, six included only 
well-compensated cirrhotics (Child-Pugh Class A without liver dysfunction) and 
three were ITT analyses of well-compensated cirrhotics [ 37 ]. Analysis of the six 
ITT studies that included all cirrhotics (n = 1118) (Child-Pugh Class A through C) 
showed no signifi cant difference in survival at 5 years (OR = 0.600, 95 % CI 0.291–
1.237 l; p = 0.166) but ITT analysis of only well-compensated cirrhotics (Child-
Pugh Class A) revealed that patients undergoing transplant had a signifi cantly 
higher 5-year survival as compared to those with resection (OR = 0.521, 95 % CI 
0.298–0.911; p = 0.022). A more recent ITT retrospective analysis from Spain 
assessed long-term survival and tumor recurrence following resection or transplant 
for tumors <5 cm in 217 cir rhotics (Child-Pugh Class A, B and C) over the span 
of 16 years [ 40 ]. Recurrence at 5 years was signifi cantly higher in the resection 
group (71.6 % vs. 16 % p < 0.001) but survival at 4 years was similar (60 % vs. 
62 %) which is likely explained by the evolving role of adjuvant therapies to treat 
post -resection recurrence.   

    Recommendations 

 When evaluating patients for surgical treatment of hepatocellular carcinoma several 
factors should be considered including age, size and location of tumor(s), presence 
of extrahepatic disease, presence of  cirrhosis  , comorbidities, organ waitlist time, 
blood type and degree of liver dysfunction. Patients with anatomically  resectable   
single tumors and no cirrhosis or Child-Pugh Class A cirrhosis with normal  bilirubin, 
HVPG (<10 mmHg), albumin and INR can be offered  resection   (evidence quality 
moderate; strong recommendation). Patients with Milan criteria tumors in the 
 setting of Child- Pugh Class A with low platelets and either low albumin or high 
bilirubin or Child-Pugh Class B and C cirrhosis, especially those with more than 
one tumor, should be offered  liver transplant   ation   over resection (evidence quality 
moderate; strong recommendation). Those with Milan criteria tumors and Child- 
Pugh Class A cirrhosis without liver dysfunction should be considered for trans-
plantation over resection (evidence quality low; weak recommendation). No 
recommendation can be made in regard to transplanting tumors beyond Milan crite-
ria (evidence quality low) except to follow regional review board criteria. Pre- 
transplant therapies such as embolic or thermal ablation are safe and by expert 
opinion considered to be effective in decreasing transplant waitlist dropout and 
bridging patients to transplant (evidence quality low, weak recommendation). These 
interventions should be considered for those waiting longer than 6 months (evi-
dence quality low, moderate recommendation). Living donor liver transplantation is 
a safe and effective option for treatment of HCC that are within and exceed Milan 
criteria (evidence quality moderate, weak recommendation).  
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    A Personal View of the Data 

 The debate between  resection   and transplant for early stage tumors in patients with 
single tumors and well-compensated  cirrhosis   has persisted for decades without a 
clear winning strategy in sight. Fortunately, this accounts for only a small portion of 
the patients that present with HCC. A prospective randomized trial would require a 
large number of patients to fi nd signifi cance, something that would be further 
 complicated by variable practice patterns between transplant centers. In addition, it 
would probably not pass IRB scrutiny due to the fact that thermal or embolic abla-
tion is the standard of care at most institutions. As transplant experts at a high- 
volume center we prefer transplantation for patients with Milan criteria tumors and 
early cirrhosis because of superior disease-free  survival   as compared to resection. 
The signifi cance of disease-free survival in the setting of chronic immunosuppres-
sion has yet to be determined. Survival after resection is steadily improving because 
of improvement in therapies such as TACE,  RFA   and possibly radioembolization to 
treat post-resection recurrence. In addition, the recent availability of highly effective 
therapy for hepatitis C (HCV) will lead to the elimination of chronic infection in 
many patients, reversing liver disease and improving liver function as well as 
decreasing portal hypertension [ 41 ] and will ultimately lead to reduced HCV-related 
HCC. Patients should have their underlying liver disease treated aggressively, 
including antiviral treatment for those with HBV or HCV infection, weight loss for 
patients with NASH and abstinence from alcohol for those with alcoholic liver dis-
ease. The treatment algorithm for HCC is ever changing with improvement not only 
in adjuvant therapies but with innovations in organ allocation, selection criteria and 
 minimally invasive   techniques which we have already observed in the past two 
decades. Prospective long term studies assessing  outcomes   of patients treated within 
the most recent era will help resolve this debate.

•    Patients with single anatomically  resectable   tumors and no  cirrhosis   or Child- 
Pugh Class A cirrhosis with platelet counts over 100,000 and normal bilirubin, 
albumin and INR can be offered  resection   (evidence quality moderate, strong 
recommendation); patients with lower platelets need to have normal synthetic 
function to be considered for surgical resection  

•   Patients with Milan criteria tumors in the setting of Child-Pugh Class B and C 
 cirrhosis   should be offered  liver transplant   ation   over  resection   (evidence quality 
moderate, strong recommendation)  

•   Patients with Milan criteria tumors and Child-Pugh Class A  cirrhosis   without 
liver dysfunction should be considered for transplantation over  resection   (evi-
dence quality low, weak recommendation).  

•   No recommendation can be made in regards to transplanting tumors beyond 
Milan criteria (evidence quality low).  

•   Pre-transplant therapy such as  RFA   and TACE are safe and effective and should 
be considered for those waiting longer than 6 months (evidence quality moder-
ate, weak recommendation).  
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•   Living donor  liver transplant   ation   is a safe and effective option for treatment of 
HCC that is within and exceeds Milan criteria (evidence quality moderate, weak 
recommendation).        
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    Chapter 8   
 Hepatic Epithelioid Hemangioendothelioma                     

       John     F.     Renz    

    Abstract     This manuscript provides a concise surgical review of hepatic epitheliod 
hemangioendothelioma. A detailed review of diagnosis, pre-surgical radiologic 
evaluation, surgical techniques, including liver transplantation, and post-surgical 
care of the patient with hepatic epitheliod hemangioendothelioma is presented.  

  Keywords     Hepatic epitheliod hemangioendothelioma   •   Liver surgery   •   Liver trans-
plantation   •   Hepatobiliary surgery   •   Liver tumor  

      Introduction 

 Hepatic Epitheliod Hemangioendothelioma (HEHE) remains a diagnostic and 
therapeutic challenge to the practicing  hepatobiliary   surgeon. With less than 1000 
reported cases since its initial description by Weiss and Enzinger in 1982 [ 1 ] and a 
widely variable clinical course, HEHE remains a  diagnosis   that affords the clinician 
a unique opportunity to tailor therapy to the patient. Infantile hemangioendothelioma, 
a rare neonatal vascular tumor associated with congestive heart failure, thrombocy-
topenia, and consumptive coagulopathy, is a unique clinical entity that will not be 
addressed in this manuscript [ 2 ].  

    Presentation 

 HEHE is a vascular tumor of endothelial cell origin with an incidence of approximately 
1/1,000,000 population [ 3 ]. Since the initial series of 32 patients reported by Ishak 
in 1984 [ 4 ], our understanding of this rare disease has evolved through collective 
case reports, database surveys, and meta analyses. HEHE expresses a slight female 
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preponderance (3:2) and is most often diagnosed in the fourth decade of life [ 5 ]. 
Presentation can vary widely from an incidental fi nding on routine imaging 
described in approximately 25 % of new cases to overt  liver failure  . Extra-hepatic 
involvement is present in over a third of patients at the time of  diagnosis   [ 5 ,  6 ]. The 
most frequent presentation includes a history of intermittent right upper quadrant 
 pain  , malaise, and weight loss. As the indolent tumor replaces more hepatic volume, 
late fi ndings of hepatomegaly,  jaundice  , hepatic outfl ow obstruction (Budd-Chiari 
syndrome), Kasabach-Merritt syndrome, hemorrhage secondary to tumor rupture, 
and acute liver failure emerge [ 7 – 10 ]. The presence of symptoms at diagnosis has 
been validated as a poor prognostic indicator by MVA [ 11 ]. To date, no clear risk 
factors predisposing to HEHE have emerged; however, oral contraceptives, vinyl 
chloride, viral hepatitis, and trauma to the liver have been implicated in its develop-
ment [ 5 ,  12 ]. Notably, HEHE is not associated with chronic liver disease [ 5 ]. This 
affords the physician typically normal hepatic parenchyma to accommodate medi-
cal,  radiologic  , or surgical therapy.  

    Diagnosis 

 As HEHE lies variably within the spectrum between hemangioma and angiosacroma, 
 diagnosis   requires integration of  radiologic  , histologic, and immunologic data. For 
the diagnosis of HEHE,  magnetic resonance imaging   (MRI) is emerging as the 
 preferred therapy over  ultrasound   and  computed tomography   ( CT  ) [ 13 ]. HEHE is 
described radiographically as two types: nodular and diffuse. The nodular type is an 
early manifestation of HEHE characterized by independent peripheral lesions, 
ranging from <1 cm to several centimeters in diameter, within the liver. Presentation 
typically involves both hepatic lobes with a preponderance of tumor in the right 
hepatic lobe. As the disease progresses, the multifocal tumors coalesce into bulky 
subcapsular disease throughout the liver defi ning the advanced diffuse form of 
HEHE. Capsular retraction develops secondary to scarring and fi brosis [ 14 ]. 

 When evaluating a  CT  , the bulk of disease is best appreciated on unenhanced 
imaging where intra-tumoral calcifi cation and capsular retraction can be appreciated. 
Contrast CT fi ndings include arterial phase marginal enhancement that may appear 
target-like and is often described as a “halo.” The concentric zonal or target- like 
appearance refl ects the histology of an avascular, central stomal region with fi nger-
like tumor projections extending peripherally along hepatic sinusoids. These areas 
become isodense to hepatic parenchyma on post-contrast imaging [ 14 ,  15 ]. On 
MRI, the central, hypocellular regions may demonstrate previous hemorrhage, 
thrombus, necrosis, or calcifi ciation with low signal T-1 weighting with T-2 hyperin-
tesity. Gadolinium administration optimally demonstrates the peripheral halo 
with progressive centripetal fi lling on subsequent images. The key fi ndings for any 
cross-sectional imaging modality are: multiple heterogeneous lesions, subcapsular 
location, capsular fl attening or retraction, and peripheral delayed contrast 
enhancement with centripetal fi lling [ 16 ]. The utility of FDG-PET is variable. 
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FDG-PET has not proven sensitive in  screening   or  diagnosis  : however, when it is 
positive in approximately 40 % of cases, it can be useful in monitoring response to 
therapy [ 17 ]. 

 Suggestive  radiologic   fi ndings must be followed by histologic and immunologic 
analysis to secure the  diagnosis   of HEHE. Adequate tissue can be obtained by  per-
cutaneous  , ultra-sound-guided liver biopsy or diagnostic  laparoscopy  . HEHE is an 
endothelial cell origin tumor with an appearance of spindle-shaped endothelial cells 
multiplying along vascular planes. The histology is variable within the spectrum of 
hemangioma to angiosarcoma but the tumor characteristically expresses Factor 
VIII-related antigen, CD34 (human hematopoietic progenitor cell antigen), and 
CD31 (platelet endothelial cell adhesion molecular 1). Immunoanalysis for at least 
two of these three antigens is necessary to secure the diagnosis. Therefore, precise 
pathologic interpretation is integral to identifying malignant features of HEHE and 
predicting clinical behavior [ 5 ]. 

 Potential genetic translocations associated with HEHE have been postulated 
[ 18 ]; however, the rarity of the disease has impeded linkage analysis. Serum chem-
istries and standard tumor markers are non-diagnostic at presentation with one 
exception: an elevated CA19-9 is a negative prognostic factor for HEHE and should 
guide the clinician toward biliary origin malignancies [ 11 ].  

    Treatment 

 The wide clinical spectrum of disease at presentation and its variable biologic 
behavior afford the clinician the opportunity to utilize a variety of therapeutic 
modalities in “tailoring” therapy to the HEHE patient. The incidence of HEHE has 
prevented the establishment of guidelines and resulted in the application of a 
multitude of successful therapeutic endeavors ranging from  chemotherapy   to  liver 
transplant   ation  . 

 At the moment, the benchmark therapies remain surgical and, whenever  possible, 
 resection   is preferred [ 5 ,  6 ]. Historically, the bulk of disease at  diagnosis   has favored 
 liver transplant   ation  ; however, recent advances in surgical technique coupled with 
the fact that HEHE typically occurs in the setting of otherwise normal hepatic 
parenchyma have opened the possibility of good  outcomes   in the setting of repetitive 
surgical resection versus liver transplantation. Grotz et al. reported a retrospective 
series of 30 HEHE patients treated by surgical resection (SR), liver transplantation 
(LTX), medical therapy, or no therapy at the Mayo Clinic between 1984 and 2007 
[ 6 ]. While patients were not randomized to SR or LTX, the group maintained a very 
aggressive protocol toward SR whenever possible. At a median follow- up of 
>41 months, the SR group, which contained approximately the same number of patients 
as the LTX group, demonstrated comparable disease-free  survival   and  overall 
 survival   as LTX with a lower incidence of post-operative complications and period 
of hospitalization. The 1-, 3-, and 5-year overall survival for SR was 100 %, 86 %, 
and 86 % versus 91 %, 73 %, and 73 % for LTX, respectively. The 1-, 3-, and 5-year 
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disease-free survival for the SR group was 78 %, 62 %, and 62 % versus 64 %, 46 %, 
and 46 % for LTX, respectively. Hospital stay and the occurrence of Clavien ≥ stage 
IV complications were lower in SR but did not achieve statistical signifi cance. 

 Clinicopathologic predictors of prolonged disease-free  survival   have been 
 proposed by Grotz et al. based upon their retrospective series data but have not been 
prospectively validated. These include: largest tumor size ≤10 cm, total tumor num-
ber ≤10, and hepatic involvement ≤4 segments [ 6 ]. This led the authors to advo-
cate for SR as the surgically preferred option for patients with HEHE “regardless of 
bilobar distribution provided the hepatic disease can be resected [ 6 ].” The recent 
description of liver partition with portal vein ligation for staged  hepatectomy   
described by Schlitt and others offers a new opportunity to dramatically extend the 
realm of  hepatic resection   and thereby avoid  liver transplant   ation   [ 19 ]. However, 
one must remember that HEHE is a widely variable disease entity and Grotz et al. 
concede the biologic behavior of each presentation factored largely into their 
decision to recommend curative surgical therapy [ 6 ]. An alternative strategy of 
 hepatectomy followed by carbon-ion  radiotherapy   has also been advocated [ 20 ]. 
Intent to cure must remain the goal as palliative surgical debulking has been dem-
onstrated to enhance progression [ 21 ]. 

  Liver   transplantation has proven a durable therapy for the treatment of 
HEHE. Initially described by Marino et al. in 1988 [ 22 ], the application of LTX to 
patients with extensive bilateral disease has yielded excellent results on three conti-
nents [ 11 ,  23 ,  24 ]. Mehrabi et al. performed a meta analysis from 1984 through 
2005 identifying 402 cases [ 5 ]. Of this group, 45 % were treated by LTX, 25 % 
received no treatment, 21 % received  chemotherapy   and/or radiation therapy, and 
only 9 % SR. Within this group, the 1- and 5-year  survival   for LTX were 96 % and 
55 % respectively. These results were bested only by the SR group that demon-
strated 1- and 5-year survival of 100 % and 75 %, respectively. However, it is impos-
sible to determine through meta analysis the extent of disease approached through 
SR. Notably, the authors identifi ed extra-hepatic disease in 37 % of patients at the 
time of  diagnosis   but the presence of extra-hepatic disease did not portend a poor 
prognosis. 

 The unique fi nding of extra-hepatic disease not impacting long-term  survival   
was confi rmed by Lerut et al. who reported the results of the European  Liver   
Transplant Registry in 2007 [ 23 ]. In their analysis of 59 patients followed for a 
median of greater than 6 years, the disease-free survival at 1-, 5-, and 10-years post- 
LTX were 90 %, 82 %, and 64 %, respectively. Overall recurrence in the cohort was 
24 % with a median time to recurrence of 49 months. The extent of disease reported 
in referring to LTX included bilobar tumor 96 %, >15 tumor nodules 86 %, pre-LTX 
therapy 30 %, lymph node invasion 30 %, and extra-hepatic disease 17 %. In this 
context, the overall results obtained with LTX were excellent and led the authors to 
conclude pre-existing extrahepatic disease as well as lymph node localization are 
not contraindications to LTX. Vascular invasion upon histologic examination 
reduced overall patient survival but not disease-free survival. Thus, the pattern of 
continual treatment of a low grade malignant tumor with a slowly progressive 
 phenotype re-emerged as the authors’ inclusion of extra-hepatic disease was limited 
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to that amenable to surgical  resection   with or without radiation therapy. The fi nding 
of carcinomatosis excluded LTX [ 23 ]. 

 Data from the United Network for Sharing on 110 transplanted patients between 
1987 and 2005 were reported by Rodriguez et al. in 2008 [ 24 ]. Their analysis was 
limited through inclusion of children transplanted for the infantile variant of HEHE 
and a relatively short median follow-up of only 24 months. The authors reported 
patient and allograft  survival   on a cohort including adults and children with an 
overall  mortality   related to HEHE recurrence of 16 %, presumably all in adults as 
the pediatric form is thought to be benign. Unfortunately, their study was not pow-
ered to determine the effect of extra-hepatic disease at LTX [ 24 ]. When considering 
LTX, it is imperative to exclude angiosarcoma as its biologic behavior is an absolute 
contraindication [ 25 ]. 

 Disease recurrence has been widely reported as distant as 12 years following 
LTX and is best approached with  surgery   and radiation therapy where applicable [ 5 , 
 26 ]. A role for adjuvant  chemotherapy   in the  management   of post-LTX recurrence 
is theoretically attractive but unproven.  

    Alternative Therapies 

 The epithelial-cell origin of HEHE and its consistent over-expression of vascular 
endothelial growth factor (VEGF) have made it a natural target for anti-angiogenic 
therapy [ 27 ]. To date, medical therapy alone has delivered inferior results to surgical 
therapy [ 5 ,  6 ]; however, a variety of chemotherapeutics have been reported to affect 
HEHE in individual cases. These include thalidomide, doxorubicin, 5-fl uorouracil, 
vincristine, cyclophosphamide, interferon-alpha 2B, bevacizumab, sunitinib, and 
lenalidomide [ 28 – 33 ]. Chevreau reported results of a European multicenter, phase 
II trial of15 patients utilizing sorafenib [ 34 ]. Their early results were indeterminant, 
but as more information is elicited on the genetic composition of HEHE, the prom-
ise of medical therapy, particularly in highly aggressive disease prompting acute 
 liver failure   as well as very slowly progressing indolent disease is promising.  

    Summary 

 HEHE is a rare disease with a widely variable presentation and clinical course. 
Accurate  diagnosis   through a combination of radiology, histology, and immuno-
chemistry is challenging but essential for anticipating the tumor’s biologic behavior. 
Ultimately, the biologic behavior guides the practitioner to the most appropriate 
course of therapy with  surgery  , either  resection   or transplantation, the preferred 
avenue for cure. However, further scientifi c understanding of this unique biologic 
entity may yield superior  outcomes   through anti-angiogenic therapy.     
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    Chapter 9   
 What Is the Best Way to Screen Cirrhotic 
Patients for Hepatocellular Carcinoma 
in the United States?                     

       Archita     P.     Desai      and     Helen     S.     Te    

    Abstract     Hepatocellular carcinoma (HCC) continues to be a signifi cant cause of 
mortality in the United States. However, HCC is curable if detected early in its 
course. Cirrhosis is a well-established risk factor for HCC, but direct evidence 
 demonstrating the benefi t of screening for HCC in this population remains under 
contention today. Ultrasound (US) every 6 months is currently the proposed screen-
ing methodology. Serum alpha-feto protein (AFP) has been dropped from screening 
guidelines, yet recent prospective data reported an added effi cacy with the combina-
tion of serum AFP and US. Technological advances in cross-sectional imaging have 
dramatically impacted the fi eld of hepatobiliary imaging, making them attractive 
alternatives for HCC screening in selected populations. While computed tomography 
(CT) does not appear to confer any signifi cant advantage to US performed by trained 
personnel, magnetic resonance imaging (MRI) with hepatobiliary phase (HBP) and 
diffuse weighted imaging (DWI) offers the best sensitivity and specifi city for HCC 
largely due to its superiority in detecting and characterizing lesions <2 cm. Its cost-
effectiveness as a screening tool, however, remains to be seen.  
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      Introduction 

 Despite the continuing medical advances in the  management   of chronic liver 
 disease, the incidence of hepatocellular carcinoma (HCC) has steadily risen in the 
past two decades. Globally, HCC has become the fi fth leading cause of  cancer   and 
the second leading cause of cancer-related death in adult men [ 1 ]. In the United 
States, the age-adjusted incidence rates have doubled since the mid 1980s [ 2 ], causing 
similar increases in HCC-related  mortality   and hospitalization rates [ 3 ,  4 ]. Although 
the incidence of HCC appears to have plateaued in the past decade, HCC-related 
deaths remain on the rise [ 5 ,  6 ]. 

 Hepatocellular carcinoma is curable if detected early in its course.  Liver   
 transplantation for HCC cases that fall within the Milan criteria has demonstrated 
excellent results with 5-year  survival   rates exceeding 70 %. Hepatic  resection   in 
non-cirrhotic patients or in well-compensated cirrhotic patients with no portal 
hypertension and no signifi cant liver functional impairment has led to 5-year 
survival rates exceeding 70 % as well [ 7 ]. However, to achieve a cure, the  diagnosis   
must be made early, and early diagnosis is only possible if  screening   is performed. 

 Evidence demonstrating the benefi t of  screening   for HCC remains under contention 
today. A meta-analysis found that evidence supporting the benefi t of HCC screening 
in at-risk patients (cirrhotics and noncirrhotics) were of very low-strength [ 8 ]. While 
 cirrhosis   is a well-established risk factor for HCC, there has been no randomized 
controlled trial (RCT) performed in the US to validate the benefi t of HCC screening 
in this population, partially due to ethical reasons and patient refusal [ 9 ]. Investigators 
have resorted to modeling techniques to demonstrate the cost- effectiveness of HCC 
 surveillance   in cirrhosis, and screening has been found to provide a  survival   benefi t 
in targeted patients who are viable candidates for interventions at acceptable costs 
[ 10 – 15 ]. In fact, the American Association for the Study of  Liver   Diseases (AASLD) 
[ 7 ] and the European Association for the Study of the Liver (EASL) guidelines [ 16 ] 
recommend HCC surveillance with an  ultrasound   every 6 months for patients with 
cirrhosis of any cause, wherein the incidence of HCC is estimated to be 1.5 % per year 
or greater [ 7 ]. However, the question remains, does biannual ultrasound provide the 
best benefi t in screening cirrhotic patients for HCC in the United States in 2014?  

    Search Strategy 

 A literature search of English language publications from 2000 to 2014 was used to 
identify published data on  screening   for HCC in cirrhotic patients using the  PICO   
outline (Table  9.1 ). Databases searched were PubMed, Medline and Cochrane 
 Evidence Based Medicine  . Terms used in the search were “hepatocellular carcinoma/
screening/ cirrhosis  ,” “liver  cancer  /screening/cirrhosis.” Manual searches of reference 
lists from applicable studies were performed to identify any studies that may have 
been missed by the computer-assisted search. As the quality of studies for each 
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screening modality varied, different inclusion criteria were used for the studies 
included in this review. For the performance of serum AFP, studies were excluded 
if they specifi cally addressed  diagnosis   of hepatocellular carcinoma after a lesion 
has been detected in the liver rather than screening, or if noncirrhotic patients were 
the only study subjects. For the performance of  ultrasound   as a screening test, only 
prospective studies of cirrhotic cohorts were included. For cross-sectional imaging, 
studies reviewed refl ect the latest progress in the technology of  computed tomogra-
phy   ( CT  ) and  magnetic resonance imaging   (MRI). For CT, only studies assessing 
the performance of 16-slice or more multidectector CT (MDCT) with triple or 
quadruple phase imaging and explant pathology used as the reference standard 
were included. For MRI, studies using dynamic MRI with both  hepatobiliary   phase 
and diffusion weighted imaging MRI were included. The data was classifi ed using 
the  GRADE   system.

       Results 

    Clinical Relevance and Risk Factors of Hepatocellular 
Carcinoma 

 Screening is the administration of diagnostic tests to subjects who have a defi ned 
risk for developing HCC, but in whom there is no suspicion for HCC to be present 
prior to the  screening  . Surveillance is the repeated administration of screening tests. 
An intervention is considered effective if it provides an increase in longevity of 
about 100 days or 3 months [ 17 ], and interventions that can be achieved at a cost of 
<$50,000/year of life gained is considered to be cost-effective in 1992 [ 18 ], although 
this cost is likely higher in today’s market rates. 

 Major advances in medicine have increased the ability to cure HCC when 
diagnosed early, although medical and locoregional interventions may still extend 

   Table 9.1     PICO   table for  screening   for hepatocellular carcinoma in cirrhotic patients   

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with 
 cirrhosis   

 Serum AFP assay  No  screening    Diagnosis of hepatocellular 
carcinoma within Milan criteria, 
 mortality   

 Patients with 
 cirrhosis   

 Ultrasound 
examination 

 No  screening   or 
screening via another 
modality 

 Diagnosis of hepatocellular 
carcinoma,  mortality   

 Patients with 
 cirrhosis   

  CT   examination  No  screening   or 
screening via another 
modality 

 Diagnosis of hepatocellular 
carcinoma,  mortality   

 Patients with 
 cirrhosis   

 MRI examination  No  screening   or 
screening via another 
modality 

 Diagnosis of hepatocellular 
carcinoma,  mortality   
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 survival   in later stages. Despite the absence of high quality data from RCT of HCC 
 surveillance   versus no HCC surveillance, the ability to change patient  outcomes   
with appropriate interventions at acceptable costs is compelling reason to prompt 
the AASLD to recommend HCC surveillance in high-risk population. Cirrhosis is a 
well-established risk factor for HCC, wherein surveillance for an HCC incidence of 
1.5 %/year is expected to increase survival by about 3 months [ 10 ]. Hepatitis B car-
riers who are Asian males aged over 40 years and Asian females aged over 50 years 
have an HCC incidence of 0.4–0.6 %/year, and those with a family history of HCC 
are known to have a higher HCC incidence than those without. African and North 
American Blacks with hepatitis B also are known to develop HCC at a younger age. 
Cirrhotic hepatitis B carriers have an HCC incidence of 3–8 %/year, while patients 
with hepatitis C  cirrhosis   and stage 4 primary biliary cirrhosis have an HCC incidence 
of 3–5 %/year. The HCC incidence in cirrhotics with genetic hemochromatosis, 
alpha 1- antitrypsin defi ciency and other causes are not established but may approach 
>1.5 %/year for most cases [ 7 ]. Another growing group at risk for HCC is 
the  population affl icted with non-alcoholic steatohepatitis, where the incidence is 
2.6 %/year in one study [ 19 ,  20 ].   

    Screening Strategies 

    Serum Alpha-Feto Protein (AFP) 

 Serum AFP is the most widely tested biomarker in the  diagnosis   of HCC, but its 
performance as a  surveillance   tool has been suboptimal. The only RCT evaluating 
serum AFP alone as a  screening   tool for HCC was conducted in hepatitis B infected 
patients who were mostly non-cirrhotic; the fi ndings included an earlier diagnosis 
of HCC [ 21 ]. Data in cirrhotic patients have been limited to case control studies, 
which have consistently shown a low sensitivity of a serum AFP cut-off of 20 ng/ml 
at about 60 % for detection of HCC (Table  9.2 ) [ 22 – 27 ]. Trevisani et al. reported the 
positive predictive value of a serum AFP cut-off value of >20 ng/ml to be dismal at 
25.1 % in a population with an HCC prevalence of 5 % [ 25 ]. Currently, serum AFP 
is not part of the recommended screening process for HCC by both the AASLD [ 28 ] 
and the EASL guidelines [ 16 ,  28 ].

   The potential value of measuring serial serum AFPs to survey for HCC has also 
been investigated in another case-control study involving hepatitis C-infected 
patients with advanced fi brosis or  cirrhosis  . Lee et al. found that both the standard 
deviation and the rate of increase of serum AFP were independently associated with 
HCC. Incorporation of these metrics along with patient-specifi c risk factors resulted 
in improved accuracy for HCC prediction to an area under the receiver-operating 
characteristic curve of 0.81 when compared with 0.76 when only the most recent 
serum AFP value was used [ 29 ]. However, these fi ndings need to be validated 
 further to determine its true value in HCC  screening  .  
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    Ultrasonography (US) with or Without Serum AFP 

 While US technology has been used for diagnostic purposes since the 1940s, its use 
for  screening   for liver masses was fi rst reported in the early 1980s [ 30 ]. Since then, 
many studies evaluating the performance of US with or without serum AFP in  sur-
veillance   programs aimed to detect early stages of HCC have been done [ 8 ,  31 – 33 ]. 
Despite a variety of study methodologies involved, a recent meta-analysis  calculated 
the pooled odds of early detection as 2.08 (95 % CI 1.80–2.37). More importantly, 
screening increased the odds of receipt of curative therapy (OR 2.24, 95 % CI 1.99–
2.52) and the odds of 3-year  survival   (OR 1.90, 95 % CI 1.90–2.17) [ 33 ]. It is 
important to note that this data has limited accuracy and applicability, as most of 
the studies included in the meta-analysis were observational studies susceptible to 
lead-time and selection bias, and these also included a wide variety of patient popu-
lations, utilized different screening programs and had largely different screening 
uptakes as well. Three randomized trials have been done in Europe and Asia to 
study the effi cacy of screening with  ultrasound   with or without serum AFP [ 34 – 36 ], 
but cirrhotic patients were not included or defi ned [ 36 ] so these studies are not 
included in this discussion. 

 More recent data on HCC  screening   in patients with  cirrhosis   published after 
2000 included prospective studies that assessed the performance of US with or 
without serum AFP in the real world. Overall, the sensitivity of US for detecting 
HCC has a wide range of 43–90 % and a specifi city of 83–97 % (Table  9.3 ) [ 26 ,  34 , 
 37 – 41 ]. While current guidelines do not recommend use of serum AFP, most stud-
ies included serum AFP testing in their  surveillance   program. In fact, one study 
attempted to assess the role of serum AFP by creating randomization arms that 
consisted of imaging surveillance without serum AFP, but discovered high usage 
rates of serum AFP assays in the imaging alone group, necessitating the fi nal analysis 
to include imaging in combination with serum AFP [ 34 ]. The optimal interval 

   Table 9.2    Sensitivity and specifi city of serum AFP in detecting early stage HCCs   

 Study 
 AFP cut-off 
(ng/ml) 

 Sensitivity 
(%) 

 Specifi city 
(%) 

 Study type ( quality 
of evidence)   

 Gamberin-Gelwan 
et al. [ 22 ] 

20  58  91  Case-control (low) 

 Trevisani et al. [ 25 ] a   >20  60  91  Case-control (low) 
 Nguyen et al. [ 24 ,  64 ]  >20  63  80  Case-control (low) 
 Snowberger et al. [ 27 ] b   8.9  62  80  Case-control (low) 

 50  31  96 
 Marrero et al. [ 24 ]  >20  59  90  Case-control (low) 
 Lok et al. [ 23 ]  >20  61  81  Case-control (low) 
 Singal et al. [ 26 ]  >20  66  90  Prospective cohort 

(moderate) 

   a In a population with 50 % HCC prevalence 
  b Used explants as gold standard  
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between screenings is not clear with most studies using 6 month or 12 month 
 intervals. Shorter intervals appears to only increase detection of non-malignant 
focal lesions in the 3-month group, particularly those <10 mm in diameter, which 
did not impact clinical care or  outcomes   in most cases [ 34 ]. Although one study in 
a Veterans Administration hospital setting found no incremental benefi t of the addition 
of serum AFP to imaging studies [ 40 ], one prospective cohort study involving 446 
patients in real world practice reported substantial advantage of using serum AFP in 
conjunction with US than with US alone, with increased sensitivity to 90.2 % and 
specifi city to 83.3 % [ 26 ].

       Cross Sectional Imaging 

 The clinical effectiveness of US in  screening   for HCC is largely limited by low 
adherence rates, variability in operator experience, diffi culty in visualization of the 
liver in patients with morbid obesity or very nodular livers, and poor sensitivity 
when identifying early HCC’s (i.e., those <20 mm). These limitations have fueled 
the search for improved modalities in screening those at high risk for HCC. Both 
 computed tomography   ( CT  ) and  magnetic resonance imaging   (MRI) of the abdo-
men have been used to further evaluate and diagnose liver lesions found during 
 ultrasound   examination. Therefore, both offer attractive alternatives for screening 
of those at risk for HCC. 

    Computed Tomography 

 Beginning in the 1990s, use of arterial-phase imaging during intravenous contrast 
medium-enhanced  CT   studies improved the sensitivity of small nodule detection 
[ 42 ]. In the 2000s, multidetector-row helical CT (MDCT) technology allowed for 
faster acquisition, thinner slices (0.5 mm for 64-slice MDCT vs. 5–10 mm for heli-
cal CT) in a single breath-hold and repetitive imaging during multiple perfusion 
phases after contrast material injection [ 42 ,  43 ]. In combination with four-phase CT 
protocols, which provide images during the pre-contrast, arterial, portal venous and 
delayed phases, 16-, 64- and even 128-slice MDCT has allowed for the detection of 
a signifi cantly higher number of cases of HCC [ 42 ,  44 ]. Current UNOS policy out-
lines minimum criteria for the use of CT to accurately diagnose HCC radiographi-
cally [ 45 ]. Many of the studies assessing the sensitivity and specifi city of triple 
phase 16- or 64-slice MDCT have been performed in individuals awaiting  liver 
transplantation     . Most are retrospective; however, many have used the explant pathol-
ogy as the gold standard, thus increasing their validity with sensitivities of 77–89 % 
and specifi cities of 44–93 % (Table  9.4 ) [ 44 ,  46 – 48 ]. Due to the lack of prospective 
data, the  screening   interval for CT has yet to be established. Overall, even studies of 
the most advanced CT technology only show marginal superiority over US as a 
screening tool, largely due to better sensitivity for lesions <20 mm in size.

9 What Is the Best Way to Screen Cirrhotic Patients for Hepatocellular Carcinoma…
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       Magnetic Resonance Imaging 

 As with  CT  , MRI is evolving with new techniques allowing for improved diagnostic 
accuracy. With MR, however, there are a variety of techniques for imaging acquisition, 
image sequences and optimization, as well as image processing that can impact the 
ultimate performance of MR in liver lesion detection and accurate characterization. 
Current UNOS policy outlines specifi c minimum technical requirements for MRI in 
diagnosing HCC radiographically [ 49 ]. Of the recent advances in MR technology, 
dynamic imaging,  hepatobiliary   phase (HBP) imaging with hepatocyte- specifi c 
contrast agents, and use of diffusion weight image (DWI) characteristics have 
allowed MRI to evaluate tumor vascularity, increased tissue cellularity and absence 
of normal hepatocytes with greater detail and accuracy [ 50 – 54 ]. 

 The reported sensitivity of dynamic contrast enhanced MR imaging (with an 
extracellular fl uid contrast agent) is noted to be from 70 to 100 % in various studies 
with a pooled sensitivity of 81 % [ 31 ]. Even with dynamic, contrast-enhanced MRI, 
the detection of early HCC remains a challenge, particularly with the background of 
a cirrhotic liver where arterial enhancement of small <1 cm lesions is less diagnosti-
cally accurate for HCC. For these lesions, MRI offers several advantages over  CT   
despite some inherent limitations [ 55 – 57 ]. 

 Hepatobiliary phase (HPB) imaging may improve the ability to detect and diag-
nose early HCC. Use of gadoxetic acid (Eovist ® ) or gadobenate dimeglumine 
(MultiHance ® ) allows for both dynamic imaging during the extracellular phase and 
delayed imaging in the HBP phase, when the contrast is taken up by the hepatocytes 
[ 52 ,  53 ]. These agents can help differentiate arterial-enhancing pseudolesions. 
One study documented 95.5 % of HCC’s displayed hypointensity during the HBP 
while 94.3 % of pseudolesions were isointense during the HBP. In this study, the 
sensitivity of MRI for diagnosing HCC was 93.9 % [ 58 ]. Another study showed 
lesions without arterial phase hyperenhancement, but with both venous phase 
hypoenhancement and HBP hypointensity, carry a higher probability of being well- 
differentiated HCC in cirrhotic livers [ 55 ]. A meta-analysis of gadoxetic acid-based 
MRI reported a pooled sensitivity of 91 % and specifi city of 95 %. For studies 
focused on lesions <2 cm, performance continued to be excellent with a reported 
sensitivity range of 87–99 % and specifi city range of 92–96 % [ 52 ]. 

 Diffusion weighted imaging (DWI) in MRI is a functional MRI technique that 
offers its own advantages in the detection and  diagnosis   of HCC in those with  cir-
rhosis  . DWI capitalizes on the changes that accompany the development of HCC, 
such as changes in cellularity and extracellular space structure, to detect HCC 
lesions. A reported 70–80 % of HCC’s, including those <1–2 cm in size, appear 
hyperintense on DWI [ 51 ]. The sensitivity and specifi city of DWI were better at 
91.2 % and 82.9 %, respectively, when compared to dynamic, gadolinium-based 
MRI at 67.6 % and 61 %, respectively [ 59 ]. A study also highlighted the utility of 
MRI enhanced with DWI as a  screening   tool for HCC for those in whom intrave-
nous iodine contrast administration is contraindicated [ 54 ]. In another study, use of 
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DWI characteristics improved the sensitivity of conventional MRI from 83–85 % to 
98 % in detecting HCC lesions <2 cm [ 60 ]. Furthermore, several studies that 
assessed the impact of combining HBP imaging with DWI to detect HCC concluded 
that DWI can incrementally improve the performance of MRI in the detection of 
HCC (Table  9.5 ) [ 61 – 63 ]. While these techniques are promising, the optimal inter-
val of imaging and the cost of such a screening tool have not been examined. 
Therefore, evidence supporting the use of MRI for the screening and  surveillance   of 
cirrhotics for HCC is lacking, and their use has not been incorporated in the current 
practice guidelines.

         Recommendations 

 While the clinical effectiveness of  screening   individuals with  cirrhosis   has yet to be 
determined, indirect evidence supports a  survival   benefi t with screening of targeted 
individuals who are viable candidates for interventions. Biannual  ultrasound   with or 
without serum AFP is the most validated tool, offers good performance in the 
 general population, and in experienced hands likely has similar performance to 
triple phase MDCT for the detection of tumors >2 cm. However, as locoregional 
therapy becomes more widely available, the detection of early HCC may offer a 
survival benefi t. In this context, dynamic MRI with  hepatobiliary   phase and diffu-
sion weighted imaging may be the best-performing screening test. Screening, 
regardless of modality, should be done in expert hands to optimize effectiveness of 
the test. The cost of such a  surveillance   program will have to be compared to its 
clinical effectiveness, which is largely dependent on uptake of screening and link-
age to treatment.  

    A Personal View of the Data 

 Many advances have been made in the  diagnosis   of HCC over the past decade. 
Improvements in  CT   and MRI technology form the basis of this progress; however, 
translation into clinical practice and guidelines is limited by the quality of data 
supporting their use in  screening   and  surveillance   programs. Current data have 
created a strong platform for imaging-based screening of HCC, whereas the impor-
tance of tumor markers and invasive method such as biopsy has declined. In an era 
where the  morbidity   and  mortality   associated with HCC is rising, efforts to improve 
early diagnosis must be made in order to impact patient  outcomes   and reduce the 
healthcare burden associated with HCC. In this context, MRI-based imaging has the 
most promise for accuracy, although its cost is a major deterrence in its use as the 
fi rst line tool.  
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    Recommendations 

     1.    MRI with HBP and DWI offers the best sensitivity and specifi city of HCC largely 
due to its superiority in detecting and characterizing lesions <2 cm. While there 
are no data on  screening   interval for MRI, annual imaging in those with no wor-
risome lesions can be inferred based on tumor doubling time. The cost- 
effectiveness of this approach, however, remains to be studied.   

   2.    In the general population,  ultrasound   with or without serum AFP every 6 months 
offers acceptable performance in the  screening   of HCC and should be used when 
cross-sectional imaging is not available or tolerated or is contraindicated. The 
combination of US with serum AFP has demonstrated increased accuracy in a 
larger prospective study than US alone. Furthermore, the interval change in 
serum AFP may offer more value in the detection of HCC than a single serum 
AFP assay alone.   

   3.    In those awaiting  liver transplant   ation  , where accurate assessment of the burden 
of HCC can signifi cantly alter  management  , MRI with HPB phase and DWI 
should be used, with the best performance noted in those with Child-Pugh class 
A and B  cirrhosis  .   

   4.    Survival benefi t of  screening   for HCC has yet to be established in randomized 
controlled trials, but it is unlikely for such trials to come to fruition due to diffi -
culty with patient enrollment. Limiting screening to those individuals who are 
eligible for treatment will improve clinical effectiveness of  surveillance   
program.         
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    Chapter 10   
 When Is Laparoscopic Liver Resection 
Preferred Over Open Resection?                     

       Ana     Gleisner     and     David     A.     Geller    

    Abstract     Laparoscopic liver resection is being safely performed by surgeons 
worldwide for multiple indications. When compared to open liver resection, laparo-
scopic liver resection is associated with improvements in short-term outcomes such 
as decreased blood loss, transfusion rate, perioperative complications, length of 
stay, and overall cost. When laparoscopic is performed for malignancies such as 
hepatocellular carcinoma and metastatic colorectal cancer, oncological adequacy 
needs to be assured in order to avoid detrimental effects in long-term outcomes such 
as disease-free survival and overall survival. Current evidence suggests that in well- 
selected patients, the long-term oncologic outcomes achieved with laparoscopic 
liver resection are equivalent to those obtained with open liver resection. To date, 
there are no published randomized trials comparing laparoscopic to open liver 
resection, although two trials are ongoing.  

  Keywords     Laparoscopic liver resection   •   Laparoscopic hepatectomy   • 
  Hepatocellular carcinoma   •   Metastatic colorectal cancer   •   Liver tumor  

      Introduction 

 Laparoscopic  liver resection  s have been performed for several indications, includ-
ing both benign lesions and malignancies, with low  morbidity   and  mortality   [ 1 ,  2 ]. 
When compared to  open   resections,  laparoscopic   liver  resection  s are associated 
with decreased LOS, postoperative  pain   and complications [ 3 – 6 ]. Yet, when laparo-
scopic liver resections are used for the treatment of malignancies, concerns about 
the rates of positive margins and failure to recognize occult metastases have caused 
some to question the oncologic adequacy of the procedure [ 7 ]. Because oncologic 

        A.   Gleisner    •    D.  A.   Geller      (*) 
  Department of Surgery ,  University of Pittsburgh , 
  3459 Fifth Avenue ,  Pittsburgh ,  PA   15213-2582 ,  USA   
 e-mail: gellerda@upmc.edu  

mailto:gellerda@upmc.edu


114

adequacy infl uences important long-term  outcomes  , such as recurrence and long- 
term  survival  , patient selection for laparoscopic liver  resection   is premised upon 
understanding which surgical indications are most likely to afford the improved 
short-term outcomes associated with the laparoscopic technique without compro-
mising the oncologic adequacy of the procedure. This chapter addresses situations 
in which laparoscopic  surgery   is preferred over open liver resection, with discussion 
focused on the short-term outcomes of laparoscopic liver resection when compared 
to open liver resection for both benign and malignant liver disease as well as long- 
term outcomes for the most common primary liver malignancy and metastatic dis-
ease—hepatocellular carcinoma (HCC) and  metastatic colorectal cancer   to the liver 
(mCRC), respectively.  

    Search Strategy 

 A literature search of publications from 2001 to 2014 was performed to identify 
published data on  laparoscopic   liver  resection   using the  PICO   outline [ 8 ] 
(Table  10.1 ). Databases searched were PubMed, Embase, Science Citation Index 
and Cochrane  Evidence Based Medicine  , restricted for publications in English lan-
guage. Terms used in the search were “laparoscopic  liver resection  ,” “ laparoscopic 
hepatectomy  ,” AND “ open   liver  resection  ,” “open  hepatectomy  ,” AND (“intraop-
erative complications” OR “perioperative complications” OR “postoperative com-
plications” OR “ overall survival  ” OR “disease-free  survival  ” OR “long-term” OR 
“ outcomes  ”). Articles were excluded if they were review articles or non- comparative. 
There were no randomized trials. We included 32 cohort studies and 3 meta- analyses 
that were classifi ed using the  GRADE   system [ 9 ].

   Table 10.1     PICO   table for  laparoscopic   liver  resection     

 P (Patients)  I (Intervention) 

 C 
(Comparator 
group)  O (Outcomes measured) 

 Patients with multiple 
indications for  liver 
resection;   patients with 
indication for liver  resection   
for hepatocellular carcinoma 
and for  metastatic colorectal 
cancer   

 Laparoscopic 
 liver resection   

 Open  liver 
resection   

 Short-term: EBL, 
transfusion rate, 
postoperative  morbidity   
and  mortality,   LOS, 
surgical margins, cost 
 Long-term:  overall survival   
and disease-free  survival   
for  resection   of 
malignancies 
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       Results 

    Short-Term Outcomes of Laparoscopic  Liver   Resection 

 Several cohort studies have compared the perioperative  outcomes   of patients sub-
mitted to  laparoscopic   liver  resection   with those of patients who underwent  open   
 liver resection  . In a study examining the comparative benefi ts of laparoscopic vs. 
open  hepatectomy  , Nguyen et al. analyzed 31 case-cohort matched comparative 
studies that compared laparoscopic liver  resection   in 1,146 patients to open liver 
resection in 1,327 patients [ 3 ]. The short-term benefi ts of laparoscopic liver resec-
tion were signifi cantly less blood loss (14 studies), less pRBC transfusions (4 stud-
ies), less post-operative  pain  /narcotic use (8 studies), quicker resumption of diet (8 
studies), less overall  morbidity   (7 studies), and shorter length of stay (24 studies). 
For HCC and mCRC, there was no difference in 3- or 5-year  overall survival   when 
compared with well-matched open  hepatic resection   cases. Thus, the short-term 
benefi ts of laparoscopic liver resection were realized without compromising long- 
term oncologic outcomes. 

 Several recent meta-analyses have addressed short-term benefi ts of  laparoscopic   
liver  resection   compared to  open    liver resection   by analyzing comparative series 
[ 4 – 6 ] (Table  10.2 ). These studies have included liver resections for multiple indica-
tions as well as those specifi cally performed for HCC and mCRC. Rao et al. [ 5 ] 
included 32 studies published between 1998 and 2009, including excision of malig-
nant lesions, benign lesions or both, as well as one study in which the indication was 
live liver donation for transplantation. Most studies described different types of liver 
resections and matched the laparoscopic and open  resection   groups based on char-
acteristics of the patients (i.e. age, gender, presence of  cirrhosis   and ASA classifi ca-
tion), the lesions (i.e. size, location and etiology) and related to the operation (i.e. 
type of resection). A total of 2,466 patients were included, 1,161 (47.1 %) in the 
laparoscopic group and 1,305 (52.9 %) in the open group. Laparoscopic liver resec-
tion was associated with decreased postoperative  morbidity   (Odds Ratio [OR] 0.62; 
95 % Confi dence Interval [CI] 0.20–0.76), decreased length of stay (LOS) (Weighted 
mean difference [WMD] −2.96; 95 % CI −3.70 to −2.22 days) and decreased need 
for blood transfusion (OR 0.36; 95 % CI 0.23–0.74). The incidence of positive sur-
gical margins for the resection of malignant lesions was also lower in the laparo-
scopic group (OR 0.30; 95 % CI 0.20–0.76), according to the data in 6 of the 32 
studies. Mortality rate was reported in 18 of the 32 studies and was not signifi cantly 
different between both groups (p = 0.80).

   Yin and colleagues [ 6 ] included 15 studies published between 2001 and 2011, 
where  laparoscopic   liver  resection   was compared to  open    resection   exclusively for 
the treatment of HCC. Lesions were either solitary, restricted to the left lateral lobe 
or the peripheral subcapsular right segments of the liver and were treated by limited 
resection (three or fewer segments). Among patients treated with laparoscopic 
resection, there were signifi cant decreases in EBL (WMD −225, 95 % CI −385 to 
−64 ml), need for blood transfusion (OR 0.36; 95 % CI 0.17–0.74), postoperative 
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complications (OR 0.37; 95 % CI 0.27–0.52) and LOS (WMD −4.81; 95 % CI 
−6.66 to −2.96 days). There was no signifi cant difference in the rate of negative 
margins (OR 1.63; 95 % CI 0.82–3.22). 

 The most recent meta-analysis, by Schiffman and colleagues [ 4 ], summarized 
data published between 2009 and 2013 that compared  laparoscopic    surgery   to  open   
 resection   for the treatment of hepatic mCRC. Only matched cohorts were included, 
resulting in 8 studies with 242 patients submitted to laparoscopic surgery and 368 
patients submitted to open resection. The fi ndings also showed improvement in 
perioperative  outcomes   for patients who underwent laparoscopic surgery, including 
reduced EBL (standard mean difference [SMD] – 0.70; 95 % CI 0 to −1.41), need 
for blood transfusion (OR 0.51; 95 % CI 0.32–0.81), postoperative  morbidity   (OR 
0.70; 95 % CI 0.52–0.96) and LOS (SMD −1.50; 95 % CI −2.60 to −0.41). 

 Although there is some redundancy in the articles included in the three meta- 
analyses, the effect of  laparoscopic    surgery   in the perioperative  outcomes   is consis-
tent and with large magnitude. It is possible, however, that important confounders 
have not been accounted for in these observational studies. For example, more 
accessible lesions may have been chosen for the laparoscopic approach, which 
could result in overestimation of its effect. Additionally, the determination of how 
accessible a tumor is can be hard to measure and varies considerably among sur-
geons. Further, inherent selection bias exists even in well-matched case cohort 
series. 

 In addition to the favorable perioperative  outcomes   associated with  laparoscopic   
liver  resection  , there is evidence suggesting laparoscopic  liver resection  s may be 
more cost-effective as well. In a retrospective cohort study, Vanounou and col-
leagues [ 10 ] found that laparoscopic left lateral sectionectomy was $1,527–2,939 
more cost effective per patient compared to  open   left lateral sectionectomy. Bhojani 
and colleagues [ 11 ] reported results from 57 patients who underwent attempted 
laparoscopic  resection   matched to 2 open cases for multiple parameters including 
the number of segments removed. Eight (14 %) cases were converted to open and 
most perioperative outcomes were similar between the two groups. The median cost 
for laparoscopic  surgery   was lower when compared to open resections ($11,376 vs 
$12,523), but the difference did not achieve statistical signifi cance (p = 0.077). 
Another retrospective cohort by Cannon and colleagues [ 12 ] found an overall 
decrease in cost of liver resections performed laparoscopically (weighted average 
mean cost [WAMC] of $58,401 versus $69,728 for open resections). However, 
when only right hepatectomies were considered, the laparoscopic approach actually 
resulted in increased cost (WAMC $69,544 versus $68,266 for open resection), 
despite the fact that the patients in the laparoscopic group were more likely to have 
an “on course” hospitalization—suggesting that the cost effectiveness of laparo-
scopic surgery may vary according to the complexity of the procedure.  
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    Long-Term Outcomes in Laparoscopic  Liver   Resection 

 Evaluation of the oncological adequacy of the  laparoscopic   approach to  liver resec-
tion   is crucial when this technique is applied to the treatment of malignancies. 
Concerns are mainly related to the rate of negative margins achieved and the ability 
to recognize occult metastasis, which would result in decreases in the disease-free 
and  overall survival  . 

    Hepatocellular Carcinoma 

 Several studies have reported long-term results on cohorts of patients who under-
went  laparoscopic    resection   of HCC. These studies included retrospective or pro-
spective cohorts of patients submitted to laparoscopic  surgery   compared to 
retrospective cohorts of patients submitted to  open   resection (Table  10.3 ). With the 
exception of one study, which reported a signifi cantly higher 3-year  survival   rate for 
those submitted to laparoscopic resection (89 % versus 55 % in the open resection 
group) [ 13 ], no signifi cant differences in disease-free or  overall survival   were 
observed. The largest study, by Ker and colleagues, [ 14 ] included 116 patients sub-
mitted to laparoscopic resection and 208 patients submitted to open resection. 
Overall survival was comparable between both groups (3- and 5-year overall sur-
vival 70 % and 62 % for laparoscopic and 76 % and 72 % for open resection). The 
meta-analysis by Yin and colleagues [ 6 ] included 12 studies that reported long-term 
 outcomes   of patients operated for HCC. The pooled hazard ratio (HR) for 3- and 
5-year overall survival for laparoscopic surgery was 0.98 (95 % CI 0.72–1.33) and 
0.99 (95 % CI 0.74–1.33), respectively. Similarly, the pooled HR for 3- and 5-year 
recurrence free survival was not signifi cantly different for those submitted to lapa-
roscopic surgery when compared to open (HR 1.04; 95 % CI 0.81–1.34 and HR 
1.01; 95 % CI 0.75–1.35, respectively). More importantly, no signifi cant heteroge-
neity was found between the studies.

       Metastatic Colorectal Cancer 

 Long-term results for patients submitted to  laparoscopic   and  open    liver resection   for 
 metastatic colorectal cancer   are summarized in Table  10.4 . Of the 11 cohort studies 
identifi ed in the literature review, all but one matched with regard to clinical, tumor 
and/or procedure-related characteristics, and there were no difference in disease- 
free or  overall survival   between patients in the laparoscopic and open liver  resection   
cohorts. The studies included a minimum of 13 and a maximum of 60 patients in the 
laparoscopic group. Disease-free  survival   was reported in seven studies, ranging 
between 14 % and 63 % in 3-years and 14 % and 42 % in 5-years for those who 
underwent laparoscopic resection, and between 18 % and 46 % in 3-years and 18 % 
and 38 % in 5-years for patients who underwent open resection.
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   In the meta-analysis by Schiffman and colleagues [ 4 ], which included eight 
matched cohort studies comparing  laparoscopic   versus  open    resection   of colorectal 
liver metastasis, long-term  outcomes   were reported in all studies. Again, there were 
no differences in disease-free and  overall survival   between laparoscopic and open 
resection cohorts. The 3- and 5-year mean disease-free  survival   was 47.1 % and 
31.9 % in the laparoscopic group and 40.4 % and 25.5 % in the open resection 
group. The 3- and 5-year mean overall survival rate was 72.7 % and 51.4 % in the 
laparoscopic group and 67.2 % and 45.9 % in the open resection group. Importantly, 
the mean number of metastasis was 1.4 for the laparoscopic group and 1.5 for the 
open resection group (p = 0.14), implying that the data on long-term results of lapa-
roscopic resection for mCRC  cancer   is only applicable to patients with limited dis-
ease (one or two tumors). 

 Of note, there have been no reports of peritoneal tumor seeding with  laparo-
scopic   liver  resection   of neither HCC nor mCRC. 

 The major limitation of the data on long-term  outcomes   comparing  laparoscopic   
and  open    liver resection  s is the lack of randomized trials. Despite the fact that most 
cohorts were matched with regard to signifi cant clinical, tumor and procedure- 
related factors, residual confounding and selection bias is certainly a possibility in 
these observational studies.    

    Recommendations 

 Laparoscopic  liver resection   is associated with decreased EBL, need for transfu-
sion, perioperative  morbidity  , and LOS when compared to  open   liver  resection  . 
Although this data is entirely based on observational studies, the magnitude of the 
effects is high and there is consistency across several studies (evidence quality mod-
erate). The rate of negative margins is at least equivalent between the two tech-
niques (evidence quality low). Laparoscopic  surgery   seems to be cost-effective, 
especially for minor liver resections (evidence quality very low). 

 Long-term term  outcomes  , disease-free  survival   and  overall survival  , are equiva-
lent in patients with either HCC or limited (one or ;two lesions)  metastatic colorec-
tal cancer   submitted to  laparoscopic   liver  resection   when compared to  open    liver 
resection  . Yet, the lack of randomized trials raises concerns regarding selection bias 
and residual confounding variables. It is plausible that surgeons selected patients 
with tumors with more favorable characteristics, such as tumor location, for laparo-
scopic procedures, which would overestimate the treatment effect of the laparo-
scopic procedure (evidence quality low). 

 We therefore make a weak recommendation for  laparoscopic   liver  resection   in 
patients with liver lesions, including hepatocellular carcinoma and limited  meta-
static colorectal cancer  , for the potential benefi ts in perioperative  outcomes   and pos-
sibly cost, with no evidence showing compromise in long-term outcomes for 
patients with malignancy.  
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    A Personal View of the Data 

 Laparoscopic  liver resection  s have been performed safely in over 8,000 patients 
worldwide. Patient selection according to the surgeon’s expertise is key to assure 
the short-term benefi ts of  laparoscopic    surgery  . The current evidence also suggests 
long-term  outcomes   for  laparoscopic liver resection   are equivalent to those for  open   
liver resections in well-selected patients, when the procedure can be performed 
without compromising the oncological adequacy. A more precise estimation of the 
treatment effect of laparoscopic liver  resection   in short- and long-term outcomes 
can only be determined by randomized trials, which may be diffi cult to perform 
when patients have a choice between laparoscopic and open resections.  

    Recommendations 

•     Laparoscopic  liver resection   should be considered for patients with benign liver 
lesions, as it is associated with decreased  morbidity   and LOS (evidence quality 
moderate; strong recommendation).  

•   Laparoscopic  liver resection   can be considered for patients with malignancies 
such as HCC or limited metastatic colorectal lesions (one or two tumors), as it is 
associated with improved short-term  outcomes   without detriment to long-term 
outcomes (evidence quality low; weak recommendation).        
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    Chapter 11   
 Clinical Management of Pyogenic Liver 
Abscesses                     

       Trevor     W.     Reichman      and     W.     Grayson     Terral   

    Abstract     Pyogenic liver abscesses are rare but if handled inappropriately can be 
life-threatening. Early experiences with the management of these liver abscesses 
yielded high morbidity and mortality. However, over the last three decades, treat-
ment has moved away from surgery as the front-line therapy and has evolved to 
include less invasive interventional radiologic procedures. This change in paradigm 
has been accompanied by shorter length of hospital stay and decreased morbidity 
and mortality. Despite these fi ndings in the general population, patients that develop 
pyogenic liver abscesses following a liver transplant have a much higher morbidity 
and mortality, with some ultimately requiring retransplantation. When managed 
appropriately and in many cases with a multi-modality approach, patients with pyo-
genic liver abscesses can achieve excellent clinical outcomes.  

  Keywords     Liver abscess   •   Pyogenic   •   Percutaneous aspiration   •   Percutaneous 
drainage   •   Hepatectomy of liver abscess  

      Introduction 

 Pyogenic  liver abscess  es are relatively uncommon occurrences, with an incidence 
ranging from 1.1 to 2.3 cases per 100,000 based on the most recent population- based 
studies [ 1 ,  2 ]. Although liver abscesses are uncommon, if left untreated, risk signifi -
cant  morbidity   and  mortality  .  Liver   abscesses were fi rst described by Ochsner and 
Debakey in 1938, and surgical drainage was the primary treatment recommendation 
[ 3 ]. Despite intervention, overall mortality was 77 %. Since then, therapy has evolved 
with the advent of improved diagnostic imaging, antibiotics, and  percutaneous   inter-
vention and this has improved the mortality in more recent studies to between 6 % 
and 14 % [ 4 – 6 ]. In the past 30 years, the advent and wide spread acceptance of 
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 percutaneous aspiration   and  percutaneous drainage   along with antibiotic regimens 
has supplanted surgical intervention as the primary treatment modality. 

 As the etiology of  pyogenic    liver abscess   has evolved, the appropriate treatment 
modality has evolved as well. Appropriate patient selection based on etiology, nutri-
tional status, abscess characteristics, and institutional interventional options should 
be considered. This chapter addresses the indications for surgical intervention,  per-
cutaneous    aspiration   or drainage, and antibiotics therapy alone.  

    Search Strategy 

 A literature search of English language publications from 1980 to 2014 was used to 
identity published data on  pyogenic    liver abscess   using the  PICO   outline (Table  11.1 ). 
Databases searched were PubMed, Ovid MEDLINE, and Cochrane Reviews. Terms 
used in the search were “pyogenic liver abscess, etiology”, “pyogenic liver abscess, 
treatment”, “pyogenic liver abscess AND  percutaneous    drainage   or  percutaneous 
aspiration  ”, “pyogenic abscess, antibiotics”, “pyogenic liver abscess risk”, “pyo-
genic liver abscess AND  surgery   versus drainage”.

      Etiology of  Liver   Abscesses 

 In review of the etiology by Johannsen et al. and Rahimian et al. abscesses can be 
classifi ed by the presumed route: biliary, portal venous, hepatic artery, direct exten-
sion, and traumatic [ 7 ,  8 ]. Biliary causes include suppurative  cholangitis  , the most 
common identifi able cause, Caroli’s disease, and  Ascaris lumbricoides  invasion in 
the developing world. According to Seeto and Rockey’s review, 52 of 142 identifi -
able causes (37 %) were attributed to biliary disease [ 9 ]. Eleven of the 52 had malig-
nant lesions, 31 had cholelithiasis or  choledocholithiasis  , 8 had strictures, and 2 
with biliary  cirrhosis  . Appendicitis, historically the most common identifi able 
cause, along with diverticulits, pancreatitis, infl ammatory bowel disease, and 
abdominal  surgery   all represent common portal venous causes of abscesses. Again, 
Seeto and Rockey’s review identifi ed 16 of 142 patients with a portal venous system 
etiology as the cause for their  liver abscess  : 5 from diverticulitis, 4 from appendici-
tis, 3 with perforation of the small bowel, 2 patients with IBD, and 2 with other 
intra-abdominal infections [ 9 ]. Any systemic bacterial infection can lead to liver 
abscess, but as found at autopsy, these abscesses are typically micro-abscesses and 

   Table 11.1     PICO   table for assessment of treatment of  pyogenic    liver abscess  es   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcomes) 

 Patients with  pyogenic   
 liver abscess   

 Surgical 
drainage 

 Percutaneous drainage or 
aspiration, antibiotics alone 

 Mortality,  morbidity, 
resolution of abscess   
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are not identifi able by imaging. Direct extension includes cholecystitis, perinephric 
abscesses, and subdiaphragmatic abscesses. Traumatic causes include penetrating 
trauma but also include ingestion of foreign objects, blunt trauma with resultant 
infected hepatic hematoma, tumor necrosis, and sickle cell disease. Lastly, crypto-
genic liver abscesses have become the most common fi nding and predominated in 
reviews from both Rahimian et al. and Rockey and Seeto with cryptogenic causes as 
48 % and 40 % respectively [ 8 ,  9 ].  

    Predicting Prognosis 

 Several attempts have been made to try to stratify patients into risk categories in 
attempt to identify patients that might have a higher risk of  mortality   and/or a more 
complicated clinical course. Theoretically, stratifying patients should help to iden-
tify individuals that warrant more aggressive clinical  management   of their abscess 
up front rather then taking a more conservative approach. Chen et al. studied 298 
patients with  pyogenic    liver abscess  es with an overall mortality rate of 10 % [ 10 ]. 
The authors demonstrated by multivariate analysis that the Acute Physiology and 
Chronic Health Evaluation II (APACHE II score), SAPS II score, the presence of a 
gas-forming abscess, or an anaerobic infection was associated with higher mortal-
ity. These fi ndings were further substantiated in a study by Hsieh et al. which found 
that a more aggressive approach in patients with APACHE II scores greater than 15 
were associated with better clinical  outcomes   [ 11 ]. 

 In addition to  mortality  , Alvarez Pérez et al. examined 133 patients in an attempt 
to identify risk factors associated with a complicated clinical course from a  pyo-
genic   abscess [ 12 ]. They found by multivariate analysis that patients that present 
with shock, a hemoglobin <10 g/dl, an elevated PT (>17) and/or polymicrobial 
infections were more likely to have a complicated clinical course. In this study, the 
overall rate of patients with a complicated clinical course was 36 %. In addition, the 
authors also identifi ed factors that were associated with patient mortality. Pyogenic 
abscesses associated with a biliary origin, multiple abscesses, a low hemoglobin 
(<10 g/dl), or an elevated BUN (>28 mg/dL) were associated with death by multi-
variate analysis. In addition, the presence of shock was the highest predictor of 
mortality by multivariate analysis with an odds ratio of 22.66. An additional study 
by Ruiz-Hernández et al. also reported similar fi ndings in that patients that develop 
sepsis and/or are in septic shock are at high risk of mortality [ 13 ].  

    Treatment Options 

 Interventions for  pyogenic   hepatic abscesses range in degree of invasiveness from 
antibiotic therapy alone to more aggressive therapies such as  hepatic resection  . 
Trials comparing methodologies to manage pyogenic  liver abscess  es are presented 
in Table  11.2 .
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      Antibiotic Therapy 

 Antibiotic therapy is almost universally used in conjunction with other treatment 
modalities. However, in the absence of positive blood cultures, the disadvantage to 
treatment of  liver abscess  es without any intervention is a lack of the ability to iden-
tify the offending organism(s) in which antibiotic therapy can be tailored. Current 
recommendations for antibiotic treatment of  pyogenic   hepatic abscesses include 
empiric coverage of  Enterobacteriaceae , enterococci, anaerobes, and in certain sit-
uations staphylococci and streptococci. Empiric regimens should include a beta- 
lactam/beta-lactamase inhibitor combination, carbapenem, or second-generation 
cephalosporin with anaerobic coverage. Metronidazole or clindamycin should be 
included in the antibiotic regimen to cover  Bacteroides fragilis  if not covered by the 
initial antibiotic(s). Systemic antifungal agents should also be initiated if a fungal 
abscess is suspected. Once cultures and sensitivities are available, the antibiotic 
regimen should be tailored appropriately. The recommended duration of antibiotic 
therapy should be 4–6 weeks. However, this may potentially be shortened in patients 
that have undergone drainage and an uncomplicated clinical course [ 14 ]. 

 Earlier reports demonstrated inferior results in patients treated with antibiotics 
alone versus an intervention plus antibiotics [ 12 ]. However, in appropriately selected 
patients, antibiotic therapy alone can be effective in the treatment of certain  pyo-
genic   abscesses. In a series by Hope et al .  the authors stratifi ed 107 patients with 
pyogenic  liver abscess  es into 3 categories: (1) <3 cm, (2) Unilocular, >3 cm, and (3) 
Complex, multilocular, >3 cm [ 15 ]. Patients were also stratifi ed into three treatment 
algorithms that included one of the following treatment arms: (1) Antibiotics alone, 
(2) Percutaneous drainage plus antibiotics, or (3) Surgery. In this series, antibiotic 
therapy alone was effective in 100 % of patients with hepatic abscesses <3 cm in 

   Table 11.2    Trials comparing treatment modalities for  pyogenic    liver abscess  es   

 First 
author, year 

 Study 
type  n  Comparison  Outcome 

 Yu, 2004  RCT  64  Percutaneous 
aspiration vs. qCD 

 Equivalent 

 Zerem, 
2007 

 RCT  60  Percutaneous 
aspiration vs. CD 

 Improved with CD 

 Rajak, 1998  RCT  50 (11 with PLA)  Percutaneous 
aspiration vs. CD 

 Improved with CD 

 Tan, 2005  RR  80 (PLA >5 cm)  CD vs.  surgery    Improved with Surgery 
 Hsieh, 2008  RR  81 (APACHE II 15)  CD vs.  surgery    Improved with  surgery   
 Chou, 1997  RR  483 (single vs. 

multiple PLA) 
 CD vs.  surgery    Single = CD 

 Multiple =  surgery   
 Hope, 2008  RR  107  Abx vs. CD vs. 

 surgery   
3 cm = Abx 
 >3 cm, UL = CD 
 >3 cm, ML =  surgery   

   RCT  randomized controlled trial,  CD  catheter drainage,  PLA   pyogenic    liver abscess  ,  RR  retrospec-
tive review, APACHE II,  Abx  antibiotics,  UL  uniloculated,  ML  multiloculated  
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size. Hsieh et al. also demonstrated successful treatment of <3 cm abscesses with 
antibiotics alone, even in patient with high APACHE II scores [ 11 ]. Similarly, 
Rahimian et al .  reported successful treatment of approximately 17 % of their 
patients (14 of 70 patients) treated for pyogenic liver abscess with no treatment 
failures requiring additional interventions [ 8 ].  

    Radiologic Intervention 

 Percutaneous  radiologic   interventions (e.g. aspiration or placement of an indwelling 
catheter) are becoming more commonly the modality of choice for patients with 
pyogenic liver abscesses. Percutaneous interventions serve two purposes: (1) They 
drain the underlying infection and (2) They provide abscess contents for culture and 
sensitivity. There have been several studies that have demonstrated similar or 
decreased  mortality   rates in patients treated with  percutaneous   intervention versus 
 open   surgical drainage or  resection   [ 8 ,  9 ,  12 ,  16 ]. 

 The optimal  percutaneous   approach to abscess drainage (intermittent needle 
aspiration versus continuous indwelling catheter and drainage) is still debated. 
Intermittent needle aspiration has the advantage in that it is easier and more cost 
effective to perform and is also less painful for the patient. The one disadvantage is 
that it typically requires multiple interventions. In a randomized-controlled trial by 
Yu et al. the authors compared intermittent needle aspiration to continuous catheter 
drainage in 64 consecutive patients with a  pyogenic    liver abscess  . There was no 
statistically signifi cant difference in  outcomes   from either treatment modality, 
however, there was a trend toward higher treatment success rate, shorter hospital 
stay, and lower  mortality   rate in patients treated with needle aspiration [ 6 ]. However, 
a similar randomized study by Rajak et al .  demonstrated an improved outcome 
using percutaneous catheters versus needle aspiration. However, this report has 
been criticized due to the low sample size of confi rmed pyogenic abscesses (n = 11) 
and the limitation on the number of aspirations allowed (2). A more recent study 
however appeared to confi rm these fi ndings and again demonstrated improved out-
comes with catheter drainage versus intermittent needle aspiration in a randomized 
controlled trial with no treatment failures occurring in the percutaneous catheter 
group [ 17 ]. 

 Previously, the effectiveness of catheter-based drainage has been questioned in 
patients with multiloculated abscesses. However, a recent publication by Liu et al .  
compared 109 patients with either uniloculated or multiloculated abscesses who 
were all treated with  percutaneous   catheter drainage [ 18 ]. Clinical success ranged 
between 87 and 92 % regardless of whether the patient had single or multiple 
abscesses or the abscess was uniloculated or multiloculated, indicating potentially 
all abscesses regardless of their characteristics should have a trial of  percutaneous 
drainage  . Overall  mortality   reported in this series was 3.5 %. However, no compari-
son to other modalities was made. 

 In a series from Memorial Sloan-Kettering, Mezhir et al .  examined their series of 
hepatic abscesses (n = 51) of which 88 % occurred the setting of a history of  cancer  . 
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Twenty-two percent of the patient had previously underwent local-regional therapy 
(transarterial chemoembolization or radiofrequency ablation). Percutaneous drain-
age was successful in 66 % of patients; 9 % of patients required surgical interven-
tion. The presence of yeast and/or communication with the biliary tree was 
associated with poorer  outcomes  . Overall  mortality   was 26 %, however many of 
these patients (60 %) died of progression of disease [ 19 ].  

    Surgical Therapy 

 Prior to the advent of  percutaneous   radiology-based interventions,  surgery   was the 
mainstay of treatment for patients with  pyogenic    liver abscess  es. However, based on 
review of the current literature, the paradigm has clearly switched from surgical 
drainage to percutaneous procedures. However, in certain subsets of patients, surgi-
cal intervention might still be the most appropriate fi rst line therapy. In patients with 
large abscesses (>5 cm), there may still be a role for  open   surgical drainage. Tan 
et al .  compared PD to surgical drainage (SD, 36 patients versus 44 patients, respec-
tively) in patients with pyogenic liver abscesses greater then 5 cm in size [ 20 ]. The 
authors examined time to defervescence of fever, treatment failure, secondary pro-
cedures, length of hospital stay,  morbidity   and  mortality  . Of these endpoints, patients 
that had SD had less treatment failures, less secondary procedures performed, and 
shorter length of stays. There was no statistical difference between morbidity and 
mortality. Hope et al .  also noted a high treatment failure rate in patients with large, 
multiloculated abscesses (67 %). In comparison, patients treated with surgery up 
front had no recurrence of their abscess [ 15 ]. In contrast to this, a recent publication 
from 2009 noted a 87 % clinical success rate in patients treated  percutaneous drain-
age   with an average abscess size of 8.3 cm [ 18 ]. No comparison to other treatment 
modalities was made in this series. 

 Patients also who score high on a severity-of-disease classifi cation system may 
also warrant a more aggressive approach. Hsieh et al .  compared the  outcomes   of 
patients with an APACHE II score that underwent initial  percutaneous    drainage   
versus surgical drainage [ 11 ]. The authors found a higher treatment success rate and 
a lower  mortality   rate in patients treated initially treated with  surgery  . In addition, 
less antibiotic use and a shorter length of stay were also noted in the group in which 
surgery was performed upfront. 

 Additional clinical fi ndings might also warrant a surgical approach. Chou et al. 
demonstrated a high failure rate in patients that underwent catheter-based therapy in 
the setting of multiple abscesses [ 21 ]. The presence of fungus in the abscess culture 
also appears to increase catheter-based treatment failure. On multivariate analysis, 
yeast in the abscess culture was identifi ed as a risk factor for treatment failure via a 
 percutaneous   approach [ 19 ]. Strong et al .  also reviewed there experience with 
patients treated for abscess and concluded that a non-surgical approach should be 
undertaken for patients with  pyogenic    liver abscess  es. However, for patients that 
present with an initial intraperitoneal abscess rupture or in cases of  hepatobiliary   
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pathology causing multiple abscesses above an obstructed duct system, primary 
surgical treatment of pyogenic liver abscess is likely indicated [ 22 ].  

     Liver   Abscess After Liver Transplantation 

 Although rare,  pyogenic    liver abscess  es following  liver transplant   ation   can be chal-
lenging to manage, with many of these occur in the setting of vascular compromise 
to the liver graft. Hepatic artery thrombosis is almost always the cause and is often 
associated with biliary tree necrosis and/or  biliary stricture  s [ 23 ]. Management of 
these abscesses can be challenging since with a compromised blood supply, the 
infection is very diffi cult to clear. In addition, clinicians are often faced managing 
these patients in the setting of chronic immunosuppression. Tachopoulou et al .  
reviewed their experience at the Cleveland Clinic from 1990 to 2000 in solid organ 
transplant patients and identifi ed 12 patients, all liver transplant recipients, with 
hepatic abscesses [ 24 ]. Thirteen patients underwent aspiration of the abscess from 
which 30 microbial isolates were obtained. Of these, 15 were gram-positive aerobic 
bacteria, 9 were gram-negative aerobic bacteria, and 3 were anaerobic. All patients 
except one were initially treated with  percutaneous   intervention. The overall  mor-
tality   of the infected patients in this series was 36 %, signifi cantly higher then that 
reported for non-transplant patients. Five patients required retransplantation. 
Similarly, Nikeghbalian reviewed their experience and identifi ed 5 patients out of 
560 liver transplant recipients with a hepatic abscess. Overall mortality in their 
series was 40 % [ 25 ].   

    Personal Experience 

 As detailed by the authors of several of the quoted manuscripts in this chapter, 
although now rare in the United States, in our experience,  pyogenic   abscesses when 
diagnosed can be challenging to manage, often occurring in older, debilitated 
patients. A combination approach which includes broad-spectrum antibiotics and 
 percutaneous   intervention is typically performed. Although it is ideal to obtain cul-
tures prior to the initiation of antibiotic therapy, it is rarely the case as many of these 
patients present in extremis and empiric antibiotics have already been started prior 
to any workup being initiated. Once antibiotic therapy has started,  percutaneous 
aspiration   plus or minus placement of a pigtail catheter depending on the size of the 
abscess is almost routinely performed. Patients are typically reimaged 5–7 days fol-
lowing catheter placement to assess for adequate drainage; sooner if the patients 
clinical course is not improving. Repeat interventions are performed including 
upsizing of catheters as needed to maximize drainage. Antibiotics are eventually 
tailored once cultures and sensitivities have been obtained. Surgery is rarely indi-
cated, and is only reserved for patients that have failed multiple attempts at percuta-
neous interventions. In patients with a prior  liver transplant  ,  liver abscess  es can be 
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challenging. Hepatic arterial thrombosis should always be ruled out, either by  CT   
angiogram or  ultrasound  . Interrogation of the biliary system either via MRCP or 
 ERCP   should also be performed to rule out biliary necrosis and/or biliary strictur-
ing. In patients that fail intervention, many will require liver retransplantation espe-
cially if biliary or vascular complications are present.   

    Summary 

 Excellent  outcomes   can be obtained from patients with  pyogenic    liver abscess  es 
when managed appropriately. First-line therapy should include a  percutaneous    aspi-
ration   or trans-catheter drainage of the abscess in order to control the infection and 
obtain a sample for culture and sensitivity. All patients should be treated with broad 
spectrum antibiotics which can be tailored to the organism once identifi ed for a 
duration of 4–6 weeks. Surgery should be reserved for patients that fail fi rst line 
therapy, but can also be warranted in patients with large (>5 cm) abscesses or 
patients who present with high APACHE II scores, depending on the experience and 
expertise of the interventional radiology department.  

    Recommendations 

•     Percutaneous drainage is fi rst line therapy for the treatment of  pyogenic    liver 
abscess  es and surgical drainage or  resection   should be considered in patients 
who fail initial therapy especially in patients with a large, multi-loculated (>5 
cm) abscess (evidence quality good – strong recommendation)  

•   Surgery should be considered for patients with high APACHE II scores (evi-
dence quality poor – weak recommendation).  

•   Antibiotics alone are suitable fi rst line therapy for abscesses less then 3 cm, how-
ever, aspiration should be considered in order to tailor antibiotics if possible 
(evidence quality good – strong recommendation)        
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    Chapter 12   
 Which Is Better Local Therapy for HCC, 
RFA or TACE?                     

       Thuong     G.     Van Ha    

    Abstract     Loco-regional therapies such as radiofrequency ablation and transarterial 
chemoembolization have been used in the treatment of hepatocellular carcinoma 
not suitable for resection and have proven to increase survival. To improve out-
comes, it is important to identify patient populations who can be appropriately 
treated with these modalities.  

  Keywords     Hepatocellular carcinoma (HCC)   •   Radiofrequency ablation (RFA)   • 
  Transarterial chemoembolization (TACE)  

      Introduction 

 Worldwide, hepatocellular carcinoma (HCC) is the sixth most common  cancer   and 
third leading cause of cancer-related deaths [ 1 ]. Historically, the rates of HCC have 
been lower in the United States compared to other countries. However, the inci-
dence in the US tripled between 1975 and 2005 [ 2 ]. Given current  screening   proto-
cols of patients with known  cirrhosis  , HCC is now increasingly recognized at an 
early stage [ 3 ]. Still, most patients are diagnosed in late stages so that less than 
one-third of the patients are candidates for surgical treatments such as  resection   or 
 liver transplantation      [ 4 – 6 ]. For patients who do not qualify for resection or liver 
transplantation, loco-regional therapies such as transcatheter arterial chemoemboli-
zation (TACE) and thermal ablation are accepted treatments that prolong  survival   
by eradicating or controlling tumor while preserving liver function [ 7 ]. Both tech-
niques have limitations in treating HCC, with incomplete necrosis of tumor and 
subsequent tumor recurrence using TACE, and inadequate control of medium to 
large size HCC for both TACE and ablative therapy. 
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 The Barcelona-Clinic  Liver   Cancer classifi cation groups patients into fi ve stages 
and allocates treatment according to their status [ 8 – 10 ]. Briefl y, very early stage 
refers to HCC with tumor <2 cm in diameter, and early stage refers to with single 
tumor =/>2 cm or up to three satellite nodules, each </= to 3 cm. Intermediate HCC 
refers to multinodular asymptomatic patients and advanced HCC with symptomatic 
tumor, macrovascular tumoral involvement, or extrahepatic disease. Advanced 
stage and terminal stage are the last two stages where  surgery   and loco-regional 
therapy do not have a role. 

 Surgery when possible is the mainstay of therapy for HCC. Resection is consid-
ered fi rst line treatment option for patients with a single tumor and well preserved 
liver function. For patient within Milan criteria or with mild portal hypertension not 
suitable for  liver transplant   ation  ,  resection   can be performed though there is no 
strong evidence for this strategy.  Liver   transplantation is considered fi rst line for 
patients meeting Milan criteria who cannot undergo resection. Loco-regional ther-
apy is considered if waiting list exceeds 6 months. 

 Local ablation is considered standard of care for patients with BCLC 0-A (very 
early-early stages) with tumors not suitable for  surgery  . This advocacy is based on 
studies showing good results with smaller tumors. Currently radiofrequency abla-
tion ( RFA  ) is considered the modality of choice due to evidence of better control 
than  percutaneous   ethanol injection (PEI) [ 11 ]. Evidence with other modalities such 
as microwave ablation (MWA) is lacking though their use is increasing [ 12 ]. RFA 
can be performed by  open   surgery, through  laparoscopic   approach, or more com-
monly using the percutaneous approach under  radiologic   guidance. RFA works by 
ionic agitation creating local rise in temperature and in the process causes cell death 
through coagulative necrosis [ 13 ]. However, RFA has limitations, including size 
threshold of the treated area and the “heat sink effect,” where tumor adjacent to 
blood vessels is spared as the heat is carried away by the fl owing blood. 

 TACE has been recommended for patients with BCLC stage B (intermediate). 
The use of TACE is recommended in part due to two radomized control trials (RCT) 
that showed  survival   benefi t of TACE in unresectable HCC, though the numbers of 
subjects were small and the chemotherapeutic agents used in each trial was different 
[ 14 ,  15 ]. TACE is a transarterial technique, usually through a common femoral arte-
rial approach, that delivers chemotherapeutic agent or agents through a catheter 
placed in the hepatic artery feeder vessels to the tumor, followed by  embolization   
which blocks further fl ow to the tumor. The goal of this technique is to deliver a high 
dose of chemotherapeutic agent to the tumor while sparing the rest of the liver 
parenchyma (i.e.,  chemotherapy   is injected directly into the tumor) and to decrease 
washout of the agent (i.e., by embolization) thereby prolonging drug effect while 
limiting systemic toxicity [ 13 ]. 

 We seek to see whether there is any evidence comparing the use of ablative 
therapy to TACE in patients who are in BCLC 0-A and BCLC B stages.  
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    Search Strategy 

 A literature search of English language publications was performed in the time 
period of 2000–2014. Publications were identifi ed on the subject of chemoemboli-
zation and radiofrequency ablation for hepatocellular carcinoma. 

 Terms used: Transarterial chemoembolization, TACE, chemoembolization,  RFA  , 
radiofrequency ablation, thermal ablation, AND hepatocellular carcinoma OR 
HCC. 

 Databases used were PubMed and Embase. 
 Articles were excluded if they addressed surgical treatment of HCC or compari-

son between surgical  resection   TACE and/or  RFA  . In addition, studies involving 
sorafenib or adjuvant and  neoadjuvant    chemotherapy   were also excluded.  

    Results 

 No randomized control trials were identifi ed comparing  RFA   to TACE head to head. 
There were three retrospective studies comparing RFA to TACE (Table  12.1 ).

   Hsu et al. [ 16 ] retrospectively analyzed data that were prospectively collected in 
an 8 year period, in two cohorts of patients who met the Milan criteria. Three hun-
dred fi fteen patients underwent  RFA   and 215 received TACE. From each arm, 101 
matched patients were selected to create a propensity score model. Long term  sur-
vival   signifi cantly favored the RFA group (P = 0.048). However, in the propensity 
score model, there was no signifi cant difference in long term survival between the 
two groups. The study also found that total tumor volume less than 11 cm 3  have 
signifi cantly longer survival with RFA treatment (P = 0.032). 

 Kim et al. [ 17 ] reported a retrospective study of  RFA   versus TACE in the treat-
ment of single HCC smaller than 2 cm (BCLC very-early stage HCC). There were 
165 patients treated initially with RFA and 122 patients who were initially treated 
with TACE. There were no signifi cant differences in  overall survival   (P = 0.079). 
However, there was a difference in response rates favoring the RFA group (100 % 
vs. 95.9 %). In addition, the RFA group had a more favorable time to progression 
(27 vs 18 months; P = 0.013). 

 Liu et al. [ 18 ] in a retrospective analysis of 424 patients undergoing  RFA   and 282 
patients receiving TACE, all within Milan criteria, evaluated for  overall survival  . 
Patients were stratifi ed by ECOG performance status (PS) into two cohorts, one 
with ECOG PS 0 and the other with PS =/>1. Overall, the RFA patients had better 
 survival   than the TACE patients with the 3 year survival of 71 % and 59 % respec-
tively (P = 0.001). Of the initial patient population, 167 pairs of patients with PS of 
0 and 68 pairs with PS of 1 or greater were entered into propensity score matching 
analysis. For the PS 0 group, RFA had signifi cantly better survival then the TACE 
group. However, in the analysis of the PS 1 or greater propensity matched patients, 
there was no signifi cant difference in survival. 
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 One additional study [ 19 ], though not a comparative analysis, evaluated patients 
who were eligible for  RFA   but instead underwent TACE. The study retrospectively 
analyzed 114 patients, who would have qualifi ed for RFA, with HCC, the largest 
less than 5 cm in diameter up to three nodules who have undergone TACE as initial 
treatment. Many of these patients were treated when RFA was not readily available. 
The 1-, 3-, 5-year  survival   rates were 80 %, 43 %, and 23 % respectively, which the 
authors concluded as being comparable to historical rates of survival for RFA 
treated patients.  

    Recommendations 

  RFA   has been shown to be effective in the treatment of HCC with tumor size </= 
3 cm with good complete response rate of 90 %. As tumor size increases, there is a 
decrease in the response rate to RFA. Though complete ablation can be achieved 
with medium size tumors, from 3 to 5 cm, tumors larger than 5 cm have poor 
response rate [ 13 ]. RFA is also not recommended in central locations where risk of 
 bile duct   or vascular injury is high. Tumors abutting large vessel can be less effec-
tive as the fl ow of blood can carry the heat away and therefore offer protection to the 
adjacent tumor margin [ 20 ]. Additionally, peripheral lesions adjacent to other 
organs such as bowel or pericardium, should not undergo ablation if protective mea-
sures such as hydro-dissection or CO 2  insuffl ation cannot be adequately provided 
[ 21 ,  22 ]. TACE, on the other hand, received validation through two RCT and numer-
ous meta-analysis as having a  survival   benefi t in the treatment of unresectable HCC 
[ 14 ,  15 ,  23 ]. 

    The EASL-EORTC Clinical Practice Guidelines 

 The EASL-EORTC clinical practice guidelines recommend that the BCLC staging 
system, as described above be used for prognostic prediction and treatment alloca-
tion [ 7 ]. Surgical treatments include  hepatic resection   and  liver transplantation     . 
Resection is considered fi rst line treatment for patients with solitary tumors and 
very well preserved function, defi ned as normal bilirubin level and either hepatic 
venous pressure gradient </= 10 mmHg or platelet count >/= 100,000 plt/mcL. For 
patients with multifocal tumors, within the Milan criteria but not suitable for trans-
plantation,  resection   could be performed, but no defi nitive recommendation can be 
made at this point due to lack of prospective comparison with loco-regional thera-
pies.  Liver   transplantation is considered fi rst line treatment option for patients 
within Milan criteria but not candidates for surgical resection. Loco-regional treat-
ments can be considered if the waiting list exceeds 6 months, even though long term 
 outcomes   are uncertain due to level of available evidence. 
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 According to the guidelines, local ablation is considered fi rst line treatment 
option for patients with early stage HCC who are not candidates for surgical  resec-
tion  . Percutaneous ethanol injection has been shown to be inferior to  RFA   in lesions 
larger than 2 cm and is associated with high recurrence rate in lesions larger than 
3 cm. Therefore, RFA is preferred over PEI as an ablative technique [ 24 ], but PEI 
can be employed where use of RFA is not possible. Other ablative therapies includ-
ing microwave ablation and cryoablation are being used but strong evidence is cur-
rently lacking. Though there are studies comparing RFA and surgical resection of 
small solitary HCC, the results are mixed and ablation could not be recommended 
as alternative therapy to  hepatic resection  . TACE is recommended as fi rst line treat-
ment for intermediate stage HCC, more specifi cally, those with multinodular HCC 
but without  cancer   related symptoms, vascular invasion, or extrahepatic spread. 
Although there is a lack of defi nitive evidence, chemotherapeutic agents recom-
mended are doxorubicin and cisplatin and that TACE can be repeated 3–4 times per 
year. To minimize affecting non-tumoral hepatic tissue in an attempt to preserve 
liver function, it is also recommended that superselective chemoembolization, i.e. 
treatment limited to tumoral feeder vessels and sparing vessels to normal liver, be 
used.  

    Other Recommendations 

 Similar to EASL recommendations, CEPO, an oncologist group of specialists who 
provide evidence based guidelines for clinicians in the province of Quebec, Canada, 
recommends that TACE be considered standard of practice for palliative treatment 
of HCC in eligible patients [ 25 ]. CEPO also states that DEB-TACE be considered 
an alternative and equivalent treatment to TACE. Bland  embolization   and radioem-
bolization are not considered standard treatments for HCC currently by either group. 
Sorafenib, an oral agent, inhibitor of multi-tyrosine kinase, is the only systemic 
drug that has shown  survival   benefi t [ 26 ] and it is recommended for patients with 
well-preserved liver function (Child-Pugh A) and with advanced HCC, or tumors 
progressing on loco-regional therapies. No recommendation can be made with 
sorafenib in Child-Pugh B patients at this point. 

 Outside these recommendations, there are a few RCT favoring the use of 
TACE/ RFA   combination therapy over RFA alone. In a meta-analysis [ 27 ] consisting 
of 7 RCTs that included 571 patients who were treated with TACE and RFA or RFA 
alone, found that there was a signifi cant differences in the 1- and 3-year  survival   
rates favoring the combination group. Recurrence free survival at 1 and 3-year also 
favors the combination group. 

 In a more recent publication, a meta-analysis consisting of 12 studies and 1952 
patients comparing clinical outcome of small HCC among the various treatment, 
divided the study group into two different cohorts [ 28 ]. One arm consisted of 
patients receiving surgical  resection   and the other arm patients undergoing non- 
surgical loco-regional treatment or treatments including  RFA  , PEI, TACE, and 
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TACE plus RFA combination. The results showed that there were no signifi cant 
 survival   advantage at 1 and 3 year, but the 5 year survival rate favored the surgical 
resection group. However, no signifi cant difference was noted in the 1 or 5 year 
progression free survival. In addition, there was a signifi cant decrease in the inci-
dence of adverse events in the surgical resection group and the local recurrence rate 
was signifi cantly higher in the non-surgical group. The authors acknowledged that 
the number of trials of non-surgical ablation to be insuffi cient and that the number 
of cases undergoing PEI and TACE were also insuffi cient to compare the non- 
surgical modalities to each other. This publication illustrates the lack of suffi cient 
evidence to suggest one non-surgical technique over another in the treatment of 
small HCC. 

 As seen above, there are only a few head to head studies of  RFA   vs. TACE and 
no RCT. However, due to available evidence, there are recommendations that for 
tumors that are non- resectable  , RFA should be performed if the tumors are in early 
stages or smaller than 3 cm, and for intermediate tumors, TACE should be used as 
palliative treatment. From the few studies directly comparing the two treatment 
techniques above, it appears that for the patients within Milan criteria, there is  sur-
vival   advantage for patients undergoing RFA over TACE. However in one study this 
advantage is no longer seen in the propensity score model and is seen in only in the 
ECOG PS 0 group and not the PS 1 or greater group. For the study involving tumors 
less than 2 cm, there was no difference in  overall survival   though there was a differ-
ence in tumor response rate. However, in this study the results were not straightfor-
ward as there was signifi cant crossover in terms of subsequent treatments [ 18 ]. 

 What these studies suggest is that  RFA   is superior in  survival   advantage for 
patients with good performance status. Additionally, RFA appears to be more effec-
tive in terms of tumor response rate in early HCC and total tumor volume of less 
than 11 cm 3 . TACE, though recommended as palliative therapy, should be consid-
ered in patients with tumors who might not qualify for RFA otherwise, due to con-
traindications, such as central tumors close to large  bile duct  s, or tumors adjacent to 
other organs [ 16 – 18 ]. 

 Another treatment gaining acceptance in the treatment of HCC is combination 
therapy, TACE followed by  RFA  . This therapy makes use of the synergistic effect of 
TACE, which blocks blood fl ow the tumor and can extend the ablated area when 
followed by RFA soon after, among other potential effects.   

    A Personal View of the Data 

 For small tumors,  RFA   appears to be effective in achieving complete response. 
However, for tumors approaching 5 cm, the response rate and  survival   rate advan-
tage diminish. With tumors 5 cm or larger, RFA results are rather poor and therefore 
TACE should really be used for palliation. When tumors qualify for possible RFA 
but due to contraindication to thermal ablation, TACE is a reasonable alternative. 
Combination of TACE followed by RFA appears to increase the effectiveness of 
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RFA over RFA alone and this treatment might very well be recommended in the 
future for intermediate size HCC if RCT can substantiate the preliminary results.  

    Recommendations 

 Loco-regional therapy is for patients who are not eligible for surgical  resection   and 
who are on transplant list with wait time longer than 6 months. 

 For patients with very early and no contraindication to  RFA  ,

•     RFA   should be fi rst line treatment.  
•   If  RFA   not possible, consider TACE as a reasonable alternative.    

 For patients with early HCC (within Milan)

•     RFA   if possible.  
•   Consider TACE/ RFA   combination if largest lesion approaching 5 cm to increase 

tumor response rate.  
•   TACE if  RFA   not possible.        
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    Chapter 13   
 When Should Patients with Liver Metastases 
from Colorectal Cancer Receive 
Chemotherapy?                     

       Malini     D.     Sur     and     Eugene     A.     Choi    

    Abstract     Advances in hepatic resection techniques and cytotoxic therapy over the 
last 30 years have led to vast improvements in outcomes after hepatic resection in 
patients with colorectal liver metastases (CLM). Nonetheless, the optimal sequence 
of therapy for CLM remains a signifi cant clinical challenge. This chapter will sum-
marize the evidence-based literature that pertains to the timing of chemotherapy in 
relation to surgery for CLM in the absence of extra-hepatic metastases.  

  Keywords     Colorectal liver metastases   •   Chemotherapy   •   Hepatectomy  

      Introduction 

 Hepatic metastases are the most common indication for  liver resection   in the United 
States [ 1 ]. For many aggressive primary cancers, there is no strong evidence to sup-
port  surgery   for secondary tumors in the liver. However, long-term  survival   after 
 resection   of colorectal liver metastases (CLM) in well-selected patients was observed 
as early as 1976 [ 2 ]. Signifi cant advances in both  hepatic resection   techniques and 
chemotherapeutic agents over the last 30 years have led to vast improvements in 
 outcomes   after hepatic resection in patients with CLM, with a median survival cur-
rently estimated at 3.6 years [ 3 ]. Nevertheless, the  management   of CLM remains 
challenging in part due to the debate about the optimal sequence of treatments. This 
chapter will review the evidence-based literature about the  timing   of  chemotherapy   
in relation to surgery for CLM in the absence of extra-hepatic metastases. 
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    Overall Risks and Benefi ts of Treatment Sequence Options 

 Historically, patients with clearly  resectable   CLM were quickly taken to the operat-
ing room to avoid tumor progression spread and conversion to unresectable disease. 
Adjuvant therapy was proposed as a way to reduce the rate of early recurrences [ 4 ], 
but there were concerns that administering systemic  chemotherapy   prior to  surgery   
might increase the rate of post-operative complications. These concerns were 
heightened as the hepatotoxic effects of standard chemotherapeutic agents used 
against colorectal  cancer  , 5-fl uorouracil, oxaliplatin, and irinotecan, were increas-
ingly recognized [ 5 ]. Another disadvantage of upfront chemotherapy is signifi cant 
tumor response that would make planning  liver surgery   diffi cult. The desire to max-
imize the functional liver remnant must be balanced with the risk of leaving behind 
radiographically undetectable but microscopic residual disease that may be present 
within the tissue occupied by the original lesion [ 6 – 8 ]. 

 By 2001, it became apparent that a proportion of patients with CLM initially 
deemed unresectable would respond to  chemotherapy   to become surgical candi-
dates [ 9 ]. The principle that  neoadjuvant   chemotherapy could reduce the extent of 
necessary  hepatic resection   to remove all metastatic disease was applicable to 
patients with  resectable   but bulky CLM. Prioritizing the administration of chemo-
therapy in the setting of metastatic disease refl ects the desire to treat all disease 
(primary and metastatic) as quickly as possible. In addition, any occult or micro-
metastatic disease can be treated with chemotherapy. Although upfront chemother-
apy delays  surgery   and might risk progression of disease, this approach may help 
select patients with favorable tumor biology for surgery. Those responding to treat-
ment can undergo  hepatectomy  , while those with unfavorable tumor biology avoid 
high-risk surgery that is unlikely to be have signifi cant long-term benefi ts. Patients 
who undergo  resection   after chemotherapy might also benefi t from an increased 
likelihood of having margin negative resections [ 10 ]. Following surgery, an adju-
vant chemotherapy regimen could be tailored to individual patients based on the 
pathologic response to the pre-operatively administered agent. Finally,  neoadjuvant 
therapy   avoids the risk of delays in systemic treatment after surgery due to post- 
operative complications that are frequent after major  liver resection  s. The effect of 
hepatotoxicity of neoadjuvant agents on post-operative complication rates has also 
been raised, as the extent of liver resection and need for blood transfusion may be 
more infl uential factors [ 11 ]. Table  13.1  summarizes the proposed advantages and 
disadvantages of adjuvant versus neoadjuvant chemotherapy for CLM.

        Search Strategy 

 A literature search of English language publications from 2004 to 2014 was con-
ducted to identify published data addressing the  timing   of  chemotherapy   adminis-
tration in relation to  liver surgery   for patients with potentially  resectable   liver 
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metastases from primary colorectal  cancer  . The  PICO   outline was used, as demon-
strated in Table  13.2 . Databases searched were PubMed and Web of Science. Terms 
used in the search were “timing,” “ surgery  ,” “chemotherapy,” AND “liver  metastatic 
colorectal cancer  ” OR “colorectal liver metastases.” References cited within the 
resulting articles were carefully reviewed and included if they met inclusion and 
exclusion criteria.

   Articles were included only if they compared adjuvant  chemotherapy   to  surgery   
alone, perioperative chemotherapy to surgery alone, or adjuvant chemotherapy to 
perioperative chemotherapy. Articles were excluded if they primarily addressed 
chemotherapy for unresectable  metastatic colorectal cancer  ,  timing   of colorectal 

   Table 13.1    Proposed advantages and disadvantages of adjuvant versus  neoadjuvant    chemotherapy   
for colorectal liver metastases   

 Adjuvant  chemotherapy    Neoadjuvant  chemotherapy   

 Proposed 
advantages 

 Minimize risk of progression of 
 resectable   disease into disease that 
is unresectable or resectable with 
greater  morbidity   

 Prioritize treatment of systemic 
disease, treating potentially occult 
micrometastases 

 Avoid risk of increased surgical 
 morbidity   due to hepatotoxic 
effects of cytotoxic agents 

 Select patients with favorable tumor 
biology to undergo  hepatectomy   

 Optimize chances of resecting all 
disease by avoiding inadequate 
 resection   in areas of disappearing 
metastases 

 Allow time for portal vein 
 embolization   if needed 
 Increase rates of margin-negative 
 resection   
 Adjust  adjuvant therapy   regimen 
based on response to  neoadjuvant   
agent 

 Proposed 
disadvantages 

 Post-operative complications may 
substantially delay administration 
of systemic therapy 

 Risk progression of  resectable   
disease into disease that is 
unresectable or resectable with 
greater  morbidity   

 Patients with unfavorable tumor 
biology may undergo major  liver 
resection   only to relapse very soon 
after 

 Hepatotoxicity of cytotoxic agents 
may increase  morbidity   of major 
 liver resections   

   Table 13.2     PICO   table for  timing   of  chemotherapy   for  resectable   colorectal liver metastases   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcomes) 

 Patients with 
 resectable   
colorectal liver 
metastases 

 (a) Adjuvant 
 chemotherapy   

 (a) Surgery 
alone 

 Progression-free  survival,   
recurrence rate, recurrence- 
free survival, disease-free 
survival,  overall survival,   
post-operative  morbidity   and 
 mortality   

 (b) Perioperative 
 chemotherapy   

 (b) Surgery 
alone 

 (c) Neoadjuvant 
 chemotherapy   alone or 
perioperative 
chemotherapy 

 (c) Surgery 
alone or 
adjuvant 
 chemotherapy   
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surgery in relation to  liver surgery   alone, early versus delayed liver surgery alone, 
 management   of extrahepatic metastases, management of recurrent liver metastases, 
use of radiation, use of liver-directed ablative therapies, use of hepatic arterial infu-
sion (HAI), or use of targeted therapy. Retrospective studies featuring fewer than 
100 patients were excluded, as were case reports, chapters, comments, and nonsys-
tematic review papers. Review papers focusing on the timing of chemotherapy and 
surgery were included. Three randomized control trials (RCT), one pooled analysis, 
and three retrospective cohort studies were included in our fi nal analysis. The iden-
tifi ed literature was classifi ed using the  GRADE   system.  

    Results 

 No RCT has directly compared  outcomes   of CLM patients treated with adjuvant 
 chemotherapy   to those treated with perioperative chemotherapy. Our current under-
standing has therefore been largely shaped by trials comparing each modality to 
 surgery   alone as well as by cohort studies comparing the two modalities. While 
providing low-quality evidence, numerous single institution observational studies 
of patients undergoing a common sequence of treatments offer some additional 
insights. Table  13.3  summarizes the results of major studies comparing treatment 
options for CLM.

   Two major RCTs examined the benefi ts of adjuvant  chemotherapy   after margin- 
negative  resection   of up to four synchronous or metachronous CLM compared to 
resection alone. Both used an adjuvant regimen involving only bolus 5-fl uorouracil 
(5-FU) and leucovorin, which was standard at the time of enrollment. Unfortunately, 
this regimen is now known to be suboptimal compared to regimens combining 5-FU 
with oxaliplatin or irinotecan and therefore both studies have limited applicability 
today. Additionally, both trials were closed early and underpowered. The ENG 
(EORTC/NCIC-CTG/GVIVO) trial randomized 107 patients to fl uorouracil and 
leucovorin or  observation   after  surgery   for CLM but also included patients undergo-
ing surgery for lung metastases [ 12 ]. Data initially presented in 2002 showed that 
patients who received  adjuvant therapy   tended to have longer recurrence-free  sur-
vival   (RFS) and  overall survival   (OS). However, the results lacked statistical signifi -
cance and were not fully published. The FFCD ACHBTH AURC 9002 trial 
randomized 171 patients who had undergone R0 resections of CLM to surgery 
alone or adjuvant therapy with fl uorouracil and leucovorin as well [ 13 ]. No differ-
ence in 5-year OS was observed between the two groups, but the 5-year disease-free 
survival (DFS) rate was signifi cantly greater among patients receiving adjuvant 
 chemotherapy. Mitry et al. performed a pooled analysis of data from both trials and 
showed no difference in median OS but did demonstrate a trend towards longer 
median progression-free survival (PFS) in the chemotherapy group (62.2 months) 
compared to the surgery only group (47.3 months) [ 14 ]. Based on these data, resec-
tion of CLM without plans of administering additional cytotoxic therapy was 
abandoned. 
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 In 2008, the same year that Mitry et al. published results of the pooled analysis, 
Nordlinger et al. published initial data from the EORTC Intergroup 40983 trial [ 15 ]. 
Long-term results were presented in 2013 [ 16 ]. In this landmark study, 364 patients 
with up to four synchronous or metachronous CLM were randomly assigned to 
“perioperative”  chemotherapy   consisting of 6 cycles of  neoadjuvant   5-FU, leucovo-
rin, and oxaliplatin (FOLFOX4) combined with six cycles of adjuvant chemother-
apy or to  surgery   alone. Patients who underwent  resection   following chemotherapy 
did have a signifi cantly higher rate of reversible postoperative complications (25 %). 
At 3 years, the rate of PFS among eligible patients was 39.0 % in those who received 
perioperative chemotherapy compared to 29.9 % in those who underwent surgery 
alone (p = 0.035). However, no signifi cant difference in OS was detected between 
the two groups, with  mortality   rates of 59 % of the perioperative chemotherapy 
group and 63 % of the surgery only group at a median follow-up of 8.5 years. A 
 survival   benefi t may not have been identifi ed because the study was underpowered 
to detect the predefi ned 5 % difference in 5-year OS or because only 63 % of the 
perioperative chemotherapy group went on to actually receive post-operative che-
motherapy [ 17 ]. Although the study authors advocate for perioperative therapy 
based on the demonstrated improvement in PFS alone, others argue that the lack of 
a clear survival benefi t challenges the routine use of neoadjuvant chemotherapy 
[ 17 ]. Moreover, the trial compared perioperative chemotherapy to surgery alone as 
opposed to surgery with adjuvant chemotherapy, and newer therapeutic agents were 
not studied. 

 The NSABP C-11 trial is a phase III RCT currently underway to investigate the 
difference in RFS between patients with  resectable   CLM receiving perioperative 
 chemotherapy   and those receiving  adjuvant therapy   alone. Patients who are 
oxaliplatin- naïve will receive FOLFOX and those who have been previously treated 
with oxaliplatin will receive 5-FU, leucovorin, and irinotecan (FOLFIRI). 
Randomization will be stratifi ed according to the number of liver metastases, the 
planned chemotherapy regimen, and whether the disease is synchronous or meta-
chronous. The results of this study will hopefully add critical insight into the opti-
mal  timing   of cytotoxic agents in relation to  surgery   for CLM. The precise role of 
targeted therapy for CLM will need to be addressed in further investigations. 

 In the absence of additional data from RCTs, multidisciplinary decision-making 
about the treatment of CLM must rely on several relevant retrospective cohort stud-
ies published over the last 10 years. By design, these studies are inherently limited 
in their ability to control for all the clinicopathological variables that infl uence the 
choice of treatment modalities for individual patients, leading to a considerable risk 
of selection bias. For example, patients with signs of more aggressive disease may 
be more likely to be offered  neoadjuvant    therapy  . Many of the retrospective reports 
are also based on relatively small numbers of patients and thus lack statistical power 
to detect signifi cant differences in long-term  outcomes  . Finally, most of these stud-
ies demonstrate signifi cant heterogeneity in the treatment protocols between the 
comparative arms. While the RCTs described above had a  surgery   alone arm, retro-
spective studies have generally compared patients who received neoadjuvant  che-
motherapy   to those who did not. The latter group sometimes included patients who 
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received adjuvant chemotherapy as well as those who did not. Multiple chemothera-
peutic regimens, some consisting of targeted therapies, as well as local liver-directed 
therapies were sometimes included. 

 Despite these weaknesses, it is valuable to review the major retrospective cohort 
studies comparing different therapeutic sequence options for CLM. In 2009, Reddy 
et al. published a multi-institutional analysis of  outcomes   of 499 patients with CLM 
stratifi ed into four groups based on the  timing   of  chemotherapy   that was ultimately 
delivered: pre- hepatectomy   alone, post-hepatectomy alone, perioperative (i.e. pre- 
and post-hepatectomy), and none [ 18 ]. Not surprisingly, those treated with pre- 
hepatectomy chemotherapy were often associated with a larger number of  liver 
tumor  s, a node-positive primary tumor, a major hepatectomy, and ablation proce-
dures in addition to  resection  . After controlling for factors refl ecting decisions to 
treat with upfront chemotherapy, multivariate analysis revealed that post- 
hepatectomy chemotherapy was signifi cantly associated with RFS and OS but pre- 
hepatectomy chemotherapy was associated with no  survival   benefi t. Because 
outcomes in those treated with perioperative chemotherapy were similar to those in 
the post-hepatectomy chemotherapy alone group, the investigators argued that che-
motherapy administered after  liver resection   had the strongest oncologic benefi t. 
The study was limited, however, by substantial variation in resectability criteria, 
resection techniques, choice of pre-operative imaging, and chemotherapeutic regi-
mens across the participating institutions. In addition, given the retrospective nature, 
patients were grouped according to the chemotherapy schedule they ultimately 
received as opposed to the planned chemotherapy schedule. Patients treated with 
pre-hepatectomy chemotherapy who developed disease progression that precluded 
resection were not included. 

 Four years later, Pinto Marques et al. performed the largest of the retrospective 
studies known to date and also attempted to control for confounding through 
matched pair and propensity score analyses [ 19 ]. Among their 676 study patients, 
those who received  neoadjuvant    chemotherapy   were more likely to have a lymph 
node positive primary tumor, synchronous disease, and a greater number of liver 
metastases. When all patients were considered, post-operative complications were 
signifi cantly increased from 14.2 to 23.1 % with the addition of chemotherapy prior 
to major but not minor  hepatectomy   for CLM. Without controlling for baseline 
characteristics, 5-year OS was signifi cantly worse in the patients treated with  neo-
adjuvant therapy   compared to patients who did receive chemotherapy prior to  sur-
gery   (43 % vs. 55 %). A 1:1 matched-pair analysis was then undertaken using 205 
pairs of patients with similar pathological characteristics. This still revealed a sig-
nifi cantly higher rate of recurrence (51 % compared to 41 %, p = 0.03) and lower 
rate of 5-year DFS (15 % compared to 20 %, p = 0.01), but the difference in 5-year 
OS was not signifi cant. Acknowledging the limitations of matched-pair analyses, 
the authors performed a third analysis based on propensity score matching using 
244 patients that again revealed no signifi cant difference in median OS. Thus, con-
trolling for baseline characteristics demonstrated neither an advantage nor disad-
vantage in terms of long-term  outcomes   with the administration of pre-operative 
chemotherapy. 
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 In 2013, Araujo et al. published another notable retrospective study based on 
their experience with 411 patients undergoing  resection   of CLM [ 20 ]. Once again, 
patients who received perioperative  chemotherapy   had generally less favorable dis-
ease as evidenced by higher clinical risk scores (CRS). CRS was established in 1999 
as a strong marker for recurrence risk after resection of CLM and is determined by 
summing the presence of each of the following factors: a node-positive primary 
tumor, a disease-free interval from primary tumor to appearance of liver metastases 
under 12 months, more than one metastasis, pre-operative carcinoembryonic anti-
gen (CEA) level above 200 ng/ml, and largest tumor size above 5 cm [ 21 ]. Scores 
of 2 or less are classifi ed as low CRS while scores of 3 or greater are classifi ed high 
CRS. Furthermore, a large number of patients in the adjuvant group received HAI, 
which is not routinely used at many institutions. Nonetheless, the authors detected 
no signifi cant differences in the rates of post-operative complications, 3-year OS, or 
5-year OS between patients who were treated with perioperative chemotherapy and 
those who received  adjuvant therapy  . Although a signifi cantly higher rate of 3- and 
5-year RFS among patients treated with adjuvant chemotherapy alone was found on 
univariate analysis, this was not observed once adjustments were made for clinico-
pathological and clinical risk scores (CRS). 

 Additional retrospective studies comparing  outcomes   between patients treated 
with and without  neoadjuvant    chemotherapy   include investigations by Pawlik et al. 
Scoggins et al. Scartozzi et al. Spelt et al. and Zhu et al. [ 22 – 26 ]. Of these, all but 
one failed to detect major differences in post-operative  morbidity   and/or oncologic 
outcomes. Based on their analysis of 104 patients with CLM, Scartozzi et al. found 
a signifi cantly longer median OS in those who did not receive neoadjuvant FOLFOX 
(48 months vs. 31 months, p = 0.0358) [ 24 ]. However, patients treated with neoad-
juvant chemotherapy more often had tumors larger than 5 cm and although CRS 
appeared similar in both groups, scores were only available in 69 % of patients. In 
addition, it was not clear if the neoadjuvant patients were also treated with adjuvant 
chemotherapy (i.e. a perioperative approach). Finally, data regarding surgical mar-
gins were not presented and could explain the poor  survival   among patients treated 
in the neoadjuvant setting, especially since the rate of recurrence was substantially 
higher in this group (75 % vs. 52.5 %, p = 0.0347). 

    Additional Considerations 

 There are three additional considerations that are important in determining the opti-
mal  timing   of  chemotherapy   in relation to  hepatectomy   for CLM. First, CLM may 
present in a synchronous or metachronous fashion. In synchronous cases,  surgery   
may need to be prioritized if the primary colorectal  cancer   is symptomatic. In the 
face of life-threatening bleeding or perforation, the risks of delaying surgery for the 
administration of  neoadjuvant   chemotherapy are increased and should be avoided. 
Obstructing cancers can be treated surgically, but  endoscopic    stent  ing may theoreti-
cally allow symptom relief while reducing the time-delay to delivery of neoadjuvant 
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chemotherapy. Although a combined colon and  liver resection   can be considered in 
stable symptomatic patients with easily  resectable   liver lesions, acutely ill patients 
should undergo the simplest operation that will treat the acute symptoms. In asymp-
tomatic patients with synchronous disease, a decision must be made not only about 
the timing of chemotherapy but also about the timing of colorectal  resection   in rela-
tion to hepatectomy. There is evidence that the colorectal resection can be safely 
performed at the same time as the hepatectomy in well-selected patients [ 27 ,  28 ]. 
For CLM presenting in a metachronous manner, the presence of a long disease-free 
interval and an easily resectable solitary metastasis may support a decision to pur-
sue upfront hepatectomy followed by adjuvant chemotherapy. 

 Second, although often grouped together in the discussion of CLM, colon  cancer   
and rectal cancer have different treatment algorithms. The  management   of CLM in 
the setting of a rectal primary must account for local staging after assessment with 
endorectal  ultrasound   or pelvic  magnetic resonance imaging  . A patient with CLM 
in the setting of a locally advanced rectal cancer is an ideal candidate for upfront 
systemic  chemotherapy  , as the primary lesion will require  neoadjuvant    chemoradia-
tion  . A single- or two-stage  resection   may then be performed. In contrast, there is no 
clear role for neoadjuvant chemoradiation for primary colon cancers. 

 Third, the extent and anticipated  morbidity   of the planned  hepatectomy   must be 
considered. Criteria for resectability have changed signifi cantly over time. Early in 
the surgical experience with CLM, bilobar disease was regarded as a contraindica-
tion to  resection   [ 4 ], but the current surgical paradigm classifi es as  resectable   any 
patient with CLM that can be technically removed with negative margins and an 
adequate functional liver remnant [ 29 ]. Assessment of pre-operative liver function 
should include a history focusing on alcohol intake and risk factors for hepatitis 
along with liver enzymes, bilirubin, prothrombin time, and platelet levels. 
Percutaneous biopsy may be performed for confi rmation of suspected chronic liver 
disease. Patients with pre-existing  cirrhosis   are poor candidates for resection of 
CLM. In general, upfront hepatectomy should be reserved for cases in which CLM 
can be completely resected with a minor  liver resection   and a low predicted risk of 
post-operative complications. When metastatic disease is technically resectable but 
requires a more extensive resection, portal vein  embolization   (PVE) of the lobe 
containing the bulk of the metastatic disease can be employed to encourage hyper-
trophy of the lobe that will remain after resection. Patients who require PVE are 
ideal candidates for  neoadjuvant    chemotherapy   as hepatic regeneration occurs even 
as systematic cytotoxic agents are administered and complications do not appear to 
be increased [ 30 ]. However, in all patients receiving systemic therapy before  sur-
gery  , the risk of post-operative  liver failure   after a major liver resection in the setting 
of potential chemotherapy-induced hepatotoxicity must be mitigated.   
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    Recommendations Based on the Data 

 Given the limitations of the major relevant RCTs and retrospective studies, there is 
equipoise regarding the optimal  timing   of  chemotherapy   in relation to  surgery   for 
CLM. Nonetheless, a few general  management   recommendations can be made. 
First, in the absence of extrahepatic disease, patients with  resectable   colorectal liver 
metastases, if physiologically fi t, should be treated with both  resection   and chemo-
therapy (evidence quality moderate; strong recommendation). Second, in patients 
who present with synchronous colorectal liver metastases and a symptomatic pri-
mary tumor requiring surgery, surgery should not be delayed for the administration 
of  neoadjuvant   chemotherapy (evidence quality low; weak recommendation). Third, 
in patients who present with synchronous colorectal liver metastases and an asymp-
tomatic primary tumor, administration of neoadjuvant chemotherapy should be 
strongly considered by a multidisciplinary team prior to a one-stage or two-stage 
resection (evidence quality low; weak recommendation). Proceeding directly to 
 hepatectomy   with a plan for  adjuvant therapy   only may be reasonable when there is 
a solitary, small liver metastasis that can be safely resected at the time of the colec-
tomy and there is low clinical suspicion of occult disease. Fourth, in patients who 
present with metachronous colorectal liver metastases, administration of neoadju-
vant chemotherapy should be strongly considered by a multidisciplinary team prior 
to hepatectomy (evidence quality low; weak recommendation). Proceeding directly 
to hepatectomy with a plan for adjuvant therapy only may be reasonable when there 
is a solitary, small liver metastasis that can be safely resected with a low risk of 
complications, when the disease-free interval is greater than 12 months, and there is 
low suspicion for additional occult disease. Finally, in patients who present with 
synchronous colorectal liver metastases and a locally advanced primary rectal  can-
cer  , administration of neoadjuvant chemotherapy targeting the liver should be 
strongly considered in conjunction with neoadjuvant  chemoradiation   for the pelvis 
(evidence quality low; weak recommendation).  

    A Personal View of the Data 

 Advances in  liver resection   techniques and anti- cancer   drugs over the past 20 years 
have greatly improved the ability to treat patients with CLM. Although there is 
insuffi cient evidence to make strong generalizable recommendations for the  timing   
of  chemotherapy   in relation to  hepatectomy   in these patients, it is clear that a mul-
tidisciplinary approach should be pursued including medical oncologists, radiation 
oncologists when appropriate, and surgeons experienced in surgical oncology, 
colorectal  surgery  , and  hepatobiliary    surgery  . Patients with CLM who have a high 
suspicion of aggressive or occult disease are likely the best candidates for  neoadju-
vant   chemotherapy. Such suspicion should arise in the presence of a large tumor 
burden, a short disease-free interval, and a high CEA level. Patients with small, 
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solitary CLM without suspicion of occult disease may be considered for an upfront 
surgical approach. Results of the NSABP C-11 trial are eagerly awaited, and further 
investigations into the timing of targeted therapy with respect to surgery are war-
ranted as well. 

 

 

 

 

In the absence of extrahepatic disease, patients with  resectable   colorectal 
liver metastases, if physiologically fi t, should be treated with both  resection   
and  chemotherapy  . (evidence quality moderate; strong recommendation)

In patients who present with synchronous colorectal liver metastases and a 
symptomatic primary tumor requiring  surgery  , surgery should not be delayed 
for the administration of  neoadjuvant    chemotherapy  . (evidence quality low; 
weak recommendation)

In patients who present with synchronous colorectal liver metastases and 
an asymptomatic primary tumor, administration of  neoadjuvant    chemother-
apy   should be strongly considered by a multidisciplinary team prior to a one- 
stage or two-stage  resection  . Upfront  surgery   may be considered when there 
is a solitary, small liver metastasis that can be safely resected at the time of the 
colectomy and there is low suspicion for occult disease. (evidence quality 
low; weak recommendation)

In patients who present with metachronous colorectal liver metastases, 
administration of  neoadjuvant    chemotherapy   should be strongly considered 
by a multidisciplinary team prior to  hepatectomy  . Upfront  surgery   may be 
considered when there is a solitary, small liver metastasis that can be safely 
resected with a low risk of complications, when the disease-free interval is 
greater than 12 months, and there is low suspicion for occult disease. (evi-
dence quality low; weak recommendation)

In patients who present with synchronous colorectal liver metastases and a 
locally advanced primary rectal  cancer  , administration of  neoadjuvant    chemo-
therapy   targeting the liver should be strongly considered in conjunction with 
neoadjuvant  chemoradiation   for the pelvis. (evidence quality low; weak 
recommendation)
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    Chapter 14   
 What Is the Best Way to Assess Hepatic 
Reserve Prior to Liver Resection 
in the Cirrhotic Patient?                     

       Yilei     Mao      and     Shunda     Du   

    Abstract     Postoperative liver failure still remains a major cause of mortality after 
partial hepatectomy, which results from an insuffi cient functional remnant liver. 
Therefore, the accurate evaluation of liver function is very important, particularly in 
cirrhotic patients who require hepatectomy. Traditional tests, such as serological 
indicators, Child-Pugh score, MELD score and ICG clearance test, are important in 
predicting and reducing the risks of hepatectomy. However, these tests only provide 
functional data on the entire liver, not on specifi c anatomic parts of the liver. Ideally, 
assessments of liver function should include both anatomical information and func-
tion of the whole and partial liver, providing reliable information for accurate evalu-
ation of surgical risks.  99m Tc-galactosyl serum albumin scintigraphy, can assess the 
liver function quantitatively. It combined with single photon emission computed 
tomography, CT and three-dimensional reconstruction, may be a better measure of 
liver function, especially of remnant liver function.  

  Keywords     Hepatic reserve   •   Hepatectomy   •   Cirrhosis   •   Galactosyl serum albumin  

      Introduction 

  Liver    resection   is the accepted gold standard of treatment for liver tumors. 
Improvements in surgical methods and instruments have greatly reduced the periop-
erative  mortality  . However, the major cause of mortality after partial  hepatectomy   is 
 liver failure  , which results from an insuffi cient functional remnant liver mass [ 1 ]. 
Conversely, the erroneous results of liver function tests may mislead the surgeon to 
make a wrong decision such as precluding some patients with large  liver tumor  s 
from undergoing  surgery  , even if surgery is benefi cial. Therefore, the accurate 

        Y.   Mao      (*) •    S.   Du    
  Department of Liver Surgery ,  Peking Union Medical College (PUMC) Hospital , 
  1# Shuai-Fu-Yuan, Wang-Fu-Jing ,  Beijing   100730 ,  China   
 e-mail: yileimao@126.com; pumch-liver@hotmail.com  

mailto:yileimao@126.com
mailto:pumch-liver@hotmail.com


166

evaluation of liver function is very important, particularly in patients with damaged 
livers who require hepatectomy or  liver transplant   ation   [ 2 ]. 

  Liver   function includes the uptake, metabolism, conjugation and excretion. 
Among the methods used to evaluate liver function in practice are serological tests 
which are the earliest and most commonly used in determining whole liver function. 
Clinical scoring systems, such as Child-Pugh and model for end-stage liver disease 
( MELD  ) scores can roughly evaluate the risks of  hepatectomy  . The indocyanine 
green (ICG) clearance test is a widely used quantitative test of liver function in 
patients who scheduled for major hepatectomy. Although these tests can assess 
whole liver function, they cannot assess remnant liver function and predict the risk 
of  liver failure   post-operation. Computed tomography ( CT  ) volumetry can provide 
anatomic information on remnant liver volume (RLV), but anatomic volume is not 
equal to functional volume, especially in patients with  cirrhosis  . In recent years, 
 99m Tc- galactosyl serum albumin   ( 99m Tc-GSA) scintigraphy combined with single 
photon emission  computed tomography   (SPECT) and CT with three-dimensional 
imaging, is relatively accurate in measuring the whole and regional liver function. 
 99m Tc-GSA scintigraphy may therefore be a promising method to plan surgical inci-
sions and to predict operative risk. Based on a two-compartment kinetic model, a 
novel system was developed that provides 3D functional evaluation for any ana-
tomical component of liver, and hepatectomy simulation with a freehand drawing 
tool. The result was showed by the parameter ‘UI’ which had high accuracy in pre-
dicting the risk of liver failure. In the future, many new methods will be established 
which can assess  hepatic reserve   accurately prior to  liver resection   in the cirrhotic 
patient.  

    Search Strategy 

 A literature search of English language publications since January, 2004 was used 
to identity published data on  preoperative assessment   of  hepatic reserve   in cirrhotic 
patients undergoing  hepatectomy   using the  PICO   outline (Table  14.1 ). Databases 
searched were PubMed, Embase, and Cochrane  Evidence Based Medicine  . Terms 
used in the search were “cirrhotic patients/ cirrhosis  ”, “ liver resection  / hepatec-
tomy”, “liver function/hepatic reserve/ Child-Pugh Score  /indocyanine green clear-
ance test (ICG)/model for end-stage liver disease ( MELD  ) score/
Monoethylglycinexylidide (MEGX) test/galactose elimination capacity Test/com-
puted tomography volumetry/galactosyl serum albumin (GSA)/transient elastogra-
phy (TE)”, “postoperative complications/postoperative hepatic failure/ ascites  / 
hyperbilirubinemia /prolongedprothrombin time/length of stay/ mortality  / morbidity  /
 quality of life  ”, and “preoperative/prior to liver  resection  ”. Eleven cohort studies, 
two systematic reviews and one meta-analysis, and four review articles were 
included in our analysis (Table  14.2 ). The other perspective cohort study [ 3 ] was 
enrolled about GSA which was accepted by the Annals of Surgical Oncology. The 
data was classifi ed using the  GRADE   system.
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        Results 

  Liver   function includes the uptake, metabolism, conjugation and excretion. The 
serological tests are the earliest and most commonly used and still play important 
role. But any one serological indicator can show only one aspect not comprehensive 
function, and whole liver function not local. So different clinical scoring systems 
and metabolic quantitative liver function tests were developed to assess  hepatic 
reserve  .  

    The Child-Pugh Scoring System 

 The Child scoring system, fi rst proposed in 1964, was originally developed to pre-
dict the outcome of cirrhotic patients undergoing surgical therapy for portal hyper-
tension. This system was modifi ed by Pugh et al. [ 4 ] in 1973, and called the 
Child-Pugh score. It includes total plasma bilirubin level, plasma albumin level, and 
prothrombin time together with the presence or absence of encephalopathy and 
 ascites  . Of all the tools for assessing liver function, the Child-Pugh system is simple 
but very useful [ 5 ]. It is widely used in hepatocellular carcinoma and  cirrhosis   
patients, who will undergo  resection   or transplantation. Thus Child-Pugh is more 
relevant for  liver resection  s, compared with  MELD   score system. A classifi cation of 
grade A of the Child-Pugh grading system is a typical indication for liver resection. 
And  liver transplant   ation   is selected if oncological indications meets the established 
criteria [ 6 ]. Schneider showed that, for patients classifi ed Child-Pugh A, the  mortal-
ity   is minimal at <5 % while for grade B cirrhotics the 1-year  liver failure  -related 
morality is almost 20 %, and for grade C cirrhosis is 55 %[ 7 ]. 

 However, the Child-Pugh grading system only provides a rough evaluation for 
global liver function reserve, so more quantitative liver function tests may need for 
 preoperative assessment  .  

   Table 14.1     PICO   table for perioperative assessment of  hepatic reserve   in the cirrhotic patient   

 P (Patients)  I (Intervention)  C (Comparator group) 
 O (Outcomes 
measured) 

 Cirrhotic patient 
undergoing  liver 
resection   

 Novel preoperative liver 
function test, such as: 
indocyanine green(ICG)
clearance test, model for 
end-stage liver disease 
( MELD)   score, transient 
elastography,  99m Tc- 
 galactosyl serum albumin    
scintigraphy,  etc  

 Classical preoperative liver 
function test, such as: 
Child-Pugh score, model for 
end-stage liver disease 
( MELD)   score, indocyanine 
green(ICG)clearance test, 
computed tomography ( CT)   
volumetry,  etc  

 Postoperative 
complications, 
 mortality   
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    The Model for End-Stage  Liver   Disease ( MELD  ) Score 

 The limitations of the Child-Pugh score led to the development of  MELD  . MELD 
score was originally developed to evaluate the  survival   rate of patients undergoing 
transjugular intrahepatic portosystemic shunt procedures, and was thereafter modi-
fi ed to evaluate patients with liver disease undergoing  surgery  . MELD score is a 
constellation of serum bilirubin, creatinine concentration, INR and etiology of liver 
disease, and is calculated using the formula: 11.2 × Ln(INR) + 9.57  ×  Ln[creatinine(
mg/dL)] + 3.78 × Ln [bilirubin(mg/dL)] + 6.43 × (etiology: 0 if cholestatic or alco-
holic, 1 otherwise), with the score rounded to the nearest integer [ 8 ]. 

 The  MELD   score is used to allocate organs for  liver transplant   ation   [ 9 ,  10 ]. The 
application of this system to determine organ allocation reduced 15 % of the  mortal-
ity   rate in liver transplant candidates [ 11 ]. Cholangitas et al. [ 9 ] stated that MELD 
score was shown to be useful for the prediction of long-term  survival   in patients 
with  cirrhosis  . Ascites,  jaundice  , prolonged prothrombin time, increase of serum 
creatinine and bilirubin levels, and decrease of albumin serum level are typical 
markers of impaired liver function. Cucchetti et al. has showed that MELD score 
can be used to predict the development of post-operative  liver failure   after  hepatec-
tomy   for patients with cirrhosis undergoing  resection   of hepatocellular carcinoma, 
with a pre-operative score of 11 being associated with a poor outcome [ 12 ]. 

 In subsequent clinical applications,  outcomes   were different in patients with the 
same score and different serum concentrations of sodium. So some modifi ed  MELD   
formulas that have been proposed to predict the prognosis of liver disease, such as 
MELD-Na score, integrated MELD (iMELD), MELD to sodium (MESO), United 
Kingdom end-stage liver disease (UKELD), etc. However, they cannot accurately 
predict the actual  survival   time of patients undergoing  hepatectomy  . At present, they 
are mainly used to assess the severity and prognosis of chronic liver diseases, and to 
evaluate the patients awaiting  liver transplant   ation   [ 13 ].  

    Computed Tomography ( CT  ) Volumetry 

 At present,  CT   volumetry is the most often used imaging method to determine 
whether  hepatectomy   can be performed safely. Pre-operative estimations have been 
shown to correlate well with actual volumes resected. But the safety limit for the 
remnant liver volume in patients with normal liver remains controversial. Kubota 
et al. found that resections of 60 % of non-tumorous liver was possible in patients 
with normal livers [ 14 ]. Shoup et al. stated that a  liver resection   can be safely per-
formed if the functional remnant liver volume(RLV) is larger than 25–30 % when 
using  computed tomography   volumetry [ 15 ,  16 ]. If the patients have underlying 
liver disease, then a margin of 40 % is taken into account [ 17 ]. Several studies found 
that in the presence of  cirrhosis  , a  resection   of >2 segments should only be per-
formed of the estimated remnant functional liver was >40 %, while if it’s <40 %, a 
pre-resection portal vein  embolization   (PVE) should be advised [ 18 ,  19 ]. 
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 However, if the patient has a compromised liver, then the liver volume does not 
truly refl ect liver function [ 20 ].  CT   volumetry is used for preoperative calculations 
of the volume of resected livers, but does not demonstrate the effects of diseased 
liver parenchyma on liver function. The evaluation of liver function before  liver 
surgery   is dependent on the combination of the results of CT volumetry with those 
of other liver function tests.  

    Transient Elastography 

 Recently, noninvasive measurements to assess the degree of liver fi brosis and  cirrhosis   
before operation, like transient elastography, acoustic radiation force impulse imaging 
and magnetic resonance elastography, have been developed. The clinical studies are 
ongoing to validate the strength and the power of these novel approaches [ 21 ]. 

 Transient elastography (TE) measured by FibroScan is a rapid, non-invasive, and 
reproducible method for measuring liver stiffness that is increasingly explored to 
assess liver fi brosis. It measures the velocity of a low-frequency (50 Hz) elastic 
shear wave propagating through the liver. This velocity is directly related to tissue 
stiffness, called the elastic modulus. The stiffer the tissue, the faster the shear wave 
propagates. TE measures liver stiffness in a volume that approximates a cylinder 
that is 1-cm wide and 4-cm long, 25–65 mm below skin surface. The results are 
expressed in kilopascals (kPa) and range from 2.5 to 75 kPa; a normal value is 
around 5 kPa [ 22 ]. 

 Several advantages of TE have been reported, such as low invasiveness, a short 
procedure time (5 min), fast acquisition of results, and portability that enables test-
ing at the bedside and in outpatient departments [ 50 ]. Although unreliable and unre-
peatable measurements caused by host obesity, anatomical diffi culties such as a 
narrow intercostal space, and inadequate operator experience have also been 
reported, the overall diagnostic accuracy for advanced liver fi brosis and early  cir-
rhosis   is up to 90 % in various liver diseases including chronic viral hepatitis and 
nonalcoholic fatty disease [ 23 ]. 

 To evaluate the effi cacy of  preoperative assessment   of liver fi brosis and  cirrhosis   
using TE in predicting post- hepatectomy    outcomes  , several clinical studies has been 
carried out. In a prospective cohort [ 24 ], 90 patients undergoing hepatectomy for 
HCC were prospectively evaluated with FibroScan. Postoperative  liver failure   
(PLF) occurred in 28.9 % of patients and receiver operating curves (ROC) analysis 
identifi ed patients with liver stiffness value higher than or equal to 15.7 kPa as being 
at higher risk of PLF, while patients with liver stiffness value lower than 14.8 kPa 
had no PLF. Multivariate analysis showed that along with low preoperative serum 
sodium levels (P = 0.012), histological cirrhosis (P = 0.024), elevated liver stiffness 
(P = 0.005) was an independent predictors of PLF. In a larger prospective cohort 
[ 25 ], 105 with a mean age of 59 years were included with both ICG retention rate at 
15 min and TE were prospectively carried out. Using the calculated cutoff at 12.0 
kPa, liver stiffness measurement was shown to have sensitivity of 85.7 % and speci-
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fi city of 71.8 % in the prediction of major postoperative complications. On ROC, 
only liver stiffness measurement but not ICG showed signifi cant correlation with 
major postoperative complications.  

    The Indocyanine Green (ICG) Clearance Test 

 ICG is a highly protein-bound, water-soluble, tricarbocyanine dye that bounds in 
plasma to albumin and β-lipoproteins and distributes uniformly in the blood within 
a few minutes after injection. It is selectively taken up by hepatocytes with a plasma 
extraction of 70–90 % and is excreted unchanged in the bile via a carrier-mediated 
mechanism. Therefore, it refl ects several liver functions, including the blood fl ow- 
dependent clearance and transporter functions [ 26 ]. The standard procedure involves 
a bolus injection of 0.5 mg/kg of ICG following an overnight fast, and blood sam-
ples are collected at 5-min intervals for 20 min. ICG concentrations are measured 
using a spectrophotometer. The ICG clearance test can also be automatically calcu-
lated under a dye densito-graph (DDG) analyzer using an optical sensor placed on 
the fi nger pulse [ 27 ]. The machine expands the application of ICG clearance test in 
current clinical situation. 

 The results of ICG clearance test can be expressed in several ways, including the 
plasma disappearance rate (ICG-PDR), the ICG elimination rate constant (ICG- k ) 
and the ICGR 15  which describes the percentage of circulatory retention of indocya-
nine green during the fi rst 15 min after bolus injection [ 28 ]. In order to prospec-
tively determine the effi cacy of ICG-PDR in the clinical course, 95 patients 
undergoing  liver resection   were included in a cohort [ 29 ], with ICG-PDR, bilirubin 
and prothrombin time selected and prospectively measured. After  hepatectomy  , 3 
patients died due to  liver failure   and 21 patients developed signs of liver dysfunc-
tion. ROC analysis revealed that ICG-PDR did signifi cantly better indicate 
 postoperative liver dysfunctions. Of date, pulse spectrophotometry was developed 
to noninvasively measure the ICG- k  and a prospective clinical study was done [ 30 ]. 
Seventy fi ve patients who underwent anatomical liver  resection   for hepatocellular 
carcinoma were enrolled and ICG- k  was measured instantaneously using pulse 
spectrophotometry before  surgery  , during infl ow occlusion and after hepatectomy. 
Eight patients suffered liver failure with one died in hospital. In a logistic regression 
model, the estimated remnant ICG- k  was a signifi cant predictor of postoperative 
liver failure and real-time monitoring of ICG- k  was shown to be helpful for evaluat-
ing the remnant liver functional reserve before, during and after hepatectomy. 

 ICGR 15 , as the most commonly determined value, has been extensively investi-
gated in various kinds of clinical setting and incorporated into a number of test 
combinations or score systems. A decision tree for deciding the safe limit of  hepa-
tectomy   was developed [ 31 ] basing on three variables: whether  ascites   is present, 
the serum total bilirubin level, and the ICGR 15 . With strict application of this deci-
sion tree to 1,429 consecutive hepatectomy in 10 years, only one patient death was 
encountered. So ICGR 15  > 15 % is a high risk factor for serious post-hepatectomy 
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complications [ 32 ], although a cutoff of 14 % has been suggested by Lau et al. [ 33 ]. 
ICGR 15 , along with TE, was performed preoperatively in 44 patients with hepato-
cellular carcinoma [ 34 ]. ICGR 15  was found to correlate well with preoperative fac-
tors and postoperative outcome (peak AST level). A classifi cation system for liver 
function using ICGR 15  and the ratio of uptake by the liver to that by the liver and 
heart at 15 min (LHL15) in  99m Tc-galactosyl human serum albumin scintigraphy for 
 hepatic resection  , was created [ 35 ]. A total of 548 consecutive patients who under-
went hepatectomy were enrolled in a prospective study to validate the ranking sys-
tem and the result confi rmed the usefulness of this system in predicting the safety of 
hepatic  resection  .  

     99m Tc-Galactosyl Serum Albumin Scintigraphy 

 Molecular nuclear imaging techniques have developed these years. Some new 
agents, such as  99m Tc- galactosyl serum albumin   scintigraphy (GSA) and  99m Tc- 
mebrofenin  hepatobiliary   scintigraphy, can measure both total and future remnant 
liver function and potentially identify patients at risk for postresectional  liver 
failure  . 

 GSA is an analogue of asialoglycoprotein, which binds to asialoglycoprotein 
receptors (ASGPR) on hepatocyte membranes, followed by receptor-mediated 
endocytosis. ASGPR density is closely related to hepatocyte function [ 36 ,  37 ]. The 
level of expression of receptor is signifi cantly related to liver function and lower in 
diseased livers such as chronic hepatitis,  cirrhosis   and HCC [ 3 ]. Radio labeled 
ASGPR was developed originally by Vera et al. [ 38 ]. 99m Tc-GSA is very stable and 
only distributes in the blood and liver after intravenous injection [ 36 ]. The liver is 
the only uptake site for  99m Tc-GSA, making  99m Tc-GSA an ideal agent for predicting 
hepatocyte mass and function by monitoring the functional status and distribution 
of ASGPR [ 39 ,  40 ]. 

 After liver uptake,  99m Tc-GSA remains trapped in the liver for at least 30 min, and 
there is practically no biliary excretion. Thus, SPECT can assess both liver function 
and functional volume at the same time [ 41 ]. The  99m Tc-GSA liver uptake ratio 
(LHL15) and blood clearance ratio (HH15) are quantitative indices frequently used in 
planar dynamic  99m Tc-GSA scintigraphy. LHL15 defi ned as 15 min after bullet injec-
tion of  99m Tc-GSA and calculated by dividing the radioactivity in regions of interest 
(ROIs) of the liver by the radioactivity in the liver and heart, it represents the number 
of hepatocytes. HH15 is calculated by dividing the radioactivity in ROIs of the heart 
15 min by the radioactivity 3 min after injection of  99m Tc-GSA, it represents the rate 
of blood clearance [ 42 ]. Harada and his colleagues recently developed a simple soft-
ware program to automatically calculate the pixel counts of the area between the 
hepatic curve and heart curve from 3 to 15 min [ 43 ]. Both LHL15 and HH15 refl ect 
the liver function and the severity of liver disease [ 44 ]. For LHL15 and HH 15 mea-
sures preoperative total liver function, not the function of the remnant liver, postop-
erative  liver failure   has been observed in patients with normal LHL15 values [ 45 ]. 
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 LHL15 and HH15 are readily calculated from the radioactivity in the heart and 
liver ROIs, it may not refl ect the actual liver function. So some complex and perfect 
compartmental models of  99m Tc-GSA kinetics are developed for the assessment of 
liver function ([ 46 ] #174, [ 47 ] #30, [ 48 ] #149). 

 Many different parameters can be calculated from different kinetic models for 
the quantitative evaluation of liver function. The liver blood fl ow and maximal 
asialoglycoprotein receptor binding rate assessed by  99m Tc-GSA are signifi cantly 
correlated with other quantitative measures of liver function [ 48 ]. Total ASGPR 
amount are proportional to the number of viable hepatocytes and the correlation of 
total ASGPR amount with hepatocyte number was signifi cantly higher than the cor-
relation of ICG-k with total hepatocyte number [ 53 ]. 

 Kwon etc. reported previously that the maximal removal rate of GSA(GSA- 
Rmax) values correlated well with the results from the transferrin, prealbumin, reti-
nol binding protein, fi brinogen, prothrombin time, hepaplastin test, antithrombin 
III, and ICG tests [ 49 ]. In another retrospective study [ 50 ], this team reviewed 178 
patients for elective  hepatectomy  . Preoperative estimation of the GSA-Rmax in the 
predicted remnant liver (GSA-RL) is used a parameter. In this study, seven patients 
postoperative hyperbilirubinemia were recorded with GSA-RL <0.15 mg/min. Two 
patients died of postoperative  liver failure   1–2 months after  surgery  , the GSA-RL 
values were 0.078 and 0.090, respectively. They considered a margin of safety 
(0.05) and determined 0.15 as the cutoff value. Preoperative  percutaneous   transhe-
patic portal  embolization   should be performed for cases with a GSA-RL less than 
0.15 to avoid postoperative hyperbilirubinemia or hepatic failure. 

 In another study, this team [ 51 ] followed 191 patients more than 1 year after 
 hepatectomy   with 16 patients suffered from  liver failure   and 3 of them died. Total 35 
clinicopathologic factors were performed to identify independent predictors of post-
operative liver failure after  resection   of HCC by univariate and multivariate analy-
ses. In univariate analyse, elder, a lower serum albumin level, lower cholinesterase 
level, longer prothrombin time, lower platelet count, and lower GSA-Rmax, higher 
values of ICGR15, total bilirubin, AST, type IV collagen 7S, hyaluronate (HA), 
AFP, type IV collagen 7S/GSA-Rmax ratio, and HA/GSA-Rmax ratio, are the fac-
tors easy to the postoperative liver failure. Patients in the liver failure group had 
signifi cantly more intraoperative blood loss and a longer postoperative hospital stay. 
Multivariate logistic regression analysis showed that HA/GSA-Rmax ratio 500 mg 
min/dl (OR 23.60; 95 % confi dence interval (CI) 1.91–62.09; P = 0.0138) was the 
only independent predictor of postoperative liver failure. An increase of the HA/
GSA-Rmax ratio was associated with more severe liver dysfunction. The HA/GSA-
Rmax ratio was also positively correlated with various conventional liver function 
tests, such as the ICGR 15 , AST, total bilirubin, platelet count, albumin, cholinester-
ase, prothrombin time, type IV collagen 7S, HA and GSA-Rmax, etc. They con-
clude that the HA/GSA-Rmax ratio can predict postoperative liver failure, and a 
ratio 500 mg min/dl is a relative contraindication to  liver resection   with a sensitiv-
ity of 88 % and a specifi city of 92 %, and its negative predictive rate was 99 %. 

 Recently, Mao and Du [ 52 ,  53 ] set up a computerized image system based on a 
two-compartment model, which could provide liver images, a freehand drawing 

14 What Is the Best Way to Assess Hepatic Reserve Prior to Liver Resection…



174

tool for  hepatectomy   simulation, assess liver function and predict postoperative 
remnant liver function, using uptake index (UI) as a parameter. That study [ 54 ] 
recruited 71 pre-hepatectomy patients and 71 healthy volunteers. They found that 
median UI = 2.81 was the normal reference, lower UI values were associated with 
the more impaired liver functions. ROC analysis indicated that lower UI values 
could be used to predict the presence of  ascites   with high accuracy (AUC = 0.88, 
P < 0.0001). Preoperative UI values were also able to distinguish patients with and 
without elevated bilirubin (AUC = 0.86, P < 0.0001). Preoperative UI was also nega-
tively associated with ICGR 15  values, i.e., the lower UI value was, the larger ICGR 15  
value would be(r = −0.92, P < 0.0001). 

 In this system, for each simulated  liver resection   plan, the corresponding ana-
tomic and functional remnant liver volume, and the risk of postoperative  liver fail-
ure   were presented. There 33 patients had both preoperative and postoperative 
measures of UI values for the remnant liver via the system. Regression analysis 
using predicted UI as an explanatory variable showed a linear equation as: Post 
Surgery UI = −0.09 + 1.04(Predicted UI). It supported the accuracy of the preopera-
tive prediction. To further evaluate the reliability of predicted UI values for the 
future remnant liver (FRL), predicted UIs were further compared with the parame-
ters of the actual post operative liver functions tests. The results demonstrated that 
predicted UI negatively correlated with PT and total bilirubin level (Pearson’s cor-
relation coeffi cient r = −0.67 and −0.68 respectively, P < 0.0001). The AUC for pre-
dicted UI to distinguish patients with and without postoperative  ascites   was at 0.85, 
P < 0.0001. While Child score of 9 or larger was defi ned as high risk of liver failure, 
the ROC analysis results indicated that UI values had a high accuracy in predicting 
the risk of liver failure (AUC = 0.95, P < 0.0001). The threshold for very high risk 
was defi ned as P = 0.05 which corresponds to UI of 0.73 (FLVI = 26 %). In fact, 
there are some weak points in this study. Without Child C patients enrolled in the 
study might lead to conservative decision making rule. The small sample size also 
might affect the accuracy of the threshold to defi ne the high risk region. Further 
improving the accuracy and validating the system in phase III clinical trial is needed 
before bring it to clinical practice.  

    Recommendations Based on the Data 

 The clinical methods to evaluate liver function including serological tests, various 
evaluation scoring systems, ICG clearance, 3D- CT   volumetric calculation are all 
useful in clinical practice. They all have advantages and disadvantages, and cannot 
be replaced, currently. 

 The preoperative liver function evaluation must be a comprehensive process. In 
order to make a safe and thorough evaluation, multiple indices, as well as general 
condition of the patient, type of planned surgery, and profi ciency of surgeons should 
be considered and combined. The maturation and application of new GSA based 
three-dimension imaging system may bring a new promising tool for the preopera-
tive liver function evaluation.     

Y. Mao and S. Du
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    Chapter 15   
 Treatment Protocols for Small Hepatocellular 
Carcinoma (3 cm): RFA or Resection?                     

       Yudong     Qiu     and     Yilei     Mao    

    Abstract     Treatment selection for small hepatocellular carcinoma remains contro-
versial. Although there are various studies showed different prognostic results in 
patients with small HCC by resection compared with RFA or LT, some other impor-
tant factors, not only the tumor size, which may correlate with prognosis are still 
lack especially for gross classifi cation. The identifi cation of gross classifi cation is 
crucial for the discrimination of small HCC and may play a great role for the fi nal 
decision. Our results showed that not all the patients with small HCC are applicable 
for RFA treatment, so as to say, resection may be more benefi cial for patients with 
the nonboundary type of small HCC.  

  Keywords     Small hepatocellular carcinoma   •   RFA   •   Hepatic resection   •   Gross 
classifi cation  

      Introduction 

 Hepatocellular carcinoma ( HCC  ) is a major health problem worldwide and a preva-
lent tumor type in mainland China [ 1 ]. Progresses in diagnostic imaging have 
allowed detection of HCC at an early stage which can be curable by multiple treat-
ment protocols. According to BCLC staging system, patients with very early or 
early-stage HCC should be considered for  resection  , ablation or transplantation [ 2 , 
 3 ]. Also, the use of Milan Criteria to select patients for  liver    transplant   ation   (LT) 
leads to good results for a solitary HCC up to 5 cm or for multiple HCC up to 3 in 
number and up to 3 cm for each tumor [ 4 ,  5 ]. In 2014, a new staging system called 
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HKLC system was erected which may be more applicable to Asian patients 
(Fig.  15.1 ). For the HCC patients with stage I and IIa, resection, transplantation and 
ablation are all recommended [ 6 ]. Hence, three various therapies including resec-
tion, transplantation and ablation have been adopted in patients with small HCC 
although these three approaches have respective distinct indications which are not 
mentioned in the current staging systems.

       Strategy Discussion 

 Hepatitis B is endemic in China and this results in a heavy burden of  hepatocellular 
carcinoma   ( HCC  ) because hepatitis B virus is a major risk factor in the development 
of the disease [ 7 ,  8 ]. Most HCC patients with chronic infection with HCV have 
remarkable  cirrhosis   with impaired  liver   function, whereas patients with HBV- 
related HCC in general have better preserved liver function. Individuals would be 
considered for  liver transplant   ation   (LT) if they were with poor liver function reserve 
and especially small HCC within Milan Criteria (solitary tumour 5 cm and up to 
three nodules 3 cm) [ 9 ]. Nevertheless, this treatment which gives the potential to 
both resect the entire potentially tumor-bearing liver and eliminate the cirrhosis can 
be offered only to a minority of patients because of the shortage of donors and high 

  Fig. 15.1    The HKLC prognostic classifi cation scheme.  EVM  extrahepatic vascular invasion/
metastasis. Early tumor: 5 cm, 3 tumor nodules and no intrahepatic venous invasion; Intermediate 
tumor: (1) 5 cm, either >3 tumor nodules or with intrahepatic venous invasion, or (2) >5 cm, 3 
tumor nodules and no intrahepatic venous invasion; and Locally-advanced tumor: (1) 5 cm, >3 
tumor nodules and with intrahepatic venous invasion, or (2) >5 cm, >3 tumor nodules or/and with 
intrahepatic venous invasion, or (3) diffuse tumor       
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 cost   [ 10 ]. Specifi cally,  resection   was more likely to be recommended over trans-
plantation for patients with small solitary tumors, while patients with small multifo-
cal lesion were much more likely to be referred for transplantation [ 11 ]. Pomfret EA 
et al. [ 12 ] also mentioned that the application of liver transplantation at very early 
stages of HCC development may be futile when treated in patients with well- 
compensated cirrhosis and very early HCC (single tumour of <2 cm in size; T1 
stage [ 13 ,  14 ]). Due to the current issues about transplantation in China, this kind of 
therapy may be excluded from our fi rst treatment of choice for small HCC. 

 Hepatectomy and ablation are another two treatment options available for small 
 HCC   that will potentially have a positive impact on  survival  . Not surprisingly,  resec-
tion   and ablation have achieved excellent survival  outcomes   in this setting, in the 
range of 60–70 % at 5 years [ 15 ,  16 ]. Resection has generally been accepted as the 
fi rst treatment of choice for HCC in many centers. It is recommended by surgeons 
and allows for better local control, with an overall  mortality   rate less than 5 % in 
cirrhotic patients and long-term survival up to >50 % after adequate anatomical 
resections [ 17 ,  18 ]. Anatomical  hepatectomy   is defi ned to preliminarily make blood 
occlusion of hepatic segments and sectors where tumor located and then undergo 
 liver    resection   according to anatomical range. This approach resected the whole 
tumor and the hepatic segments and sectors which its portal venous branches allo-
cated. It may ensure the negative incisal margin and decrease the intrahepatic spread 
of the tumor. After reforming the operation skill, our new approach is probably able 
to precisely dissect the hepatic pedicle which the required resected segments are 
affi liated and not need to excessively dissect more fi brous connective tissues of hilar 
plate and gallbladder bed (Figs.  15.2  and  15.3 ), consequently, more normal liver are 
remained by the skill. Previous study also revealed that precise hemihepatectomy 
guided by middle hepatic vein resulted in fewer incidences of postoperative compli-
cations and had the potential to achieve more adequate tumor- free resection margin, 
which may result in higher tumor-free survival rate [ 19 ]. For the nodules in the left 
lateral lobe,  laparoscopic    hepatectomy   may be another kind of surgical choice. In 
addition, when patients’ performance status permitted, resection is still the fi rst-line 
treatment for small nodules in right posterior and middle lobe. Therefore, surgical 
resection was regarded as a fantastic treatment option for small HCC.

    However, less than 30 % of patients with small  HCC   are eligible for  surgery  , 
mainly because of the multiplicity and heterogeneity of the lesions that often occurs 
in a background of chronic  liver   disease, bad liver function, and deteriorating gen-
eral condition [ 20 ,  21 ]. So, many nonsurgical ablative methods have been devel-
oped, such as cryoablation,  percutaneous   ethanol injection (PEI), acetic acid 
injection, radiofrequency ablation ( RFA  ), microwave coagulation, and transcatheter 
arterial chemoembolization ( TACE  ) [ 22 ]. Among these modalities, Radiofrequency 
(RFA) is now the fi rst-line technique for ablation [ 23 ]. Treatment strategy for HCC 
is mainly decided according to the tumor size, tumor number, liver function and 
performance status. For small HCC, liver function, which is evaluated by three parts 
such as Child-Pugh grade,  MELD   score and the retention rate of ICG in 15 min 
(R15), may play a pivotal role in guiding decision making. If a patient is diagnosed 
as small HCC with bad liver function (MELD score >9 [ 24 ] or ICG-R15 >20 % 
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[ 25 ]), RFA will be considered as fi rst line probably. Nevertheless, there is still con-
troversy regarding the treatment choices for small HCC [ 26 ] although recent 
advances in RFA technology have enabled clinicians to use RFA for larger tumors 
[ 27 ]. While a robust trial appropriately comparing  resection   and ablation is still not 
available [ 28 ], large case-control series and modelling studies support RFA as a 
non-inferior [ 29 ] and more  cost  -effective [ 30 ] treatment for very early HCCs. Wakai 
T et al. [ 31 ] proved that  hepatectomy   provides both similar local control and better 
long-term  survival   for patients with HCC 4 cm in comparison with percutaneous 
ablation. A nonrandomized prospective study suggested that resection is superior to 
RFA in long-term survival [ 29 ]. Moreover, a recently reported randomized trial con-
fi rmed that in patients with small HCC, percutaneous RFA showed similar local 
control and long-term survival compared with hepatectomy but are accompanied 
with a lower complication rate and shorter hospital stay day [ 32 ].  

    Results 

 As far as we know, there have been rare randomized trials to compare the effi cacy 
of  RFA   with that of surgical  resection   for an operable early-stage  HCC   in terms of 
 survival   for HCCs 3 cm [ 33 ,  34 ]. In our opinion, a new risk factor like  gross 

  Fig. 15.2    Anatomical  liver   S4, 5, 8  resection  . Boundary type of single nodular small  HCC         
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classifi cation   should be added in to further help make decision in treatment choice 
for small HCC. The concept of gross classifi cation for HCC was fi rst put forward in 
1984 by Okuda K et al. [ 35 ]. According to those studies made by the Japanese 
scholars, HCC nodules were divided into four groups based on the classifi cation in 
 The general rules for the clinical and pathological study of primary    liver      cancer   , 
 4th ed ., established by the  Liver   Cancer Study Group of Japan [ 36 ]: single nodular 
type (Fig.  15.4 ), single nodular type with extranodular growth, confl uent multi-
nodular type and invasive type (Fig.  15.5 ). In total, 88 patients with small HCC 
treated by RFA were divided into two groups on the basis of gross classifi cation 
distinguished through preoperative imaging data. Our incipient results revealed that 
the single nodular type group (SN) had signifi cantly better  overall survival   (OS) and 
recurrence- free survival (RFS) than the non-single nodular type group (non-SN) 
( P  < 0.05) (Figs.  15.6  and  15.7 ). This signifi cance indicated that not all the patients 
with small HCC are applicable for RFA treatment, so as to say, resection may be 
more benefi cial for patients with the nonboundary type of small HCC.

  Fig. 15.3    Anatomical  liver   S5  resection  . Infi ltrating small  HCC   lesion       
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          Risk of Recurrence 

 One of the greatest problems plaguing potential curative treatment for  HCC   is the 
high risk of recurrence (i.e., ablation and surgical  resection  ). Whichever modality 
we choose to treat small HCC, recurrence and follow-up work should not be ignored. 
Early recurrence due to dissemination is likely to have poorer prognosis than late 
recurrence as it happens after resection. Tumor seeding due to tumor puncture for 
 diagnosis   or ablation is the most important, as it is associated with a poor prognosis 
among the patterns of recurrence [ 37 ,  38 ]. In current study, local recurrence was 
found to be more frequent after  RFA   than after HR. Local recurrences after RFA 
may be attributable to insuffi cient ablation of the primary tumor and/or the presence 
of tumor venous invasion in the adjacent  liver   [ 22 ]. Solving these problems, 

  Fig. 15.4    Based on imaging examination, the macroscopic type was single nodular small  HCC  . 
( a ) plain  CT  . ( b ) arterial phase. ( c ) portal phase  CT   computed tomography         

  Fig. 15.5    Based on imaging examination, the macroscopic type was invasive small  HCC  . ( a ) plain 
 CT  . ( b ) arterial phase. ( c ) portal phase  CT  computed tomography         
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prolongation of the follow-up time is needed and might be benefi cial for the com-
parison of the disease-free and  overall survival   rates between RFA and  hepatec-
tomy  . Resection or  TACE   when indicated would be the great treatment of choice 
against intrahepatic recurrences.  

    Conclusion 

 As previously stated, treatment decision in patients with small  HCC   should be indi-
vidualized according to the parameters at fi rst  diagnosis  . Combined with current 
research, three curative therapies (surgical  resection  , transplantation,  RFA  ) are effi -
cacious for small HCC. How to select an appropriate treatment seems to be a bit 
vague in order to achieve a better prognosis. Shown in our results,  gross classifi ca-
tion   may play a pivotal role in therapy decision making for small HCC. In summary, 
comprehensive diagnosis and treatment is essential for future  survival   in patients 
with HCC. For these results to take place, all factors should be considered in 
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  Fig. 15.6    Recurrence-free  survival   curves for patients with small  HCC   treated by  RFA   between 
SN and non-SN group ( P  = 0.21)       
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treating small HCC. Only by combination of the past clinical experience, the current 
recommendations from guidelines and the latest research results will allow those 
patients to achieve benefi ts.  

    Recommendations 

•     For Asian patients with HBV-related small  HCC  , we recommend the use of  RFA   
and  resection   to treat small HCC.  

•   For patients with Child-Pugh A and  MELD   score <9,  resection   should be consid-
ered. However, patients with MELD score >10,  cirrhosis   and portal hypertension 
are tending to be treated with  RFA  .  

•   There is evidence for  RFA   to treat those patients with the boundary type of small 
 HCC   in accordance with  gross classifi cation  .  

•   Specifi cally, infi ltrating  hepatocellular carcinoma   (iHCC) described as invasive 
type in  gross classifi cation   was suggested to be treated with anatomical  resection   
due to the high recurrence rate if managed with  RFA  .        
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    Chapter 16   
 Which Is the Better Predictor of Hepatic 
Reserve Prior to Liver Resection: MELD 
or the Child-Pugh Score?                     

       Trevor     W.     Reichman      and     Humberto     Bohorquez   

    Abstract     Critical assessment of the hepatic reserve is essential prior to liver resec-
tion especially in patients with chronic liver disease. Development of liver dysfunc-
tion post resection can result in a signifi cant increase in associated complications 
resulting in prolonged length of hospital stay and increased hospital costs. In addi-
tion, the development of liver failure is almost universally fatal unless the patient 
can undergo liver transplantation. Several scoring systems have been identifi ed 
which assess the degree of liver disease including the Child-Turcotte-Pugh scoring 
system (CTP) and the Model for End Stage Liver Disease (MELD). Both of these 
scoring systems have been used to predict mortality post liver resection. Based on 
the current available literature, MELD appears to be the best predictor of postopera-
tive liver dysfunction/failure in patients with cirrhosis, and patients with MELD 
scores 9 should not be considered for hepatic resection. Other factors not included 
in MELD such as platelet count, presence of portal hypertension, extent of liver 
resection (and the resulting residual liver volume) and the presence of ascites should 
also be considered when selecting patients with chronic liver disease to undergo 
liver resection.  

  Keywords     Hepatectomy   •   Liver resection   •   MELD   •   Child-Pugh Score   •   Liver fail-
ure   •   Cirrhosis  

      Introduction 

 Recent surgical advances in  liver    resection  s have improved the safety and complica-
tion rates from this complex operation, and a  hepatectomy   is now a well-accepted 
treatment for patients with both benign and malignant  liver tumor  s and metastatic 
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cancers to the liver. The presence of an adequate, healthy remnant liver is essential 
in order to prevent postoperative liver dysfunction and/or  liver failure   after liver 
 resection   and is especially critical in patients with known chronic liver disease. In 
the case of  hepatocellular cancer   ( HCC  ), >80 % of the patients diagnosed have 
chronic liver disease [ 1 ]. With donor shortages across the globe, not all patients with 
chronic liver disease can undergo transplantation for HCC [ 2 ]. Appropriate assess-
ment of the  hepatic reserve   is essential to avoiding post-operative liver dysfunction 
and liver failure.  

     Liver   Failure Following Liver Resection 

 Progression of  liver   dysfunction to  liver failure   is almost universally fatal unless the 
patient can undergo  liver transplant   ation  . Post- hepatectomy   liver failure was 
recently defi ned by the International Study Group of  Liver   Surgery (ISGLS) as the 
inability of the liver to maintain its synthetic, excretory, and detoxifying functions, 
which is manifested by an increased INR and hyperbilirubinemia on or after post-
operative day 5 [ 3 ]. The reported rate of liver failure varies between 1.2 and 32 % 
depending on the study population [ 3 ]. Liver dysfunction post  liver resection   ulti-
mately results in increased length of stay and increased hospital costs. Recently, 
post operative liver dysfunction was also linked to post  resection   disease-free  sur-
vival   in patients undergoing resection for  HCC   [ 4 ].  

    Evaluation of the Degree of Chronic  Liver   Disease 

 It is well established that there is an increased risk performing  surgery   on patients 
with chronic  liver   disease and  cirrhosis  . This increased risk derives from both fac-
tors associated with chronic liver disease (e.g. portal hypertension,  ascites  , throm-
bocytopenia, and coagulopathy) and also the potential exacerbation of liver 
dysfunction secondary to general anesthesia and a laparotomy incision. Based on 
several studies,  mortality   can be as high as 70–80 % in patients with advanced cir-
rhosis [ 5 ,  6 ]. 

 Based on this knowledge, it is not surprising that there is also an increased risk 
in performing  liver    resections   on patients with chronic liver disease. Accurate 
assessment of the functional reserve is critical prior to liver  resection   especially in 
patients with chronic liver disease. Two well-known scoring systems are the Model 
for End Stage  Liver   Disease ( MELD  ) and the Child-Turcotte-Pugh (CTP) scoring 
system. The accuracy of these tests in predicting hepatic dysfunction post liver 
resection is still debated. 

 The CTP score was initially reported in 1964 as a way to assess  liver   function in 
patients with chronic liver disease and was later modifi ed by Pugh in 1973 [ 7 ,  8 ]. 
The current scoring system utilizes the serum bilirubin, serum albumin, prothromin 
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time (PT)/ international normalized ratio (INR), degree of  ascites   and degree of 
hepatic encephalopathy assigning 1–3 points for each variable. Patients are divided 
into three classes based on total points with 6, 7–9, and 10 points representing 
Child’s class A, B, and C, respectively. Unlike the CTP score which contain vari-
ables that are somewhat subjective, the  MELD   score, a linear regression model 
based on patient’s serum creatinine, total bilirubin and INR, was initially designed 
to predict  mortality   in cirrhotic patients who were undergoing transjugular intrahe-
patic portosystemic shunts ( TIPS  ) [ 9 ]. Subsequently, the model has been validated 
prospectively as a prognostic tool in patients awaiting  liver transplant   ation   [ 10 ]. 
This model also effectively predicts mortality in patients who underwent non- 
transplant  surgery   [ 11 ].  

    Search Strategy 

 A literature search of the English language publications from 1990 to 2014 was 
used to identify published data on the use of Child Class and/or  MELD   score as a 
predictor of  hepatic reserve   prior to  liver    resection   using the  PICO   outline 
(Table  16.1 ). The databases searched included PubMed, Science Citation Index/
Social Sciences Citation index, Embase, and Cochran  Evidence Based Medicine  . 
Keywords used for the search included “MELD score,” Child score/classifi cation,” 
“Child- Pugh score/classifi cation,” “Child-Turcotte-Pugh score/classifi cation,” “ cir-
rhosis  ,” AND “liver  resection  ,” OR “ hepatectomy  .” Articles were classifi ed using 
the  GRADE   system.

        Liver   Resections and the Childs-Turcotte-Pugh Score 

 CTP score has been applied to  liver    resection   in an attempt to predict  hepatic reserve   
and  mortality   post liver  resection  . It is fairly well established that patients with 
Class C  cirrhosis   poorly tolerate resection. An early study by Nagasue et al. docu-
mented their experience with 63 patients (46 Class B and 17 Class C cirrhotics). In 
their series, they had a 17.6 % overall peri-operative mortality (30 days from  sur-
gery  ) for their class C patients and a 23.5 % in-hospital death rate [ 12 ]. 

   Table 16.1     PICO   table for assessment of  hepatic reserve   prior to  liver    resection     

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with 
 cirrhosis   
undergoing 
 hepatic 
resection   

 Use of  MELD   
scoring system 
preoperatively to 
assess  hepatic 
reserve   

 Use of the Child-
Turcotte-Pugh 
classifi cation to assess 
 hepatic reserve   prior to 
 liver    resection   

 Incidence of  liver   dysfunction/
failure post  liver resection   
resulting in increased length of 
stay, hospital  cost,    morbidity,   
and  mortality   

16 Which Is the Better Predictor of Hepatic Reserve Prior to Liver Resection…
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 Few studies also focus on class B cirrhotics with even fewer giving a detailed 
analysis of peri-operative  morbidity  . Two studies were identifi ed which focused on 
 outcomes   following  resection   of class B cirrhotics. The fi rst series by Nakahara 
et al. examined 119 patients with  HCC   who underwent resection that were identi-
fi ed as class B  cirrhotics   [ 13 ]. Of these patients, >75 % of them underwent a limited 
resection (less then a segmentectomy). In this series, the in-hospital  mortality   was 
5 %, with two patients suffering from  liver    failure   in the immediate postoperative 
setting. Multivariate analysis revealed risk factors for poor outcome which included 
elevated bilirubin (>1.5 mg/dl) and the presence of  ascites   [ 13 ]. Similarly, Kuroda 
et al .  studied 150 class B cirrhotics. Although the risk of immediate post-operative 
liver failure appears to be low in these patients, many patients ultimately die of liver 
failure (15 %) [ 14 ]. Based on these studies, limited resection can be performed on 
patients with CTP Class B cirrhosis with caution but major resections should be 
avoided. 

 One would predict that class A cirrhotics would have less post-operative  liver   
dysfunction and  liver failure   based on the fact that Class A patients by defi nition 
have minimal symptoms (if any) of chronic liver disease. The majority of large 
published studies focus on patients with class A  cirrhosis   and  HCC  . However, stud-
ies have clear bias and show improvement in  outcomes   over time but little change 
in the number of patients with cirrhosis [ 15 ]. Even for patients with class A cirrho-
sis, the range of liver function appears to vary widely as judged by ICG retention 
studies performed on Class A patients [ 16 ]. In a series of 625 patients resected for 
HCC, CTP was not found to be an independent predictor of perioperative  morbidity   
[ 17 ]. In contrast, Nagasue et al. reported their outcomes of 229 patients and found 
that CTP was predictive of post-operative complications. In this series, only patient 
with cirrhosis were at risk for developing post-operative liver failure [ 18 ]. In a large 
European study, all patient resected were considered Class A but they noted a 32 % 
incidence of post-operative liver failure in patients with stage 4 fi brosis (cirrhosis) 
[ 19 ]. 

 The extent of  liver    resection   is obviously an important predictor of post- operative 
liver dysfunction and  liver failure  . Two studies were identifi ed which focused on 
major  hepatic resection  s and CTP classifi cation. Yang et al. specifi cally examined 
 outcomes   of patients with  cirrhosis   following major hepatic  resection   [ 20 ]. In this 
series, 270 patients had class A cirrhosis versus 35 with class B cirrhosis. Risk fac-
tors for preoperative  morbidity   were the presence of portal hypertension, Child 
class B, and platelet count <100 × 10 9 /l. However, independent risk factors for 
 postoperative hepatic dysfunction were a prothrombin time >14 s and a platelet 
count <100 × 10 9 /l, not CTP score. In addition, four patients died of post-operative 
liver failure of which two were Class A cirrhotics. Similarly, Zhou et al. examined 
their experience after major  hepatectomy   in 81 patients of which 6 (7.4 %) had class 
B cirrhosis and only one patient suffered perioperative hepatic failure [ 21 ]. 

 Based on the current available literature, Class C  cirrhosis   should be an absolute 
contraindication to  resection  . On the other hand, resection in Class A and B cirrho-
sis is not an absolute contraindication, but these patients should be selected care-
fully in order to minimize post-operative complications. In addition, the magnitude 
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of resection required for cure should be carefully considered when selecting suit-
able patients for  hepatic resection  .  

     Liver   Resections and the Meld Score 

  MELD   has been applied to cirrhotic patients who underwent  liver    resection   for 
 hepatocellular carcinoma   ( HCC  ) for more than a decade. Marrero et al. in a sub-
group of ten patients fi rst reported that MELD score correlates with post-operative 
 survival   in patients who underwent liver  resection   for HCC and found that a MELD 
score >10 was indicative of poor prognosis [ 22 ]. Similarly, Teh et al .  retrospectively 
analyzed 82 cirrhotic patients who underwent liver resection for HCC [ 23 ]. A 
MELD score 9 was an independent predictor of perioperative  mortality   (0 % in 
patients with MELD score 8 vs. 29 % with MELD score 9). In another study with 
154 liver resections, Cuchetti et al. demonstrated that MELD score not only predicts 
accurately postoperative  liver failure  , complications, and survival but that is also 
helpful stratifying the risk [ 24 ]. When the patients were analyzed in three groups 
according to their MELD score, <9, 9–10 and 11, postoperative liver failure 
occurred in 0, 3.6 and 37.5 % respectively. A MELD score cut-off of <9 for 
mortality-  morbidity   for liver resections in cirrhotic patients has been confi rmed by 
others [ 25 – 27 ]. 

 AASLD and EASL guidelines recommend  liver    resection   for  HCC   patients with 
solitary tumors and well-preserved liver function defi ned as normal bilirubin, plate-
lets >100,000/mm 3  and hepatic pressure <10 mmHg [ 28 ,  29 ]. Cuchetti reviewed this 
concept in 241 cirrhotic patients that underwent liver resections and were divided in 
two groups according to the presence or absence of portal hypertension [ 30 ]. The 
study showed lower  survival   in those patients with portal hypertension because of 
greater liver impairment; however, after propensity score matching of 78 patients, 
the  overall survival   was similar in patients with and without portal hypertension. In 
this subgroup of patients, the only predictors of postoperative  liver failure   were 
 MELD   score and the extent of  hepatectomy  . They concluded that when other prog-
nostic variables were appropriately handled, the presence of portal hypertension had 
no impact on peri-operative  outcomes   and that the presence of portal hypertension 
alone should not be considered a contraindication for  hepatic resection  . 

  MELD   score has been reported to have low prognostic power in non-cirrhotic or 
well preserve hepatic function patients. Schroeder et al. in a review of 587 hepatec-
tomies found no correlation between MELD score and post-operative  outcomes   
[ 31 ]. However, the majority of the study population (91 %) had minimal or no evi-
dence of  liver   disease (MELD score 5.7 ± 3.3). A similar smaller study of 46 patients 
(21 without  cirrhosis   vs. 25 with cirrhosis) with  HCC   who underwent  liver resection   
demonstrated that MELD score failed to predict perioperative outcomes in the non- 
cirrhotic patients [ 32 ]. By contrast, in the cirrhotic group, the model was able to 
predict poor outcomes when MELD was calculated preoperatively and on postop-
erative day 5 (MELD score >9 and >15, respectively). 
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 Extent of  resection  , a major limitation for hepatectomies especially in cirrhotic 
patients, also correlates with the  MELD   score. In a report by Cescon et al., 341 cir-
rhotic patients were retrospectively evaluated to determine the incidence and factors 
that affect irreversible post-operative liver failure (IPLF). In this study, MELD score 
and extent of  hepatectomy   were identifi ed as independent factors of IPLF [ 33 ]. For 
analysis, patients were stratifi ed according to their MELD score. In patients with 
MELD <9, IPLF occurred in one patient (0.4 %) with four segments resected; in 
MELD scores 9–10, IPLF occurred in 1.2 % of patients that underwent resection of 
less than one segment, in 5.1 % for 1 or 2 segments resected and in 11 % for 3 
segments. In patients with a MELD score >10, IPLF occurred in >15 % of the 
patients regardless of the degree of resection. Interestingly, in the group with MELD 
scores 9–10, all IPLF cases occurred in patients with a sodium level <140 mEq/L; a 
level that seems to defi ne high/low risk groups for  liver    resection  . 

 The  MELD  -Sodium (MELD-Na) model, a revised MELD formula that incorpo-
rates serum sodium levels, is superior at predicting  outcomes   in  liver    transplant   ation   
especially in those patients with lower MELD scores. Recently, a study successfully 
applied the MELD-Na score in predicting  morbidity   and  mortality   following elec-
tive colon  cancer    surgery   irrespective of underlying liver disease [ 34 ]. Studies are 
needed to defi ne whether this parameter could be applied to patients who underwent 
 liver resection  . 

 The  MELD   score has also been evaluated against other prognostic tests and 
scores to test their ability to determine the functional  hepatic reserve   in cirrhotic 
patients undergoing  liver    resection  . In a study from the University of Toronto, the 
MELD score was compared against the use of ICG retention at 15 min (ICG15), a 
dynamic test for hepatic functional reserve [ 35 ]. In this study of 129 patients who 
underwent liver  resection   for  HCC  , ICG15 15 % and MELD score 14 were inde-
pendent factors to predicts length of stay >10 days. However, MELD score failed to 
predict  liver failure   at post-operative day 3 while ICG15 did. Postoperative  survival   
was not analyzed. Likewise, in a prospective study that included 40 patients, ICG15 
and MELD score correlated with prognosis; however, ICG15 had a higher sensitiv-
ity and specifi city than the MELD score, 85 % and 90 % vs. 60 and 80 %, respec-
tively [ 36 ].  

    Child-Turcotte-Pugh vs. MELD Score 

 Although the CTP score is easy to use and evaluates major elements of  liver   func-
tion, it has several limitations. Two of the components of the score,  ascites   and 
encephalopathy, are subjective measurements; the score factors are weighted 
equally and use arbitrary cut-off. Therefore, CTP score calculation is not always 
reliable, and since patients within the same CTP class are not necessarily homoge-
neous, discrimination of the risk is limited. As a consequence, patients could errone-
ously be classifi ed and either be exposed unnecessarily to high risk procedures or 
excluded from benefi cial therapeutic interventions. 
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 By contrast,  MELD   score is objective, reproducible, weighs its components dif-
ferently and does not depend on arbitrary cut-offs providing a very useful tool to 
predict  outcomes   in cirrhotic patients. In patients with  cirrhosis   who underwent 
 liver    resection  , preoperative MELD score has been able to not only predict out-
comes but also to stratify the risk. Moreover, in patients within the same CTP class 
or same level of portal hypertension, the MELD score was able to successfully dis-
criminate the risk and identify appropriate candidates for liver resection. In addi-
tion, delta MELD, variations in MELD score at different points of the perioperative 
time, is also predictive of morbidity and  mortality  . 

  MELD   score, however, seems to be limited to cirrhotic patients and fails to pre-
dict  outcomes   in non-cirrhotic patients. In this population, a combination of the 
serum sodium level and/or MELD-Na seems to improve accuracy but further stud-
ies are required to validate this  observation  . 

 There are several limitations to the studies that use CTP and  MELD   score to 
stratify patients for  liver    resection  . First, there is a lack of prospective randomized 
control trials. Second, the majority the patients evaluated in different studies were 
cirrhotic patients with CTP class A (88–100 %), indicating a selection bias where 
liver  resection   is offered to patients with minimal liver disease. Third, minimal 
information is available comparing these scoring systems in non-cirrhotic patients. 
Table  16.2  compares major studies examining MELD vs. CTP.

       A Personal View of the Data 

 The currently available literature has a large selection bias and lacks large amounts 
of patients with advanced  cirrhosis  . In our practice,  MELD   has been found to be the 
most predictive of  hepatic reserve  . However, we rarely use the MELD score in isola-
tion to determine a patient’s candidacy for  resection  . Other factor not accounted for 
in MELD such as the presence of  ascites  , evidence of portal hypertension on imag-
ing or  endoscopic   gastroduodenoscopy (EGD), and the platelet count (<100) are 
also used in determining the ability of patient to tolerate resection. Detailed volu-
metric analysis is performed to determine the residual  liver   volume and also to aid 
in planning the resection. If the residual volume appears to be marginal, portal vein 
 embolization   is performed to increase the remnant volume but also to test the regen-
erative capacity of the remaining liver. Biopsy of the remnant segment is also per-
formed liberally to determine the degree of fi brosis/cirrhosis. For patients with 
 HCC  , if there is any question as to the hepatic reserve of the liver and the patient is 
within Milan or close to being within Milan, many of these patients are referred for 
transplant evaluation.  

16 Which Is the Better Predictor of Hepatic Reserve Prior to Liver Resection…
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    Recommendations 

•     The  MELD   scoring system is the best at predicting preoperative  liver   dysfunc-
tion and  liver failure   with a MELD score of 9 acting as a cutoff (evidence quality 
low, weak recommendation)  

•   Other factors such as extent of  resection  , presence of portal hypertension, abso-
lute platelet count, and the serum sodium should also be taken into account when 
selecting patients with chronic  liver   disease for resection (evidence quality low, 
weak recommendation)        
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    Chapter 17   
 Early (<24 h) or Delayed Cholecystectomy 
for Acute Cholecystitis?                     

       Stephan     G.     Wyers    

    Abstract     The optimal timing for operation for acute calculous cholecysitis remains 
controversial. Two courses of surgical management have traditionally been pursued: 
(1) early laparoscopic cholecystectomy (within the fi rst 72 h of onset of symptoms) 
or (2) initial conservative management with administration of intravenous antibiotics 
until infl ammation resolves followed by delayed laparoscopic cholecystectomy 
(generally greater than 6 weeks after presentation). There is a growing body of 
 evidence from both retrospective reviews of large clinical databases and prospective 
randomized controlled trials to recommend early laparoscopic cholecystectomy 
(ELC) over delayed laparoscopic cholecystectomy (DLC).  

  Keywords     Acute cholecystitis   •   Laparoscopic cholecystectomy   •   Management   • 
  Timing  

   The question of optimal  timing   of any operation necessarily involves an understand-
ing of the natural history of the disease and reference time points in its clinical 
course. Acute calculous cholecystitis begins with cystic duct obstruction by a gall-
stone. Persistence of the obstruction leads to distension of the gallbladder, edema in 
the gallbladder wall, infl ammation in the gallbladder wall and adjacent tissues. 
After 72 h the infl amed tissue becomes thickened, more vascular and adherent to 
surrounding structures making dissection in the hepatocystic triangle more diffi cult. 
Delaying  cholecystectomy   for a period of 6 weeks or longer results in the formation 
of fi brotic adhesions in the hepatocystic triangle distorting the anatomy and compli-
cating dissection. The question of timing of operation also requires agreement about 
a specifi c clinical event that defi nes the start of the disease process. Various studies 
use different clinical events, such as the onset of symptoms reported by the patient 
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or admission to the hospital, as surrogate starting points for comparison. This 
 variability complicates comparison of the available studies and limits the ability to 
make recommendations for optimal timing of  laparoscopic    cholecystectomy  . 

 The rationale for delayed  surgery   is based on the  observation   that acute infl am-
mation may lead to increased risk of surgical complications. This rationale was 
reinforced in the early years after  laparoscopic    cholecystectomy   was developed. 
While the benefi ts of laparoscopic  cholecystectomy   (decreased hospital stay, 
decreased overall  morbidity  , earlier return to full activity etc.) were obvious in 
 comparison to  open   surgery [ 1 ], surgery in the setting of acute infl ammation led to 
higher rates of conversion to open operation [ 2 ] and rates of common  bile duct   
 injury   greater than those in the era of open cholecystectomy for  acute cholecystitis   
[ 3 ]. In the early years of laparoscopic cholecystectomy, acute cholecystitis was con-
sidered a relative contraindication [ 4 ]. While later prospective trials showed early 
laparoscopic cholecystectomy to be as safe as open cholecystectomy for acute 
cholecystitis [ 5 ], most surgeons continued to opt for initial conservative treatment 
and delayed laparoscopic cholecystectomy. As late as 2004 surveys of practice 
 patterns in Britain and the United States showed that only 20–30 % of patients with 
acute cholecystitis were operated on in the early phase [ 6 ,  7 ]. While the rate of bile 
duct injury has decreased with time, it has not fallen to the rates reported in the open 
era [ 8 ]. Common bile duct injury remains the most signifi cant surgical complication 
of laparoscopic cholecystectomy. 

    Retrospective Studies 

 The rationale for early  laparoscopic    cholecystectomy   for  acute cholecystitis   is sup-
ported by a growing amount of evidence from retrospective studies. First, early 
 surgery   avoids the risks to the patient of gallstone related complications that the 
wait for a delayed operation assumes. Cheruvu and Eyre-Brook showed that 18.5 % 
of patients with acute cholecystitis required readmission to the hospital in the fi rst 
6 weeks after their initial presentation [ 9 ]. These risks only grow with the longer 
operation is postponed. A recent Canadian study [ 10 ] followed a cohort of over 
10,000 patients who did not undergo  cholecystectomy   on their fi rst admission for 
acute cholecystitis. The probability of a gallstone related complication at 6 weeks, 
12 weeks, and 1 year after discharge was 14 %, 19 %, and 29 % respectively. Of 
these 30 % were for biliary tract obstruction or pancreatitis. Second, retrospective 
studies from large databases have indicated that early laparoscopic cholecystectomy 
is as safe and effective as delayed surgery. In a retrospective cohort study of over 
14,000 patients [ 11 ]  early cholecystectomy   was associated with a lower risk of 
common  bile duct    injury   and of common bile duct injury or death than  delayed 
cholecystectomy  . The rate of conversion from laparoscopic to  open   operation was 
no different in the early group (11 %) and in the delayed group (10 %). Furthermore, 
hospital stay was 2 days shorter for the early surgery group. Third, retrospective 
studies suggest that the sooner laparoscopic cholecystectomy is performed during 
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the initial hospitalization the more favorable the  outcomes  . In a recent retrospective 
analysis from Switzerland of 4,113 patients [ 12 ] immediate surgery was found to 
have statistically signifi cant advantages in conversion and reoperation rates, postop-
erative complications, and length of hospital stay compared to delayed cholecystec-
tomy 1–6 days after hospital admission. Brooks et al. reviewed the course of 5,268 
patients in the American College of Surgeons National Surgical Quality Improvement 
Program database [ 13 ]. Patients who underwent operation later in the course of 
admission (>24 h) had greater risk of open operation and longer postoperative and 
overall lengths of hospitalization.  

    Prospective Studies 

 A search of the Medline database from 1987 to the present as well as a review of the 
recent literature produces eight prospective randomized controlled  clinical trial   s   
which compare early  laparoscopic    cholecystectomy   (ELC) to delayed laparoscopic 
 cholecystectomy   (DLC) in the setting of calculous  acute cholecystitis   [ 14 – 21 ]. All 
of prospective surgical trials reviewed here suffer from the inability to blind participants 
and investigators (Table  17.1 ).

   The ACDC (Acute Cholecystitis-early  laparoscopic    surgery   versus antibiotic 
therapy and Delayed elective Cholecystectomy) trial by Gutt et al. [ 14 ] is larger than 
the remaining studies combined. It specifi cally addresses the question of immediate 
(<24 h)  laparoscopic cholecystectomy   vs. delayed (>7 days) laparoscopic 
 cholecystectomy  . 

 The variable criteria used by the studies to defi ne the  timing   of early and  delayed 
cholecystectomy   are given in Table  17.2 .

   Not all of the studies measured the same primary and secondary  outcomes  . All 
studies (except Macafee [ 15 ]) reported quantitative outcome data for  mortality  , 
 morbidity  , conversion to  open   operation and hospital stay. Bile duct injury was 

   Table 17.1    Characteristics of prospective randomized controlled trials comparing Early 
Laparoscopic Cholecystectomy (ELC) to Delayed Laparoscopic Cholecystectomy (DLC)   

 Authors (Ref.)  Year 
 Single or 
multicenter 

 Number patients 
total (ELC:DLC) 

 Average 
age (years) 

 Female 
(%) 

 Gutt et al. [ 14 ]  2013  Multicenter  618 (304:314)  56.2  58.7 
 Macafee et al. [ 15 ] a   2009  Single  72 (36:36)  52.5  65.2 
 Yadav et al. [ 16 ]  2009  Single  50 (25:25)  41  76 
 Kolla et al. [ 17 ]  2004  Single  40 (20:20)  40  80 
 Johannson et al.[ 18 ]  2003  Single  145 (74:71)  57  60 
 Davila et al. [ 19 ]  1999  Single  63 (27:36)  56  71.4 
 Lai et al. [ 20 ]  1998  Single  104 (53:51)  56  63.5 
 Lo et al. [ 21 ]  1998  Single  86 (45:41)  60  43.3 

   a The study by Macafee et al. does not furnish  outcomes   of interest for this review  
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included in the morbidity for all studies and as a primary outcome in one. Most 
studies reported outcomes for operative time. Only one [ 14 ] examined hospital  cost   
(Table  17.3 ).

    Mortality     The only deaths reported in the seven trials were in the largest trial [ 14 ]. 
There was one death in both the ELC (.3 %) and DLC (.3 %) groups. There were no 
deaths reported in the smaller trials.  

  Common Bile Duct Injury     In total in the seven trials above, there were three 
common  bile duct   injuries. One was in the ELC group (1/523, .2 %) and two were 
in the DLC groups (2/533, .4 %). In a recent meta-analysis of these seven trials [ 22 ] 
these small rates did not achieve statistical signifi cance.  

  Other Morbidity     The ACDC trial [ 14 ] showed signifi cantly lower  morbidity   scores 
at 75 days and fewer adverse events in the ELC group compared to the DLC group. 
When combined with the other studies in a meta-analysis there was a trend, albeit not 
statistically signifi cant, toward decreased morbidity favoring the ELC group [ 22 ].  

  Conversion to Open Operation     The ACDC trial [ 14 ] showed no signifi cant 
difference between the two groups with respect to conversion to  open   operation 
(ELC 30/304, 9.9 %: DLC 33/314, 11.9 % p = .44). A Cochrane meta-analysis of 

   Table 17.2    Timing of Early Laparoscopic Cholecystectomy (ELC) and Timing of Delayed 
Laparoscopic Cholecystectomy (DLC)   

 Study  Year  Timing of ELC  Timing of DLC 

 Gutt  2013  <24 h from admission  7–45 days 
 Macafee  2009  <4 days from admission  3 months 
 Yadav  2009  <4 days  6–8 weeks 
 Kolla  2004  <4 days  6–12 weeks 
 Johannson  2003  <7 days  6–8 weeks 
 Davila  1999  <4 days  8 weeks 
 Lai  1998  <7 days  6–8 weeks 
 Lo  1998  <7 days  13 weeks 

   Table 17.3    Outcomes measured in the prospective randomized trials of ELC vs. DLC   

 Study 
 Mor- 
tality 

 Morbi-
dity 

 CBD 
injury 

 Conversion 
to  open   

 Operative 
time 

 Failure of 
conservative 
therapy 

 Hospital 
stay 

 Hospital 
costs 

 Gutt  x  x  x  x  x  x  x 
 Yadav  x  x  x  x  x 
 Kolla  x  x  x  x  x 
 Johannson  x  x  x  x  x 
 Davila  x  x  x  x 
 Lai  x  x  x  x  x 
 Lo  x  x  x  x  x 
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fi ve of the six smaller trials also showed no signifi cant difference in conversion rates 
between ELC and DLC [ 23 ].  

  Operation Time     There was considerable heterogeneity in the six smaller trials. A 
meta-analysis of the six smaller studies showed a trend toward longer operating 
times in the ELC group [ 23 ]. This trend was not statistically signifi cant.  

  Failure of Conservative Therapy (DLC)     In the ACDC trial [ 14 ] change of antibiot-
ics was necessary in 31 of 314 (9.9 %) patients; and, of these 31 patients premature 
 surgery   was necessary in 17 (54.8 %).  

  Hospital Length of Stay     All seven of the trials showed signifi cant reduction in 
total length of stay in the hospital. In the ACDC trial [ 14 ] the mean length of stay 
was 4.6 days less in the ELC group. This was a 50 % reduction in hospital stay.  

  Hospital Cost     In the ACDC trial [ 14 ] the reduced hospital stay for the ELC group 
(<24 h) translated directly into reduced  cost   (approximately 3000€/case). This was 
the only prospective trial to evaluate cost.  

  Return to Work and Normal Activity     Only one trial examined return to work and 
normal activity. The study by Lo et al. [ 21 ] showed that patients in the ELC group 
had shorter average total recuperation periods (7 days) and shorter average periods 
of time off work (11 days).   

    Summary and Recommendations 

 Early (<24 h)  laparoscopic    cholecystectomy   has signifi cant medical and socioeco-
nomic benefi ts and is the recommended approach for low risk patients with  acute 
cholecystitis  . Recommendation Grade 1C. Both ELC and DLC have very low rates 
of  mortality   and common  bile duct    injury   and, as a result, the prospective studies 
cited here are insuffi ciently powered to show superiority with regard to these  out-
comes  . Given these low rates it has been estimated that prospective studies would 
require thousands to tens of thousands of patients in each arm in order to show sig-
nifi cant differences in bile duct injury and mortality. The overall  morbidity   of ELC 
compared to DLC is not greater and in the ACDC trial is shown to be signifi cantly 
less than DLC. The prospective studies demonstrate that ELC dramatically reduces 
the length of hospital stay and total hospital  cost  . For a disease as common as acute 
cholecystitis ELC offers signifi cant reduction in direct hospital costs and improve-
ment in hospital effi ciency. Though only one trial demonstrated earlier return to 
work and normal activity with ELC, it stands to reason that the patients who avoid 
DLC have a shorter time to resolution of their illness overall given that morbidity 
does not increase with ELC. Further prospective studies may improve the strength 
of this recommendation.  
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    A Personal View of the Data 

 It has been my practice to operate within 24 h on all patients with  acute cholecystitis   
whose symptoms are of less than 72 h duration and who are candidates for general 
anesthesia. A more diffi cult decision is the  management   of patients whose symp-
toms have been present for more than 3–4 days prior to admission. (Most of the 
prospective studies cited above used symptoms of greater than 7 days duration prior 
to admission as an exclusion criterion.) For this group of patients a more nuanced 
approach is in order. The presence of other known high risk factors (male sex, a 
palpable infl ammatory mass on physical exam, extensive upper abdominal  surgery  , 
morbid obesity or fi ndings on imaging) would warrant a conservative approach in 
my view. The Tokyo Guidelines for the surgical management of acute cholecystitis 
is based on a clinical grading scale of the severity of the acute cholecystitis and 
endorses this nuanced approach in this group with Grade II (moderate) acute 
cholecystitis [ 24 ]. 

 The studies reviewed above argue strongly that a policy of early  laparoscopic   
 cholecystectomy   should be adopted more broadly in  acute cholecystitis  . This should 
be undertaken with renewed dedication to what Strasberg has called a “culture of 
safety” [ 25 ]. Whether operating for biliary colic or acute cholecystitis, I dissect the 
hepatocystic triangle to “the critical view of safety” which has been well defi ned in 
the literature [ 26 ]. If infl ammation prohibits dissection to the “critical view of 
safety”,  cholangiography   under fl uoroscopy is my next step. If this fails to clarify 
the anatomy or reveals an injury I convert to  open   operation. Conversion to open 
operation should never be viewed as a complication but rather a triumph of good 
judgment over technical ability. Given the marked improvement in laparoscopic 
cameras, angled lenses, and monitors in the past 25 years, visualization does not 
necessarily improve with conversion – except in one very important respect; there is 
improved ability to appreciate three dimensional anatomic relationships. Way 
reviewed common  bile duct   injuries by experienced surgeons and attributed them to 
cognitive visual spatial errors [ 27 ]. Most bile duct injuries are not recognized in 
the operating room; therefore, most are due to misidentifi cation. In a diffi cult 
laparoscopic or open case I don’t hesitate to get a “second set of eyes” from an 
experienced colleague if one is available. Conversion to open operation allows 
direct palpation to assist the dissection in densely infl amed tissue. After conversion 
I will use these advantages to dissect to a critical view of safety. Only if this is 
unsuccessful do I use “top down” or “fundus fi rst” approach. This also entails risk 
since the normal plane between the  liver   and gallbladder is frequently obliterated by 
the infl ammation. Getting into the hepatic parenchyma from this approach can pro-
duce signifi cant hemorrhage. This is the setup for coupling a  bile duct injury   with a 
 vascular injury. Much better options to avoid this most severe combination of injures 
would be placement of an open cholecystostomy tube or partial  cholecystectomy   
with extraction of stones and placement of a drain. 

 Other than the high risk situations described above, I reserve delayed  laparo-
scopic    cholecystectomy   for patients whose comorbidities place them at high risk for 
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general anesthesia (e.g. ASA class 4 or 5) or whose symptoms are of greater than 
7 days duration. In addition to intravenous antibiotics  percutaneous   cholecystomy 
tubes may be used in this group of patients. While there are still clinical situations 
which warrant delayed laparoscopic  cholecystectomy  , in my experience, this often 
results in the performance of a diffi cult operation 6 weeks later in a patient who is 
better prepared for the operating room.     
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    Chapter 18   
 Primary Closure or T-Tube Drainage After 
Open or Laparoscopic Common Bile Duct 
Exploration?                     

       Ezra     N.     Teitelbaum    ,     Anthony     D.     Yang    , and     David     M.     Mahvi    

    Abstract     Common bile duct exploration (CBDE) is an operation that can be per-
formed either laparoscopically or open in order to treat choledocholithiasis by 
removing stones from the common bile duct. CBDE can be performing via either a 
transcystic approach or a transcholedochal one, in which an incision (or choledo-
chotomy) is made directly into the common bile duct in order to access the stones 
within it. Traditionally this cholecdochotomy have been closed around an external 
drain, or “T-tube”, at the end of CBDE operations, in order to drain the biliary sys-
tem and allow access for future interventions should the need arise. However, recent 
data suggesting that primary closure of the choledochotomy may in fact be a supe-
rior technique have challenged the surgical dogma of routine T-tube placement after 
CBDE. 

 In this chapter we summarize and evaluate the available evidence comparing 
T-tube drainage with primary choledochotomy closure after CBDE. Six randomized 
trials have compared these strategies after open CBDE, and four such trials have 
been performed for laparoscopic CBDE. The existing literature mostly examines 
perioperative and short-term postoperative outcomes, such as operative time, 30-day 
postoperative morbidity and mortality, hospital length of stay, and need for re- 
interventions during the immediate postoperative period. Long-term implications of 
using or foregoing T-tube drainage have not been as well studied. 

 Based on these studies, there is a high level of evidence that primary choledo-
chotomy closure after CBDE (both open and laparoscopic) results in shorter opera-
tive times and shorter hospital length of stay when compared with t-tube drainage. 
There is moderate evidence that primary closure and t-tube drainage after CBDE 
result in equivalent rates of serious complications in the perioperative period. Due 
to insuffi cient data, there is a very low level of evidence that the two techniques 
result in equivalent rates of long-term recurrent choledocholithiasis and biliary 
stricture. Based on the sum of this evidence, we make a moderate strength recom-
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mendation that primary choledochotomy closure should be the preferred technique 
in uncomplicated cases of both open and laparoscopic CBDE.  

  Keywords     Common bile duct exploration   •   Choledocholithiasis   •   T-tube   • 
  Choledochotomy closure   •   Bile duct surgery   •   Hepatobiliary  

      Introduction 

 Choledocholithiasis, or stones within the common  bile duct  , occurs in between 3.4 
and 17 % of patients with symptomatic gallstone disease [ 1 ,  2 ]. Currently, two 
standard- of-care approaches exist for treating patients with  choledocholithiasis  . The 
fi rst involves performing an  endoscopic   retrograde  cholangiopancreatography   
( ERCP  ) in order to remove the stone or stones from the common bile duct. However, 
with this approach, a  cholecystectomy   must also be subsequently performed in 
order to eliminate the source of the stones and thus prevent disease recurrence. 
Alternatively, a surgical  common bile duct exploration   (CBDE) can be performed in 
either an  open   or  laparoscopic   fashion at the time of cholecystectomy, in order treat 
the patient’s current problem and prevent future episodes, all with a single proce-
dure. CBDE was fi rst performed in 1890 by Courvoisier and in the early 1990s with 
the widespread adoption of  laparoscopic cholecystectomy  , CBDE was fi rst per-
formed in a laparoscopic,  minimally invasive   fashion. CBDE at the time of chole-
cystectomy, especially when performed laparoscopically, has been shown to result 
in a shorter hospital length of stay, less hospital costs, and possibly fewer complica-
tions, when compared with the two-stage approach of ERCP and cholecystectomy 
[ 3 ,  4 ]. 

 Two primary methods exist for performing CBDE: transcystic and transchole-
dochal. In the transcystic approach, a fl exible choledochoscope or fl uoroscopically- 
directed instruments are inserted through a ductotomy in the cystic duct (similar to 
that through which a standard intraoperative cholangiogram is performed). In the 
transcholedochal method, a longitudinal ductotomy is made into the common duct 
itself, through which a choledochoscope and/or other instruments are passed in 
order to capture the stones within. At the conclusion of a  transcholedochal  CBDE, 
the choledochotomy can be dealt with in two ways: (1) it can be closed primarily or 
(2) a “ T-tube  ” can be placed into the choledochotomy, the ductomy then closed 
around the tube, and opposite end of the tube externalized to bag drainage (Fig.  18.1 ).

   Placing a  T-tube   drain after CBDE offers several theoretical advantages and is 
still considered to be the standard of care by many surgeons. A T-tube allows for 
external drainage of the biliary system in the case of residual  biliary obstruction   
from retained stones, ampullary edema, or stenosis. Additionally, the biliary system 
can be instrumented through the T-tube under fl uoroscopic guidance, in order to 
treat the postoperative conditions mentioned previously without the need for addi-
tional procedures or operations. Finally, a T-tube is thought to prevent  stricture   of 
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the common  bile duct  , although this is a theoretical advantage without comparative 
data to either support or refute it. 

 Conversely,  T-tube   placement at the conclusion of an otherwise successful CBDE 
carries its own set of risks. The tube offers an avenue for infection of the biliary 
system and it can become dislodged prematurely in the postoperative period, result-
ing in a biliary leak. A leak can also occur when the T-tube is eventually removed 
intentionally, if an adequate tract to the skin has not formed. 

 Since  T-tube   drainage after CBDE confers both potential advantages and disad-
vantages, this operative strategy has been compared with primary  choledochotomy 
closure   in several well-designed studies. This chapter will deal exclusively with the 
clinical decision of whether to place a T-tube or perform a primary choledocotomy 
closure after transcholedochal CBDE. We will discuss the results of trials examin-
ing these alternative operative strategies, summarize the existing evidence, make 
recommendations regarding the evidence supporting the best answer to this clinical 
question, and discuss the limitations to those recommendations.  

    Search Strategy 

 A search of English language publications was performed to assess existing evi-
dence comparing the use of  T-tube   drainage and primary closure after CBDE using 
the  PICO   outline shown in Table  18.1 . Databases searched were PubMed, Ovid 
MEDLINE, and Cochrane  Evidence Based Medicine  . Search terms used were 

To drainage collection

Duodenum

T-tube in comman bile duct
Cystic duct tied off

Hepatic duct

  Fig. 18.1    A cartoon 
depicting the anatomy of 
placement of a  T-tube   after 
 open   transcholedochal 
CBDE and concurrent 
 cholecystectomy   for 
treatment of 
choledocholithiais. The 
opposite end of the tube 
exits through a stab- 
incision in the abdominal 
wall and is placed either to 
bag drainage or occluded 
(Figure used with 
permission from O’Toole 
MT [ 21 ])       
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“ common bile duct exploration  ”, “ laparoscopic   common  bile duct    exploration  ”, 
“ open   common bile duct exploration”, “ choledocholithiasis  ”, “transcholedochal” 
AND “T-tube”, “biliary drainage”, “tube drainage”, “primary closure”, “ choledo-
chotomy closure  ”. Trials comparing primary closure and T-tube drainage after tran-
scholedochal CBDE (both open and laparoscopic) were included in the subsequent 
analysis.

       Results 

 Six randomized trials including a total of 359 patients have compared the strategies 
of primary closure versus  T-tube   drainage after  open   CBDE [ 5 – 10 ]. Four such trials 
with 399 total patients have been performed for  laparoscopic   CBDE [ 11 – 14 ]. 
Additionally two Cochrane Group meta-analyses have been performed which 
aggregated and analyzed these studies (one for open CBDE [ 15 ] and one for laparo-
scopic [ 16 ]). The existing literature mostly examines perioperative and short-term 
postoperative  outcomes  , such as operative time, 30-day postoperative  morbidity   and 
 mortality  , hospital length of stay, and need for re-interventions during the immedi-
ate postoperative period. Long-term implications of using or foregoing T-tube 
drainage have not been as well studied. The following sections discuss the available 
evidence with respect to specifi c outcomes after both open and laparoscopic 
CBDE. Tables  18.2  and  18.3  summarize these quantitative comparison data com-
paring primary closure to T-tube drainage for open and laparoscopic CBDE 
respectively.

       Operative Time 

 Placement of a  T-tube   after CBDE, whether  open   or  laparoscopic  , requires several 
discrete steps: the limbs of the t-tube are fashioned into the proper lengths and con-
fi guration, the tube is inserted into the common ductotomy, the ductotomy is par-
tially sutured closed so that the T-tube is secured in position but not so tightly that it 
cannot eventually be removed, and the external portion of the tube must be brought 

   Table 18.1     PICO   terms used in defi ning the clinical question and search strategy   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcomes) 

 Patients with 
 choledocholithiasis   
treated with  open   or 
 laparoscopic   
transcholedochal 
 common bile duct 
exploration   (CBDE) 

 Primary closure of 
the choledochotomy 
at the conclusion of 
CBDE 

  T-tube   placement 
through the 
choledochotomy for 
postoperative biliary 
drainage at the 
conclusion of CBDE 

 Operative time, 
 mortality,   serious 
 morbidity,   hospital 
length of stay, 
recurrent 
 choledocholithiasis,   
 biliary stricture   
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out through to the skin. This is opposed to the strategy of primary closure, during 
which the common ductotomy is simply sutured closed in order to conclude the 
procedure. 

 Accordingly, it seems intuitive that primary closure should result in shorter oper-
ative times, and this appears to have been borne out in the randomized studies that 
have compared the two approaches for both  laparoscopic   and  open   CBDE. Of the 
randomized trails performed for open CBDE, only one compared operative times, 
and found primary closure to be faster by 28 min [ 5 ]. The evidence for laparoscopic 
CBDE is more robust, with all four randomized trials comparing operative times. 
All of these studies demonstrated shorter operative times in their primary closure 
patients, with similar mean differences between the groups ranging from 17 to 
26 min [ 11 – 14 ].  

    Perioperative Mortality and Morbidity 

 When performed in experienced hands, both  open   and  laparoscopic   CBDE carry a 
very low risk of perioperative  mortality  . As such, it is not surprising that even when 
the results of all randomized trials are aggregated, there are no differences in mor-
tality between primary closure and  T-tube   drainage. In studies of open CBDE the 
aggregate perioperative mortality with t-tube drainage was 1.2 %, as opposed to 
0.6 % with primary closure [ 15 ], and this difference was not statistically signifi cant. 
In the four randomized trials comparing these techniques for laparoscopic CBDE, 
there were no perioperative deaths among the 399 patients, which speaks to both the 
safety and physiologic benefi ts of a laparoscopic approach. 

 Serious  morbidity   has also not been conclusively shown to differ between pri-
mary ductotomy closure and  T-tube   drainage, although there may be an advantage 

  Table 18.2    Comparison of 
compiled data from 
randomized trials comparing 
primary closure versus  T-tube   
drainage for   open    CBDE [ 15 ]  

 Outcomes 
 Primary 
closure 

  T-tube   
drainage 

 Operative time (mins)  88*  117 
 Mortality (%)  0.6  1.2 
 Serious  morbidity   (%)  6.6  14.5 
 Hospital stay (days)  9.1*  13.8 

  *p < 0.05 in favor of primary closure  

  Table 18.3    Comparison of 
compiled data from 
randomized trials comparing 
primary closure versus  T-tube   
drainage for   laparoscopic    
CBDE [ 16 ]  

 Outcomes 
 Primary 
closure 

  T-tube   
drainage 

 Operative time (mins)  106*  127 
 Mortality (%)  0  0 
 Serious  morbidity   (%)  6.1  9.7 
 Hospital stay (days)  3.9*  7.2 

  *p < 0.05 in favor of primary closure  
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to primary closure in this regard. A meta-analysis of trials comparing the approaches 
after  open   CBDE, found a serious morbidity rate of 14.5 % after T-tube drainage, as 
opposed to 6.6 % after primary closure, although this difference narrowly missed 
obtaining statistical signifi cance. Similarly, when the trials comparing the 
approaches during  laparoscopic   CBDE were analyzed, the overall serious compli-
cation rate was 11.3 % in the T-tube group versus 6.1 % in the primary closure 
patients; however, this difference was also not statistically signifi cant. 

 A closer examination of the results of these trials reveals that a number of these 
serious complications were directly related to use of the  T-tube  , and thus these trials 
may simply not be adequately powered to detect the added risk that T-tube place-
ment confers (i.e., a Type II statistical error is present). For example, patients in 
several trials required reoperation for replacement of prematurely dislodged T-tubes, 
in some cases leading to bile peritonitis. Also,  bile leak  age after T-tube removal 
occurred in approximately 1–2 % of patients, which usually required either replace-
ment of another tube through the existing tract,  percutaneous    drainage   of a bile 
collection, or reoperation for drainage and tube replacement. This is in contrast to 
the primary closure group, in which bile leakage from the  choledochotomy closure   
occurred in less than 1 % of patients, and could almost uniformly be treated with 
 ERCP    sphincterotomy   and/or stenting without the need for reoperation [ 15 ]. 
Therefore, even when a “serious  morbidity  ” occurs after CBDE with primary clo-
sure, it appears to result in less severe consequences for the patient when contrasted 
with complications directly related to the use of a T-tube.  

    Hospital Length of Stay 

 The use of a  T-tube   adds another clinical variable, as the drain outputs must be 
tracked, the decision to place the tube to drainage versus clamping is weighed, and 
routine and/or clinically-prompted T-tube cholangiograms are often obtained in 
order to evaluate for  biliary obstruction   and/or leakage. Additionally, patients must 
be educated regarding the self-care and  management   of the tube at home prior to 
leaving the hospital. All of these factors can potentially lead to longer hospital 
length of stay in the perioperative period, and this has been refl ected in the literature 
examining both  open   and  laparoscopic   CBDE. In trials comparing approaches for 
open CBDE, primary closure resulted in a marked advantage over T-tube drainage, 
with a mean difference in hospital length of stay of 4.7 days [ 15 ]. This superiority 
of primary closure was also present to a lesser extent in the trials involving laparo-
scopic CBDE, with a mean difference of 3.3 days. The smaller difference in length 
of stay after laparoscopic CBDE is likely due to the overall decreased length of stay 
after laparoscopic, when compared with open,  surgery   then to a less signifi cant 
advantage of primary closure over t-tube drainage. Additionally, one study com-
pared time to return to work, and found patients undergoing primary closure did so 
8 days earlier than those with T-tubes [ 13 ].  
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    Long-Term Outcomes 

 Most trials have focused on perioperative  outcomes   when comparing the strategies 
of primary closure and  T-tube   drainage after CBDE, but some longer-term out-
comes data does exist. One of the theoretical reasons behind the use of a T-tube is 
to facilitate biliary access in the case of retained stones and/or prevent  biliary stric-
ture  . However, in the limited outcomes data available, neither of these potential 
complications appear to be either frequent or lessened in severity by the use of 
T-tube drainage at the time of initial CBDE. In experienced hands, the rate of a 
retained common duct stones is less than 5 % for both  open   and  laparoscopic   
CBDE. Additionally, missed stones are usually small, and thus are almost univer-
sally retrievable via  ERCP  , obviating the need for T-tube access to the biliary system 
in the rare instance that they do occur. In the three open and one laparoscopic trials 
that evaluated longer-term outcomes at 6-months to 2.5 years, no patients in either 
arm (primary closure or t-tube drainage) had either recurrence of  choledocholithia-
sis   or new-onset of biliary  stricture   [ 5 ,  6 ,  10 ,  11 ]. There are no studies examining 
outcomes beyond 2.5 years.   

    Recommendations Based on the Data 

     1.    Primary  choledochotomy closure   after CBDE (both  open   and  laparoscopic  ) 
results in shorter operative times and shorter hospital length of stay when com-
pared with t-tube drainage –  HIGH level of evidence    

   2.    Primary closure and t-tube drainage after CBDE result in equivalent rates of seri-
ous complications in the perioperative period –  MODERATE level of evidence    

   3.    Primary closure and t-tube drainage after CBDE result in equivalent rates of 
long-term recurrent  choledocholithiasis   and  biliary stricture   –  VERY LOW level 
of evidence    

   4.    Primary  choledochotomy closure   should be the preferred technique in uncompli-
cated cases of both  open   and  laparoscopic   CBDE –  MODERATE strength 
recommendation      

    Potential Exceptions to Recommendations 

 As with any surgical disease and operation, each patient undergoing CBDE for  cho-
ledocholithiasis   must be evaluated individually, and various factors must be taken 
into account when determining the most benefi cial approach to their condition. That 
is to say, despite our moderate strength recommendation of the use of primary clo-
sure, there are many instances in which  T-tube   drainage might be the superior option 
for a given patient. For example, if a completion cholangiogram at the conclusion of 
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a CBDE procedure demonstrates poor fl ow of contrast into the duodenum despite an 
absence of stones in the common  bile duct  , edema or  stricture   at the Ampulla of 
Vater may be present. In this case, placing a T-tube would be the best option, as both 
drainage and instrumentation of the biliary system will likely be necessary in the 
immediate postoperative period. Alternatively, if a patient undergoing CBDE has a 
prior Roux-en-Y gastric  bypass   that precludes future  ERCP  , the safest option may 
be to place a T-tube, so that the biliary system can be accessed easily in the case of 
a retained stone or  bile leak  age. Finally, the lack of data regarding the incidence of 
 biliary stricture   beyond 2.5 years should also be taken into account when making 
the decision for or against T-tube placement at the time of CBDE.   

    Utilization of CBDE and Future Directions for Training 

 While it is important to study technical considerations such as  T-tube   drainage ver-
sus primary closure, CBDE still remains an extremely underutilized method for 
treating common  bile duct   stones. This remains true despite the advantages of 
CBDE (particularly  laparoscopic   CBDE) compared to  ERCP   [ 3 ,  4 ]. For example, a 
study examining data from the United States National Inpatient Sample found that 
of patients admitted to hospitals with a  diagnosis   of choledocholithiais, 93 % were 
treated with ERCP as opposed to 7 % with CBDE [ 17 ]. 

 Several reasons likely exist for this disparity including: lack of CBDE instrument 
availability, lack of familiarity with the procedure on the part of surgeons and sup-
port staff, and relatively poor fi nancial reimbursement for surgeons. The lack of 
exposure to, and training in, CBDE during surgical residency is almost certainly a 
central barrier to more widespread adoption of CBDE for treatment of  choledocho-
lithiasis  . A review of residents’ operative case logs showed that graduating chief 
residents had performed a mean of 1.7  open   and 0.7  laparoscopic   CBDE procedures 
during their entire residency, with a mode of 1 and 0 respectively [ 18 ]. This limited 
experience is not suffi cient for gaining competency with either primary  choledo-
chotomy closure   or  T-tube   placement, let alone the remainder of the skills required 
to perform CBDE. 

 In order to address this lack of exposure to CBDE during residency and hope-
fully increase the utilization of procedure at our institution, we have developed a 
 laparoscopic   CBDE simulator for training and evaluation purposes [ 19 ]. The simu-
lator recreates the three visualization modalities involved in the operation (laparo-
scopic,  endoscopic  , and fl uoroscopic), and trainees are able to perform a complete 
simulated procedure via either a transcystic or transcholedochal approach. We have 
been able to demonstrate that a technical curriculum based around practice on the 
simulator is able to consistently train senior  surgery   residents to the level of a pre-
determined “mastery standard” over the course of a two-month rotation [ 20 ]. 
Hopefully, similar training initiates can be developed nationally, with the goal of 
increasing the utilization of CBDE and ultimately improving patient  outcomes  . If 
CBDE becomes more commonly used by surgeons for the treatment of choledocho-
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lithisis, the question of whether to perform a primary  choledochotomy closure   or 
leave a  T-tube   for biliary drainage will become even more clinically relevant and 
important.     

   References 

    1.    Houdart R, Perniceni T, Darne B, Salmeron M, Simon JF. Predicting common bile duct lithia-
sis: determination and prospective validation of a model predicting low risk. Am J Surg. 
1995;170:38–43.  

    2.    Collins C, Maguire D, Ireland A, Fitzgerald E, O’Sullivan GC. A prospective study of common 
bile duct calculi in patients undergoing laparoscopic cholecystectomy: natural history of cho-
ledocholithiasis revisited. Ann Surg. 2004;239:28–33.  

     3.    Cuschieri A, Lezoche E, Morino M, et al. E.A.E.S. multicenter prospective randomized trial 
comparing two-stage vs single-stage management of patients with gallstone disease and ductal 
calculi. Surg Endosc. 1999;13:952–7.  

     4.    Rogers SJ, Cello JP, Horn JK, et al. Prospective randomized trial of LC+LCBDE vs ERCP/
S+LC for common bile duct stone disease. Arch Surg. 2010;145:28–33.  

      5.    Marwah S, Singh I, Godara R, Sen J, Marwah N, Karwasra RK. Evaluation of primary duct 
closure vs T-tube drainage following choledochotomy. Indian J Gastroenterol. 
2004;23:227–8.  

    6.    Ambreen M, Shaikh AR, Jamal A, Qureshi JN, Dalwani AG, Memon MM. Primary closure 
versus T-tube drainage after open choledochotomy. Asian J Surg/Asian Surg Assoc. 
2009;32:21–5.  

   7.    Lygidakis NJ. Choledochotomy for biliary lithiasis: T-tube drainage or primary closure. 
Effects on postoperative bacteremia and T-tube bile infection. Am J Surg. 1983;146:254–6.  

   8.    Makinen AM, Matikainen M, Nordback I. T-tube drainage is needed after routine common bile 
duct closure: results of a randomized trial. Surg Res Commun. 1989;6:299–302.  

   9.    Payne RA, Woods WG. Primary suture or T-tube drainage after choledochotomy. Ann R Coll 
Surg Engl. 1986;68:196–8.  

     10.    Williams JA, Treacy PJ, Sidey P, Worthley CS, Townsend NC, Russell EA. Primary duct clo-
sure versus T-tube drainage following exploration of the common bile duct. Aust N Z J Surg. 
1994;64:823–6.  

      11.    Dong ZT, Wu GZ, Luo KL, Li JM. Primary closure after laparoscopic common bile duct 
exploration versus T-tube. J Surg Res. 2014;189:249–54.  

   12.    Zhang WJ, Xu GF, Wu GZ, Li JM, Dong ZT, Mo XD. Laparoscopic exploration of common 
bile duct with primary closure versus T-tube drainage: a randomized clinical trial. J Surg Res. 
2009;157:e1–5.  

    13.    Leida Z, Ping B, Shuguang W, Yu H. A randomized comparison of primary closure and T-tube 
drainage of the common bile duct after laparoscopic choledochotomy. Surg Endosc. 
2008;22:1595–600.  

     14.    El-Geidie AA. Is the use of T-tube necessary after laparoscopic choledochotomy? J Gastrointest 
Surg. 2010;14:844–8.  

        15.    Gurusamy KS, Koti R, Davidson BR. T-tube drainage versus primary closure after open com-
mon bile duct exploration. Cochrane Database Syst Rev. 2013;6, CD005640.  

     16.    Gurusamy KS, Koti R, Davidson BR. T-tube drainage versus primary closure after laparo-
scopic common bile duct exploration. Cochrane Database Syst Rev. 2013;6, CD005641.  

    17.    Poulose BK, Arbogast PG, Holzman MD. National analysis of in-hospital resource utilization 
in choledocholithiasis management using propensity scores. Surg Endosc. 2006;20:186–90.  

    18.    Helling TS, Khandelwal A. The challenges of resident training in complex hepatic, pancreatic, 
and biliary procedures. J Gastrointest Surg. 2008;12:153–8.  

18 Primary Closure or T-Tube Drainage After Open or Laparoscopic Common Bile...



218

    19.    Santos BF, Reif TJ, Soper NJ, Nagle AP, Rooney DM, Hungness ES. Development and evalu-
ation of a laparoscopic common bile duct exploration simulator and procedural rating scale. 
Surg Endosc. 2012;26:2403–15.  

    20.    Teitelbaum EN, Soper NJ, Santos BF, et al. A simulator-based resident curriculum for laparo-
scopic common bile duct exploration. Surgery. 2014;156:880–7, 90–3.  

    21.    O’Toole MT, editor. Miller-Keane encyclopedia and dictionary of medicine, nursing and allied 
health. 7th ed. Philadelphia: Saunders; 2003.    

E.N. Teitelbaum et al.



219© Springer International Publishing Switzerland 2016 
J.M. Millis, J.B. Matthews (eds.), Diffi cult Decisions in Hepatobiliary 
and Pancreatic Surgery, Diffi cult Decisions in Surgery: An Evidence-Based 
Approach, DOI 10.1007/978-3-319-27365-5_19

    Chapter 19   
 Single-Incision or Multiport Laparoscopic 
Cholecystectomy                     

       Bill     Ran     Luo     and     Nathaniel     J.     Soper    

    Abstract     This chapter reviews the current body of literature comparing multi-port 
laparoscopic cholecystectomy versus single incision laparoscopic cholecystectomy; 
specifi cally differences between complications, conversion rates, pain, cosmesis, 
quality of life, cost, and rate of hernia formation.  

  Keywords     Laparoscopic cholecystectomy   •   Single-incision   •   Multi-port   • 
  Morbidity   •   Pain   •   Cosmesis   •   Cost  

      Introduction 

  Laparoscopic cholecystectomy   is one of the most common operations performed in 
the western world today. The standard of care for gallbladder removal prior to the 
1980s was an  open    cholecystectomy  , but with the acceptance of  laparoscopic    chole-
cystectomy   as a standard technique in the 1990s, the world of  minimally invasive   
 surgery   for gallbladder pathology expanded [ 2 ]. After an initial learning curve, 
laparoscopic cholecystectomy was demonstrated to have an overall complication 
rate of less than 5 % with an established rate of common  bile duct    injury   between 
0.3 and 0.5 % [ 1 ]. Given the drive for surgeons to continue to innovate and create 
less invasive surgical techniques, single incision laparoscopic cholecystectomies 
have developed a large base of support. However, as standard  multi-port   laparo-
scopic cholecystectomy (MPLC) has such proven and safe results, single incision 
cholecystectomy naturally must be analyzed and dissected critically, to ensure that 
 outcomes   are  cost   effective, effi cient, and, most importantly, safe for patients. These 
single incision approaches have multiple eponyms; including single incision 
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laparoscopic surgery (SILS), single port access (SPA), and laparo- endoscopic   sin-
gle site (LESS). In this chapter, we will abbreviate the  single-incision   laparoscopic 
cholecystectomy as SILC.  

    Search Strategy 

 A literature search of English language publications from 2000 to 2014 was used to 
identify published data on single incision and  multi-port    laparoscopic    cholecystec-
tomy   comparative results in the adult population using the  PICO   outline. Databases 
searched were PubMed, Embase, Science Citation Index/Social sciences Citation 
Index and Cochrane  Evidence Based Medicine  . Terms used in the search were “sin-
gle incision  cholecystectomy  ”, “SILS” “single access cholecystectomy”, “SPA”, 
“single port cholecystectomy”, “laparoendoscopic single site cholecystectomy”, 
“LESS”, “multi-port laparoscopic cholecystectomy”, “standard laparoscopic chole-
cystectomy”, “conventional cholecystectomy”, “conventional laparoscopic chole-
cystectomy” AND “ cost  ” OR “ pain  ” OR “ morbidity  ” OR “ mortality  ” OR 
“conversion” OR “conversion rate” OR “effectiveness” OR “operative time” OR 
“ cosmesis  ” OR “hernia” OR “hernia rates” OR “complications” OR “admission” 
OR “re-admission” OR “ outcomes  ” OR “randomized trials” OR “randomised tri-
als” OR “prospective trials”. Articles were excluded if they exclusively addressed 
 open   cholecystectomy, natural orifi ce (NOTES) cholecystectomy, robotic cholecys-
tectomy, or pediatric patients. Ten randomized controlled trials, 11 retrospective 
studies, and 6 systematic reviews were included in our analysis. The data were clas-
sifi ed using the  GRADE   system.  

    Results of Single Incision Laparoscopic Cholecystectomy 
Compared with Standard Multi-port Laparoscopic 
Cholecystectomy 

    Peri-operative Morbidity and Mortality 

  Laparoscopic cholecystectomy   has evolved to be an operation that is safe for 
patients for both  acute cholecystitis   and in the elective setting, with low  morbidity   
(3.1 %) and  mortality   (0.3 %) [ 1 ]. There have been no reported mortalities following 
SILC in any published studies [ 3–7, 10 – 25 ,  27 ,  30 ]. With analysis of all adverse 
events, the data favored MPLC, with an odds ratio of 1.14 (0.69–1.91) [ 27 ]. One 
meta-analysis that stratifi ed expertise bias showed a difference in complications for 
SILC (5.35 %) versus conventional (3.79) in non-expert hands [ 31 ]. However, other 
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studies showed either no difference or an improved overall complication rate for 
SILC [ 20 ,  30 ]. There were no differences for major biliary complications, which for 
SILC ranged from 0.3 to 0.5 % [ 8 ,  15 ,  28, 29, 31 ]. Bleeding risks appear to be 
equivalent between the two techniques, about 1 % in these studies [ 16 ,  20 ,  26 ], with 
one study showing a minimal favorability toward MPLC [ 27 ]. Periumbilical port 
site infections for SILC trended higher in some studies, but failed to reach statistical 
signifi cance [ 20 ,  26 ].  Based on the available randomized trials and meta - 
 analyses  –  there is high level evidence that there is no difference in mortality , 
 major complications ,  or biliary complications  ( Grade 1A recommendation that 
either SILC or MPLC are safe approaches ),  but there is low level evidence 
which suggests that there may be a small increase in adverse events and port 
site infections in SILC patients  ( Grade 2C recommendation in favor of MPLC ).  

    Conversion Rates 

 There were no differences between conventional and SILC in conversion rates to a 
laparotomy, with rates as low as 0.2 % [ 26 ,  31 ]. More likely is the conversion from 
SILC to MPLC, with variable rates of 0.2 % up to 8 %, but these conversions were 
proven to be safe in multiple studies [ 24 ,  27 ,  30 ].  There is high level evidence that 
conversion from SILC to MPLC is safe ,  as well as high level evidence that rates 
of conversion to a laparotomy for both procedures are negligible and compa-
rable in the elective setting . ( Grade 1A recommendation that either SILC or 
MPLC are safe modalities ).  

    Cost 

 One of the largest prospective randomized trials comparing MPLC and SILC found 
signifi cant increases in charges for SILC, specifi cally increased total hospital 
charges of $2,100, surgical equipment $1,700, operating room costs $913, and anes-
thesia costs $241 [ 19 ]. There were no differences in pharmacy, laboratory, recovery 
room,  observation   or ICU costs. These increases in costs were consistently higher 
for SILC in several other studies, although the increased costs ranged from $400 to 
964 with some variability in signifi cance [ 9 ,  12 ,  26 ]. Only one retrospective study 
analyzed  cost  , showing a slight increase in SILC patients, but only those that con-
verted to MPLC. The rest of the large prospective randomized trials did not analyze 
the cost differences between the two.  There is moderate level evidence that SILC 
incurs more hospital costs when compared with MPLC . ( Grade 1B recommen-
dation in favor of MPLC .)  
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    Pain 

 Leung et al. demonstrated signifi cantly higher level of  pain   in SILC group at post- 
operative day 1 and day 3. However, by post-operative week 1 the pain score became 
comparable [ 19 ]. Marks et al. demonstrated no difference in pain scores at 1 day, 1 
week, and 2 weeks, but on day 3 and day 5 there was a statistically signifi cant 
increase in pain scores in the SILC group [ 20 ]. Lai et al. reported no difference 
between the two groups 6 h postoperatively, but 7 days later the SILC group had 
signifi cantly more pain [ 16 ]. Milas et al. showed high heterogeneity, with no statis-
tical signifi cance when it came to pain scores, but had a trend toward higher scores 
in SILC patients [ 31 ]. Trasuli et al. showed no signifi cant difference in pain scores 
in the pooled data at any of the early time points out to 48 h. However, there was a 
small increase in conventional  laparoscopy   patients without statistical signifi cance 
after 72 h [ 27 ]. Pisanu et al. found no statistical signifi cance between pain scores at 
6 h and 24 h post-operatively [ 26 ].  There is moderate level evidence that there 
are higher pain scores in patients that undergo SILC  ( Grade 2B recommenda-
tion in favor of MPLC ).  There is also variability in the post - operative interval 
at which the difference in pain scores are reported .  

    Cosmesis, Patient Satisfaction, and Quality of Life Scores 

 There is high variability between studies looking at patient satisfaction, cosmetic 
scores, and  quality of life   scores. Leung et al. showed equivalent quality of life 
scores at 1 week, 3 weeks and 6 months, and satisfaction scores were similar at 3 
weeks and 6 months post-operatively [ 19 ]. Trasulli et al. found no signifi cant differ-
ence in cosmetic scores in the early post-operative period, but at 3 months and 6 
months there was a trend toward improved cosmetic scores in SILC [ 27 ]. Several 
other studies found slight differences in favor of SILC for cosmetic  outcomes   [ 26 , 
 31 ].  There is moderate level evidence demonstrating equivalent results for cos-
metic outcomes ,  patient satisfaction scores ,  and quality of life scores when 
comparing SILC with MPLC . ( Grade 1B recommendation that the modalities 
are similar .)  

    Hernia Rates 

 There are no studies that compare the specifi c outcome variable of incisional hernia 
rates between SILC and MPLC. Most of the patients are small subsets from random-
ized studies, with inadequate power to reach statistical signifi cance, even in pooled 
meta-analysis data. However, there are a few studies demonstrating a signifi cant 
trend toward an increase in incisional hernia rates following  cholecystectomy   in the 
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SILC population [ 20 ,  27 ]. There are also other studies that show no signifi cant dif-
ferences between the two groups, but there may not be adequate long term followup 
to demonstrate a difference [ 18 ,  19 ,  21 ,  23 ].  There is low level evidence suggesting 
that there may be an increased risk of incisional hernia formation after SILC 
cholecystectomy ;  however ,  long - term studies are necessary . ( Grade 2C recom-
mendation in favor of MPLC .)   

    Recommendations 

 When compared with  multi-port    laparoscopic    cholecystectomy  , SILC has similar 
 morbidity  , conversion rates to  open    surgery  ,  cosmesis  , and  quality of life  . There are 
small increases in SILC for  pain  ,  cost  , and possibly rates of post-operative inci-
sional hernia formation. The current recommendation is that MPLC is still the stan-
dard of care for patients undergoing elective  cholecystectomy  .

    1.    In experienced hands, SILC and MPLC are equivalent with respect to  mortality  , 
major complications, and biliary complications (evidence quality high, strong 
recommendation).   

   2.    SILC is associated with a small increase in minor adverse events, postoperative 
 pain  , port site infection, and hernia compared to MPLC (evidence quality low, 
weak recommendation).   

   3.    Because SILC is more expensive without demonstrable improvement in safety, 
 cosmesis  ,  quality of life  , or patient satisfaction, MPLC remains the preferred 
 minimally invasive   approach for routine  cholecystectomy   (evidence quality 
moderate, strong recommendation).    

      A Personal View of the Data 

 One of the major limitations of all of these studies is the state of the gallbladder 
pathology itself. To achieve homogenous patients the randomized trials have 
included only elective gallbladder pathology, usually symptomatic cholelithiasis or 
gallbladder polyps, without evidence of  acute cholecystitis   or other more complex 
conditions. Additional data need to be collected to establish the safety profi le of 
SILC in acute cholecystitis. Cosmesis is diffi cult to interpret; patients that are more 
concerned with cosmetic appearance are more likely to seek out a SILC and may be 
more likely to enroll in a study where they could potentially be randomized to the 
SILC group, whereas patients who do not place a large emphasis on  cosmesis   might 
be more likely to opt out of the randomization. Costs may eventually become more 
in favor of SILC as dedicated SILS instrumentation is becoming more  cost  -effective 
to produce. Post-operative incisional hernia rates can only be truly studied if there 
is a standardization of technique for SILC platforms, conventional  laparoscopic   
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access (Hasson versus Veress), and extraction sites (umbilical versus epigastric), 
and be powered appropriately for this specifi c outcome variable. All of these are 
variables that can create bias or confounding factors. There also would need to be 
long term follow-up, but as demonstrated by most of the studies, the drop-out rates 
can reach up to 20 % even at 1 year post-operatively [ 20 ].     
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    Chapter 20   
 Management of Recurrent Cholangitis                     

       Steven     C.     Stain      and     Ankesh     Nigam   

    Abstract     Recurrent cholangitis is inevitably due to biliary obstruction, and the 
most frequent causes are either: stones in the common or hepatic bile duct; or intrin-
sic stricture(s) of the biliary tract or narrowing at previously constructed bilioenteric 
anastomoses. The initial treatment is straightforward, and includes fl uid resuscita-
tion and antibiotic therapy, and is followed by biliary decompression using any 
means necessary. Depending upon the etiology and available expertise, this is gen-
erally accomplished by retrograde endoscopic or percutaneous transhepatic drain-
age. Emergent operative therapy is a rare event in current practice. Defi nitive therapy 
is dependent upon the etiology, and may utilize endoscopic or percutaneous dilation 
of strictures. However, hepatic resection of diseased segments or operative correc-
tion of biliary or anastomotic strictures may be required, with the goal of reestab-
lishing uninterrupted fl ow of bile to the gastrointestinal tract to prevent recurrent 
infection.  

  Keywords     Biliary obstruction   •   Endoscopic   •   Percutaneous   •   Hepaticojejunostomy  

      Introduction 

 Cholangitis, the most serious manifestation of biliary tract bacterial infection in the 
setting of  biliary obstruction  , is associated with  pain  , fever,  jaundice  , hypotension 
and mental status change. The initial treatment is antibiotics and fl uid resuscitation. 
Biliary sepsis resolves in most patients with conservative therapy, and this allows 
the use of noninvasive imaging ( CT   scan or  MRI  ) in order to determine the cause 
and level of obstruction. However, in the 15 % of patients who fail to respond to 
conservative treatment, emergent biliary decompression is necessary to avoid the 
high  mortality   from  cholangitis   in this group. With  success rate  s of 90–98 %, 
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 endoscopic   biliary drainage was established as the preferred method of decompres-
sion over surgical drainage in the randomized  clinical trial   by Lai et al. in 1992, in 
which the mortality in the endoscopic arm was 10 % vs 32 % in surgical group [ 1 , 
 2 ]. When the endoscopic route is not available due to anatomic considerations or 
available expertise,  percutaneous   transhepatic biliary decompression provides reli-
able acute treatment of cholangitis. Emergent treatment of cholangitis by operative 
techniques is seldom necessary in current surgical practice. 

 Recurrent  cholangitis   occurs in two distinct clinical settings. The fi rst is in 
patients with recurrent  pyogenic   cholangitis characterized by  biliary stricture  s 
located in the common  bile duct   or, more frequently, involving the intrahepatic 
ducts causing biliary stasis and pigmented stones resulting in  choledocholithiasis   or 
hepatolithiasis. This disease entity is more common in East Asia, although it has 
been reported in other populations. The second common clinical presentation of 
recurrent cholangitis results from strictures following previous interventions, either 
after bilioenteric anastomosis or  endoscopic   biliary procedures. There are several 
options for treating these patients with recurrent cholangitis and include endoscopic, 
 percutaneous   or operative techniques.  

    Search Strategy 

 A literature search of English language publications from 2003 to 2014 was used to 
identity published data on recurrent  cholangitis   using the  PICO   outline (Table  20.1 ). 
Databases searched were PubMed, Cochrane  Evidence Based Medicine  , American 
College of Physicians Journal Club, Trip Database. Terms used in the search were 
“recurrent cholangitis”, “ endoscopic   treatment recurrent cholangitis”, “ percutane-
ous   treatment recurrent cholangitis”, “randomized  clinical trial   and cholangitis”, 
“randomized clinical trial and  choledocholithiasis  ”, “recurrent  bile duct   stones”, 
“ choledochoduodenostomy  ,  hepaticojejunostomy   and  stricture  ”. Articles were 
excluded if they specifi cally addressed patients treated after malignancy,  liver    trans-
plant   ation  , or sclerosing cholangitis. There were hundreds of citations related to 
these search terms, and 28 articles were included in our analysis. There were no 
randomized control trials or multicenter studies, and all reviewed articles were 

   Table 20.1     PICO   table for treatment of management of recurrent cholangitis   

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients who develop 
recurrent  cholangitis   
after: 

 Hepatic  resection   
 percutaneous   therapy 

 No intervention  Morbidity and  mortality   
 Recurrent symptoms 

   1. Hepatolithiasis  Endoscopic therapy  Recurrent stone 
formation 

   2. Prior Intervention  Need for further 
intervention 
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single institution series with varied lengths of follow up. The data was classifi ed 
using the  GRADE   system.

       Results 

    Recurrent Cholangitis from Hepatolithiasis 

 Recurrent  pyogenic    cholangitis   is associated with hepatolithiasis, and is character-
ized by intra and extrahepatic  biliary stricture  s, the formation of stones, and repeated 
biliary infections. It is predominantly a disease of the Far East, although there have 
been several North American series reported. Primary hepatolithiasis refers to 
stones that are formed de novo in the intrahepatic ducts, and secondary hepatolithia-
sis results from retrograde migration of stones from the common  bile duct   and gall-
bladder into the intrahepatic ducts due to distal obstruction [ 3 ]. Chronic proliferative 
cholangitis, which consists of extensive proliferation of fi brous connective tissue, 
moderate-to-severe infi ltration by infl ammatory cells, and the proliferation of 
mucus-producing peribiliary glands in the ductal was has been suggested as a fun-
damental histologic lesion of stone-bearing intrahepatic bile ducts [ 4 ]. Patients with 
either primary or secondary hepatolithiasis have recurrent cholangitis, with recur-
rent episodes of abdominal  pain  , fever and or  jaundice  . Primary treatments include 
 hepatic resection   of the disease  liver   segment, with or without bilioenteric  bypass  , 
 percutaneous   transhepatic cholangioscopic lithotomy (PTCSL), or peroral cholan-
gioscopic lithotripsy [ 5 ,  6 ]. These procedures can be combined at the time of initial 
treatment, or utilized in sequence for the frequent recurrence of stones in the biliary 
tract common in these patients. Even after seemingly effective treatment, patients 
often suffer from long term complications of recurrent cholangitis, hepatic  cirrhosis   
and  cholangiocarcinoma  . 

 The traditional treatment of  hepatic resection  , most frequently applied in patients 
with predominantly unilobar hepatic stones, is most appropriate for patients with 
lobar atrophy. Chen et al. reported that 103 of the 487 patients treated from 1989 to 
2001 in their series (21 %) underwent partial  hepatectomy   [ 7 ]. It is worthwhile to 
note that  hepaticojejunostomy   was added to the  liver    resection   in 62 of their 103 
patients (60 %). With a mean follow-up of 56 months (range 6–158) only eight 
patients developed recurrent stones. Ten patients had coexisting  cholangiocarci-
noma  , and three additional patients developed cholangiocarcinoma 7–36 months 
after the initial procedure. The total of 13 patients who develop cholangiocarcinoma 
(12.6 %) underscores the long term risk of patients with recurrent  pyogenic    cholan-
gitis   associated with hepatolithiasis. Three other reports from Hong Kong, Taiwan 
and Japan focused on the outcome of hepatectomy for hepatolithiasis and recurrent 
cholangitis were included in our analysis in Table  20.2  and showed comparable 
results [ 8 – 10 ]. Cheung emphasized the importance of fl exible choledochoscopy at 
the time of  resection   to ensure stone clearance, and added biliary drainage by 
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 hepaticojejunostomy or sphincteroplasty in only fi ve patients [ 8 ]. All six patients 
with cholangiocarcinoma died during their median follow-up of 40.3 months.

   Moderate sized series of hepatolithiasis and recurrent  pyogenic    cholangitis   have 
been published from  hepatobiliary   surgical centers in the North America and Middle 
East [ 11 ,  12 ]. These two series both advocate the use of subcutaneous hepaticojeju-
nal access loops (Hutson loop) as a means to treat removal of recurrent stones. In the 
Toronto General Hospital series, the majority of patients (67 %) had East Asian 
ethnicity [ 11 ]. Twenty seven of their 42 patients underwent  surgery   after failed 
 endoscopic   or  percutaneous   intervention, and 20 patients had Hutson loops. Only 4 
of their 27 patients had stone-related symptoms requiring percutaneous intervention 
compared to 4 of the 11 surviving nonoperative patients. The series from Kassem 
et al., from Egypt was the only surgical series with a post intervention prospective 
follow up protocol [ 12 ]. All patients were reviewed at 6 weeks after surgery, at 
3 month intervals for the fi rst year, and a 6 month intervals thereafter. Accordingly, 
they had the highest incidence of postoperative symptoms, recurrent stones, and 
interventions. All patients with suspicion of residual or recurrent stones were inves-
tigated, which may explain their high rates. Symptom free was defi ned as patients 
who were symptom free 1 year after last intervention. However, after their repeat 
interventions, only seven patients (17 %) failed to benefi t from the access loop. 

 Three included series focused on the  laparoscopic   technique for treating recur-
rent hepatolithiasis associated with recurrent  pyogenic    cholangitis   Table  20.2  [ 13 –
 15 ]. Tian reported laparoscopic  hepatic resection   in 90 patients which consisted of 
67 left hepatic resections and 23 right hepatic resections [ 15 ]. This was combined 
with  common bile duct exploration   for 81 of their patients with extrahepatic stones. 

 Nonoperative approaches have also been employed for treatment of hepatolithia-
sis. In a series of 124 patients, Tan reported the results of 46 patients with intrahe-
patic stones treated by  ERCP   [ 16 ]. The  mortality   was 4.3 %, and the stones recurred 
in 17 of the 46 patients (37.0 %). Percutaneous transhepatic cholangioscopic lithot-
omy is another approach for primary treatment of hepatolithiasis or for those 
patients with recurrent stones after prior operation. Huang reported a large series of 
245 patients with a mean follow up of 10.3 year [ 17 ]. These were patients that were 
either considered poor surgical risks, refused  surgery  , or had previous biliary opera-
tions. Initial complete stone clearance was achieved in 209 patients (85.3 %), but 
required a mean of 4.7 sessions (range 1–20). Even after complete stone clearance, 
52 % of the patients developed symptoms and 50 % had recurrent stones. Over the 
duration of their follow up, the overall recurrence rate of hepatolithiasis and/or 
symptoms was 63.2 %. Twenty-seven patients died ( cirrhosis   – 18,  cholangiocarci-
noma   – 5 or other causes – 4), highlighting the long term complications of recurrent 
 biliary obstruction  .  
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    Recurrent Cholangitis from Choledocholithiasis 

 Experienced  hepatobiliary   surgeons are profi cient at performing bilioenteric anasto-
moses for a variety of indications, including  pancreaticoduodenectomy  , repair of 
 bile duct   injuries, or transplantation. Biloenteric  bypass   ( hepaticojejunostomy  , cho-
lechochojejunostomy or  choledochoduodenostomy  ) was the standard treatment for 
patients with primary common bile duct stones or for patients who failed  endo-
scopic   stone removal. Advances in  laparoscopic   and endoscopic techniques have 
made  open   operation infrequently necessary. It was diffi cult to fi nd a recent refer-
ence of open cholechoenterostomy for common bile duct stones. The title,  Open 
Choledocho - Enterostomy for Common Bile Duct Stones :  Is it Out of Date in Laparo - 
 Endosocopic Therapy , indicates the infrequency that open surgical biliary bypass is 
performed for retained or recurrent bile duct stones in the absence of  bile duct stric-
ture   [ 18 ]. Abdelmajid et al., performed 51 biliary enteric bypasses with excellent 
results between 2005 and 2009 for  elderly   patients, most of whom had multiple 
stones (at least fi ve), or unextractable calculi (Table  20.3 ). Li studied the results of 
193 patients treated by open cholecholithotomy and  T-tube   drainage – 81, cholecho-
duodenostomy – 41, or choledochojejunsotomy – 71 [ 19 ]. This series include 
patients with primary common bile duct stones – 81, and those with secondary bile 
stones that presumably originated in the gallbladder – 112. The authors found a 
signifi cantly lower rate of recurrent symptoms in patients treated by choledocho-
duodenostomy than those with either T-tube drainage or choledochojejuonostomy. 
This difference was more pronounced in those patients with primary common bile 
duct stones (cholechochoduodenostomy – 2.6 %;  choledochojejunostomy   – 14.7 %; 
T-tube drainage – 36.4 %). Small series have been reported using laparoscopic cho-
ledochoduodenostomy for  biliary obstruction   [ 20 ,  21 ]. The paper by Chander had 
27 patients with dilated common bile ducts (>15 mm) with multiple stones, recur-
rent stones or primary common bile duct stones. Details of patient follow up are 
limited, but they report no deaths, with minimal  morbidity   and no recurrence of 
symptoms [ 21 ]. For historical purposes, we have included a paper from Johns 
Hopkins during the open  cholecystectomy   era, in our analysis [ 22 ]. The authors 
treated 30 patients with primary common bile duct stones, defi ned as patients with 
a 2 year symptom free interval following cholecystectomy in the absence of a long 
cystic duct remnant or  biliary stricture  . Most patients presented with acute  cholan-
gitis  , and the mean interval to developing symptoms was 12 years. Twenty six of the 
30 patients had simple stone extraction and T-Tube placement, with no recurrent 
stones in 82 %. Four patients had biliary drainage by choledochoduodenostomy (3) 
or sphincteroplasty (1) without recurrent symptoms or stones.

   Due to advances in therapeutic  endoscopy  , there are a multitude of techniques to 
remove persistent common  bile duct   stones by  endoscopic    sphincterotomy  , papil-
lary large balloon dilatation of the papilla, or lithotripsy. It is infrequent that the 
most patients are even evaluated by surgeons [ 23 – 25 ]. The results of endoscopic 
treatment are reasonably good, and although not quite comparable to surgical series, 
large or multiple calculi can usually be removed by endoscopic means [ 24 – 26 ]. The 
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2004 article by Sugiyama reported 84 patients who had initial successful clearance 
of common bile duct stones after endoscopic sphincterotomy a median of 4.4 years 
earlier (range 0.9–17.2 years) [ 26 ]. Bile duct clearance was achieved in 74 patients, 
and 10 patients required 2–3 procedures. Twenty six patients had stone recurrence, 
but 25 of these 26 were successfully treated by transpapillary stone extraction, and 
only one patient required  choledochojejunostomy  . The referral for subsequent  sur-
gery   (14 %) was higher in the paper from Swahn et al., which employed endoscopic 
intraductal electrohydraulic and laser lithotripsy for diffi cult bile duct stones in 
octogenarians [ 25 ]. The results of endoscopic treatment refl ect that additional ses-
sions to remove stones were considered a reintervention (Table  20.3 ).  

    Recurrent Cholangitis Following Biliary-Enteric Anastomosis 
for Benign Disease 

 Major  bile duct   injuries are generally treated successfully by  hepaticojejunostomy  . 
In an analysis of 144 patients with bile duct injuries at the Cleveland Clinic, 84 
major bile duct injuries required a biliary enteric reconstruction (hepaticojejunos-
tomy – 73; hepatoduodenostomy – 11) [ 27 ]. Eleven of these patients (13 %) had 
long term major biliary complications, and all occurred after high bile duct injuries 
(Strasberg E3, E4 or E5) and were the focus of our analysis. Eight of the 11 patients 
were treated by transhepatic stenting of biliary anastomotic stenting for a mean of 
10 weeks, and fi ve required repeat treatment, only one of which eventually had 
operative revision. Another study looked at patients who developed  biliary stric-
ture  s after  pancreaticoduodenectomy   [ 28 ]. Anastomotic strictures occurred in 10 of 
392 patients (2.6 %) who had Whipple resections for benign disease and all were 
treated with  percutaneous   catheters and balloon dilation. Only one patient required 
operative revision of the bile duct anastomosis. A large series of 110 patients treated 
by percutaneous balloon dilation of benign bilioenteric anastomotic strictures was 
successful in most patients, but required multiple sessions (mean 5; range 2–30) 
[ 29 ]. Only 13 patients (15 %) developing recurrent  biliary obstruction  , that were 
treated by repeat dilation (4), lithotripsy (3), or  surgery   (4). However, a high number 
of patients were lost to follow up (21 %). These results are summarized in Table  20.4 .

        Recommendations for Treatment of Recurrent Cholangitis 

 There have been no randomized  clinical trial   s   for the treatment of recurrent  cholan-
gitis  . Recommendations are based on observational cohort studies that report expe-
rience at single institutions, primarily with a single therapy. A few series do report 
their results using two or three different treatment options.
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  Recommendations 

   1.    Recurrent  cholangitis   from hepatolithiasis

    (a)    Hepatic  resection   for patients with unilateral hepatic stones and lobar atro-
phy (evidence quality low; strong recommendation)   

   (b)    Bilioenteric anastomosis for patients with recurrent disease and consider-
ation of hepaticojejunal access loop (evidence quality low; strong 
recommendation)   

   (c)    Patients considered high risk for  surgery   may be treated  percutaneous   chol-
angioscopy or repeat  endoscopic   treatment. Either modality may be com-
bined with lithotripsy. (evidence quality low; weak recommendation)    

      2.    Recurrent  cholangitis   from  choledocholithiasis  

    (a)    Transpapillary  endoscopic   treatment using available techniques such as 
 sphincterotomy  , papillary balloon dilation and/or lithotripsy. Surgical bilio-
enteric anastomosis is reserved for patients that have failed multiple endo-
scopic attempts. (evidence quality high; strong recommendation)    

      3.    Recurrent Cholangitis Following Biliary-enteric Anastomosis for Benign 
Disease

    (a)    Balloon dilation of the anastomosis with temporary stenting, including a 
second attempt, especially for a short  stricture   (evidence quality low; weak 
recommendation)   

   (b)    Operative revision of failed anastomotic balloon dilation (evidence quality 
low; strong recommendation)        

      A Personal View of the Data 

 Recurrent  cholangitis   secondary to hepatolithiasis should be considered a surgical 
disease, and the best  outcomes   result from  hepatic resection   of involved segments 
(especially when there is lobar atrophy) with biliary enteric anastomoses above 
intrahepatic strictures after surgical clearance of the biliary tree, with consideration 
of a hepatojejunal access loop. In the modern era of  minimally invasive   medicine 
with highly effective nonoperative techniques of managing recurrent cholangitis in 
the setting of common  bile duct   or hepatic duct strictures with resulting  choledo-
cholithiasis  , there has been a growing tendency to use  endoscopic   or  percutaneous   
methods to manage this disease process. This is certainly appropriate given the high 
 success rate   of these procedures that can be done with less  morbidity   and  mortality   
compared to operative techniques. Although frequently requiring repeated episodes 
of treatment, the long-term results of these nonsurgical options have been found to 
be comparable to surgical procedures. However, if these techniques are unsuccess-
ful, the options of surgical  management   involving biliary enteric anastomosis should 
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be considered. Moreover, the possibility of underlying malignancy must always be 
remembered so as not to lose the patient to unsuspected  cancer  . Similarly, in the 
patients presenting with recurrent cholangitis after previous biliary interventions, 
nonoperative techniques are appropriate and useful. However, when such interven-
tions fail or when suspicion of malignancy rises, surgical options must be 
entertained.     
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    Chapter 21   
 Management of Postoperative Bile Duct 
Stricture                     

       Nicholas     J.     Zyromski      and     James     R.     Butler   

    Abstract     Postoperative bile duct strictures are relatively rare, but challenging 
problems to manage. Multiple techniques to treat bile duct strictures exist, including 
endoscopic, percutaneous, and surgical approaches. The optimal technique for indi-
vidual patients is best determined by a multidisciplinary team composed of experi-
enced endoscopists, interventional radiologists, and hepatobiliary surgeons. The 
location and type of injury (i.e. Bile leak, bile duct transection, etc.) dictate thera-
peutic approach. The underlying hepatic artery anatomy must be understood. 
Excellent outcomes are expected from experienced centers; these patients are ide-
ally followed life-long, as a small percentage will develop late recurrent stricture.  

  Keywords     Bile duct stricture   •   Bile duct injury   •   Bile duct   •   Stricture   •   Bile leak   • 
  Cholangitis   •   ERCP  

      Introduction 

 Postoperative  bile duct    stricture   (PBDS) occurs most commonly after  cholecystec-
tomy   [ 1 ], but may also complicate other complex  hepatobiliary   operations including 
 liver    transplant  , pancreatoduodenectomy,  hepatectomy  , and  resection   of the extra-
hepatic biliary tree (i.e. for choledochal cyst,  cholangiocarcinoma  , or primary scle-
rosing  cholangitis  ) [ 2 – 5 ]. 

 Bile duct strictures represent a broadly heterogeneous pathology; a major chal-
lenge when attempting to collate and summarize best therapeutic practice lies in 
segregating and comparing treatment  outcomes   of similar strictures. Perhaps the 
most widely accepted classifi cation of PBDS was proposed by Strasberg [ 6 ]. 
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Importantly, this classifi cation recognizes more than simple anatomic level of injury, 
and also includes factors such as partial versus complete  bile duct   transection, pres-
ence of ongoing  bile leak  , and presence of complete bile duct occlusion. 

 Multiple treatment strategies have been applied to postoperative  bile duct    stric-
ture  , including surgical repair ( hepaticojejunostomy  ,  choledochoduodenostomy  ) [ 2 , 
 7 – 27 ],  percutaneous   dilation and/or stenting [ 28 – 31 ], and  endoscopic   dilation (most 
commonly with stenting) [ 32 – 41 ]. The location (level) of  bile duct injury   is obvi-
ously of major importance when choosing treatment strategy. Therapy of PBDS 
also depends on many other factors including  timing   of injury recognition [ 42 ,  43 ], 
presence of ongoing  bile leak   or biliary sepsis, presence of concomitant vascular 
(hepatic artery) injury, and availability of local expertise and experience. In many 
patients, multiple therapeutic approaches (or repeated application of a single thera-
peutic approach) may be required to achieve durable resolution. 

 Further complicating analysis of PBDS treatment is the fact that no one consis-
tent outcome measure has been accepted to defi ne treatment failure or success. 
Recurrent  stricture   is typically apparent on imaging studies ( cholangiography   or 
cross sectional images); however, patients with modest strictures may remain 
asymptomatic. Similarly, while  liver   chemistry biochemical abnormality (particu-
larly alkaline phosphatase) may be the fi rst sign of impending stricture, abnormal 
liver chemistry may be observed without obvious morphologic stricture. The occur-
rence of  cholangitis   is somewhat subjective, diffi cult to accurately compile retro-
spectively, and inconsistently reported. Repeated  percutaneous   and  endoscopic   
interventions are commonly necessary; the question of how many interventions 
defi nes success or failure remains unanswered. In addition, the use of surgical, per-
cutaneous, or endoscopically placed  biliary stent  s is common in PBDS treatment. 
The  timing   and number of stent exchanges, however, is widely variable. Finally, it 
has been recognized that as many as 10 % of post-operative  biliary stricture  s may 
develop 10 years or more after the original operation; however, very few studies 
have the appropriate length of follow up (some authorities suggest 20 years) to 
document all strictures [ 2 ,  23 ]. 

 With all of the above in mind, the goal of this review is to compare the success 
of PBDS treatment strategies (surgical versus  percutaneous   and  endoscopic  ) based 
on the  outcomes   of recurrent  stricture   and  cholangitis  . The review will focus pri-
marily on  bile duct    injury  /strictures sustained after  cholecystectomy  . Many studies 
highlight one specifi c treatment approach; a few series compare surgical repair with 
endoscopic and/or percutaneous treatment [ 21 ,  44 – 55 ], and importantly, no pro-
spective trials comparing different treatment strategies have been performed.  

    Search Strategy 

 The MEDLINE, EMBASE, and Cochrane Library were searched from 1946 to 
September 2014, using the following strategy:  bile duct    stricture  *, bile duct leak*, 
 bile duct injury  * (where * retrieves word variants such as plurals and other 
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variations). These terms were combined with the medical subject headings “postop-
erative complications” and “treatment  outcomes  ,” which were ‘exploded’ to also 
include specifi c variants of these terms. These terms were also combined with spe-
cifi c operative procedures (i.e. “pancreatoduodenectomy,” “ hepatectomy  ,” etc.). 
Results were limited to human subjects and English language, case reports and let-
ters were eliminated. Reference lists of high impact results were queried to identify 
additional results.  

    Results 

    PBDS After Complex Hepatobiliary Procedures 

 Systematic review of  biliary stricture  s following orthotopic  liver    transplant   (OLT), 
extrahepatic biliary tree  resection   (EBR), and pancreatoduodenectomy (PD) are 
beyond the scope of this chapter; however, a few salient points are noteworthy. 
Stricture is a signifi cant complication of OLT, occurring in up to 20 % of cases [ 4 , 
 56 ,  57 ]. This problem is commonly associated with hepatic artery complications. In 
patients with end-to-end biliary reconstruction, most biliary strictures are amenable 
to  endoscopic   therapy (with stenting), while those with Roux-en-Y  hepaticojejunos-
tomy   are commonly approached by  percutaneous   transhepatic methods. 

 The incidence of PBDS after PD is approximately 3 % [ 3 ,  58 ,  59 ], though given 
the increasing frequency of pancreatic  surgery  , surprisingly few data are available 
specifi c to postoperative  bile duct    stricture  . The time to  stricture   formation after PD 
averages 13–16 months, and most patients present with  cholangitis   and/or  jaundice  . 
Recurrent malignancy should be considered as a cause of PBDS in patients having 
PD for  diagnosis   of  cancer  . Percutaneous therapy is successful in most patients 
(95 % in one series [ 59 ]), though depending on local expertise, some authors have 
chosen to address these patients surgically with equally good  outcomes   [ 58 ]. 

 Even fewer data on PBDS are available specifi c to  resection   of the extrahepatic 
biliary tree (for example, for choledochal cyst) [ 5 ,  60 ]. As the reconstruction in 
these cases is almost universally by Roux-en-Y  hepaticojejunostomy  , the primary 
treatment modality is  percutaneous   intervention. Most authorities recommend life-
long follow up for these patients, as strictures may present very late (decades) after 
defi nitive surgical treatment.  

    PBDS After Cholecystectomy 

 Cholecystectomy, both in the pre- laparoscopic   era as well as in contemporary time 
represents by far and away the most common cause of PBDS. National estimates 
suggest as many as 0.5 % of all cholecystectomies have associated  bile leak   or  bile 
duct    injury  , both of which may lead to PBDS [ 1 ]. Treatment of PBDS depends on a 
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number of variables. First and foremost is the anatomic level of injury. Additional 
considerations include local availability of specialty treatment (i.e. interventional 
radiology,  endoscopy  , and specialized  hepatobiliary   surgical units),  timing   of repair, 
and presence of major vascular injury [ 11 ,  12 ]. Comparison of PBDS treatment 
 outcomes   by different techniques is limited signifi cantly by small sample sizes, 
retrospective analyses, and most importantly, diffi culty comparing similar types of 
injuries/strictures. For example, injuries of Strasberg type A (consisting simply of 
bile leak, either from the cystic duct stump or from a peripheral bile duct in the 
gallbladder bed) are easily and durably managed with  endoscopic    stent  ing more 
than 95 % of the time. On the other hand, type E injuries, including those proximal 
to the hepatic bifurcation, those with major vascular injury, and those with complete 
hepatic duct occlusion or transection involve an exponentially greater degree of 
complexity and in extreme cases may even require major  hepatectomy   for defi nitive 
treatment [ 61 ]. Nevertheless, patients with both of these types of injuries are often 
included in the same analysis and even in comparison studies. No prospective study 
exits comparing similar types of PBDS treated by different techniques. Based on 
existing retrospective data, however, several general treatment recommendations 
may be observed.  

    Surgical Repair 

 Select studies reviewing surgical repair of PBDS are shown in Table  21.1 . The 
larger series number in the hundreds of patients, though these series often span sev-
eral decades. Advances in surgical technique (as well as  endoscopic   and  percutane-
ous   techniques) that have evolved over the time of the study should be considered. 
Reasonable follow up is measured in multiples of years; most PBDS will manifest 
with some combination of  pain  ,  jaundice  , and  cholangitis   within the fi rst 5 years of 
operation, though as many as 10 % of PBDS may present quite late (decades) [ 2 ]. 
Lifelong follow up of patients after surgical repair of PBDS therefore seems quite 
prudent.

   Most surgical series document excellent (>90 %) durable long-term success 
when following basic tenets of repair: utilizing a tension-free anastomosis of 
healthy, well-perfused  bile duct  s to similarly well-perfused intestine. Most authori-
ties recommend repair either very early (within 48 h of the injury, particularly if no 
major hepatic artery injury is coincident) or waiting for 4–6 weeks to permit patient 
optimization [ 2 ,  15 ,  42 ]. Optimizing patient physiology includes controlling biliary 
sepsis, supplementing nutrition as necessary, and defi ning the level of biliary injury 
and presence of hepatic arterial injury. Many studies have shown less than optimal 
 outcomes   for PBDS repaired in the 2–4 week time period post injury; these poor 
outcomes have been attributed to poor bile duct perfusion in the presence of evolv-
ing ischemia. 

 Several technical considerations are worth discussion. First, the level of repair 
has been debated: some authorities suggest that routine use of the Hepp-Couinaud 
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technique may be associated with improved  outcomes   [ 7 ,  10 ,  63 ]. Second, while 
most biliary surgeons prefer Roux-en-Y  hepaticojejunostomy  , some have advocated 
 choledochoduodenostomy   as defi nitive repair [ 25 – 27 ]. Table  21.2  summarizes out-
comes of choledochoduodenostomy for repair of PBDS. Potential advantages of 
choledochoduodenostomy include subjecting the patient to a less complex opera-
tion (fewer anastomoses) and maintenance of continuity with the upper gut, permit-
ting  endoscopic   biliary evaluation if necessary. Detractors of this technique impugn 
the sump syndrome (foodstuffs lodged in the distal/intrapancreatic common  bile 
duct  ) as a cause of recurrent  cholangitis   and  liver    abscess  . Dividing the bile duct 
completely and performing end-to-side choledochoduodenostomy may avoid the 
sump syndrome. Most post- cholecystectomy   biliary injuries are high, and therefore 
Roux-en-Y hepaticojejunostomy may be the preferable approach in these 
situations.

   Table 21.1    Surgical repair of postoperative  bile duct    stricture  s   

 Author (ref)  Year  N  F/U  Success 

 Addeo [ 24 ]  2013  46  97  93 % 
 Perera [ 22 ]  2011  200  60  77 % 
 Mercado [ 23 ]  2011  312  52  96 % 
 Pottakrat [ 21 ]  2010  364  61  92 % 
 Sahaspal [ 20 ]  2010  69   a   86 % 
 Jablunsca [ 19 ]  2009  94  62  85 % 
 Stewart [ 18 ]  2009  307  40  91 % 
 Walsh [ 17 ]  2007  84  67  89 % 
 DeReuver [ 16 ]  2007  151  63  91 % 
 Thompson [ 15 ]  2006  47  n/s  89 % 
 Sicklick [ 14 ]  2005  208   b    b  
 Schmidt [ 13 ]  2005  54  62  81 % 
 Stewart [ 11 ]  2004  261   b    b  
 Alves [ 12 ]  2004  55  59  97 % 
 Mercado [ 10 ]  2003  30  56  87 % 
 Johnson [ 9 ]  2000  27  55  95 % 
 Lillemoe [ 8 ]  2000  156  58  91 % 
 Murr [ 7 ]  1999  59  42  91 % 

   n/s  not stated 
  a “Long-term” 
  b Immediate postoperative  outcomes    

   Table 21.2    Surgical repair of postoperative  bile duct    stricture  s by  choledochoduodenostomy     

 Author (ref)  Year  N  F/U  Success 

 Luu [ 27 ]  2013  55  29  98 % 
 Rose [ 26 ]  2013  59  28  88 % 
 Leppard [ 25 ]  2011  79  74  98 % a  

   a Included patients with  chronic pancreatitis    bile duct    stricture  s  
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   Most would agree that preoperative placement of transhepatic  biliary stent  s 
greatly facilitates operative conduct. In contrast, the issue of transhepatic stenting in 
the postoperative period is a topic of ongoing debate. Historically, two camps have 
included routine stenters and routine non-stenters. Many experienced biliary sur-
geons have come to a middle ground, maintaining transhepatic stents in the situa-
tion of a small caliber  bile duct   or high reconstruction, while avoiding stents in the 
case of large diameter biliary-enteric anastomoses. The duration of stenting postop-
eratively is not consistent; however, a time period of 3–6 months at minimum seems 
reasonable to attenuate  stricture   formation. Over-the-wire transhepatic  cholangiog-
raphy   with either manometry or a “ clinical trial  ” may be used before removing 
stents. Biliary manometry (the Whittaker test) is used infrequently; the alternative, 
“clinical trial” involves maintaining the transhepatic stent at a level proximal to the 
anastomosis for a short period of time while monitoring the patient for symptoms of 
 pain   or  cholangitis  .  

    Percutaneous Therapy 

 Exclusive  percutaneous    management   of PBDS has been used at select centers with 
experienced interventional radiology groups [ 28 – 31 ]. Table  21.3  summarizes results 
of these studies, and Table  21.5  includes patients with percutaneous transhepatic 
stenting reported in trials that include surgical repair and/or  endoscopic   treatment. 
In general, fewer studies of percutaneous  biliary stent   ing   as defi nitive treatment for 
PBDS have been reported when compared to the surgical or endoscopic approaches. 
This  observation   perhaps highlights the rarity of expertise in biliary interventional 
radiology nationwide. Studies of percutaneous biliary stenting for PBDS are all 
hampered by small sample sizes and relatively short follow up. Most of these series 
count patients who have required multiple stent exchanges and prolonged duration 
of stenting as successfully treated. The duration of stenting is variable, but may last 
more than 1–2 years. Most of these series document  success rate  s signifi cantly 
lower than those reported in surgical series, though the defi nition of success (i.e. 
radiological vs clinical) varies considerably. Noteworthy is the fact that most of 
these series contain at least some patients who have failed either surgical or endo-
scopic treatment. Also noteworthy in the big picture is the substantial technical 
expertise necessary to access a non-dilated biliary system by the percutaneous tran-
shepatic approach.

   Table 21.3    Percutaneous treatment of postoperative  bile duct    stricture  s   

 Author  Year  N  F/U  Success 

 Cantwell [ 31 ]  2008  75  96  52 % 
 Kocher [ 30 ]  2007  21  12  94 % 
 Mesra [ 29 ]  2004  51  76  59 % 
 Bonnell [ 28 ]  1997  25  55  72 % 
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       Endoscopic Therapy 

 Table  21.4  documents select series of patients with PBDS treated exclusively by 
 endoscopic   dilation and stenting. Follow up in these series is on par with surgical 
series. Success rates generally range above 90 % overall, with the caveat that 
patients with Type A injuries (i.e.  bile leak  s) are included in many of these series. 
Improved  outcomes   have been observed over time, as may be expected with 
advances in endoscopic technology, technique, and experience. More recently, trials 
of multiple plastic versus larger caliber metallic endobiliary stents have been under-
taken; some authorities feel that covered metallic endobiliary stents may provide the 
most expeditious and durable treatment.

   Again, it is important to reiterate that no one technique is suitable to treat all 
PBDS. A good practice for  hepatobiliary   surgeons interested in managing these 
patients is to work closely with their  endoscopy   (and interventional radiology) col-
leagues, reviewing the imaging studies early in the treatment course. With experi-
ence, one is often able to get a sense of which PBDS will respond to endotherapy 
alone, and which may require earlier surgical intervention (avoiding protracted peri-
ods of stent changes).  

    Studies with Multiple Treatment Techniques 

 Table  21.5  lists studies in which patients have been treated by multiple techniques. 
These studies span the broadest time frame of the current review, and also represent 
the most heterogeneous group of patients in terms of injury level, treatment selec-
tion, and outcome defi nitions. While many of these studies purport comparison of 
two groups of patients, great care must be taken drawing conclusions regarding 
superiority of any one technique.

   Table 21.4    Endoscopic treatment of postoperative  bile duct    stricture  s   

 Author  Year  N  F/U-mos  Success 

 Canena [ 41 ]  2014  20  44  100 % 
 Ghazanfar [ 40 ]  2012  97  N/S  88 % 
 Artifon [ 39 ]  2012  31  N/S  72 % 
 Draganon [ 34 ]  2012  14  48  62 % 
 Kuroda [ 38 ]  2010  21  121  95 % 
 Sakai [ 37 ]  2009  24  N/S  94 % 
 Katsinelos [ 36 ]  2008  63  N/S  95 % 
 DeReuver [ 35 ]  2007  203  54  84 % 
 Constamanga [ 33 ]  2001  45  49  89 % 
 Dumonceau [ 32 ]  1998  48  50  73 % 

   N/S  not stated  
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   In general, treatment  outcomes   in this group of reports mirror those observed in 
studies of individual treatment modality: relatively less durable success by  percuta-
neous   approach, with approximately 90+ percent success seen in both  endoscopic   
and surgical treatment groups. Reasonable follow up has been achieved in many of 
these groups. Again, many studies of endoscopic treatment include patients with 
Strasberg type A injuries ( bile leak  s), in whom excellent results are expected. 

 The paper reported by Pitt and his colleagues from Indiana University is note-
worthy [ 2 ]. This large series is the only report to date to include surgical,  percutane-
ous  , and  endoscopic   treatment of PBDS in a large number of patients. The  outcomes   
achieved by these experienced  hepatobiliary   surgeons, interventional radiologists, 
and endoscopists essentially mirrors outcomes described above: moderates success 
with transhepatic stenting, excellent success with surgical and endoscopic (includ-
ing type A injury) therapy. Better success in more recent years was attributed to 
increased experience and stent maintenance for more than 6 months (all treatment 
modalities). An important  observation   corroborating prior surgical studies was the 
poorer outcomes in those patients repaired surgically during “intermediate” time 
period (i.e. 2–4 weeks post injury) compared to immediate (<48 h) or delayed (>4 
week) repair.   

    Recommendations Based on the Data 

•     Patients with Strasberg type A injury/PBDS (i.e.  bile leak   alone) are best treated 
by  endoscopic   therapy with stenting (evidence quality moderate, strong 
recommendation)  

    Table 21.5    Reports including multiple treatment modalities applied to postoperative  bile duct   
 stricture  s   

 Author  Year  N 
 F/U- 
mos 

 Surgery 
(success) 

 Endo 
(success)  Perc (success) 

 Pitt [ 2 ]  2013  45  58  25 (88 %)  –  20 (55 %) 
 Benkabbou [ 55 ]  2013  528  60  (88 %)  (76 %)  (50 %) 
 Pottakrt [ 53 ]  2010  57  27  25 (N/S)  5 (N/S)  – 
 Abel-Raouf [ 52 ]  2010  260  N/S  16 (NS)  234 (82 %)  – 
 Fatima [ 51 ]  2010  159  45  63 (95 %)  92 (95 %)  – 
 Ozturk [ 30 ]  2009  31   a   24 (67 %)  5 (100 %)  – 
 Nuzzo [ 50 ]  2008  77  N/S  41 (78 %)  17 (74 %)  6 (74 %) 
 DeSantibanes [ 49 ]  2006  142  78  106 (86 %)  –  36 (47 %) 
 Depalma [ 48 ]  2003  157  N/S  77 (73 %)  80 (54 %)  – 
 Tucchi [ 47 ]  2000  42  91  22 (77 %)  20 (80 %)  – 
 Born [ 46 ]  1999  40  44  21 (43 %)  31 (90 %)  – 
 Davids [ 45 ]  1993  101  46  35 (83 %)  66 (83 %)  – 
 Pitt [ 44 ]  1989  42  58  25 (88 %)  20 (55 %) 

   N/S  not stated 

  a “Long-term”  
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•   Surgical therapy appears to be the most durable treatment modality overall for 
patients with Strasberg type B-E injury/PBDS (evidence quality moderate, strong 
recommendation)  

•   Timing of surgical repair should be either immediate (<48 h) or delayed for >4–6 
weeks from the time of injury (evidence quality moderate, strong recommendation)  

•   Hepaticojejunostomy Roux-en-Y may be preferable to  choledochoduodenos-
tomy   for repair of high PBDS (evidence quality weak, weak recommendation).     

    A Personal View of the Data 

 Multidisciplinary evaluation of patients with PBDS including experienced endosco-
pists, interventional radiologists, and  hepatobiliary   surgeons is ideal to determine 
the best technique with which to approach specifi c clinical situations, and therefore 
achieve optimal  outcomes   in these complex patients. The location and type of 
injury/PBDS dictates therapeutic approach (i.e. surgical,  percutaneous  ,  endoscopic  ). 
In real practice, multiple approaches often provide complimentary information and 
therapeutic benefi t for individual patients. 

 Surgical  management   of PBDS demands knowledge of biliary anatomy and the 
presence of concomitant hepatic artery injury. Timing of repair should be based on 
the clinical situation, and in most cases delayed 4–6 weeks to control biliary sepsis 
and permit physical and nutritional optimization. While specifi c techniques such as 
high repair (Hepp-Couinaud technique) [ 62 ],  choledochoduodenostomy  , and dura-
tion of transhepatic stenting may be debated, it appears clear that the best surgical 
 outcomes   come in the hands of experienced biliary units. In patients with PBDS 
after Roux-en-Y repair,  percutaneous   stenting is a very reasonable fi rst approach 
when local expertise is available. 

 Patient  quality of life  , time lost from work, overall  cost   of treatment, and litiga-
tion were not addressed in this review; however, each of these issues plays an impor-
tant role in managing PBDS patients. Long-term (lifetime) follow up of these 
patients after PBDS repair is ideal. 

 In this era of evidence-based medicine, it is highly unlikely that a prospective, 
randomized trial will ever be performed comparing surgical repair to  endoscopic   or 
 percutaneous   treatment of a specifi c PBDS. Nevertheless, as in other practical medi-
cal practice, reasonably solid retrospective analyses inform rational  management   of 
this problem [ 63 ].     
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    Chapter 22   
 Immediate or Delayed Repair for Bile Duct 
Injury Recognized Postoperatively?                     

       Zhi     Ven     Fong     and     Keith     D.     Lillemoe    

    Abstract     Bile duct injuries occurring during laparoscopic cholecystectomy are 
rare, but result in considerable morbidity, rare mortality and major health care costs. 
Signifi cant debate and controversy, however, remains regarding the optimal timing 
of repair of bile duct injury recognized in the postoperative period. Delayed bile 
duct injury repair has been associated with superior clinical outcomes when com-
pared to immediate repair. Repair via a Roux-en-Y hepaticojejunostomy approach 
has been shown to have higher success rates when compared to direct repair of these 
injuries. Repair of bile duct injuries is feasible with no long-term physical quality of 
life impairments, but with deterioration in mental health that improves over time 
after repair.  

  Keywords     Bile duct injury   •   Cholecystectomy   •   Immediate repair   •   Delayed repair   
•   Success rate  

      Introduction 

 Since the introduction of  laparoscopic    cholecystectomy   (LC) for symptomatic gall-
stones in the 1980s, the procedure has evolved into one of the most common opera-
tions performed in Europe and the US [ 1 ]. Although less morbid than its  open   
approach [ 2 ,  3 ], the incidence of a major complication,  bile duct    injury   (BDI), is 
higher, ranging from 0.15 to 0.6 % (1 per 200) [ 1 ,  4 – 8 ] versus 0.1–0.3 % (1 per 500 
cases) [ 9 ] as observed in the open approach cohort (OC). Additionally, BDIs associ-
ated with LC tends to be more complex (more proximal injuries involving bifurca-
tion) when compared to injuries sustained during OC [ 10 – 12 ]. It is now accepted 
that the majority of bile duct injuries occur due to a misidentifi cation of the bile duct 
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often due to visual-perception illusion and/or inadequate visualization [ 13 ]. 
Irrespective of etiology, bile duct injury represents a signifi cant health and fi nancial 
burden to both the patient and the healthcare industry [ 8 ,  14 – 16 ]. 

 In the recent decade, increased experience and regionalization have led to the 
improved  outcomes   of BDIs [ 17 ,  18 ]. Multidisciplinary teams comprising of inter-
ventional radiologists, gastrointestinal endoscopists and hepatopancreaticobiliary 
surgeons enable successful repair of BDIs at varying levels of injury and treatment 
of its long-term sequelaes [ 4 ,  17 ,  19 ]. While the majority of  bile leak  s can be man-
aged successfully by endoscopists, the long-term outcomes for major  bile duct   inju-
ries are still best with surgical intervention, with long-term  success rate  s in excess 
of 80 % [ 4 ,  20 ,  21 ]. Questions, however, remain regarding the optimal  timing   of 
surgical intervention in BDIs. This chapter compares the outcomes of immediate 
versus  delayed repair   for BDIs recognized postoperatively, specifi cally addressing 
long-term success rates,  mortality  , health-related  quality of life   (HRQoL) and  cost  . 
It is important to emphasize, however, that the ultimate decision to delay or undergo 
repair is based on the surgeon’s clinical judgment, weighing in variables such as the 
presence of vascular injury, biliary leak and local/systemic infl ammation.  

    Search Strategy 

 A systematic literature search of the English language publications from 2000 to 
2014 was performed to identify studies analyzing the  outcomes   of immediate versus 
delayed BDI repairs using the  PICO   outline (Table  22.1 . The databases searched 
were PubMed, EMBASE and Cochrane Review. Terms used in the search were 
“ bile duct    injury  / immediate repair  ”, “bile duct injury/early repair”, “bile duct 
injury/ delayed repair  ”, “ laparoscopic    cholecystectomy   injury/immediate repair”, 
“laparoscopic  cholecystectomy  /delayed repair” AND (“postoperative  morbidity  ” 
OR “postoperative  mortality  ” OR “ biliary stricture  ” OR “reintervention”). Articles 
were excluded if they addressed  bile leak  s from cystic stump or accessory hepatic 
ducts rather than common bile duct injury or if intervention focused on  endoscopy   
and interventional therapy rather than surgical. Articles analyzing BDIs discovered 
intraoperatively were also excluded. Nine retrospective cohort studies were included 
in our analysis. The data was classifi ed using the  GRADE   system.

   Table 22.1     PICO   table for immediate versus  delayed repair   of  bile duct   injuries recognized 
postoperatively   

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with  bile 
duct   injuries from 
cholecystectomies 

 Immediate 
surgical repair 

 Delayed surgical repair  Postoperative  morbidity,   
 stricture   rate,  mortality,    quality 
of life,    cost   and return to work 
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       Results 

    Long-Term Success Rate 

 Long-term  success rate  , defi ned as not needing subsequent interventions after the 
index reconstructive procedure (most commonly for strictures) is the most com-
monly utilized metric to defi ne the success of the restorative operation. There were 
nine retrospective cohort studies identifi ed that compared immediate versus  delayed 
repair   of postoperatively found BDIs. There were no prospective, randomized con-
trolled trial performed and will likely not be feasible given the rarity and complexity 
of BDIs. Given the lack of level I data, our current understanding and clinical algo-
rithm for managing postoperatively discovered BDIs are based on retrospective 
cohort studies, which heavily favors delayed repair of these injuries (all  quality of 
evidence  : low, Table  22.2 ).

   Of the nine studies, six demonstrated higher long-term  success rate  s when 
 delayed repair   was undertaken versus  immediate repair   of BDIs diagnosed postop-
eratively. In the largest cohort study, Iannelli and colleagues conducted a national 
French survey involving 47 surgical centers encompassing 543 patients and reported 
that delayed repair (≥45 days) of BDIs was associated with a higher success rate 
when compared to immediate repair (<45 days, 93.2 % vs 59.3 %,  p  < 0.001) [ 22 ]. 
However, long-term follow-up is required to accurately evaluate success rate of the 
intervention and none was reported in the study. In the study with the longest fol-
low- up of 72 months, Sahajpal et al. reported that success rates was higher when 
delayed repair was undertaken (>6 weeks, 100 %) as compared to repair in the inter-
mediate period (72 h to 6 weeks, 91 %,  p  = 0.03) [ 23 ]. 

 The limitation to this review is that all studies utilize different time thresholds 
when comparing immediate versus  delayed repair   of postoperatively diagnosed 
BDIs. The summary in Table  22.2  suggests that a delayed repair of at least >6 weeks 
is ideal to achieve long-term  success rate  s ranging from 90 to 100 %, and that repair 
anytime before that was associated with a higher rate of the need for 
reintervention. 

 There were no studies reporting superior  outcomes   with  immediate repair   of 
BDIs. Of the three studies that reported no difference between both approaches, 
Sicklick et al. dichotomized the  timing   interval to <1 month, 1–12 months and 
>12 months [ 24 ]. Another compared outcomes when repair was undertaken 
<2 weeks from BDI versus 2 weeks to 6 months after injury [ 25 ]. Assuming the 
above review holds true that a higher  success rate   is achieved if postoperatively 
found BDI repairs were delayed for at least 6 weeks, the aforementioned time 
frames will not appropriately portray an accurate comparison of immediate versus 
 delayed repair   of postoperatively diagnosed BDIs.  
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    Method of Repair 

 The most common methods of repairing BDI are direct repair with primary anasto-
mosis (DR) and a Roux-en-Y  hepaticojejunostomy   (RYHJ). Historically, DR out-
side of the immediate setting if BDI was discovered intraoperatively has been 
associated with poor  outcomes  , with failure rates ranging from 64 to 78 % [ 22 ,  25 , 
 26 ]. Thermal injuries that jeopardizes the microvascular supply to the biliary tree 
and right hepatic artery injury have all been theorized to lead to the ultimate failure 
of DR. Additionally, DR is diffi cult to perform in a tension-free fashion secondary 
to retraction of the proximal transected  bile duct   proximally if repair is delayed. 
Ianelli et al. demonstrated that the  timing   of surgical repair was a stronger predictor 
of success than the method of repair: DR was associated with  success rate  s of 36 % 
when performed at the time of LC, and 57 % when performed within 45 days (none 
reported >45 days); RYHJ was associated with success rates of 37 % when per-
formed at time of LC, but improved to 54 % and 93 % when performed within 
45 days and >45 days post-BDI respectively [ 22 ].  

    Mortality 

 Of the nine cohort studies analyzed, only four studies provided  mortality   data. Of 
the four studies, three reported a higher mortality rate in the  immediate repair   
(<6 weeks) group but only two achieved statistical signifi cance (Table  22.2 ). The 
studies are likely underpowered for a mortality analysis, and the discrepancy 
between mortality rates in both groups would likely be more apparent favoring 
 delayed repair   of postoperatively found BDIs if the sample size were larger.  

    Health-Related Quality of Life and Cost 

 While clinical  outcomes   of BDI repair have been well described and compared, 
patient reported outcomes like HRQoL arguably plays a larger role in defi ning the 
success of the index repair. The Vanderbilt group recently performed a meta- analysis 
of six studies (581 patients), which compared the HRQoL of patients with BDIs 
with patients who underwent an uncomplicated LC. After controlling for follow-up 
time, BDI patients were not more likely to have a reduced physical HRQoL than LC 
patients ( p  = 0.993), but were about 38 times more likely to have a reduced mental 
HRQoL (OR = 38.4, 95 % C.I. 19.14–77.10,  p  < 0.001) [ 14 ]. More recently, the 
Hopkins group assessed patients after BDI repair with a median follow-up of 
169 months. Their study corroborated the fi ndings of the aforementioned meta- 
analysis, with 49 % of patients reporting a depressed mood and 40 % reporting low 
energy level but unchanged levels of physical activity and general health [ 27 ]. 
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Unique to their study, however, was a pre- versus post-intervention analysis, which 
showed that the detrimental effect on mental health signifi cantly improved over 
time after BDI repair (49 % depressed mood before repair, vs 18 % after repair, 
 p  < 0.001; 40 % low energy before repair, vs 18 % after repair,  p  = 0.01). 

 The impact of BDI on healthcare  cost  , on the other hand, is dramatic secondary 
to the need for complex repair and long-term multidisciplinary  management   of 
complications (i.e.  endoscopic   balloon dilatation, interventional radiology guided 
biliary drains). The cost of repair of BDIs can run 5–26 times the cost of an uncom-
plicated LC, costing over $50,000 for all its related care. These increased cost are 
especially apparent in postoperatively discovered BDIs versus those recognized 
intraoperatively, with the former group’s care costing 43–83 % less than the latter 
group [ 8 ,  28 ]. The tremendous expenses incurred holds true in Europe as well, with 
a Swedish group reporting costs from 473,690 EUR to 608,789 EUR per million 
inhabitants annually [ 29 ]. When discussing the fi nancial burden of BDIs, cost asso-
ciated with litigation should be considered as well. Up to 19–31 % of patients suf-
fering BDIs seek litigation [ 15 ,  30 ], with half of them settling out of court (mean 
payment $469,711). Of those that proceeded to trial, about 20 % concludes with 
plaintiff jury verdicts with mean payment of $188,772 [ 31 ].   

    A Personal View of the Data 

 The incidence of BDI after LC is uncommon, but results in signifi cant added  mor-
bidity  ,  mortality   and represents a fi nancial burden on healthcare  cost  . While there 
are no level I evidence in the BDI literature, considerable retrospective data indicate 
that  delayed repair   of postoperatively found BDIs have been found to result in supe-
rior  outcomes   when compared to  immediate repair  , achieving a signifi cantly higher 
long-term  success rate   and lower mortality rates. The decision to perform or delay 
repair of BDI must also be driven by the surgeon’s clinical judgment (eradication of 
local and systemic sepsis and infl ammation). Repair via a RYHJ reconstruction is 
associated with a higher success rate when compared to DR, with DR likely ana-
tomically impossible to perform secondary to traction of the transected  bile duct  s. 
Patients suffering BDIs have no long-term impairment in physical HRQoL but 
experienced worse mental health as compared to patients undergoing uncompli-
cated LC. However, this impairment in mental HRQoL improves over time after 
BDI repair.  

    Recommendation Based on the Data 

•     For patients with postoperatively found BDI, we recommend  delayed repair   of 
up to 6 weeks after the index injury to achieve optimal long-term  success rate  s 
(evidence quality low; strong recommendation).  
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•   Postoperatively found BDIs should be repaired via a RYHJJ approach, as DR 
results in a higher failure rate (evidence quality low; strong recommendation).        
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    Chapter 23   
 Management of Suspected Choledocholithiasis 
on Intraoperative Cholangiography                     

       B.     Fernando     Santos      and     Eric     S.     Hungness    

    Abstract     Choledocholithiasis is a frequently encountered problem on intraopera-
tive cholangiography at the time of laparoscopic cholecystectomy. While numerous 
strategies have been described for dealing with this intraoperative scenario, most 
surgeons employ laparoscopic common bile duct exploration (LCBDE), open com-
mon bile duct exploration, or postoperative endoscopic retrograde cholangiopan-
creatography (ERCP) in this situation. It is important to understand the relative 
outcomes of each of these strategies in terms of stone clearance rates, morbidity, the 
need for secondary procedures, and other outcomes such as hospital length of stay. 
Although the data are limited, the initial procedure of choice may be LCBDE 
through a transcystic approach, followed by either transcholedochal exploration 
(laparoscopic or open) or postoperative ERCP depending on anatomic factors and 
available expertise.  

  Keywords     Choledocholithiasis   •   Bile duct exploration   •   Open   •   Laparoscopic   • 
  Sphincterotomy   •   Endoscopic retrograde cholangiopancreatography   • 
  Cholangiography  

      Introduction 

 Choledocholithiasis is a common problem, occurring in approximately 10–15 % of 
all patients undergoing  cholecystectomy   [ 1 ]. In the “ open  ” surgical era, the standard 
of care for  choledocholithiasis   was open cholecystectomy with concurrent  common 
bile duct exploration  . The introduction of  laparoscopic    cholecystectomy  , however, 
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made conversion to open common  bile duct    exploration   in the setting of choledo-
cholithiasis discovered intraoperatively a less attractive option, leading to the 
increased utilization of  endoscopic   retrograde  cholangiopancreatography   ( ERCP  ) 
for the  diagnosis   and  management   of choledocholithiasis. The eventual develop-
ment of laparoscopic common bile duct exploration, while expanding the available 
therapeutic options for choledocholithiasis, has made the algorithm for the manage-
ment of choledocholithiasis more complex. This evidence-based chapter seeks to 
identify and analyze the best available evidence for the management of a frequently 
encountered scenario: choledocholithiasis discovered intra-operatively during lapa-
roscopic cholecystectomy. While numerous options have been described for dealing 
with this scenario, the chapter will focus on the three main options of laparoscopic 
common bile duct exploration (LCBDE), open common bile duct exploration 
(OCBDE), and postoperative ERCP.  

    Search Strategy 

 A systematic search of the English language literature was conducted using PubMed 
and the  PICO   methodology (Table  23.1 ). The “fi lter” function was used to select 
articles classifi ed as “Randomized Controlled Trial” in order to obtain the highest 
quality comparative studies. The search terms used included “ laparoscopic    bile duct   
 exploration  ,” “ open   bile duct exploration,” “bile duct exploration”, “ ERCP  ,” “ endo-
scopic    sphincterotomy  ,” “ choledocholithiasis  ,” and “common bile duct stones.” 
Studies that directly compared at least two of the three interventions (OCBDE, 
LCBDE, or ERCP) were included. Studies that compared two different variations of 
a single intervention (e.g. LCBDE with choledochoscopy versus LCBDE with fl uo-
roscopy alone) were excluded, as were studies involving intraoperative 
ERCP. Treatment  outcomes   of interest included stone clearance rate,  morbidity   
including  bile duct injury  , and the need for secondary procedures. Event rates were 
reported as percentages or total numbers of patients, with means reported as mean 
± standard deviation unless otherwise noted.

   Table 23.1     PICO   table –  management   strategies for patients with  choledocholithiasis   discovered 
on intraoperative  cholangiography     

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcomes) 

 Patients with 
 choledocholithiasis   on 
intraoperative 
cholangiogram 

 Laparoscopic 
 common bile 
duct exploration   

 Open  common 
bile duct 
exploration   or 
postoperative 
 ERCP   

 Stone clearance rate, 
 morbidity,   need for 
secondary procedures, and 
hospital length of stay 
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       Results 

 A literature search was conducted and included articles published prior to September 
17th, 2014. A total of 590 articles were screened with a total of 16 randomized 
controlled trials (RCT) meeting the inclusion and exclusion criteria. Seven of these 
articles compared OCBDE to preoperative  ERCP   plus  cholecystectomy   [ 2 – 8 ], six 
articles compared LCBDE to preoperative ERCP plus cholecystectomy [ 9 – 14 ], one 
article compared OCBDE to LCBDE [ 15 ], and two articles compared LCBDE to 
 laparoscopic    cholecystectomy   with postoperative ERCP [ 16 ,  17 ]. 

 The most relevant RCTs to help determine the best evidence-based strategy for 
the  management   of  choledocholithiasis   found on intraoperative  cholangiography   
are those that compare LCBDE to postoperative  ERCP   (Rhodes 1998; Nathanson 
2005) [ 16 ,  17 ], and LCBDE to OCBDE (Grubnik 2012) [ 15 ] (Table  23.2 ). 
Unfortunately, there are no RCTs that have compared  open    cholecystectomy   with 
OCBDE versus open cholecystectomy with postoperative ERCP.

       LCBDE Versus Postoperative  ERCP   

 ‘The study by Rhodes et al. recruited 480 patients undergoing  laparoscopic    chole-
cystectomy   [ 17 ]. Eighty patients (17 %) in the study group had cholangiograms 
demonstrating common  bile duct   (CBD) stones. The patients with  choledocholithia-
sis   were randomized intraoperatively to LCBDE or postoperative  ERCP  . For patients 
in the LCBDE group, a transcystic approach was attempted for patients with small 
CBD stones (<9 mm). A transcholedochal approach was instead used for patients 
with larger stones, proximal stones, a failed transcystic approach, and as long as the 
CBD was at least 6 mm to decrease the risk of postoperative  stricture  . Inability to 
clear the ducts with LCBDE led to postoperative ERCP. Patients randomized to 
postoperative ERCP underwent  cholecystectomy   followed by ERCP within 48 h of 
 surgery  . Inability to clear the duct with postoperative ERCP was followed by repeat 
ERCP attempt (s) 1 week later. The initial stone clearance rate for both groups was 
equivalent (75 %). Morbidity was similar between groups (18 % for LCBDE versus 
20 % for postoperative ERCP). Morbidity for LCBDE included conversion to  open   
surgery (2.5 %), urinary retention (2.5 %), readmission for  pain   of unclear etiology 
(5 %), and  bile leak   related to transcholedochal exploration (7.5 %). Morbidity for 
the postoperative ERCP group included hemorrhage requiring laparoscopic re- 
operation (2.5 %), bile leak while waiting for ERCP (2.5 %), bleeding from  sphinc-
terotomy   site (7.5 %), and inability to clear CBD after repeated ERCP attempts (7.5 
%). The need for postoperative ERCP was 25 % in the LCBDE group. Ten patients 
in the LCBDE group required additional procedures (nine ERCPs and one conver-
sion to OCBDE). Ten patients randomized to postoperative ERCP required a second 
ERCP, with fi ve of these patients requiring a third ERCP for a total of 15 additional 
ERCPs. Final stone clearance rate was 100 % for LCBDE patients and 93 % for 
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postoperative ERCP patients. Median hospital length of stay was signifi cantly 
shorter for the LCBDE group (1 day, range 1–26 days) versus the postoperative 
ERCP group (3.5 days, range 1–11 days, p = 0.0001). The conclusions of this study 
were that LCBDE can be performed with equivalent stone clearance rates, similar 
 morbidity  , but a shorter hospital stay compared to postoperative ERCP. 

 Martin et al. reported on the technical evolution of a  laparoscopic   approach to 
patients with  choledocholithiasis  , achieving successful stone clearance in 90 % of 
patients using a combination of transcystic or transcholedochal exploration [ 18 ]. 
Given the higher  morbidity   with transcholedochal versus transcystic exploration in 
their series, however, the same investigators (Nathanson et al.) then sought to study 
whether patients who had failed transcystic stone clearance were better off with 
immediate transcholedochal LCBDE or postoperative  ERCP   [ 16 ]. They enrolled 
372 patients undergoing an attempt at transcystic LCBDE. The 23 % of patients 
(n = 86) who failed transcystic LCBDE were randomized intraoperatively to tran-
scholedochal LCBDE versus postoperative ERCP. Initial stone clearance rates were 
similar (98 % for transcholedochal and 96 % for postoperative ERCP). One patient 
in the LCBDE group required postoperative ERCP for a retained stone, while two 
postoperative ERCP patients required LCBDE for retained stones. Overall morbid-
ity was similar between groups and included  bile leak   (six patients for transchole-
dochal LCBDE, none for ERCP), clinical pancreatitis (one patient in each group), 
severe sepsis (one patient in each group), retained stone (two patients for postopera-
tive ERCP and one patient for LCBDE), gastrointestinal bleeding (two patients for 
postoperative ERCP), early re-operation (two for transcholedochal LCBDE, and 
two for postoperative ERCP), and late re-operation for a  biliary stricture   (one patient 
in each group) possibly representing a  bile duct    injury   from the procedure (s). 
Hospital length of stay was similar (mean of 6.4 versus 7.7 days for transchole-
dochal LCBDE and postoperative ERCP, respectively). The conclusions of this 
study were that either transcholedochal LCBDE or postoperative ERCP could be 
performed with similar results for patients who had failed attempted transcystic 
LCBDE. The authors recommended that transcholedochal LCBDE be avoided in 
patients with a CBD less than 7 mm or in the setting of severe infl ammation. They 
advocated the use of transcholedochal LCBDE in patients with a history of a Billroth 
II reconstruction, in those who failed ERCP, or in those who otherwise would expe-
rience long delays in being transferred to other centers for ERCP. 

 The results of these studies suggest that for patients found to have  choledocholi-
thiasis   on intraoperative  cholangiography  , LCBDE can achieve similar stone clear-
ance rates and  morbidity   compared to postoperative  ERCP  , and yet result in a shorter 
length of stay and a decreased number of procedures.  

    LCBDE Versus OCBCE 

 How does LCBDE compare to OCBDE, the gold standard for  choledocholithiasis   
during the “ open   era,” in patients found to have choledocholithiasis on intraopera-
tive  cholangiography  ? A single, randomized controlled trial from Eastern Europe 
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addresses this question (Grubnik 2012) [ 15 ]. This trial enrolled 256 patients with 
suspected choledocholithiasis, confi rmed on intraoperative cholangiography, and 
randomized them to LCBDE (n = 138) or OCBDE (n = 118). Bile duct exploration 
was performed using an initial transcystic approach followed by a transcholedochal 
approach if unsuccessful. Stone clearance rates for LCBDE were 71 % with an ini-
tial transcystic approach and 94 % with a subsequent transcholedochal approach. 
Stone clearance rate with a transcystic approach was 10 % for OCBDE and 96.6 % 
with a subsequent transcholedochal or transduodenal (one patient) approach. Four 
patients (6.5 %) in the LCBCE group required postoperative ERCPs for stone clear-
ance, resulting in a 100 % fi nal stone clearance rate. In the OCBDE group four 
patients (3.3 %) required  ERCP   with one patient requiring an additional open re- 
exploration., for a fi nal stone clearance rate of 100 %. Overall  morbidity   was similar 
between groups, with the exception of wound infections, which were more frequent 
in OCBDE (6 % versus 0.7 % for LCBDE). Bile leak was similar in both groups 
(1.4 % in LCBDE patients versus 0.8 % in OCBDE patients). Blood loss (20 ± 12 ml 
versus 285 ± 27 ml) and length of stay were signifi cantly less in the LCBDE group 
(4.2 ± 1.8 days versus 12.6 ± 4.5 days for OCBDE, p < 0.01). The conclusions of this 
study were that LCBDE could be performed with similar effi cacy and morbidity but 
with a shortened length of stay compared to OCBDE. 

 There are several limitations of these studies including unclear preoperative 
selection criteria and unclear length of follow-up. In addition, the use of non- 
choledochoscopic methods for LCBDE in the study by Rhodes et al., and the use of 
various methods for closing the choledochotomy (primary closure versus  T-tube   
versus primary closure with ampullary stent) introduce additional heterogeneity to 
these studies. Finally, it is unclear from the studies how experienced the  ERCP   
operators were. The study by Rhodes has the potential for bias, as the surgeon per-
forming the LCBDEs also performed a majority of the ERCPs, with an initial stone 
clearance rate of 75 %. This low rate of clearance with postoperative ERCP seems 
relatively low compared to clearance rates published in the literature of greater than 
95 % in some large series [ 19 ].  

    Recommendations Based on the Data 

     1.    Patients with  choledocholithiasis   discovered on intraoperative  cholangiography  , 
should undergo an initial attempt at transcystic LCBDE if feasible (distal stone, 
stone diameter <9 mm). (Evidence quality low, weak recommendation).   

   2.    Patients with  choledocholithiasis   in whom transcystic LCBDE is unsuccessful, 
should undergo either transcholedochal exploration ( laparoscopic   or  open  , 
depending on surgeon experience) if the  bile duct   is greater than 7 mm, or post-
operative  ERCP   if feasible (available skilled endoscopist and favorable anat-
omy). (Evidence quality low, weak recommendation).      
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    A Personal View of the Data 

 The available data show that LCBDE compared to postoperative  ERCP   has compa-
rable safety and effi cacy for the  management   of  choledocholithiasis   found on intra-
operative  cholangiography  , and on average results in a shorter hospital stay and 
fewer numbers of postoperative procedures. The data also show that the effi cacy of 
LCBDE is comparable to that of OCBDE, but with decreased  morbidity   related to 
wound complications and a shorter hospital length of stay. These data are consistent 
with data showing the benefi ts of both LCBDE and OCBDE compared to ERCP 
performed in the preoperative setting, which have been previously well-established 
[ 2 – 8 ,  14 ]. Transcystic LCBDE appears to have fewer complications compared to 
transcholedochal LCBDE and may be the most reasonable option to attempt ini-
tially, with transcholedochal LCBE or postoperative ERCP reserved as second-line 
options depending on surgeon experience and access to ERCP. Although not used in 
the study by Rhodes et al., fl exible choledochoscopy is a valuable adjunct that may 
increase the effi cacy of transcystic LCBDE. Future studies with larger numbers of 
patients are needed to confi rm these benefi ts of LCBDE versus postoperative ERCP, 
and would be most applicable if they limited LCBDE to a transcystic approach 
which is a technique that is more likely to be a adopted by surgeons compared to 
transcholedochal LCBDE. 

 Despite the evidence for its safety and effi cacy, LCBDE continues to remain 
largely underutilized for the treatment of  choledocholithiasis   compared to  ERCP   in 
the United States, especially in urban settings [ 20 ,  21 ]. Among the many reasons for 
this may be that LCBDE is viewed by some surgeons as too technically challenging, 
time-consuming, logistically diffi cult, unnecessary in the setting of access to skilled 
endoscopists in some centers, and the fact that LCBDE currently lacks a strong 
training paradigm. Current training for LCBDE is largely dependent on operative 
experience alone, which even for experienced surgeons can be infrequent. 
Simulation-based LCBDE training curricula have recently been developed and may 
have the potential to improve training for this relatively infrequent clinical scenario 
[ 22 ,  23 ]. Such training could not only address surgeon skill but also could be applied 
to improve familiarity of the operating room staff with the procedure and its equip-
ment needs, ultimately improving utilization of LCBDE in practice.     
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    Chapter 24   
 Management of Incidentally Discovered 
Gallbladder Cancer                     

       May     Chen     Tee     and     KMarie     Reid-Lombardo    

    Abstract     The management of incidentally discovered gallbladder cancer, identi-
fi ed either intra-operatively or post-operatively, is still hotly debated. Surgical man-
agement options for incidentally discovered gallbladder cancer include observation 
after simple cholecystectomy (open or laparoscopic) or radical surgical re-excision 
of the gallbladder fossa with hilar lymphadenectomy. Adjuvant therapy after diag-
noses remains controversial and is often individualized. Evidence to date strongly 
favors radical re-excision in cases of T1a tumors with positive margins or lymph 
nodes and T1b-T3 tumors without evidence of distant nodal (N2) or metastatic (M1) 
disease. The role of adjuvant therapy appears to be one that complements defi nitive 
surgical resection and is advised for increased stage, residual disease after surgical 
resection (R1/R2 resection), and/or the presence of lymph node metastasis (N1 dis-
ease). Improved overall survival and disease-free recurrence has been demonstrated 
for radical surgical re-excision with consideration of adjuvant therapy for the afore-
mentioned indications.  

  Keywords     Gallbladder cancer   •   Gall bladder adenocarcinoma   •   Simple cholecys-
tectomy   •   Radical cholecystectomy   •   Surgical re-excision   •   Adjuvant therapy   • 
  Cholecystectomy  
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      Introduction 

    Epidemiology 

 Gallbladder  cancer   is a rare and highly aggressive malignancy [ 1 ,  2 ]. It is the most 
common malignant neoplasm of the biliary tract and is the sixth most common 
gastrointestinal malignancy worldwide [ 2 ]. Data from a nationally maintained, pro-
spective database of 10,925 Swiss patients undergoing  laparoscopic    cholecystec-
tomy   identifi ed the incidence of undiagnosed  gallbladder cancer   to be 0.34 % [ 3 ]. 
Most gallbladder cancers are adenocarcinomas (classifi ed as papillary, tubular, or 
nodular) that arise from the mucosa, often within a background of chronic infl am-
mation, which represents an important risk factor [ 1 ,  2 ]. Additional risk factors 
include: female gender, cholelithiasis, ethnicity (Central/Northern European, 
American Indian, Indian, and Chilean populations), chronic bacterial infections 
( Salmonella typhi ), anomalous junction of the pancreaticobiliary ductal system, 
occupational exposures (petroleum refi ning), and environmental exposures such as 
cigarette smoking [ 2 ]. Additional surrogates for either chronic infl ammation or 
cholestasis predisposing individuals to the formation of gallstones have also been 
associated with increased risk, namely gallbladder polyps, porcelain gallbladder, 
and postmenopausal state [ 1 ,  2 ]. The pathogenesis of gallbladder cancer is multi-
factorial with genetic infl uences and generally involves a dysplasia-carcinoma 
sequence [ 1 ].  

    Clinical Presentation 

 In many patients,  gallbladder cancer   presents at an advanced stage, often at the time 
of  cholecystectomy   for presumed chronic cholecystitis [ 1 ]. The clinical presenta-
tion is often non-specifi c and may include abdominal  pain   (73 %), nausea/vomiting 
(43 %),  jaundice   (37 %), anorexia (35 %), or weight loss (35 %) [ 1 ]. Constitutional 
symptoms,  ascites  , duodenal obstruction, gastrointestinal bleeding/hemobilia, and a 
palpable mass on physical exam generally indicate advanced disease that belies a 
poor prognostic outcome [ 1 ]. 

 The staging of  gallbladder cancer   is defi ned by the 7th edition of the American 
Joint Committee on Cancer (AJCC) 2010 TNM classifi cation [ 2 ], which is summa-
rized in Table  24.1 . Stages I disease represents early gallbladder  cancer   and is man-
aged by either simple or  radical cholecystectomy   (Fig.  24.1 ), depending on depth of 
tumor invasion. Stage II disease is managed by radical  cholecystectomy  . Stage III 
disease represents locally advanced and/or regional nodal disease, which is man-
aged by en bloc oncologic  resection   of adjacent and involved organs with hilar 
lymphadenectomy. Stage IV disease is characterized by nodal metastases outside 
the regional lymph node basin and/or distant metastatic disease, both of which pre-
clude curative surgical resection and warrant appropriate palliation.
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    Management of  gallbladder cancer   is often dictated by the presumed clinical (or 
pathological) stage of the  cancer   as suggested by the National Comprehensive 
Cancer Network (NCCN) [ 4 ]. These treatment recommendations by stage and depth 
of invasion are summarized in Table  24.2  [ 4 ]. However, with the increasing inci-
dence of elective cholecystectomies, the issue on how to treat incidentally diag-
nosed gallbladder cancer (i.e. gallbladder cancer that is not identifi ed pre-operatively 
and only suspected intra-operatively or confi rmed post-operatively after submission 
of the specimen for pathological evaluation) is hotly debated. The options for  man-
agement   include  observation  , systemic  chemotherapy  , or surgical management. 
This chapter will focus on the controversies and diffi culties in therapeutic decision- 
making for patients diagnosed with incidental gallbladder cancer.

        Literature Search 

 A literature search was conducted with the assistance of a Mayo Clinic reference 
librarian. English language publications from the inception of each database to 
August 2014 were evaluated to identify published data on the  management   of inci-
dentally discovered  gallbladder cancer   using a  PICO   outline, Table  24.3 . The 
patients of interest were incidentally detected gallbladder  cancer   as defi ned previ-
ously. We compared surgical management as the primary intervention of interest to 
 observation   and/or  chemoradiation   therapy. The  outcomes   of interest were 
recurrence- free  survival  ,  overall survival  , and  morbidity  / mortality  . Databases 
searched included: Ovid MEDLINE, PubMed, Embase, Cochrane Central Register 
of Controlled Trials, and Cochrane Database of Systematic Reviews. Terms used in 
the search were “gallbladder neoplasm” AND “incidental, accidental, unplanned, or 
unsuspected.”

   A total of 251 articles were retrieved that were published up to August 2014. A 
review of the title and abstract eliminated papers whose content did not appear rel-
evant to the  PICO   question at hand or if conference data from an abstract were 
unavailable. Articles (n = 86) were reviewed if they addressed the topic of  incidentally 

 Stage  T  N  M 

 0  Tis  N0  M0 
 I  T1  N0  M0 
 II  T2  N0  M0 
 III A  T3  N0  M0 
 III B  T1–3  N1  M0 
 IV A  T4  N0-1  M0 
 IV B  Any T  N2  M0 

 Any T  Any N  M1 

   Table 24.1    American 
Joint Committee on 
Cancer (AJCC) 7th 
edition staging for 
gallbladder cancer   
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detected  gallbladder cancer   and either: surgical  management  , chemo or radiation 
therapy, or  observation   alone. A total of 60 articles were reviewed in full text with 
26 articles further excluded due to small case series (N ≤10) or lack of pathological 
data. Bibliographies from these reviewed articles served as a source of additional 
papers for analysis based on title and citation (n = 10) for a total of 70 articles. Data 
quality from these articles was classifi ed using the  GRADE   system [ 5 ,  6 ]. Table  24.4  
provides a summary of the most relevant articles reviewed.

  Fig. 24.1    Radical  cholecystectomy  . ( a ) The  lower right  inset illustrates the typical right subcostal 
incision used for  radical cholecystectomy  , with inclusion of the port sites. The main drawing shows 
the borders of a radical cholecystectomy that includes  resection   of segment 4B and 5 of the gall-
bladder bed, along with the extent of the regional lymphadenectomy. ( b ) Division of the hepatic 
parenchyma with an ultrasonic dissector. The duodenum has been mobilized ( arrow ) revealing the 
retroduodenal and retropancreatic lymph nodes posteriorly. The nodes are part of the N2 dissection 
that will be performed later. ( c ) The gallbladder and  liver   surrounding the gallbladder have been 
resected, and the hepatoduodenal nodes have been freed from all surfaces but the anteromedial side 
of the portal triad (Permission to reprint grant from Journal of Gastrointestinal Surgery)       
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   Table 24.2    AJCC 7th edition TNM classifi cation with NCCN guidelines for management based 
on TNM stage   

 TMN stage  Descriptions  Suggested management 

 Primary tumor 
invasion (T) 

 Depth of invasion to histology 
layer: 

 Surgical procedure: 

 Tis  Carcinoma in situ  Simple  cholecystectomy   
 T1a  Lamina propria  Simple  cholecystectomy   a  
 T1b  Muscular layer  Radical  cholecystectomy   b  
 T2  Perimuscular connective tissue  Radical  cholecystectomy   b  
 T3  Serosa and/or  liver  /adjacent organ  Radical en bloc  resection   c  
 T4  Main PV/HA or ≥ 2 extrahepatic 

organs 
 Palliation or  neoadjuvant   chemo/
radiation therapy for down-staging 
and re-consideration of  resection   

 Regional lymph nodes 
(N) 

 Lymph node metastasis to:  Surgical procedure: 

 N0  None  Portal lymphadenectomy d  
 N1  CD, CBD, HA, and/or PV  Portal lymphadenectomy d  
 N2  Peri-aortic, peri-caval, superior 

mesenteric artery and/or celiac 
artery nodes 

 Palliation 

 Metastatic disease (M)  Evidence of metastasis to:  Surgical procedure 
 M0  No distant metastasis  As above for T1–3, N0-1 disease 
 M1  Distant metastasis  Palliation 

  Legend  PV  portal vein,  HA  hepatic artery,  CD  cystic duct,  CBD  common  bile duct   
  a Cholecystectomy alone is adequate if pathological margins are histologically negative (R0) 
  b Radical  cholecystectomy   involves excision of the gallbladder, partial  liver    resection   (≥2 cm of the 
gallbladder bed), portal lymphadenectomy,  bile duct   excision (if the cystic duct margins are posi-
tive), and consideration of port site excision. Routine port site excision has not consistently shown 
 survival   benefi t 
  c Radical en bloc  resection   involves  radical cholecystectomy   with segmental  liver    resection   and en 
bloc resection of all adjacent structures involved with the primary malignancy 
  d Portal lymphadenectomy involves clearance of all peri-portal (hepatoduodenal) fi bro-fatty tissue. 
The median number of lymph node harvest is three. Extended lymphadenectomy does not confer 
 survival   advantage and may be associated with increased peri-operative  morbidity    

   Table 24.3     PICO   table for  outcomes   following  management   of incidentally discovered  gallbladder 
cancer     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes) 

 Adult patients undergoing 
abdominal  surgery   with 
incidentally detected 
 gallbladder cancer   (intra-op/
post-op fi ndings) 

 Surgical  management   
(radical re-excision) 
with or without 
adjunctive therapy 

 Chemo- radiation 
therapy or 
 observation   

 Recurrence-free 
 survival,    overall 
survival,   
 morbidity  / mortality   
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       Results 

    Treatment of Tis and T1a Tumors 

 Management of early (Tis and T1a)  gallbladder cancer  s whether they are inciden-
tally or pre-operatively discovered can generally consist of  simple cholecystectomy   
alone [ 4 ,  7 ]. In-situ (Tis) disease does not harbor invasive tendencies and thus, sim-
ple  cholecystectomy   should be adequate. Lymph node metastasis in T1a gallbladder 
 cancer   is reported to be 1.8 % and 5-year  survival   following either simple or 
extended cholecystectomy approaches 100 %. Survival benefi t is not demonstrated 
with  radical cholecystectomy   for Tis and T1a gallbladder cancers. Thus, current 
recommendations for T1a gallbladder cancer in the absence of positive margins or 
suspected and/or confi rmed lymph node metastasis are for simple cholecystectomy 
alone [ 4 ,  7 ].  

    Treatment of T1b Tumors 

 Of the manuscripts reviewed, there was an overwhelming  survival   benefi t with radi-
cal re- resection   for incidentally discovered T1b tumors when compared to  observa-
tion   alone. Abramson et al. evaluated this benefi t in a decision analysis study [ 8 ]. 
Twenty six studies with a combined total of 199 patients who underwent  laparo-
scopic    cholecystectomy   with a fi nal pathologic  diagnosis   of T1b gallbladder adeno-
carcinoma were identifi ed. Of those, 158 patients underwent observation alone 
while 41 patients were offered a radical re-resection. The two groups were com-
pared regarding 5-year survival and peri-operative  mortality  . Simple  cholecystec-
tomy   alone resulted in a 61.3 % 5-year survival compared to 87.5 % for patients 
who underwent radical re-resection for T1b disease. The median survival following 
 simple cholecystectomy   was 6.42 years compared to 9.85 years in the group that 
underwent radical re-resection. Peri-operative mortality associated with radical re- 
resection was found to be 2 % (range: 0–6 %). Decision analysis was invoked to 
show that peri-operative mortality greater or equal to 36 % for radical re-resection 
would favor observation alone. Thus, the results demonstrate improved survival fol-
lowing radical re-resection for T1b  gallbladder cancer  s, without unreasonably 
increased peri-operative risks [ 8 ]. In contrast, a smaller, retrospective case series 
evaluating T1b gallbladder cancers suggested no survival benefi t to radical re- 
resection over observation following simple cholecystectomy; however, the study 
may not have been suffi ciently powered to detect such a difference [ 9 ]. 

 Other studies have reported  survival   benefi t for patients with T1b tumors who 
undergo extended surgical  resection  , compared to  observation   after  simple chole-
cystectomy   alone [ 7 ,  10 – 15 ]. In a prospectively maintained German registry of all 
 gallbladder cancer  s, 103 patients with incidentally detected T1 gallbladder  cancer   
patients were identifi ed [ 13 ]. The overall 5-year survival for T1 gallbladder cancers 
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did not show a signifi cant difference in survival between patients who underwent 
re-resection (72 %) versus those who did not (40 %), p = 0.06 [ 13 ]. However, strati-
fi cation by T1 stage demonstrated improved 5-year survival with re-resection for 
T1b tumors (42 % without re-resection and 79 % with re-resection, p = 0.03) but not 
T1a tumors (p = 0.10) [ 13 ]. These fi ndings are supported by a retrospective review 
of clinico-pathological features of T1 gallbladder cancers from South Korea [ 15 ]. 
This study demonstrated no lymphatic or lymphovascular invasion in T1a tumors 
but a 3.8 % rate of lymph node metastasis and 1.9 % rate of lymphatic infi ltration in 
T1b tumors, leading to the recommendation of hilar lymphadenectomy for all T1b 
tumors and simple  cholecystectomy   alone for T1a tumors [ 15 ]. 

 A systematic review of  management   for T1  gallbladder cancer  s similarly recom-
mended  simple cholecystectomy   for T1a tumors, given the localized disease pro-
cess and negligible rate of lymphatic involvement [ 7 ]. Given an aggregated 10.9 % 
rate of lymph node metastases across several studies, T1b tumors should be consid-
ered for  radical cholecystectomy  , although the strength of the evidence available 
(much of which were retrospective case series) precluded the authors from making 
this a formal recommendation [ 7 ].  

    Treatment Options for Stage T2/T3 

 A case series (n = 73) from Japan has demonstrated that the most signifi cant prog-
nostic factor is depth of tumor invasion, assessed by both univariate and multivariate 
analysis [ 16 ]. This group examined incidentally detected gallbladder adenocarci-
noma following  laparoscopic    cholecystectomy   and stratifi ed patients by T1, T2, and 
T3 stage. There was no difference in overall and median  survival   for patients with 
T1 disease who underwent  simple cholecystectomy   versus radical re- resection  ; 
however, this group did not stratify T1 lesions by T1a versus T1b depth of invasion. 
There was improved 5-year survival demonstrated for re-resection of T2 tumors and 
this benefi t was particularly signifi cant for initially positive surgical margins at the 
time of  cholecystectomy   (54 % versus 35 %, p = 0.05). There was a trend towards 
improved survival for re-resection of T3 tumors (median survival improved with T3 
re-resection from 7 months to 15 months). A statistically signifi cant survival benefi t 
of T3 lesions may not have been evident due to issues of underpowered subgroup 
analysis (n = 7) [ 16 ]. 

 Radical re- resection   also demonstrated  survival   benefi t for T2/T3  gallbladder 
cancer  s when compared to  simple cholecystectomy   alone [ 17 ]. This retrospective, 
single-institution study reported improved 5-year survival for patients with T2/T3 
tumors who underwent radical re-resection (78 %) versus patients with T2/T3 
tumors who underwent simple  cholecystectomy   alone (10 %) [ 17 ]. In addition, 
there was no difference in  overall survival   if patients underwent surgical re- resection 
following an incidental  diagnosis   when compared to patients who were resected 
based on pre-operative suspicion at the index operation [ 17 ]. Cho et al. reported 
similar fi ndings of T2 and greater gallbladder cancers in that there is no difference 
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in survival following a two-stage re-resection or single-stage resection for inciden-
tal gallbladder  cancer  .  

    Hilar Lymphadenectomy: Is It Benefi cial? 

 A larger epidemiologic study using the Surveillance, Epidemiology, and End 
Results (SEER) database analyzed whether Tis/T1/T2 incidentally found  gallblad-
der cancer  s reported similar  survival   in patients who underwent extended surgical 
 resection   and lymphadenectomy versus  simple cholecystectomy   at the time of  diag-
nosis   [ 18 ]. Increased survival was demonstrated in patients who underwent extended 
surgical resection compared with simple  cholecystectomy   alone, especially for 
patients with T2 tumors (p = 0.01) [ 18 ]. Poor prognostic survival factors included 
older patient age, increased T stage, and positive lymph nodes [ 18 ]. Moreover, 
patients who underwent resection of fi ve or more lymph nodes, especially for T2 
tumors, demonstrated improved survival over no lymph nodes or only 1–4 lymph 
nodes excised (p < 0.001) [ 18 ]. 

 In contrast to this, another SEER database study showed improved  survival   of 
radical  resection   for T2 tumors (p = 0.03) and T1 tumors (p = 0.02) [ 19 ]. The hazard 
ratio for death in a Cox multi-variable model for T1 tumors undergoing radical re- 
resection was 0.54 (95 % CI: 0.31–0.97, p = 0.04) [ 19 ]. Lymphadenectomy was also 
associated with improved survival for T2 (p < 0.001) and T3 (p < 0.001) tumors but 
not T1 tumors (p = 0.55) [ 19 ]. The hazard ratio for death in a Cox multi-variable 
model for T3 tumors undergoing lymphadenectomy was 0.70 (95 % CI: 0.48–1.00, 
p = 0.05) [ 19 ]. This data is supported by a large review from the Memorial Sloan- 
Kettering Cancer Center, that demonstrated residual disease risk of 50 % for T1 
tumors, 61 % for T2 tumors, 85 % for T3 tumors, and 100 % for T4 tumors [ 20 ].  

    Common Bile Duct Resections 

 Results from a French multi-center database of incidentally detected  gallbladder 
cancer   demonstrate that re- resection   compared to  observation   signifi cantly increased 
 survival   in patients with T2 (overall 5-year survival 62 % versus 0 %, p = 0.0001) 
and T3 (overall 5-year survival 19 % versus 0 %, p = 0.04) tumors [ 21 ]. Common 
 bile duct   re-excision was not associated with improved survival (p = 0.06) but was 
associated with increased risk of postoperative complications (60 % versus 23 %, 
p = 0.0001) [ 21 ]. A similar study from Johns Hopkins reported no additional sur-
vival benefi t or facilitation of lymphadenectomy [ 22 ]. In this study, the median 
lymph node harvest was three, both in patients who underwent bile duct excision 
and those who did not [ 22 ]. Routine common bile duct resection was also not found 
to be associated with improved survival in a study evaluating extent of radical re- 
resection but may instead contribute to unnecessary patient  morbidity   [ 23 ].  
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    Port Site Resections 

 The earliest study that demonstrated a series of port site recurrences following  lapa-
roscopic    cholecystectomy   for  gallbladder cancer   was in 1995 by Wibbenmeyer 
et al. [ 24 ]. Subsequent reports of port site recurrence following laparoscopic  chole-
cystectomy   for gallbladder  cancer   ensued, with a combined port site recurrence rate 
of 14–16 % [ 3 ,  24 ,  25 ]. More recently, in a Swiss database of over 10,000 patients 
undergoing laparoscopic cholecystectomy containing 37 patients with incidental 
gallbladder adenocarcinoma, port site recurrence was identifi ed in 14 % of these 
patients at a median time to recurrence of 10 months (range: 6–16 months) [ 3 ]. All 
patients with port site recurrence died within 3 years of their initial operation [ 3 ]. 

 In another national database study from Sweden, 55 gallbladder carcinomas 
were identifi ed from a total of 11,976  laparoscopic   cholecystectomies for which 
16 % developed port site metastasis [ 25 ]. The same study did not identify any evi-
dence of port site recurrence in patients who had laparoscopic cholecystectomies 
converted to  open   procedures, which prompted a recommendation to perform open 
 cholecystectomy   in cases of suspected  gallbladder cancer   [ 25 ]. 

 A multi-institution French study addressed the question of need for port-site 
excision by identifying 254 patients over a 10-year period with incidentally discov-
ered  gallbladder cancer   during  laparoscopic    cholecystectomy  . Of these 254 patients, 
148 underwent  resection   with curative intent (54 patients had port site excision and 
94 patients did not have port site excision) [ 26 ]. Overall  survival   was not different 
at 1, 3, and 5 years in the group that underwent the port site excision versus the 
group that did not (p = 0.37) [ 26 ]. The recurrence rate for gallbladder  cancer   and 
incidence of peritoneal carcinomatosis between the two groups also did not differ 
[ 26 ]. There was only one instance of port site recurrence and death from peritoneal 
carcinomatosis in a patient who underwent port site re-excision; this was attributed 
to the presence of occult peritoneal disease identifi ed following radical re-excision 
[ 26 ]. Port site involvement may instead be an indication of occult advanced disease 
and may not warrant aggressive measures of radical resection, given the dubious 
survival benefi t and associated surgical  morbidity  . Notably, the incidence of port 
site hernia was 8 % in the group undergoing port site re-excision with the incidence 
of ventral hernia from the subcostal incision being similar between the two groups 
[ 26 ]. A single-institution review demonstrated similar results, that the excision of 
port sites did not improve overall or recurrence free survival, after controlling for 
stage and R0 resection [ 27 ]. 

 Data from MD Anderson (n = 79) did not demonstrate any difference in 5-year 
 overall survival   or abdominal wall recurrences in patients with  gallbladder cancer   
who underwent  laparoscopic   versus  open    cholecystectomy   [ 28 ]. A case series 
(n = 20) from Italy also did not show increased risk of abdominal wall recurrence 
following  laparoscopic cholecystectomy   for gallbladder  cancer   [ 29 ]. These results 
were further corroborated by a temporal analysis of gallbladder cancer prognosis in 
the pre and post laparoscopic cholecystectomy era [ 30 ]. Whalen et al. reviewed data 
from the Connecticut tumor registry and compared a cohort of 194 patients (1985–
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1988) to 208 patients (1992–1995) and did not fi nd any differences in  survival   
(p = 0.54) between the two time periods [ 30 ].  

    Adjuvant Chemotherapy 

 Adjuvant therapy following curative intent  resection   of  gallbladder cancer   was que-
ried in a recent meta-analysis [ 31 ]. This meta-analysis pooled 20 studies for a total 
of 6,712 patients who underwent surgical resection of gallbladder  cancer   and  chol-
angiocarcinoma   [ 31 ]. Sub-group analyses were conducted for gallbladder cancer 
resections comparing patients who underwent  adjuvant therapy   ( chemotherapy   or 
chemo-radiation therapy) and patients who were treated with  surgery   alone [ 31 ]. 
Overall, there was a non-statistically signifi cant trend toward improved  survival   
with adjuvant therapy compared to surgery alone (pooled OR = 0.74; p = 0.06) [ 31 ]. 
Stratifi ed meta-analysis did suggest improved survival with adjuvant therapy for 
lymph node positive disease (OR = 0.49, p = 0.004) and R1 resection (OR = 0.36, 
p = 0.002) [ 31 ]. Thus, adjuvant therapy should be recommended in lymph node 
positive or R1 resected gallbladder cancer [ 31 ]. A SEER database analysis from 
another study provided similar recommendations for adjuvant therapy in cases of 
node-positive disease and consideration for patients with T2 tumors [ 32 ]. 

 The Mayo Clinic experience of multi-disciplinary  management   for  gallbladder 
cancer   is in line with reports from other institutions [ 33 ,  34 ]. A retrospective review 
of all surgical procedures performed for gallbladder  cancer   (n = 131) demonstrated 
a median  overall survival   of 24 months for patients who underwent  radical chole-
cystectomy   compared to 6 months for  simple cholecystectomy   and 4 months for 
palliative  surgery   (p < 0.0001) [ 34 ]. Overall 5-year  survival   was demonstrated to be 
21 % for patients undergoing radical  cholecystectomy   compared to 6 % for patients 
undergoing simple cholecystectomy (p < 0.0001) [ 34 ]. When stratifying by stage of 
cancer, all stages (except Stage I) demonstrated improved survival with radical cho-
lecystectomy over simple cholecystectomy [ 34 ]. There were 48 patients from this 
cohort who received  adjuvant therapy   (37 %) [ 34 ]. In a separate study by the same 
institution, the benefi ts of adjuvant chemo-radiation therapy following surgical 
 resection   were demonstrated with a 5-year overall survival of 64 % compared to a 
historical control of 33 % [ 33 ].

  Evidence-Based Recommendations 

   1.    Gallbladder  cancer   is a highly aggressive malignancy and complete surgical 
 resection   to histologically negative margins (R0 resection) remains the standard 
for potential cure. (Strong recommendation based on high grade evidence).   

   2.    Any incidentally detected  gallbladder cancer   that is beyond T1a in the absence 
of distant nodal (N2) or metastatic (M1) disease should be managed with further 
surgical  resection  . T1a tumors with any positive margins or positive lymph nodes 
in the  cholecystectomy   specimen should also be managed with further surgical 
resection. (Strong recommendation based on moderate to high grade evidence).   
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   3.    Multi-disciplinary referral for consideration of  chemotherapy   with or without 
radiation therapy after surgical  resection   should be offered to patients with evi-
dence of lymph node metastases, R1 resection, and/or T2 or greater tumor. 
(Strong recommendation based on moderate to high grade evidence).    

       Expert View of the Data 

 Poor prognostic indicators for  gallbladder cancer   include incomplete surgical  resec-
tion   (R1/R2 resection), lymph node metastases, and tumor characteristics (grade 
and stage). Patients with incidentally discovered gallbladder  cancer   generally have 
more favorable prognosis due to the early nature of their disease. Given the aggres-
siveness of gallbladder cancer, we would recommend complete surgical re-resection 
for any tumor that demonstrates a T stage greater than T1a, positive margins, or 
lymph node involvement. Controversy in the literature regarding  management   of T1 
tumors is likely due to lack of stratifi cation of T1a from T1b tumors, the former of 
which represents primarily localized disease. 

 The type of surgical re- resection   depends on the stage and positivity of the mar-
gins. For T1b/T2 tumors,  radical cholecystectomy   with resection of at least 2 cm of 
 liver   bed at the gallbladder fossa and hilar lymphadenectomy are suffi cient. The 
re-excision of the  bile duct   would be indicated for a positive cystic duct margin on 
the original specimen but should not be done routinely, as there is no  survival   ben-
efi t to a procedure that is associated with increased postoperative  morbidity  . 
Involvement of adjacent organs (T3) tumors mandates en bloc resection of all 
involved organs should this be technically feasible in the absence of prohibitive 
patient co-morbidities. 

 Controversy still exists regarding port site excision. Recurrence at the port site is 
more a harbinger of carcinomatosis or aggressive disease rather than a technical 
factor for incomplete excision. Our institutional bias is not to resect port sites fol-
lowing  laparoscopic    cholecystectomy  , as defi nitive  survival   benefi t has not been 
demonstrated and it may be associated with increased long-term  morbidity  , such as 
the development of abdominal wall hernias. 

 The role of chemo and/or radiation therapy should be considered primarily as an 
adjunctive measure to maximize cure in patients who have undergone appropriate 
surgical  resection   for  gallbladder cancer  . Chemo-radiation therapy should be con-
sidered following surgical resection in instances of R1 resection, presence of lymph 
node metastasis, and/or T2 or greater stage. It may also be considered as a palliative 
measure in the patient who has incidentally discovered gallbladder  cancer   following 
a  laparoscopic    cholecystectomy   whose physiologic or functional status would make 
radical re-resection prohibitive. In patients who are staged following discovery of 
incidental gallbladder cancer with potentially unresectable disease, chemo- radiation 
therapy in the  neoadjuvant   setting may also be benefi cial for tumor down-staging 
and eventual resection. 
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 In summary, the primary treatment of any  resectable   (T1–T3)  gallbladder cancer   
in the absence of distant metastatic disease (N2 or M1) remains complete surgical 
 resection   with curative intent. This includes radical re-resection for any T1a tumor 
with residual disease or any tumor greater or equal to T1b stage. A potential role for 
postoperative  observation   is the completely excised T1a tumor that has no evidence 
of lymph node metastasis after  simple cholecystectomy  . Chemo-radiation therapy 
would be indicated in the adjuvant setting for incomplete excision, lymph node 
metastasis, more advanced stage (T2 or greater), or inability to undergo further 
surgical resection (due to technical or patient factors).     
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    Chapter 25   
 Gallstone Ileus                     

       Pierre     F.     Saldinger      and     Alexander     Itskovich   

    Abstract     Gallstone ileus is a rare form of bowel obstruction caused by an impacted 
gallstone. It requires two critical elements: a cholecysto-enteric fi stula and a gall-
stone of suffi cient diameter to migrate and obstruct the intestinal lumen. Classically, 
gallstone ileus was addressed by relieving the blockage and closing the fi stula. 
However, because the typical presentation involves elderly patients with numerous 
comorbidities, lengthy, complex procedures are often poorly tolerated. Obviating 
the exploration of the fi stula has been proposed as a means of decreasing postopera-
tive morbidity and mortality. Although no prospective trials have performed on the 
subject, several retrospective reviews support this conclusion.  

  Keywords     Gallstone ileus   •   Cholecystoduodenal fi stula   •   Cholecystointestinal fi s-
tula   •   Cholecystosigmoid fi stula   •   Bouveret syndrome  

      Introduction 

 Gallstone ileus represents approximately 1 % of all patients presenting with small 
bowel obstruction. Greater than 70 % of patients are women. The majority of cases 
affect patients older than 65. The location of the fi stula represents the entry point of 
the gallstone into the alimentary tract. The most common sites (in descending order) 
include the duodenum, stomach, colon, and small intestine. The stone will subse-
quently migrate and lodge in the narrowest point of the intestine that is distal to the 
fi stula [ 1 ,  2 ]. 

 The area of stone impaction may represent an anatomic narrowing (e.g., ileoce-
cal valve) or the result of a previous pathologic process (strictures, adhesions). 
Greater than 60 % of stones lodge in the vicinity of the ileocecal valve. Other sites 
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of obstruction include the jejunum (16 %), stomach (14 %), colon (4 %) and duode-
num (3.5 %) [ 1 ,  2 ]. 

 Presentation varies largely depending on the level of obstruction. Patients most 
commonly complain of nausea, vomiting and abdominal  pain  . A careful history will 
often suggest prior episodes of biliary colic or  acute cholecystitis  . Most patients will 
present with abdominal distention. Vital signs and laboratory work often reveal a 
systemic infl ammatory response and evidence of dehydration. 

 Rigler’s classic X-ray fi ndings of pneumobilia, small bowel obstruction and a 
right iliac fossa gallstone is only present in 30–35 of cases.  CT   is the diagnostic 
study of choice. It is a highly accurate method of establishing the  diagnosis  . Three 
criteria must be met. The CT must show (1) evidence of bowel obstruction with (2) 
the presence of an ectopic gallstone (rim calcifi ed or totally calcifi ed) and an (3) 
abnormal gallbladder with the presence of an irregular wall or an air fl uid level. 
With all three elements present, the sensitivity and specifi city of CT are 93 % and 
100 % respectively. For a stone to become impacted, it typically has to measure at 
least 2 cm in diameter [ 1 ,  3 ,  4 ]. 

 Preoperative  management   begins with immediate crystalloid resuscitation, naso-
gastric tube drainage and the correction of electrolyte abnormities. In the setting of 
hemodynamic instability secondary to severe sepsis or septic shock, patients may 
require invasive hemodynamic monitoring. Once resuscitated, patients are expedi-
tiously taken to the operating room where they undergo general endotracheal 
anesthesia. 

 The abdomen is entered and the small bowel evaluated. The transition zone is 
noted and the bowel proximal to the obstruction is assessed for additional stones. A 
longitudinal incision is made on the small bowel proximal to the site of obstruction. 
The stone is milked into the enterotomy which is subsequently closed in a trans-
verse fashion. If the segment affected has evidence of bowel ischemia, a  resection   
with primary anastomosis is performed. 

 Electing to perform a  resection   of the cholecystoenteric fi stula is controversial. 
The planes are often obscured secondary to chronic infl ammation and exploration 
often substantially increases operative time. In the  open   approach, the gallbladder is 
dissected in a top down fashion until the structures in the Triangle of Calot are iden-
tifi ed. The cystic duct and artery are dissected and clipped. The fi stula is dissected 
from the involved structure (usually the duodenum). The area of the fi stula is 
debrided and the enterotomy repaired in a transverse fashion. Multiple critical struc-
tures may be at risk during the dissection.  

    Search Strategy 

 A search of the English literature was conducted to identify data on the  management   
of  Gallstone Ileus   published between 1994 and 2014 utilizing the  PICO   outline 
(Insert Table  25.1 ). PubMed was utilized to conduct all queries. Terms used in the 
search were “Gallstone Ileus”, “Cholecystoduodenal fi stula”, “Cholecystogastric 
fi stula”, “Cholecystosigmoid fi stula” and “ Bouveret Syndrome  ”. No randomized 
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trials were identifi ed. Three large retrospective reviews were identifi ed. The remain-
der of the literature is primarily small case series and case reports. All data was 
evaluated based on the  GRADE   system.

       Results 

    Enterolithotomy vs Enterolithotomy with Cholecystectomy 
and Cholecysto-Enteric Fistula Closure 

 In a 2014 retrospective review (largest to date), Halabi et al. queried the national 
inpatient sample and identifi ed 3,268 cases of  Gallstone Ileus   occurring between 
2005 and 2009. Stone extraction alone occurred in 62 % of patients. Nineteen per-
cent of patients underwent closure of their cholecysto-enteric fi stula. Nineteen per-
cent of patients required small bowel  resection  . The most common complication 
was acute renal failure (30 %) and the perioperative  mortality   rate was 6.67 %. On 
multivariate analysis, closure of the enteric fi stula was associated with a higher 
mortality rate (odds ratio 2.86). 

 In a 2013 retrospective review of the NSQIP Database, Mallipeddi et al. evalu-
ated 127 patients that presented with gallstone ileus from 2005 to 2010. They noted 
an overall  morbidity   and  mortality   rate of 35.4 % and 5.5 % respectively. No differ-
ence in mortality was noted in patients that underwent fi stula closure. However, the 
fi stula closure group did experience longer operative times, postoperative hospital-
ization times and minor complications. The most common complications were uri-
nary tract infections and surgical site infections [ 5 ]. 

 In their 1994 review, Reisner et al. present 1001 reported cases of gallstone ileus. 
They reported a  mortality   rate of 16.9 % for the fi stula closure group and an 11.7 
mortality rate for the enterotomy group alone. In addition, they report a gallstone 
ileus recurrence rate of less than 5 %. They conclude that simple enterolithotomy is 
both safe and effective in dealing with  Gallstone Ileus   [ 1 ,  2 ,  4 ].  

    Recurrent  Gallstone Ileus   

 The literature for recurrent gallstone ileus is made up largely of case reports. Reisner 
et al. published the largest series with 1001 patients and reports a recurrence rate of 
5 %. Additionally, they report that approximately 10 % of patients require reopera-
tion [ 1 ].  

   Table 25.1    Literature search outline utilizing the  PICO   method   

 P (patients)  I (intervention)  C (comparator)  O ( outcomes)   

 Patients with 
gallstone ileus 

 Enterolithotomy with  cholecystectomy   
and cholecystoenteric fi stula closure 

 Enterolithotomy 
alone 

 Morbidity and 
mortality 
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    Minimally Invasive Techniques 

 The feasibility of  laparoscopic   approach has been demonstrated in several case 
reports. Potential limiting factors include patient stability, capacity to tolerate pneu-
moperitoneum, restricted working space, and the surgeons laparoscopic comfort 
level. Both intracorporeal and extracorporeal anastomotic methods have been 
described. It is critical that the surgeon be comfortable fully examining the bowel 
laparoscopically as up to 5 % of patients will have additional stones present proxi-
mal to the obstruction. 

 Several reports have demonstrated the feasibility of  endoscopic   extraction and 
fragmentation in selected cases. Specifi cally, extraction may be successful in the 
setting of Bouveret syndrome (gallstone ileus causing gastric outlet obstruction). 
The role of  endoscopy   and criteria for its utilization have not been clearly defi ned 
[ 6 – 11 ].   

    Recommendations 

 Although limited in terms of  quality of evidence  , the literature to date suggests that 
enterolithotomy alone is suffi cient in the  management   of gallstone ileus (level of 
recommendation; weak). This is supported by both retrospective data showing a 
higher incidence of complications with fi stula closure and the low rates of reported 
recurrence with enterolithotomy alone. 

 The limited literature to date suggests a low recurrence rate after enterolithotomy 
alone. However, no conclusion can be based on the available data and the question 
of whether the cholecysto-enteric fi stula should be addressed in an interval fashion 
remains unanswered. 

 Multiple case reports have demonstrated the feasibility of both the  laparoscopic   
and  endoscopic   approach in selected cases.  Bouveret Syndrome   in particular seems 
amenable to  endoscopy  . Both the enterolithotomy and repair of a cholecystoduode-
nal fi stula have been performed laparoscopically. No study evaluating the laparo-
scopic versus  open   approach has been published to date.  

    A Personal View of the Data 

  Gallstone Ileus   affects primarily  elderly   patients with multiple comorbidities. 
Addressing the small bowel obstruction should be the surgeon’s priority. Exploring 
the area of fi stulization is usually unnecessary and is best avoided. Although the 
available data cannot be used to make any defi nitive conclusions, it supports entero-
lithotomy alone. 
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 Even in experienced hands, the obliteration of anatomical planes in the right 
upper quadrant makes safe  resection   of a cholecysto-enteric fi stula challenging. In 
a patient population that is often in extremis with poor physiologic reserve, the con-
sequences of lengthy, complex operations may be considerable.  

    Summary of Recommendations 

•     Patients with gallstone ileus should be managed with enterolithotomy alone (evi-
dence quality low; weak recommendation)        
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    Chapter 26   
 Surgery or Endoscopy for Bile Duct Strictures 
Secondary to Chronic Pancreatitis?                     

       Katherine     A.     Morgan     ,     Gregory     A.     Cote     , and     David     B.     Adams    

    Abstract     A terminal benign biliary stricture (BBS) is a common complication of 
chronic pancreatitis (CP). Historically, BBS was a surgical disease, treated with 
operative biliary bypass. With the advent of endoscopic retrograde cholangiopan-
creatography and endoscopic stenting, therapeutic endoscopy has become the pri-
mary approach to BBS. Endoscopic management has limitations, however, including 
unsatisfactory long term durability. Improvements in stent technology and tech-
nique are promising. Surgery can often concomitantly best address other CP related 
complications including pain. Surgery has higher short term morbidity but may be 
more durable long-term. Minimally invasive techniques in biliary bypass are 
feasible.  
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      Introduction 

  Chronic pancreatitis   (CP) is a debilitating and morbid disease marked by the pro-
gressive replacement of healthy pancreatic parenchyma with fi brotic tissue. In 
severe disease, 10–30 % of patients will develop a symptomatic benign  biliary stric-
ture   (BBS). At greatest risk are those patients with an infl ammatory pseudotumor in 
the head of the pancreas due to extrinsic compression of the intrapancreatic portion 
of the  bile duct  . Timely and effective treatment of a BBS in CP is essential to avoid 
the signifi cant consequences of chronic cholestasis, recurrent  cholangitis  , and sec-
ondary biliary  cirrhosis  . Patients with a persistent symptomatic  stricture   despite 
resolution of acute infl ammation do well with intervention. A stricture is considered 
symptomatic when it causes  jaundice  ,  pain  , or cholangitis. 

 Historically, BBS in CP was a surgical disease. Surgical options include primar-
ily  choledochoduodenostomy   (side-to-side or end-to side) and  choledochojejunos-
tomy   (Roux-en-Y), but also reinsertion of the common  bile duct   into the  resection   
bed after local resection of the pancreatic head. With the advent of  endoscopic   ret-
rograde  cholangiopancreatography   ( ERCP  ) and endobiliary stents, endoscopic 
drainage has been increasingly utilized as a fi rst-line intervention for patients with 
a symptomatic BBS secondary to CP, as it is less morbid than the surgical approach. 
Endoscopic drainage is traditionally accomplished by performance of a biliary 
 sphincterotomy  , dilation of the  stricture   using graduated catheters or hydrostatic 
balloons, and placement of multiple plastic stents in parallel. The short-term effi -
cacy of endoscopic drainage is high, but its durability is suboptimal and requires an 
average of 3–4 ERCPs to achieve maximal dilation. The advent of fully covered, 
self-expanding metallic stents (SEMS)—not currently FDA approved for BBS—
may improve the short- and long-term effi cacy of endoscopic therapy by providing 
sustained radial expansion of the stricture during stent indwell. Additionally, SEMS 
may reduce the resource intensity of endoscopic therapy by lowering the number of 
ERCPs required to treat a BBS. There have been no randomized, comparative effec-
tiveness trials of  endoscopy   versus  surgery   for CP-induced BBS, so the decision to 
proceed with either alternative is often based on local expertise and additional clini-
cal factors (e.g., medical comorbidities, concomitant pancreatic pathology). The 
available evidence is worth consideration.  

    Search Strategy 

 A systematic review of the literature for pertinent studies was undertaken utilizing 
Ovid/Medline databases from 1990 to present. Search terms included:  chronic pan-
creatitis   (as a Medical Subject Heading, MeSH) AND  biliary stricture   OR  bile duct   
 stricture   OR  jaundice   OR  ERCP   OR biliary  bypass   OR  choledochoduodenostomy   
OR  choledochojejunostomy   OR  hepaticojejunostomy  . Search was restricted to 
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articles written in English. We only included  clinical trial   s   and cohort studies; case 
reports or series were excluded. In addition, the references from relevant studies 
were reviewed to identify any potential studies missed using this method.

 Patients  Surgical intervention 
 Endoscopic 
intervention  Outcomes 

 Patients with 
 chronic 
pancreatitis   
and associated 
 biliary stricture   

 Choledochoduodenostomy, 
 choledochojejunostomy,   or 
 Frey procedure   

 Endoscopic 
stenting 

 Therapeutic success ( stricture   
resolution), stricture recurrence, 
 morbidity,   number of procedures, 
length of hospitalization 

       Results 

    Studies Comparing Endoscopic and Surgical Intervention 

 There are no randomized trials comparing the effi cacy of  endoscopic   and surgical 
therapies for BBS in CP. Multiple single institution cohort studies of endoscopic 
and surgical approaches and few prospective trials of endoscopic therapy are avail-
able for review. 

 Regimbeau and colleagues compared the  outcomes   of  endoscopy   and  surgery   in 
39 patients undergoing  management   for CP-related BBS. Thirty-three patients 
underwent  endoscopic   therapy (ET) initially and six surgery (ST). Patients undergo-
ing ET required a mean of three ERCPs, including SEMS (35 %) and multiple 
plastic stents (65 %) for a mean duration of 11 months. ST included  choledocho-
duodenostomy   (CDD, 4),  choledochojejunostomy   (CDJ, 1), and insertion of the 
CBD into the pancreatic head [ 1 ], combined with Frey [ 5 ] and pancreaticojejunos-
tomy [ 1 ]. The complication rate was high in the surgical group (83 % vs. 21 %, 
p = 0.01), although much of the  morbidity   was related to the associated pancreatic 
procedure. Length of stay was similar. Initial success was similar between groups, 
obtained in 74 % of ST and 75 % of ET, but long-term success (24 months) was 
signifi cantly greater in the ST group as compared to the ET group (65 % vs 12 %, 
p = 0.01). Seventeen of 33 patients (52 %) initially treated with ET ultimately under-
went surgery for recurrent BBS [ 1 ].  

    Outcomes of Surgical Intervention 

 Multiple retrospective single institution reports of surgical  outcomes   in  manage-
ment   of CP BBS have been undertaken. Notably, R.L. Sanders reported his experi-
ence with 25 patients undergoing CDD to the Southern Surgical Association in 
1946. There were two (8 %) perioperative deaths and the remaining patients did 
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well long-term [ 2 ]. Many other similar and important series are reported. We limit 
our review to the more modern era since 1990, as  endoscopic    stent   therapy was 
widely available at that point. In 2011, our group reported experience with 79 
patients undergoing CDD for CP related BBS, with a  morbidity   rate of 19 % and 
long-term success in 77/79 patients, with one requiring endoscopic management of 
anastomotic  stricture   (Fig.  26.1 ). “Sump syndrome,” which refers to a clinical dia-
thesis of fever, elevated hepatic chemistries,  cholangitis  , or hepatic abscess due to 
biliary stasis in the terminal  bile duct   and refl ux of duodenal contents, is a reported 
complication after CDD. With adequate anastomotic size, however, sump syndrome 
is a rare event, occurring in 2.5 % of patients in the authors’ series [ 3 ]. Several other 
retrospective series of CDD for CP related BBS have been reported over the past 
two decades with morbidity rates of 9.8–28 %,  mortality   rates of 0–6 %, and long- 
term  success rate  s of 90–100 % [ 4 – 6 ].

   While CDD has been the classic operative approach to biliary  bypass   in CP in 
order to avoid circumferential dissection of the  bile duct   in an infl ammatory fi eld, 
CDJ is a reasonable alternative approach. CDJ can be undertaken particularly when 
a fi brotic duodenum is not suitable for anastomosis and is some surgeons’ prefer-
ence to avoid the sump syndrome. Blankensteijn and Terpstra presented 113 patients 
who underwent operative biliary bypass (64 CDD and 49 CDJ). Perioperative  mor-
bidity   and  mortality   following CDD were 10.9 % and 4.7 % and following CDJ 
were 28.6 % and 12.2 % respectively. Recurrent  cholangitis   was not seen after CDD 
but occurred in three patients after CDJ (6.1 %) [ 7 ]. Nealon and Urrutia described 
their series of 64 patients undergoing CDJ for CP associated BBS. Length of stay 
was 12 days and long-term  outcomes   were excellent with no episodes of clinically 
apparent  jaundice   or cholangitis [ 8 ]. 

  Fig. 26.1    A side to side 
 choledochoduodenostomy   
is performed with generous 
mobilization of the 
duodenum to allow for a 
tension free anastomosis at 
least 2 cm in length       
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 Minimally invasive surgical approaches to CP related BBS have more recently 
been reported. In 2012, Khajanchee and colleagues reported on 20 cases of  laparo-
scopic   CDD, with 25 % conversion to  open    surgery  ,  morbidity   of 30 %, and long- 
term success in 95 % [ 9 ]. Jeyapalan and colleagues described their experience with 
laparoscopic CDD in six patients in 2002. Length of stay was 6 days, and one patient 
died. No patient required re-intervention at short-term follow-up [ 10 ]. 

 In patients with other complications of CP in addition to BBS such as debilitat-
ing  pain  ,  surgery   is often the primary approach in the physiologically fi t patient. In 
patients with dilated duct pancreatitis (main duct diameter >6 mm), drainage with a 
lateral pancreaticojejunostomy, combined with a CDD, may be undertaken. 
Alternatively, in these patients with typically head-dominant infl ammatory disease, 
pancreatic head  resection   is a therapeutic option. In patients with  biliary obstruction   
and duodenal stenosis a pancreatoduodenectomy (PD) is indicated [ 11 ]. In patients 
with  biliary stricture   and CP related pain, a PD or a duodenal preserving pancreatic 
head resection can be benefi cial. Frey suggested in 1990 that his local pancreatic 
head resection combined with lateral pancreaticojejunostomy (LR-LPJ) could often 
relieve biliary obstruction by releasing the constrictive fi brotic tissue in the pancre-
atic head [ 12 ]. In 1994, Izbicki and colleagues described a similar effect with their 
duodenal preserving pancreatic head resection (DPPHR) in 37 patients, with excel-
lent long-term results [ 13 ]. In 1997 the same group reported on a subset of patients 
with persistent biliary obstruction despite DPPHR. They described successful  man-
agement   of seven such patients with reinsertion of the common  bile duct   into the 
pancreatic head resection cavity [ 14 ]. In 2008, the group described their experience 
with now 82 such patients, with 30 %  morbidity   (similar to DPPHR without biliary 
reinsertion), but signifi cant biliary anastomotic  stricture   rate of 18 % [ 15 ]. Recently, 
in 2013, Rebibo and colleagues presented their experience with LR-LPJ and biliary 
 bypass  , performing concomitant CDD in eight patients, CDJ in four patients and 
reinsertion of the CBD into the pancreatic head resection cavity in three patients. 
The perioperative morbidity was high (73 %) but primarily related to pancreatic 
head resection. Two of the three patients with biliary reinsertion did develop stric-
tures in long-term follow-up [ 16 ].  

    Outcomes of Endoscopic Intervention 

 The basic principal of  endoscopic   treatment of  chronic pancreatitis  -induced  biliary 
stricture   is to maximally dilate the  stricture   using graduated catheters or hydrostatic 
balloons, followed by placement of multiple plastic (typically polyethylene) stents 
in parallel (Figs.  26.2  and  26.3 ). Since stent occlusion rates begin to rise after 3–4 
months, patients typically return for repeat  ERCP   and upsizing of stents to the 
extent possible. Most experts advocate maintaining patency of the stricture for up to 
12 months after embarking upon endoscopic treatment, so patients can assume an 
average of 3–4 ERCPs and up to 1 year of therapy in order to achieve stricture reso-
lution. This “aggressive stenting” approach evolved from high recurrence rates 
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  Fig. 26.2    Endoscopic 
image of multiple parallel 
endoscopically placed 
plastic transampullary 
 biliary stent  s       

  Fig. 26.3    Fluoroscopic 
image of multiple parallel 
endoscopically placed 
plastic transampullary 
 biliary stent  s       
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(nearly 20 %), predominantly in the setting of postoperative strictures, when treat-
ment was limited to dilation alone or with placement of only two plastic stents in 
parallel [ 17 ,  18 ].

    The short-term effi cacy of  endoscopic   biliary drainage is well established, but 
most experts would agree that the long-term durability (typically defi ned, albeit 
arbitrarily, of >1 year follow-up after all stents have been removed) of endoscopic 
treatment in the setting of  chronic pancreatitis   is approximately 65 %. This is sig-
nifi cantly lower than postoperative  biliary stricture  s, where long-term resolution 
rates of >80 % are considered the norm [ 19 ]. 

 Given the need for multiple procedures and the poor long-term effi cacy of plastic 
stents, there is substantial interest in using removable, fully-covered, self- expandable 
metallic stents (SEMS) to treat benign  biliary stricture  s. SEMS have superior 
patency to plastic stents, and so may require fewer ERCPs to resolve a  stricture  . 
Furthermore, SEMS radially expand within the duct, potentially achieving a more 
sustained dilation of the stricture and lower recurrence rates; there are no data con-
fi rming this hypothesis to date. Potential negatives of SEMS include diffi culty with 
removal and SEMS-specifi c complications such as  acute pancreatitis   (via compres-
sion of the pancreatic orifi ce), cholecystitis (via occlusion of the cystic duct inser-
tion), and secondary  bile duct    injury   usually when the stent is oversized (larger than 
the diameter of the bile duct itself). There are no comparative effectiveness studies 
of SEMS and plastic stents for treating benign biliary strictures, but a growing body 
of literature favors their safety and effi cacy of SEMS in appropriately selected 
patients.

    Comparative study of  surgery   and  endoscopy   for  chronic pancreatitis   related  biliary stricture  s   

 First 
author year  Design  N  Outcome  Surgery  Endoscopy  P 

 Quality of 
evidence 

 Regimbeau 
[ 1 ] 

 Retrospective 
review 

 39  Initial success  74 %  75 %  NS  Low 

 Success at 24 
months 

 65 %  12 %  0.01 

 Morbidity  83 %  21 %  0.01 
 Length of stay, 
days 

 16  24  NS 

     Results of  surgery   for  chronic pancreatitis   related  biliary stricture  s   

 First author year  Design  N  Type of  surgery    Morbidity 

 Long- 
term 
success 

 Quality 
of 
evidence 

 Blankenstein 
1990 [ 7 ] 

 Retrospective  113  CDD (64), CDJ 
(49) 

 CDD 10.9 
%, CDJ 
28.6 % 

 CDD 100 
%, CDJ 
94 % 

 Low 

 Escuadera Fabre 
1991 [ 6 ] 

 Retrospective  71  CDD  28 %  96 %  Low 

 Mendes de 
Almeida 1996 [ 5 ] 

 Retrospective  125  CDD  NR  90 %  Low 

(continued)
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 First author year  Design  N  Type of  surgery    Morbidity 

 Long- 
term 
success 

 Quality 
of 
evidence 

 Leppard 2011 [ 3 ]  Retrospective  79  CDD  19 %  99 %  Low 
 Cataldegirmen 
2008 [ 15 ] 

 Retrospective  82  Frey + CBD 
resertion 

 15 %  82 %  Low 

 Rebibo 2013 [ 16 ]  Retrospective  15  Frey + CDD 
[ 8 ], Frey + CDJ 
[ 4 ], Frey + 
CBD 
reinsertion [ 3 ] 

 73 %  80 %  Low 

 Jeyapalan 2002 
[ 10 ] 

 Retrospective  6  Lap CDD  Low 

 Bosanquet 2012  Retrospective  37  CDD  14 %  Low 
 Khajanchee 2012 
[ 9 ] 

 Retrospective  20  Laparoscopic 
CDD 

 30 %  95 %  Low 

 Nealon 1996 [ 8 ]  Retrospective  64  CDJ  NR  100 %  Low 

     Results of  endoscopy   for  chronic pancreatitis   associated  biliary stricture  s (Adapted and modifi ed 
from Dumonceau et al. (2012) [ 40 ])   

 First author, year  n 

 Long- 
term 
success, 
% 

 Stenting 
duration, 
months 

 Stent 
dysfunction 
of any cause 
per patient, % 

 Follow-up 
post stent 
removal, 
months 

 Patients who 
underwent 
surgical 
drainage, % 

 Quality of 
evidence 

  Single plastic stent  

 Deviere 1990 [ 20 ]  25  12  n.a.  72  14  24  Low 

 Barthet 1994 [ 21 ]  19  10  10  NA  18  21  Low 

 Smits 1996 [ 22 ]  58  28  10  64  49  28  Low 

 Vitale 2000 [ 23 ]  25  80  13  20  32  8  Low 

 Farnbacher 2000 
[ 24 ] 

 31  32  10  52  28  6  Low 

 Eickoff 2001 [ 25 ]  39  31  9  43  58  28  Low 

 Kahl 2003 [ 26 ]  61  26  12  34  40  49  Low 

 Catalano 2004 
[ 27 ] 

 34  24  21  41  50  41  Low 

 Cahen 2005 [ 28 ]  58  38  9  48  45  28  Low 

  Multiple plastic stents  

 Draganov 2002 
[ 29 ] 

 9  44  14  n.a.  48  n.a.  Low 

 Pozsar 2004 [ 30 ]  29  60  21  n.a.  12  13  Low 

 Catalano 2004 
[ 27 ] 

 12  92  14  8  47  8  Very low 

 Weber 2014 [ 31 ]  61 (89 % 
plastic) 

 31  12  n.a.  n.a.  28  Very low 

(continued)
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 First author, year  n 

 Long- 
term 
success, 
% 

 Stenting 
duration, 
months 

 Stent 
dysfunction 
of any cause 
per patient, % 

 Follow-up 
post stent 
removal, 
months 

 Patients who 
underwent 
surgical 
drainage, % 

 Quality of 
evidence 

  Covered, self-expandable metallic stents  

 Cahen 2008 [ 32 ]  6  50  5  33  28  17  Low 

 Behm 2009 [ 33 ]  20  80  5  5  22  0  Low 

 Mahajan 2009 
[ 34 ] 

 19  n.a.  3  11  4  n.a.  Low 

 Poley 2012 [ 35 ]  13  46  4–8  n.a.  12  n.a.  Very low 

 Perri 2012 [ 36 ]  17  71  6  n.a.  24  n.a.  Low 

 Kahaleh 2013 [ 37 ]  31  80  3  22  n.a.  n.a.  Low 

 Deviere 2014 [ 38 ]  127  80 %  8  10  24  <1  Moderate 

        Recommendations Based on the Data 

 Recommendations based upon interpretation of the evidence at hand are summa-
rized in Fig.  26.4 .

     Therapeutic    endoscopy     is a reasonable primary approach to the CP related BBS.  
(Strength of recommendation: Strong; Quality of evidence: Moderate)    

 Endoscopy can potentially avoid the high reported surgical  morbidity  . This rec-
ommendation is supported by high initial  endoscopic    success rate  s (67–100 %). 
While the durability of endoscopic therapy is inferior to  surgery  , with long-term 
success rates of approximately 25 % and some 25–50 % of patients requiring sal-
vage surgery by current strategies, a substantial number of patients will avoid sur-
gery altogether. When analyzed based on intention-to-treat, as per Regimbeau and 
colleagues, long-term  outcomes   of surgery are not compromised.

    Endoscopic strategy should include balloon cholangioplasty with placement of mul-
tiple plastic stents in order to maintain a larger ductal diameter and to avoid 
premature stent occlusion during therapy . (Strength of recommendation: Strong; 
Quality of evidence: Moderate)    

 Fully covered SEMS appear promising based on initial data; comparative effec-
tiveness studies of SEMS versus multiple plastic stents are needed to determine the 
potential advantages of this technique.

    In patients with complications from CP other than biliary tract obstruction requir-
ing    surgery     (pancreatic duct obstruction with    pain    , pancreatolithiasis, duodenal 
obstruction) surgery is a reasonable primary approach.  (Strength of recommen-
dation: Strong; Quality of evidence: Low)    
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 Surgery is an effective treatment for CP related BBS. Biliary  bypass   can be 
included with pancreatic duct drainage (lateral pancreaticojejunostomy, Frey) with 
 choledochoduodenostomy  , Roux-en-Y  choledochojejunostomy  , or reinsertion of 
the common  bile duct   into the pancreatic head  resection   cavity as described by 
Izbicki. Generally, choledochoduodenostomy (side-to-side or end-to side) is the 
most common method of operative biliary bypass for BBS in CP and is safe and 
durable long term, with minimal  morbidity  . “Sump syndrome” is an unusual long 
term complication of CDD and can be avoided by an adequate anastomotic diame-
ter. Roux-en-Y choledochojejunostomy and reinsertion of the CBD into the pancre-
atic head resection bed are reasonable approaches as well with good  outcomes  . 
Laparoscopic biliary bypass is feasible and effective.  

    Personal View of the Data 

  Chronic pancreatitis   is a heterogenous disease with different clinical and morpho-
logical presentations that depend on environmental, genetic, and anatomic factors. 
There is great geographic variation in the presentation of the disease as exemplifi ed 
by the calcifi c  chronic pancreatitis   of Southern India and the infl ammatory head 
mass reported in studies from Germany [ 39 ]. Thus it is hard to classify and directly 
compare different  management   strategies for  biliary obstruction   associated with 
chronic pancreatitis. Also unanswered is the risk of  cholangitis   and biliary  cirrhosis   
associated with terminal biliary stenosis. Certainly the patient with cholangitis and 

  Fig. 26.4    Summary of evidence based recommendations for  management   of  chronic pancreatitis   
related  biliary stricture  s       
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multiple medical co-morbidities would be best managed with  minimally invasive   
 endoscopic   techniques. But what about the asymptomatic patient with mild eleva-
tions in serum alkaline phosphatase and bilirubin with common  bile duct   dilation? 
What is the natural history of that disorder? Identifi cation of the non-dilatable  stric-
ture   is diffi cult and is the crux of the patient selection process. When patients have 
symptomatic terminal biliary stenosis with fi brosing pancreatitis repeated  endo-
scopic stent  ing may be needed indefi nitely. Choledochoduodenostomy is an attrac-
tive long-term solution and may be performed with minimally invasive  laparoscopic   
techniques. However, chronic peripancreatic and peri-duodenal infl ammation may 
make the operation diffi cult and hazardous. Normal anatomic landmarks may be 
hidden and simple identifi cation of the infl amed and dilated common bile duct can 
be a challenge. When duodenal fi brosis is severe, mobilization and anastomosis 
between a fi brotic duodenum and the bile duct may not be possible. In this situation 
pre-operatively placed transpapillary  biliary stent  s are useful to protect the anasto-
mosis post-operatively. Alternatively, Roux-en-Y  hepaticojejunostomy   may be 
more prudent when the duodenum is unfavorable for anastomosis. Patients who 
have cavernous transformation of the portal vein associated with CP superior mes-
enteric and portal vein stenosis can safely undergo CDD though increased operative 
blood loss is expected, and these patients are frequently directed towards endo-
scopic therapy. An evidence-based approach to  biliary stricture  s in chronic pancre-
atitis is problematic and patient selection remains grounded in local experience. As 
new minimally invasive laparoscopic and endoscopic tools and techniques are 
developed they can be better tested against traditional  open   surgical techniques in 
appropriately classifi ed patient cohorts and evidence will replace experience in clin-
ical practice.     
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    Chapter 27   
 Routine or Selective Cholangiography 
for Elective Laparoscopic Cholecystectomy?                     

       Shane     Svoboda     and     Brian L.     Bello    

    Abstract     Laparoscopic cholecystectomy (LC) is one of the most commonly per-
formed surgical procedures today and is considered the standard of care for gall-
bladder removal. The role of routine versus selective intraoperative cholangiography 
(IOC) in elective LC to prevent bile duct injury and detect choledocholithiasis 
remains in dispute. Routine cholangiography may decrease the overall incidence or 
severity of bile duct injuries. IOC may also play a role in the optimal management 
of patients with risk of a common duct stone. Controversy arises with routine IOC 
which may to added operative time, cost, and secondary procedures, suggesting a 
more selective approach may be more benefi cial. Newer techniques such as near- 
infrared fl uorescence cholangiography may be an alternative to traditional IOC.  

  Keywords     Cholangiography   •   Cholecystectomy   •   Laparoscopy   •   Bile duct injury   • 
  Fluorescent cholangiography  

      Introduction 

  Laparoscopic cholecystectomy   (LC) is one of the most commonly performed 
abdominal procedures in the world. Morbidity associated with LC may be as high 
as 2–4 % with  bile duct    injury   (BDI) a rare but devastating complication leading to 
a potential threefold increase in  mortality   [ 1 ]. In the era of  laparoscopy  , recent stud-
ies have demonstrated consistently an increased incidence of bile duct injury of 
about 0.2–0.6 % [ 1 ,  2 ] compared to that of 0.1–0.3 % for  open    cholecystectomy   [ 3 , 
 4 ]. Improving these rates in the technique currently considered standard of care 
must be addressed. 

 The use of intraoperative cholangiogram (IOC) during elective LC remains con-
troversial in its role as routine practice for all patients versus selective practice, 
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reserved for those patients with risk for common  bile duct   stones or diffi cult anat-
omy. Differences in training and personal experience have led to varied practices in 
the use of IOC and remain a matter of surgeon preference. Some surgeons believe 
that obtaining a “critical view of safety” is suffi cient for identifi cation of vital struc-
tures while other surgeons see routine IOC as the gold standard for biliary identifi -
cation and imaging [ 5 ,  6 ]. Selective IOC users believe it changes  management   in 
relatively few cases and apply it only in cases where  choledocholithiasis   is sus-
pected or among patients at high risk for common  bile duct injury  . Another argu-
ment against routine IOC is that  cholangiography   may be misinterpreted by surgeons 
over half of the time [ 7 ]. 

 This chapter is an evidenced-based review of recent literature focusing on the 
potential advantages and disadvantages of routine  cholangiography   compared to 
selective cholangiography in patients undergoing elective  laparoscopic    cholecystec-
tomy  . Outcomes such as  morbidity  , secondary procedures, and  cost   will be specifi -
cally examined. We will also address the newer techniques of near-infrared 
fl uorescence cholangiography that may become an alternative to traditional IOC.  

    Search Strategy 

 A literature search of English language publications from 2005 to 2014 was used to 
identify published data on intraoperative cholangiogram using the  PICO   outline 
(Table  27.1 ). Databases searched were PubMed, Medline, Cochrane  Evidence 
Based Medicine  , and TRIP database. Terms used in the search were “cholangio-
gram, routine, selective,” “cholangiogram,  bile duct    injury  ,” “cholangiogram, com-
plications,” and “cholangiogram,  cost  .” Randomized controlled studies were 
reviewed as well as comparative studies with greater than 400 patients. All studies 
regarding near-infrared  cholangiography   were reviewed. The data was classifi ed 
using the  GRADE   system.

   Table 27.1     PICO   table for routine versus selective  cholangiography   for elective  laparoscopic   
 cholecystectomy     

 P (patients)  I (intervention)  C (comparator)  O ( outcomes)   

 Patients 
undergoing elective 
 laparoscopic   
 cholecystectomy   

 Routine 
intraoperative 
 cholangiography   

 Selective 
intraoperative 
 cholangiography   

 Bile duct injury, retained 
stones, operating time, 
secondary procedures, false 
positives,  cost   
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       Results 

    Routine Versus Selective Cholangiography 

 The role of routine intraoperative  cholangiography   in  laparoscopic    cholecystectomy   
is controversial. When surveyed by the American College of Surgeons, general sur-
geons had varying opinions. Twenty seven percent identifi ed themselves as “routine 
users” using IOC in more than 75 % of their cases. “Selective users” tended to be 
low-volume surgeons with less than 20 LC per year. “Routine users” responded 
more favorably regarding IOC believing that routine use was overall less costly and 
more protective of injury [ 8 ]. Part of the lack of consensus on this topic among 
surgeons is the confl icting evidence in the literature. 

 In the 1990s, there were few randomized, prospective trials conducted compar-
ing routine IOC versus no IOC. Soper and Dunnegan found an increased operative 
time of 16 min in patients undergoing routine IOC with an increase in total charges 
by $700 [ 9 ]. Nies et al. found no difference in  morbidity   or  mortality   between the 
two groups, and the operations with routine IOC lasted signifi cantly longer (92 vs. 
77 min) [ 10 ]. Each trial concluded that routine IOC was not justifi ed. 

 Two more recent randomized controlled trials are summarized in Tables  27.2  
and  27.3 . Like the two previous trials, Khan et al. in 2011 studied the difference 
between routine IOC versus no IOC. They studied 190 patients that were at low risk 
of common duct stones and found a longer operative time (66 vs. 54 min;  p <  0.001) 
with no statistical difference in readmission rates and  morbidity   including retained 
stones or common  bile duct    injury  . The authors concluded that routine  cholangiog-
raphy   was not indicated [ 11 ]. In contrast, Amott et al. in 2005 randomized 303 
patients to undergo routine or selective IOC. There was no difference in operating 
time, retained stones or common bile duct injury. However, the authors still changed 
their practice to performing routine IOC because seven of eight patients who pre-
sented with a retained common bile duct stone postoperatively did not undergo 
IOC. Three of the seven had normal LFTs and a normal  ultrasound   preoperatively 
and would have been missed with a selective approach. They also argued an 
unplanned IOC may lead to a signifi cant increase in operative time versus a routine 
and planned IOC because the operating room staff would already have the equip-
ment in place [ 12 ].

    These aforementioned randomized trials were limited by having relatively low 
numbers at a single center. In fact, due to the low incidence of  bile duct    injury  , the 
number of patients needed to conduct a randomized, controlled trial with adequate 
power in order to avoid a type II error would be greater than 30,000 [ 13 ]. 

 Despite the lack of randomized trials, it is possible to garner some information 
from other types of comparative studies. There are several, large prospective regis-
tries that examine  bile duct   injuries in routine IOC versus no IOC. In the Swiss 
prospective registry, 36.6 % of 31,838 patients underwent IOC which is a similar 
rate as in the United States. The rate of biliary injuries was 0.3 % in each of the two 
groups suggesting no effect of IOC on the prevention and detection of biliary 
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 injuries [ 14 ]. The Swedish prospective registry found 747 bile duct injuries in 
51,041  laparoscopic   cholecystectomies for a rate of 1.5 %. This relatively high 
number was likely due to the inclusion of minor bile duct injuries. The incidence of 
a  bile duct injury   (BDI) was 29 % lower when IOC was successfully performed or 
attempted suggesting a possible protective effect [ 15 ]. These studies are included 
Table  27.2 . A large, retrospective national survey from Italy examined 56,591 
patients in different general  surgery   units that underwent LC and demonstrated no 
statistical difference in BDI between routine and selective IOC (0.32 % vs. 0.43 %). 
However, only 10.3 % of general surgery units surveyed underwent routine IOC 
much lower than other countries [ 2 ]. This study is included in Table  27.3 . These 
sizeable studies are good because of the large numbers but have to be interpreted 
with caution as the frequency of IOC may be considerably different from other stud-
ies and there are very few listed specifi cs regarding the context of surgery. 

 Ragulin-Coyne and colleagues queried Nationwide Inpatient Sample data and 
found 111,815 patients who presented with acute biliary disease who underwent 
 laparoscopic    cholecystectomy  . They dichotomized surgeons into a routine IOC sur-
geons and selective IOC surgeons. Their data suggested no signifi cant difference 
between the rates of biliary injury and the use of routine  cholangiography  . They 
found no protective effect of routine IOC with signifi cantly increased  cost   ($930 
more) and slightly higher incidence in  morbidity   (7.3 vs. 6.8 %;  p  = 0.04). Routine 
IOC was also associated with increased  endoscopic   retrograde  cholangiopancrea-
tography   ( ERCP  ) use (15.8 % vs. 12.7 %  p  <0.0001) and higher  common bile duct 
exploration   (2.6 % vs. 1.6 %;  p  < 0.0001) [ 16 ]. This study is summarized in Table 
 27.3 . 

 A retrospective review by Buddingh et al. examined medical records 3 years 
prior and following implementation of a routine IOC approach in a university hos-
pital in The Netherlands. Four hundred twenty one patients underwent  cholecystec-
tomy   with selective IOC prior to the start of the study and this was compared to 435 
patients that underwent routine IOC after the study began. In this study, the policy 
of routine IOC was deliberately not strictly enforced at fi rst. Instead, a period of 
gradual introduction allowed the surgical team to become more familiar with the 
technique. Thus, compliance with IOC in the rouine approach was relatively low 
immediately after introduction. Six percent of the selective IOC group received 
IOC, and only 60 % of the routine group had IOC both lower than expected limiting 
this study. They did demonstrate, however, a signifi cant decrease in major BDI in 
the routine group (0 % versus 1.9 %;  p  = 0.004) but no difference in total BDI (major 
and minor). An increase in intraoperative  management   of common  bile duct   stones 
was also noted (2.8 % vs. 0.7 %;  p  = 0.023) [ 17 ]. Similarly in Iran, Nickkholgh and 
colleagues implemented a routine IOC approach and compared 1330 patients that 
underwent routine IOC versus 800 patients that underwent selective IOC prior to 
the start of the study. They found an increased rate of retained stones (2.8 % vs. 
1.1 %;  p  = 0.01) with no signifi cant difference in BDI. These two studies are sum-
marized in Table  27.3 . 

 Literature focused on  cost   associated with routine intraoperative  cholangiogra-
phy   has been sparse. One of the fi rst studies proposed was by Flum et al. in 2003. 
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They created decision analytic models to calculate costs and benefi ts of routine 
IOC. They noted that it would cost approximately $100 more per each case. 
However, they found that routine IOC would prevent 2.5 deaths for every 10,000 
patients at a cost of $390,000 per life saved or $13,900/quality life-year (well below 
the standard benchmark of <$50,000/quality life-year to be deemed cost-effective). 
Cost per common  bile duct    injury   avoided ranged from approximately $61,000 to 
$87,100. These estimates do not consider the high price of litigation costs which 
many argue that any cost of IOC is worthwhile [ 13 ]. Brown et al. designed another 
decision model to examine patients with symptomatic cholelithiasis with possible 
common bile duct stones including fi ve different strategies: (1) LC alone, (2) preop-
erative  ERCP   followed by LC, (3) LC with IOC ±  common bile duct exploration  , 
(4) LC followed by ERCP, (5) and LC with IOC ± postoperative ERCP. Across a 
common bile duct stone probability range of 4–100 %, LC with IOC ± ERCP was 
the most cost-effective [ 19 ]. 

 Livingston et al. argued against routine IOC when  cost   and utilization were 
examined. They reviewed the 2001 Nationwide Inpatient Survey database for IOC 
utilization and associated charges. IOCs were associated with $706–739 additional 
charges [ 20 ]. This is consistent with the increased cost of $930 of the previously 
discussed NIS study [ 16 ]. Livingston projected a cost of $371,356 to prevent one 
single  bile duct    injury   by using a routine IOC approach [ 20 ].  

    Near Infrared Fluorescent  Cholangiography   

 Fluorescence  cholangiography   is a feasible alternative to contrast-dye cholangiog-
raphy and may have a  cost   benefi t although reduction in  bile duct    injury   has not 
been proven. A study by Schools and colleagues demonstrated safety and feasibility 
of near-infrared fl uorescence cholangiography (NIRF-C) in patients receiving indo-
cyanine green (ICG) just after induction of anesthesia in 15 patients. Fluorescence 
imaging was performed with no adverse reactions to the injected ICG with identifi -
cation of the cystic duct in an average of 23 min [ 21 ]. A prospective study that 
demonstrated the feasibility of NIRF-C was done recently. Eighty two patients 
underwent elective LC with NIRF-C with successful identifi cation of the cystic duct 
in 95.1 %, common bile duct in 76.8 % and common hepatic duct in 69.5 %. This 
was followed by IOC with successful identifi cation of the cystic duct in 72.0 %, 
common bile duct in 75.6 % and common hepatic duct in 74.3 %. The procedure 
times were signifi cantly different with NIRF-C and IOC (1.9 min vs. 11.8 min; 
 p  < 0.001). There were no adverse events [ 22 ]. 

 A recent study examined  cost   analysis and effectiveness of  fl uorescent cholangi-
ography  . Identifi cation with fl uorescence was successful in 100 % of 43 patients and 
signifi cantly less costly than IOC ($14.10 vs. $778.43;  p  < 0.0001), and was faster 
than IOC (0.71 vs. 7.15 min;  p  < 0.0001) [ 23 ]. Prevot and colleagues found in a 
prospective cohort of 23 patients that identifi cation of the biliary tract was more 
effective with fl uorescence imaging than with IOC after dissection. Analyzability 
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rate was 74 % using indocyanine green, 70 % using IOC with conventional contrast 
fl uid, and 26 % with conventional visual inspection [ 24 ].   

    Recommendations 

 The literature regarding the routine use of intraoperative cholangiogram is confl ict-
ing. Most of the studies are non-experimental comparative data and not Level 1 
data. This is due to the fact that  bile duct    injury   occurs rarely and a large multicenter 
randomized controlled trial is not feasible. Routine IOC is associated with similar 
rates of bile injury, increased rate of detecting retained stones (though it is unclear 
if this is clinically signifi cant), longer operative time, increased  cost  , and low rate of 
false positives. There is unclear evidence regarding secondary procedures and over-
all cost-effectiveness. Therefore, the use of routine intraoperative cholangiogram 
during  laparoscopic    cholecystectomy   should be left to the discretion of the operat-
ing surgeon. This is a weak recommendation in light of low-quality data. 

 There is currently inadequate evidence to suggest replacement of routine IOC 
with near-infrared fl uorescence  cholangiography  . Additional large volume studies 
are needed to show protective effect.  

    A Personal View of the Data 

 There likely will never be a consensus on the routine versus selective use of intra-
operative cholangiogram in elective  laparoscopic    cholecystectomy  . Most recent 
studies show there is no signifi cant difference in  bile duct    injury  . The more compel-
ling argument is the additional  cost   of IOC, with a wide variety described in the 
literature ranging from $77 to $930. The two nationwide analyses reviewed found 
higher costs ($739–$930) than the values stated in earlier regional studies. In order 
to ever recommend routine IOC, the cost must be minimal. This is not currently the 
case. 

 We eagerly await the results of larger studies of newer techniques such as fl uo-
rescence cholangiogram which may facilitate identifi cation of biliary structures 
with reduced  cost   and operative time.  

    Recommendations 

     1.    The safety of  laparoscopic    cholecystectomy   requires correct identifi cation of rel-
evant anatomy (evidence quality low; strong recommendation).   

   2.    The routine use of intraoperative cholangiogram should be used at the discretion 
of the surgeon (evidence quality low; weak recommendation).   
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   3.    Fluorescence  cholangiography   is a feasible alternative to contrast-dye cholangi-
ography yet larger studies need to be reviewed (evidence quality low; weak 
recommendation).         
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    Chapter 28   
 When Is Bile Duct Resection Indicated 
for Biliary Strictures in Primary Sclerosing 
Cholangitis?                     

       J.     Camilo     Barreto     and     J.     Michael     Millis    

    Abstract     Primary sclerosing cholangitis (PSC) has a variable clinical course, but 
often becomes a progressive disease that leads to chronic cholestasis, cirrhosis and 
liver failure. In addition, PSC is the most common risk factor for cholangiocarci-
noma in western countries. The etiology is unclear, and as a result there are no 
specifi c medical therapies that change long-term outcomes. Liver transplantation 
offers the only potentially curative therapy but it is usually reserved for patients with 
advanced stage or cirrhosis. Earlier stages require alternative invasive treatment 
modalities to manage symptoms and address dominant strictures, which can be 
benign or malignant. The distinction between these may be extremely challenging, 
and has an infl uence on the treatment options, which include endoscopic dilatation, 
stenting, or surgery, either biliary bypass or extrahepatic bile duct resection. 
Endoscopic therapy has less morbidity, but surgical treatment has the advantage of 
not leaving potentially malignant or dysplastic strictures in place and may be associ-
ated with longer survival. When cholangiocarcinoma develops, it tends to appear at 
an advanced stage and prognosis is poor.  
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      Introduction 

  Primary sclerosing cholangitis   is a chronic disease characterized by multifocal  bile 
duct    stricture  s secondary to idiopathic infl ammation and fi brosis of intra and extra-
hepatic bile ducts. It is associated in 75 % of patients with concomitant infl amma-
tory bowel disease. PSC has a variable course, and some patients may be 
asymptomatic, whereas progressive infl ammation and obliteration leads to second-
ary biliary  cirrhosis   and  liver    failure   in 50 % of cases, with a median  survival   of 
11–18 years [ 1 ]. Patients with cirrhosis should be considered for transplant upfront, 
since their surgical  mortality   is higher and have poorer survival with non-transplant 
surgical therapy [ 2 ]. The role of transplantation in PSC is well established and out 
of the scope of this chapter. 

 For non-cirrhotic patients at earlier stages, treatment options are variable and 
more controversial. Knowledge of the etiology of PSC is still very limited, likely 
involving genetic components in a setting of persistent infl ammation. Currently, 
there is no effective targeted therapy, and available medical treatment options 
(immunosuppressive agents and ursodeoxycholic acid) have limited value and have 
not proven to halt disease progression. In the absence of specifi c treatment, a signifi -
cant aspect in the care of patients with PSC involves managing  biliary stricture  s for 
symptomatic relief. Dominant strictures happen in 10–20 % of patients [ 3 ,  4 ]. They 
have been defi ned in  cholangiography   as strictures of the common  bile duct   with a 
diameter ≤1.5 mm and/or strictures of a hepatic duct ≤1 mm within 2 cm of the 
hepatic duct bifurcation [ 5 ].  Cholangiocarcinoma   is a complication occurring in 
10–20 % of patients. This should be factored in when deciding what is the best 
approach for biliary strictures, since at the time of presentation, up to 25 % of stric-
tures are malignant [ 6 ]. In previous decades, before the advent of advanced  endo-
scopic   interventions and the wider availability of  liver    transplant   ation  , surgical 
 resection   or  bypass   was the mainstay therapy for dominant strictures. In more recent 
times, due to its lower complication rate, endoscopic treatment has generally been 
the fi rst line of treatment, in the form of  sphincterotomy   followed by  stricture   dilata-
tion with or without stent placement. The low incidence of PSC makes it diffi cult to 
obtain high quality evidence, and there are no randomized trials to identify the best 
approaches for  operative management   of strictures.  

    Search Strategy 

 A literature search of English language publications was used to identify data on 
 endoscopic   and surgical  management   of dominant  biliary stricture  s,  outcomes   in 
terms of complications and  survival  , as well as risk of  cholangiocarcinoma  . Data 
was assessed and processed according to the categories in Table  28.1 .
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       Endoscopic Therapy 

 Endoscopic therapies have the advantages of lower complication rates, and not 
altering the biliary anatomy in case patients undergo a  liver    transplant  . Endoscopic 
dilatation of PSC patients with a dominant  stricture   can achieve clinical and bio-
chemical response in 80 % of cases [ 3 ,  5 ,  7 ,  8 ]. Most patients will require more than 
one session. Baluyut et al. also showed an increase in  survival   at 5 years in 63 
patients with  endoscopic   therapy, which primarily consisted of repeated balloon 
dilatations (83 % vs. 65 % by using the Mayo Survival Model). They concluded that 
endoscopic attempts to maintain biliary patency are associated with improved sur-
vival [ 8 ]. Stiehl et al. reported their experience with 106 patients [ 5 ], 52 of which 
developed dominant strictures while also receiving ursodeoxycholic acid. They 
were managed endoscopically with repeated balloon dilatations, and fi ve patients 
had a temporary  biliary stent  . The actuarial survival free of liver transplant at 5 years 
was 94 %, compared to the Mayo multicenter survival model of 77 %. Another 
prospective observational study from Germany of 96 patients undergoing endo-
scopic dilatation showed an actuarial survival free of liver transplant of 68 % at 
5 years and 44 % at 10 years when patients had a serum bilirubin greater than 2 mg/
dL. With serum bilirubin levels less than 2 mg/dL, the survival was 83 % at 5 years 
and 56 % at 10 years [ 9 ]. A National Institutes of Health panel concluded that bal-
loon dilatation of high grade strictures is benefi cial [ 10 ]. 

 Stents offer the theoretical advantage of improving patency rates after dilatation. 
However, some studies have reported an association with increased risk of  cholan-
gitis   [ 3 ,  5 ,  7 ]. The difference in stenting protocols and small number of subjects 
complicate the interpretation of  outcomes   after stent therapy. A retrospective study 
[ 11 ] compared patients undergoing balloon dilatation alone with a group treated 
with balloon dilatation plus stenting. Stent placement did not provide additional 
benefi ts after dilatation and increased the infectious complication rate.  

    Biliary Resection and Biliary Bypass 

 Before  liver    transplant   became a viable option, surgical treatment was the mainstay 
of treatment for PSC. Non-transplant surgical therapies for patients with PSC are 
extrahepatic biliary  resection   or  bypass   with bilioenteric anastomosis. The 

   Table 28.1     PICO   table for  surgery   or  endoscopic   therapy for PSC   

 P (patients)  I (intervention) 
 C (comparator 
group) 

 O ( outcomes   
measured) 

 Patients with primary sclerosing 
 cholangitis   and dominant  stricture   

 Resection  Endoscopic 
treatment 

 Survival 
 Cancer risk 
 Morbidity 
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 disadvantage of the latter is leaving in situ the strictured area at risk of malignant 
transformation. Resection entails excision of the entire extrahepatic biliary duct 
including the confl uence, since it is frequently involved with a dominant  stricture  . 
This is followed by bilateral hepaticojejunostomies and some authors recommend 
transhepatic stenting for 1 year [ 12 ]. Pitt et al. have reported  outcomes   with differ-
ent variants of bypass  surgery   in 22 patients, with an  overall survival   of 82 % with 
a median follow-up of 5 years [ 13 ]. Johns Hopkins has reported one of the largest 
experiences with patients undergoing non-transplant surgical therapy. Extrahepatic 
biliary resection was performed with long term transhepatic stenting. In those 
patients managed with resection surgical, 50 non-cirrhotic patients had a 5-year 
 survival   of 85 % [ 14 ]. Operative  mortality   in cirrhotic patients was 20 %, compared 
to 2.5 % in non-cirrhotics. The complication rate was 32 %, most commonly from 
 cholangitis  . None of the resected patients developed  cholangiocarcinoma   during a 
median follow-up of 62 months. Among 35 patients who underwent  endoscopic   
therapy (dilatation with or without stenting), overall 5-year survival was 58 %. 
Although survival was lower than the 85 % survival achieved with resection, the 
complication rate associated to endoscopic therapy was lower (14 %, mostly mild 
pancreatitis). Three patients of 35 (8 %) in the endoscopic group developed cholan-
giocarcinoma [ 14 ]. One of the arguments in favor of endoscopic therapy as fi rst-line 
treatment quotes that patients who had biliary tract surgery have increased  morbid-
ity   and mortality should they need  liver transplantation   [ 15 – 18 ]. In the Johns 
Hopkins experience, although operative time for liver transplant was shorter in 
patients with no previous biliary tract surgeries, the estimated blood loss and opera-
tive mortality was not statistically different [ 14 ]. A more recent report from Johns 
Hopkins has confi rmed the outcomes of extrahepatic  bile duct   resection including 
the confl uence, with a 5 and 10-year survival of 76 % and 52 % respectively. No 
patients developed cholangiocarcinoma. Cirrhotic patients had a 10-year survival of 
only 12 %, compared to 57 % for patients who undergo liver transplant, underscor-
ing that adequate candidate selection is key for good outcomes [ 19 ]. 

 The other alternative in surgical therapy is  bypass   without  resection  . Pitt et al. 
reported a  survival   of 82 % at 5 years with different bypass techniques [ 13 ]. Myburgh 
reported a survival of 100 % in 16 non-cirrhotic patients with a median survival of 
6.5 years, managed with  hepaticojejunostomy   without resection [ 20 ]. Another 
approach involves a  choledochojejunostomy   with a subcutaneously placed afferent 
limb, to allow for serial dilatations of the biliary tree [ 21 ].  

    Risk of Malignancy 

 Patients with PSC have a risk of  cholangiocarcinoma   of 10–20 % over their lifetime, 
and PSC is the most common risk factor for its occurrence in Western countries. 
Half of patients are diagnosed within 1 year of  diagnosis   of PSC [ 22 ]. When it 
occurs, most tumors develop at the bifurcation (70 % hilar vs. 11 % intrahepatic) 
[ 23 ].  Cholangiocarcinoma   tends to be diagnosed at an advanced, unresectable stage. 
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This is, in part, due to the diffi culty in differentiating benign from malignant lesions, 
and the fact that early strictures are often asymptomatic [ 24 ]. Several clinical fi nd-
ings seem to be predictive of malignant transformation, such as rapid clinical and 
biochemical deterioration, weight loss, marked proximal ductal dilatation [ 25 ]. 
Unfortunately, both  screening   for the disease and diagnostic confi rmation after  can-
cer   has appeared can be challenging.  Cholangiography   alone may not be able to 
distinguish between benign and malignant strictures. CA 19-9 elevation is non- 
specifi c, as there is considerable overlap with elevation secondary to benign stric-
tures. As a consequence, it lacks enough sensitivity and positive predictive values 
for the diagnosis of cholangiocarcinoma in patients with PSC [ 2 ]. In general,  endo-
scopic    ultrasound   (EUS) guided FNA in suspected cholangiocarcinoma has speci-
fi city, sensitivity and positive predictive value of 86, 100 and 100 % respectively 
[ 26 ]. However, these results come from patients without PSC. Tissue-diagnosis is 
challenging because tumors tend to be highly desmoplastic, with small aggregations 
of cancer cells in a rich fi brous tissue, and biliary cytology studies are positive in 
only 30 % of patients. Other modalities, like fl uorescent in situ hybridization (FISH) 
have been used to improve sensitivity, but it still remains low at 34 % [ 27 ]. 

 Some reports have suggested that there is an increased risk for  cholangiocarci-
noma   when patients with dominant strictures are treated without  resection   [ 14 ,  28 ]. 
In the Johns Hopkins experience, none of the patients that underwent extrahepatic 
biliary resection later developed cholangiocarcinoma [ 14 ], and in contrast, malig-
nancy has been reported in most series of patients treated with  endoscopic   therapy. 
In Stiehl et al. series, 3 % were diagnosed with cholangiocarcinoma [ 5 ], and 8 % of 
patients in Baluyut’s study developed it [ 8 ]. Proponents of endoscopic therapy have 
argued that the risk of cholangiocarcinoma is still low in their series and that endo-
scopic therapy is not a risk factor per se for cholangiocarcinoma [ 8 ,  29 ]. However, 
there is currently a lack of high quality evidence to support either hypothesis. As 
mentioned before, there are no randomized trials comparing  outcomes   of endo-
scopic vs. surgical treatment.  

    Recommendations 

•      Liver   transplantation provides better  survival   in cirrhotic patients with PSC 
(Evidence quality high, strong recommendation).  

•   Non-cirrhotic patients with PSC and symptomatic, benign-appearing dominant 
strictures may be treated initially with  endoscopic   therapy given its lower  mor-
bidity  , and can be managed with repeated dilatations if needed. (Evidence quality 
low, weak recommendation)  

•   Surgical therapy should be performed for non-cirrhotic patients with dominant 
strictures suspicious for malignancy, equivocal fi ndings on  cancer    screening  , or 
when  endoscopic   therapy has failed. (Evidence quality moderate, strong 
recommendation).  
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•   Extrahepatic  bile duct    resection   should be preferred to biliary  bypass   in appro-
priate surgical candidates given the underlying risk of  cholangiocarcinoma   in 
unresected bile ducts. (Evidence quality low, weak recommendation)        
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    Chapter 29   
 Assessment of Bile Duct Tumors: Endoscopic 
vs Radiographic                     

       Irving     Waxman      and     Mariano     Gonzalez-Haba   

    Abstract     Cholangiocarcinoma (CCA) is the second most common primary liver 
tumor and it’s associated with a poor prognosis. They diagnosis of CCA can be 
challenging because of its paucicellular nature, anatomic location, and silent clini-
cal character. Cross sectional radiologic studies (MRI/MRCP and multidetector CT 
scan) are critical for diagnosis and staging CCA but their sensibility is yet improv-
able and they don’t allow tissue acquisition. ERCP has been for years the modality 
of choice for evaluating and sampling biliary strictures for malignancy. New endo-
scopic techniques like EUS and cholangioscopy and advances in imaging technolo-
gies and cytology processing have the potential of signifi cantly improve the 
preoperative diagnostic accuracy of this malignancy.  

  Keywords     Cholangiocarcinoma   •   Diagnosis   •   Radiologic   •   MRI/MRCP   •   CT   • 
  Endoscopy   •   Endoscopic ultrasound   •   ERCP  

      Introduction 

  Cholangiocarcinoma   is the second most common primary  liver    tumor  , after  hepato-
cellular carcinoma   ( HCC  ), and it can arise anywhere in the biliary tree from the 
intrahepatic ducts to the distal common  bile duct   at the  ampulla of Vater  . On the 
basis of its location,  cholangiocarcinoma   can be divided into intrahepatic and extra-
hepatic tumors. Extrahepatic cholangiocarcinoma can be further subdivided into 
perihilar (pCCA) and distal extrahepatic cholangiocarcinoma (dCCA). 20 % of all 
CCA are intrahepatic, according to published series, whereas 50–60 % are perihilar, 
up to 20 % are distal extrahepatic tumors and 5 % of tumors are multifocal [ 1 ]. 
Given the differences in their frequency,  diagnosis   and  management  , in this chapter 
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we will comment separately intrahepatic, perihilar and distal extrahepatic 
cholangiocarcinomas. 

 They  diagnosis   of CCA can be challenging because of its paucicellular nature, 
anatomic location, and silent clinical character. A multidisciplinary approach that 
involving radiographic,  endoscopic  , and biochemical analysis is often required. 

 Endoscopic retrograde  cholangiography   (ERC) with brush cytology and intra-
ductal biopsy is the standard approach for  diagnosis   providing high specifi city, but 
has proven limited diagnostic sensitivity. In this setting,  Endoscopic ultrasound   
(EUS) is increasingly used for CCA diagnosis and staging. Innovative imaging 
technologies such as Intraductal Ultrasound (IDUS), cholangioscopy or advanced 
cytologic techniques can improve the diagnostic yield of  endoscopic   procedures. 
Patients with primary sclerosis  cholangitis   (PSC) deserve a special mention in this 
chapter, as PSC is a major risk factor for developing CCA and its early diagnosis 
can be particularly challenging. 

 A literature search of English language publications on PubMed/Medline from 
2000 to 2014 was performed to identify published data on  endoscopic   and  radio-
logic    diagnosis   on  cholangiocarcinoma   using the  PICO   outline (Table  29.1 ). Terms 
used in the search were “cholangiocarcinoma” “ bile duct   tumors” “cholangiocarci-
noma AND diagnosis” “endoscopic diagnosis AND cholangiocarcinoma” “radio-
logic diagnosis AND cholangiocarcinoma” “EUS AND cholangiocarcinoma” 
“ Primary sclerosing cholangitis   AND cholangiocarcinoma”, “Cholangioscopy 
AND cholangiocarcinoma” “EUS AND  biliary stricture  s,” “Endoscopic diagnosis 
AND biliary strictures” 22 retrospective studies, 20 prospective studies, 5 guide-
lines, 3 systematic reviews, and 11 review articles were used. The data was classi-
fi ed using the  GRADE   system.

      Intrahepatic  Cholangiocarcinoma   (iCCA) 

 iCCA is often asymptomatic in early stages and can be an incidental fi nding on 
cross-sectional imaging performed for other reasons. At more advanced stages, pre-
sentation can vary from constitutional syndrome to abdominal  pain  ,  jaundice  , hepa-
tomegaly, or a palpable abdominal mass. The  diagnosis   of intrahepatic 
 cholangiocarcinoma   is basically  radiologic  , both  MRI   and  CT   scan can provide 
accurate evaluation of tumor size and detection of satellite lesions. However, CT 
may be better for assessment of vascular encasement, identifi cation of extrahepatic 
metastasis and prediction of resectability [ 2 ]. Although imaging features of iCCA 

   Table 29.1     PICO   table for  endoscopic   versus  radiologic    diagnosis   of  bile duct   tumors   

 P (patients)  I (intervention)  C (comparator group)  O ( outcomes   measured) 

 Patients with 
suspected  bile duct   
tumors 

 Endoscopic  diagnosis    Radiologic  diagnosis    Yield of preoperative 
 diagnosis    Endoscopic/ radiologic   

 diagnosis   
 Post-surgical  diagnosis   
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are often suggestive of the diagnosis, these criteria are insensitive for the diagnosis 
of iCCA vs  HCC   in the presence of  cirrhosis   or from differentiating metastatic 
adenocarcinoma and iCCA [ 3 ]. Pathological diagnosis is currently still required for 
a defi nitive diagnosis of iCCA, especially in those patients who are poor candidates 
for surgical  resection   [ 1 ,  4 ,  5 ].  

    Perihilar  Cholangiocarcinoma   (pCCA) 

 Patients with pCCA often present with symptoms of  biliary obstruction   and less 
commonly  cholangitis  . Trans-abdominal ultrasonography can accurately localize 
the level of obstruction as fi rst approach, but it has a very low yield for detection of 
strictures or masses [ 6 ]. Cross sectional evaluation is critical for detection and eval-
uation of  tumor extent  . With the recent technical advances, overall accuracy of  CT   
for determining resectability of CCA is in the range of 60–85 % [ 2 ,  6 – 8 ].  MRI   
combined with  MRCP   is a noninvasive technique is emerging as an excellent tool 
for evaluating ductal extension and for the  preoperative assessment   of biliary tract 
cancers with accuracy up to 95 % [ 9 – 11 ]. However,  MRI/ MRCP   do not allow any 
interventions to be performed, such as stent insertion, or tissue acquisition. If at all 
possible, MRCP should be performed before biliary drainage since evaluation for 
biliary pathology is more diffi cult if the biliary tree is collapsed from a preceding 
biliary drainage [ 12 ]. The role of PET scan in the diagnostic algorithm of  cholan-
giocarcinoma   is evolving, although its utility for determining resectability of the 
primary tumor is not superior to MRI/MRCP [ 13 ] but it might be a useful tool for 
identifying occult metastases in patient’s a priori surgical candidates. 

 In an attempt to avoid unnecessary surgeries, staging  laparoscopy   was widely 
performed to exclude local metastatic disease in suspected  resectable   patients; due 
to improved imaging techniques its role will be probably limited in the upcoming 
years [ 14 ]. 

 Ca 19-9 is an established serum marker for  cholangiocarcinoma  , although its 
sensitivity for the  diagnosis   is limited, in patients without PSC, serum Ca 19-9 val-
ues above 100 U/mL have a sensitivity of 53 % and specifi city of 75–90 % for the 
diagnosis of CC [ 15 ]. CA 19-9 concentrations >1000 U/mL can predict advanced 
disease and when elevated at diagnosis can be useful for follow up [ 16 ]. Importantly, 
CA19-9 elevation frequently occurs in PSC and other causes of non-malignant 
obstructive  jaundice  , but persistently raised levels of CA19-9 after decompression 
suggest malignancy. 

 For years,  ERCP   has been the modality of choice for evaluating  biliary stricture  s 
for malignancy. ERCP plays both a diagnostic and therapeutic role in the setting of 
CCA as it has the power to evaluate the biliary tree and sample it via brush cytology 
and  endoscopic   biopsy, but it can also provide means for biliary drainage or ablative 
therapy, such as PDT or  RFA  . Brushings for cytology and biopsy samples for 
 histology can confi rm the  diagnosis   of CCA, however, the sensitivity of these tests 
are limited, ranging from 18 to 60 % [ 17 – 19 ]. This sensitivity can be raised by com-
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bining tissue-sampling methods [ 20 – 22 ] and with the addition of newer diagnostic 
tests, like fl uorescence in situ hybridization (FISH) and digital image analysis or 
fl ow cytometry [ 23 – 25 ]. 

 In this setting, EUS is becoming and emerging tool for the  diagnosis   and staging 
of CCA, [ 16 ,  19 ,  26 ,  27 ]. In a prospective evaluation of EUS-FNA on 44 patients 
with hilar strictures suspicious of HC diagnosed by  CT   and/or  ERCP  , but with 
inconclusive tissue, accuracy, sensitivity, and specifi city were 91 %, 89 %, and 
100 %, respectively. Furthermore, EUS-FNA changed preplanned surgical approach 
in 27/44 patients [ 16 ]. According to the largest single center recent study, 
Mohamadnejad et al. reported a sensitivity of EUS-FNA for diagnosing CCA of 
73 %, signifi cantly higher in distal than in proximal CCA (81 % vs. 59 %, respec-
tively) [ 26 ]. EUS has also shown excellent specifi city for malignant  biliary stric-
ture  s but variable results in sensitivity in a recent metaanalysis and prospective 
studies [ 28 – 31 ]. EUS can also have a great clinical value for the nodal staging in 
extrahepatic CCA, as locoregional nodal metastasis will preclude  liver    transplant   a-
tion   and distant nodal involvement can also contraindicate attempting a curative 
 resection  . In a study performed by Gleeson et al. on 47 patients with CCA and 
potential liver transplantation, preoperative EUS-FNA of regional lymph nodes was 
performed in addition to their standard approach of exploratory laparotomy. EUS 
identifi ed lymph nodes in all patients and 8/47 patients had positive lymphadenopa-
thy confi rmed as malignant by pathologic examination. Based on these results, 
17 % of their patients were spared the  cost   and  morbidity   of an unnecessary lapa-
rotomy. There were no morphologic criteria or echo features to correlate with nodal 
malignancy. Furthermore, the EUS fi nding of absent regional lymph-node metasta-
ses was confi rmed in 20 of 22 by a subsequent exploratory staging laparotomy. 
Interestingly, seven of these eight patients had PSC [ 32 ]. 

 The possibility of tumor seeding during EUS-FNA in patients with suspected 
extrahepatic CCA is a concern; especially for proximal  bile duct   lesions. It was 
reported in a study on 191 patients with locally unresectable enrolled for  neoadju-
vant   chemoradiotherapy followed by LT protocol, a total of 16 underwent transperi-
toneal FNA biopsy of the primary tumor (13  percutaneous   and 3 EUS guided) [ 33 ]. 
It is important to note that percutaneous needle aspiration may carry a greater risk 
of tumor seeding when compared to EUS-FNA [ 34 ]. Although these results have 
not been reproduced in other studies [ 35 ] and until more data are available, tumor 
seeding during EUS-FNA should be considered before performing a biopsy of a 
potentially  resectable   proximal CCA.  

    Distal  Cholangiocarcinoma   

 Distal  biliary stricture  s frequently present a challenge in terms of  diagnosis  , which 
require a multidisciplinary approach. Often carcinomas arising within the area of 
the major papilla of the duodenum are referred as periampullary carcinomas and 
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include the intrapancreatic distal  bile duct  , the head and uncinate process of the 
pancreas and the duodenum. Their origins are often diffi cult to discern based on 
clinical settings and results of preoperative imaging, as well as on surgical speci-
mens [ 36 ].  CT   scan and  MRI  / MRCP   have similar  outcomes   to those in proximal 
strictures, although MRI/MRCP can be superior to CT scan on differentiating 
benign vs malignant strictures [ 11 ,  36 ]. EUS has become the imaging test of choice 
in patients with distal  biliary obstruction  , given its relative ease of visualizing and 
sampling distal bile duct lesions with high sensitivity and accuracy for malignant 
etiology, which is more frequently associated to pancreatic  cancer  . In the study of 
Mohamadnejad, EUS-FNA allowed tissue diagnosis in distal tumors with 81 %, 
compared to  ERCP   with brush cytology had only a 27 % sensitivity [ 26 ]. Given 
higher incidence of pancreatic cancer compared with CCA, EUS-FNA should be 
performed before ERCP in all patients with suspected distal malignant biliary 
obstruction [ 37 ]. Combined EUS and ERCP can be performed in the same proce-
dure with no signifi cant impact on their separate outcomes or complications [ 38 ]. 

 EUS might also have an important role in the  diagnosis   of early stage CCA. In a 
recent study performed on 142 non icteric patients with an elevated alkaline phos-
phatase level and biliary dilation,  MRCP   followed by EUS was highly sensitive 
(90 %) and specifi c (98 %) for the diagnosis of extrahepatic bile-duct carcinoma 
[ 39 ].   

    Primary Sclerosing Cholangitis 

  Primary sclerosing cholangitis   (PSC) is one of the best known risk factor for devel-
oping  cholangiocarcinoma  , with a 10-year cumulative incidence of approximately 
7–9 % [ 40 ,  41 ], furthermore, it is estimated that in as many as 50 % of patients with 
CCA associated with PSC, this one is detected at the time of  diagnosis   or within the 
fi rst year. Dominant strictures occurs in 45–58 % of patients during follow up [ 42 –
 44 ] and should always raise the suspicion of the presence of a cholangiocarcinoma 
(CCA). In patients with PSC, the distinction between a benign dominant  stricture   
and CCA can be challenging as because both benign and malignant strictures pro-
duce similar cholangiographic fi ndings. Patients with PSC and symptoms such as 
 cholangitis  ,  jaundice  , pruritus, right upper quadrant  pain   or worsening biochemical 
indices should undergo  endoscopic   evaluation to rule out dominant strictures and 
for associated therapy (likely biliary  sphincterotomy   and balloon dilatation with or 
without stent placement). Before any attempt at endoscopic therapy, brush cytology 
and/or endoscopic biopsies should be obtained to help exclude a superimposed 
malignancy. According to recent meta-analysis,  bile duct   brushings for diagnosis of 
CCA in patients with PSC were 43 % and 97 % respectively, with a raise in sensitiv-
ity up to 51 % when FISH polysomy was added [ 45 ]. 

 In patients with PSC, Ca 19-9 level of 129 units/mL as a cut-off value found a 
sensitivity, specifi city, positive predictive value, and negative predictive value of 
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78 %, 98 %, 56 % and 99 %, respectively in recent study on 208 [ 46 ]. Noteworthy, 
in another study, more than one-third of patients with this cut-off level of CA 19-9 
did not have  cholangiocarcinoma   after an average of 30 months of follow-up [ 47 ]. 
Cholangioscopy and intraductal US have also been used and are promising tech-
nologies for improving the  diagnosis   of CCA in PSC [ 48 ,  49 ]. Currently there are 
insuffi cient data to support any specifi c  screening   for CCA in PSC, but most experts 
suggest an imaging study plus a CA 19-9 at annual intervals [ 1 ,  50 ].  

    Novel Endoscopic Techniques 

 Peroral cholangioscopy is a technique for direct  endoscopic   visualization of the  bile 
duct  s, allowing both for targeted tissue sampling and for intraductal interventions. 
Cholangioscopy and visually targeted biopsies can improve the diagnostic accuracy 
than standard  ERCP   [ 21 ]. Recent improvements in cholangioscopes with the advent 
of single operator cholangioscopy system have led to a re-emergence of this tech-
nology [ 51 – 53 ]. The use of cholangioscopy with the current available technologies 
is limited to patients in which other diagnostic tools have been attempted because of 
potential adverse events and high equipment  cost  , as was shown in a recent study in 
which EUS evaluation in patients with diffi cult  biliary stricture   prevented the need, 
cost, and adverse events of cholangioscopy in 60 % of patients [ 54 ]. 

 Intraductal  ultrasound   (IDUS) is based on the use of mini-probes (about 2 mm), 
which can be passed through standard endoscopes directly into the bile or pancre-
atic duct. IDUS can overcome EUS limitations in the proximal biliary system and 
surrounding vascular structures, improving its sensibility when compared to EUS 
[ 55 – 57 ]. A recent study showed accuracy rates of 92 % of IDUS for the  diagnosis   
of CCA when compared with transpapillary biopsies (74 %) EUS (70 %) or  CT   scan 
(79 %) [ 29 ]. 

 Confocal laser endomicroscopy (CLE) is novel an imaging technique that pro-
vides real-time in vivo microscopic tissue examination during an ongoing  endo-
scopic   procedure, it has shown improvement for accuracy in  diagnosis   of 
indeterminate pancreaticobiliary strictures in patients with and without PSC [ 19 ,  58 , 
 59 ]. Optical coherence tomography (OCT) uses infrared light refl ectance to produce 
high-resolution cross-sectional tissue images through a probe, and has shown prom-
ising results in small studies [ 60 ,  61 ]. These innovative techniques, with the poten-
tial of obtaining “true in vivo optical biopsies” are yet limited by their high costs, 
lack of standardized criteria and insuffi cient prospective data on clinical  outcomes  . 
Multicenter prospective trials are needed to further validate criteria and defi ne the 
role of this technology compared with conventional tissue sampling techniques in 
the diagnostic algorithm for indeterminate  biliary stricture  s.  
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    Personal View 

  Cholangiocarcinoma   is associated with a poor prognosis and can often pose a diag-
nostic challenge, especially in early stages due to diffi culties in obtaining an ade-
quate specimen for cytology and the need to rule out benign conditions that can 
mimic CCA in its early stages. Obtaining a tissue  diagnosis   is extremely important 
in certain subgroups of patients such as those who are borderline surgical candi-
dates, PSC patients with dominant strictures or before  chemotherapy   and radiation 
therapy in patients non candidate for  surgery  . Cross sectional imaging like new 
generation  CT   scan or especially  MRI  / MRCP   can provide accurate data on resect-
ability and tumor extension but with limited sensibility and no tissue acquisition. 
 ERCP   has been for years the fi rst line approach for  biliary stricture  s owing to its 
signifi cant diagnostic and therapeutic value when there is an additional need for 
intervention and specimen acquisition power, but biliary brush cytology or forceps 
biopsies have high specifi city with limited sensitivity. These limitations on CCA 
diagnosis and staging have encouraged development of new technologies. Advances 
in diagnostic methods like DIA and FISH can have increase the diagnostic yield of 
brush cytology, but advantages are discrete and limited by price and local 
availability. 

  Endoscopic ultrasound   (EUS) provides accurate imaging for distinguishing 
malignancy on indeterminate  biliary obstruction  , nodal staging for potentially 
 resectable   tumors and enables tissue acquisition, however the risk of tumor seeding 
along the needle tract after FNA has been reported. Despite a lack of prospective 
data supporting this complication, it should be taken into consideration, especially 
in patients potentially candidates for  liver    transplant   ation  , when deciding on a diag-
nostic approach for  cholangiocarcinoma  . 

 The combination of modern cross sectional imaging and  endoscopic   studies, 
likely associating  ERCP   (with advanced cytology sampling) with EUS, and in expe-
rienced centers also nouvelle endoscopic techniques (such as cholangioscopy, IDUS 
or confocal endomicroscopy) when necessary can minimize the proportion of 
patients requiring diagnostic or staging  surgery  .  

    Recommendations 

     1.    For intrahepatic  cholangiocarcinoma  , cross sectional imaging and tissue acquisi-
tion are required for  diagnosis   and staging. The role of  endoscopy   is limited in 
this setting. (Evidence quality high; strong recommendation)   

   2.    Patients with suspected extrahepatic  cholangiocarcinoma   should have 
 MRI  / MRCP   and  CT   scan as initial  diagnosis   for local and distant staging. 
(Evidence quality high; strong recommendation)   
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   3.     ERCP   should be performed when tissue  diagnosis   and/or when biliary drainage 
is required. When available, advanced cytology techniques (FISH, DIA) should 
be added (Evidence quality moderate, strong recommendation)   

   4.    EUS should be considered for nodal staging of extrahepatic 
 cholangiocarcinoma  . 

 The risk of seeding should be considered before performing FNA in patients 
potentially candidates for curative  surgery   or biliary transplantation. (Evidence 
of quality low, weak recommendation)   

   5.    EUS should be the fi rst  endoscopic   modality for  diagnosis  , staging and tissue 
acquisition on distal  biliary obstruction   (Evidence of quality moderate, weak 
recommendation)   

   6.    In indeterminate  biliary obstruction  s, EUS and ultimately advanced  endoscopic   
techniques (cholangioscopy, IDUS, pCLE…) should be attempted prior to surgi-
cal approach. (Evidence of quality moderate, weak recommendation)         
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    Chapter 30   
 Management of Signifi cant Hemobilia: 
Hepatic Artery Embolization or Stenting?                     

       Mikin     V.     Patel     and     Jonathan     M.     Lorenz    

    Abstract     Hemobilia is a rare but potentially life-threatening cause of upper gastro-
intestinal bleed. Most common causes include iatrogenic injury and trauma with 
pseudoaneurysm the most common anomaly identifi ed. Therapeutic options include 
surgery, arterial embolization, or biliary stenting. Based on the etiology of hemobi-
lia, endoscopic or percutaneous biliary covered stenting can be considered to tam-
ponade the source of hemorrhage. However, in the majority of cases, angiography 
is required to identify and, ultimately, treat the source of bleeding with arterial 
embolization. Both arterial embolization and biliary stenting are effective, relatively 
safe, and cost effi cient approaches to treatment of hemobilia which can be used 
based on the etiology of hemorrhage.  

  Keywords     Hemobilia   •   Embolization   •   Biliary stenting  

      Introduction 

  Hemobilia   is relatively rare and can be diffi cult to recognize but is an important dif-
ferential  diagnosis   for obscure upper gastrointestinal hemorrhage. Hemobilia arises 
from communication between the biliary tract and vascular structures of the  liver  , 
hepatoduodenal ligament, extrahepatic biliary tree, gallbladder, or pancreas. As the 
pressure differential between the venous system and an obstructed bile tree is rela-
tively low, hemobilia is generally arterial in origin. 

 Although fi rst described by Francis Glisson in 1654 in a patient who sustained 
penetrating abdominal trauma during a sword duel, the vast majority of cases today 
are iatrogenic [ 1 ]. A review of 222 reported hemobilia cases from 1996 to 1999 by 
Green et al. found 147 (66 %) were iatrogenic in etiology with trauma (5 %), most 
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commonly motor vehicle accidents, gallstones (5 %), malignancy (6 %), vascular 
(9 %), and infl ammatory etiologies (7 %) comprising the remainder [ 2 ]. Rare, iso-
lated cases of hemobilia resulting from ascariasis, amoebiasis, and heterotopic gas-
tric mucosa have also been reported [ 3 – 5 ]. The majority of these reported cases of 
hemobilia followed  percutaneous    liver   biopsy with an incidence of 0.06–1 %, per-
cutaneous  cholangiography   with an incidence of 0.7 %, or percutaneous biliary 
drainage with incidence of 2.2–2.3 % [ 6 – 11 ]. However reports of bleeding as a 
complication of  endoscopic   retrograde  cholangiopancreatography   ( ERCP  ), particu-
larly after  sphincterotomy  , are also reported with incidence of 2–9 % [ 12 – 15 ]. 

 The cardinal features of hemobilia were described by Quincke in 1871 and 
included upper gastrointestinal hemorrhage, upper abdominal  pain  , and  jaundice   
[ 16 ]. Based on clinical symptoms, hemobilia can be divided into minor hemobilia, 
usually treated conservatively, and signifi cant hemobilia, which can be life- 
threatening. As with any hemorrhage, initial  management   include resuscitation, 
achievement of hemodynamic stability, and reversal of coagulopathies. Surgical 
management of hemobilia focuses on ligation of the bleeding vessel and/or excision 
of pseudoaneurysm with nonselective  embolization   of the right or left main hepatic 
arteries and segmental  liver    resection   as secondary options [ 2 ,  17 ]. 

 As many patients with hemobilia are acutely ill and unable to tolerate  surgery  , 
 minimally invasive   options for therapy are critical for stabilizing patients. 
Transcatheter arterial  embolization   (TAE) is considered the interventional treatment 
of choice; however covered  biliary stent   placement is a treatment option that can be 
considered and is seeing increasing use, especially in cases of post- ERCP   hemor-
rhage. This chapter addresses arterial embolization and  biliary stenting   as potential 
surgical alternatives for treatment of hemobilia.  

    Search Strategy 

 A literature search of English language publications from 1999 to 2014 was used to 
identity published data on treatment of hemobilia with arterial  embolization   or  bili-
ary stent   ing   using the  PICO   outline (Table  30.1 ). Databases searched were PubMed 
and Embase. Terms used in the search were “hemobilia,” “hemobilia/embolization,” 
“hemobilia/stent,” “biliary/hemorrhage/embolization,” and “biliary/hemorrhage/
stent.” Articles were excluded if they specifi cally addressed conservative treatment, 

   Table 30.1     PICO   table for non-surgical treatment options for hemobilia   

 P (patients)  I (intervention)  C (comparator group)  O ( outcomes   measured) 

 Patients with 
signifi cant 
hemobilia 

 Selective hepatic 
artery 
 embolization   

 Surgical ligation   Hemobilia   requiring surgical 
intervention, procedure related 
complication, LOS/return to work 

 Patients with 
signifi cant 
hemobilia 

 Biliary covered 
stent placement 

 Angiographic 
 embolization,   surgical 
ligation 

 Need for additional intervention, 
time to stent removal, adverse 
events 
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 endoscopic   treatment other than stenting, or surgical treatment of hemobilia. 
Thirteen cohort studies, nine case reports, and two reviews were included in our 
analysis. The data was classifi ed using the  GRADE   system.

       Results 

    Transcatheter Arterial Embolization 

 The existing literature regards TAE as the fi rst choice in therapy of signifi cant 
hemobilia. TAE is used for aneurysms, pseudoaneurysms, arteriovenous malforma-
tions, malignancy, and hemangioma both as defi nitive treatment and as a bridge to 
 surgery   for unstable patients. Portal vein thrombosis is a contraindication for TAE 
as there is a signifi cant risk for infarction. The  embolization   is performed with gela-
tin sponge, microcoils, polyvinyl alcohol particles, or cyanoacrylate. Reviews and 
retrospective studies have shown  success rate  s of TAE to be 75–100 % [ 2 ,  17 ,  18 ] 
(Table  30.2 ). Technical failure occurs due to anomalous vascular anatomy or tortu-
ous vessels. Rebleeding is generally a consequence of collateral vessels. 
Complications are generally limited to fever, abdominal  pain  , and elevation of 
transaminases but also include hepatic or gallbladder necrosis, gallbladder fi brosis, 
or hepatic abscess.

   Most reported cases of hemobilia treated with TAE are either iatrogenic or post- 
traumatic and, at angiography, pseudoaneurysm is the most common anomaly found 
irrespective of etiology. Marynissen reported successful treatment of hemobilia 
with TAE in 12 patients, 6 of which occurred following  liver   biopsy, but 2 of which 
followed  ERCP   with  sphincterotomy   [ 19 ]. Of the remaining patients, 2 had 
 hemobilia following  percutaneous   biliary drainage, one patient following a radio-
frequency ablation, and one patient following  cholecystectomy  . The angiographic 
evaluation revealed varying causes of hemobilia, most commonly pseudoaneurysm 

   Table 30.2    Clinical  outcomes   for transcatheter arterial  embolization   in hemobilia   

 Author (year)  N 
 Mean 
age 

 No cases requiring 
 surgery/  failure of TAE 

 Study type ( quality of 
evidence)   

 Marynissen (2012)  12  48  0  Retrospective cohort (low) 
 Murugesan (2014)  12  34  3  Retrospective cohort (low) 
 Cao (2013)  8  46  0  Retrospective cohort (low) 
 Moodley (2001)  29  22  0  Retrospective cohort (low) 
 Srivastava (2006)  32  NR  8  Retrospective cohort (low) 
 Forlee (2004)  7  27  1  Prospective cohort (low) 
 Koh (2013)  2  54  1  Retrospective cohort (low) 
 Rivera-Sanfeliz (2004)  8  53  1  Retrospective cohort (low) 
 Nicholson (1999)  9  53  0  Retrospective cohort (low) 

   NR  not reported  
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(n = 6), but also including arteriobiliary and  arterioportal fi stula  e. Angiographic 
fi ndings of the two cases following ERCP were not specifi cally identifi ed. Another 
series of 29 patients successfully treated with TAE, of which 23 had hemobilia 
related to penetrating or blunt abdominal trauma, found pseudoaneurysm in all 
patients and associated arterioportal fi stulae in 4 patients [ 20 ]. 

 Of the largest cohort studies, a series of 32 patients by Srivastava yielded a 75 % 
 success rate   of TAE in controlling hemobilia at 1-month followup [ 21 ]. Of note, the 
authors state that microcatheters were not used in this series, only 4-Fr and 5-Fr 
catheters. A 12 patient series by Murugesan also yielded a 75 % success rate of TAE 
with three failed embolizations due to inability to isolate the bleeding vessel, incom-
plete arterial occlusion, and misidentifi cation of the bleeding vessel [ 22 ]. However, 
a number of smaller retrospective series with up to 29 patients report 100 % success 
of TAE and a comprehensive literature review of cases from 1996 to 1999 reports 
success of 80–100 % reinforcing an overall high success rate of TAE in controlling 
signifi cant hemobilia [ 2 ,  18 ,  23 – 26 ]. 

 Given the relatively low number of cases of hemobilia reported in the literature 
and sparse data, it is diffi cult to estimate the benefi t of TAE in terms of the  cost   of 
treatment or length of stay reduction. The recovery time from TAE is likely to be 
considerably less than from  surgery   and, in a single series of 29 patients, all patients 
were able to return to work within 2 weeks of  embolization   [ 20 ]. 

 A number of complications of hepatic arterial  embolization   are reported, the 
most common of which are fever, abdominal  pain  , and elevation of transaminases. 
Post-embolization syndrome, a consequence of ischemic  liver   damage indicated by 
transient elevation of liver enzymes is well-recognized and is seen in approximately 
20–25 % of cases in most series but was as high as 75 % in a series reported by Cao, 
although this did resolve with conservative treatment [ 21 ,  23 ,  24 ]. Major complica-
tions related to the embolization procedure are rare but isolated cases were reported 
in the series reviewed. In one series, a patient who had hemobilia from trauma 
developed gallbladder necrosis post-embolization which was noted at time of  sur-
gery   [ 21 ]. Additional reported major complications included two separate patients 
who developed hepatic necrosis, abscess, and sepsis [ 18 ,  25 ]. Overall, however 
 morbidity   and  mortality   is relatively low and hepatic artery embolization is consid-
ered the procedure of choice for unstable patients.  

    Biliary Stenting 

 As hemobilia typically presents as upper gastrointestinal bleeding,  endoscopy   is an 
important diagnostic step in the evaluation of hemobilia to rule out common causes 
of bleeding such as erosive gastritis, peptic ulcers, esophageal or gastric  varices  . 
However, endoscopy is limited in specifi cally identifying hemobilia because the 
bleeding is often intermittent and there may be biliary duct obstruction with throm-
bus preventing direct visualization of blood fl owing from the papilla of Vater. Most 
series which evaluated hemobilia found that endoscopy was able to identify 

M.V. Patel and J.M. Lorenz



345

hemobilia in only 24–60 % of cases [ 19 – 22 ]. On the other hand, angiography is 
typically able to fi nd a vascular anomaly in over 90 % of hemobilia cases [ 19 ,  22 ]. 

 In addition to more commonly seen iatrogenic causes,  ERCP   with  sphincterot-
omy   often results in hemobilia, both immediately and in the delayed setting. This 
presents a special circumstance because the site of bleeding can typically be visual-
ized endoscopically. First line  endoscopic   therapy including epinephrine injection, 
balloon tamponade, or thermal therapy is usually attempted. Typically, if these tech-
niques fail patients require angiographic or surgical treatment. However, the use of 
covered self-expandable metallic stents (SEMSs) to tamponade the site of bleeding 
have also been reported. 

 The largest series of SEMS used to treat hemobilia included 11 patients, 10 of 
whom presented with delayed post- sphincterotomy  , and found successful hemosta-
sis without need for TAE or  surgery   in all cases [ 24 ]. Other series of 6, 5, and 2 
patients, most of whom presented with immediate post-sphincterotomy bleeding, 
also found successful hemostasis in all cases [ 25 – 27 ] (Table  30.3 ). Theoretical 
complications include  acute cholecystitis   or  cholangitis   induced by obstruction of 
cystic or other  bile duct  s, however this complication has not been reported in the 
literature. Of the larger case series described, spontaneous stent migration was seen 
in 8 of 22 (36 %) of patients and in one case, rebleeding was seen [ 24 – 26 ]. No stric-
turing or proximal stent migration was noted. Additional case reports describe the 
use of endoscopically-placed covered SEMS to successfully treat post- ERCP   hemo-
bilia forming a series of four successful cases of hemostasis achieved by  endoscopic   
 stent  ing [ 28 – 31 ].

   SEMSs can also be used to treat hemobilia of certain other etiologies such as 
 hepatocellular carcinoma   with  bile duct   invasion [ 32 ,  33 ]. In one of these cases, 
bleeding could not be stopped with TAE because the patient had undergone multiple 
prior sessions of transcatheter arterial chemoembolization.  Hemobilia   can also be 
treated with  percutaneous   stenting and can be the preferred option when there is a 
pre-existing percutaneous biliary drain. Three such reported cases describe success-
ful treatment of portobiliary fi stula with percutaneous stent-graft placement [ 34 , 
 35 ]. Although isolated, these cases highlight applications in which  biliary stent   
placement in hemobilia when TAE is not feasible or when percutaneous biliary 
access is already available. 

 Within the small set of reported cases of hemobilia there is an even smaller sub-
set of cases treated by  biliary stent   placement. Although  cost   or length of stay is not 
directly comparable with TAE or  surgery  , Shah et al. have suggested that biliary 

   Table 30.3    Clinical  outcomes   for biliary covered stenting in hemobilia   

 Author (year)  N 
 Mean 
age 

 Delayed 
bleeding 

 No cases requiring 
 embolization/   surgery   

 Study type ( quality of 
evidence)   

 Shah (2010)  5  62  2  0  Retrospective cohort (low) 
 Valats (2013)  6  68  1  0  Prospective cohort (low) 
 Itoi (2011)  11  76  10  0  Retrospective cohort (low) 
 Aslinia (2012)  2  42  2  0  Retrospective cohort (low) 
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SEMS placement for hemobilia is likely a cost-effi cient alternative [ 26 ]. As  ERCP   
is typically an early step during evaluation of hemobilia, stenting of endoscopically 
visible sources of bleeding may preclude the need for angiography. However, ade-
quate data to suggest the true rates of success, complications, and cost of stent 
retrieval are not currently available.   

    Recommendations 

  Hemobilia   is a relatively rare cause of upper gastrointestinal bleeding with a variety 
of etiologies and anomalies that can be identifi ed either angiographically or endo-
scopically. Although there is a distinct lack of high-quality  clinical trial   s   or large 
cohort studies, there are a number of small case series supporting the use of arterial 
 embolization   and  biliary stent   ing  . The body of evidence supports the use of  endo-
scopic   biliary covered stent placement to tamponade the source of bleeding when 
the anomaly is readily identifi able and accessible such as in the case of post- 
 sphincterotomy   bleeding. Additionally, in cases where  percutaneous   biliary access 
has already been established, percutaneous biliary stent placement is also an option. 
However, when there is risk of biliary duct obstruction, arterial embolization may 
be preferred. 

 In the majority of reported cases, hemobilia is due to iatrogenic injury from pro-
cedure such as  liver   biopsy or  percutaneous   biliary drain or from abdominal trauma. 
In these situations,  endoscopy   has demonstrated a low yield in identifying the source 
of hemorrhage. Angiography can identify the vascular anomaly in over 90 % of 
patients and treatment with TAE is successful in 75–100 % of cases. Reported com-
plications are rare and patient generally recover quickly. Thus, except in cases 
where the anomaly is easily visualized on endoscopy or accessed percutaneously, 
we make a weak recommendation that hemobilia be evaluated and treated with 
angiography and TAE.  

    A Personal View of the Data 

  Hemobilia   is relatively rare but optimal treatment relies on thorough consideration 
of the underlying etiology and anomaly. For post- sphincterotomy   bleeding,  biliary 
stent   ing   is likely the fastest and most  cost   effi cient option for treatment. Additionally, 
in the circumstance where the patient has  percutaneous   biliary access in place and a 
portobiliary fi stula can be identifi ed, biliary stent placement can be a viable option. 
However, most cases of hemobilia will not be easily amenable to or may be refrac-
tory to biliary stenting. Angiography is highly sensitive in identifying the source of 
bleeding and  embolization   has a high  success rate   with relatively rare complications 
so TAE continues to be the mainstay of treatment. In either case, whether placing a 
biliary stent for tamponade or embolizing angiographic abnormalities, these 
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interventional options reduce the cost of treatment and time to recovery for patients 
with hemobilia.  

    Recommendations 

•     For the majority of patients with hemobilia, angiography and transcatheter arte-
rial  embolization   should be the mainstays of evaluation and treatment (evidence 
quality low; weak recommendation).  

•   For patients with hemobilia post- endoscopic   intervention, we recommend an 
attempt at biliary covered stent placement at the time of  endoscopy   (evidence 
quality low; weak recommendation).  

•   We recommend considering  percutaneous   biliary covered stent placement if the 
patient already has percutaneous biliary access (evidence quality low; weak 
recommendation).        
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    Chapter 31   
 The Assessment of Ductal Margin in Curative- 
Intent Surgery for Perihilar 
Cholangiocarcinoma                     

       Nobuhisa     Akamatsu    ,     Yasuhiko     Sugawara     , and     Norihiro     Kokudo   

    Abstract     In the surgical approach for perihilar cholangiocarcinoma, one of the 
most important aims is to achieve a bile duct margin-negative resection because a 
negative resection margin is a crucial determinant of prognosis after curative-intent 
resection. Advances in the knowledge of perihilar anatomy and surgical techniques, 
including perioperative management, have made an extended hepatectomy with 
complete resection of the caudate lobe the recommended approach for a promising 
outcome after curative-intent surgery for perihilar cholangiocarcinoma. Enhanced 
multidetector-row computed tomography (MDCT) with three-dimensional and 
multiplanar reconstruction is necessary for both a precise preoperative evaluation of 
the tumor extent and safe and curative surgical resection, while the gold standard for 
preoperative assessment of the bile duct margin is cholangiography or MDCT/mag-
netic resonance cholangiography, depending on the surgeon’s preference.  

  Keywords     Ductal margin   •   Cholangiocarcinoma   •   Resection   •   Multidetector-row 
computed tomography   •   Tumor extent   •   Preoperative assessment  

      Introduction 

 Perihilar cholangiocarcinoma is a devastating disease, and its surgical  resection   is 
technically demanding and highly challenging for  hepatobiliary   surgeons. Complete 
surgical resection is the only way to cure this disease, leading many surgeons to 
adopt an aggressive approach to perihilar cholangiocarcinoma. With advancements 
in the knowledge and surgical techniques for this disease, curative-intent  surgery   for 
perihilar cholangiocarcinoma includes complete extrahepatic  bile duct   resection, 
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locoregional lymphadenopathy, and  hepatectomy  . Although long-term  survival   after 
curative-intent surgery for perihilar cholangiocarcinoma has dramatically increased 
to a 5-year survival rate of more than 30 % along with the evolution of surgical 
 management  , the  mortality   rates and complication rates after this challenging oper-
ation remain high, even in high-volume centers (mortality rate is usually under 
10 %, but the  morbidity   rate is up to 70 %) [ 1 ]. 

 In this challenging background, surgical  management   for perihilar cholangiocar-
cinoma is associated with many controversial ‘diffi cult decisions’, including those 
regarding preoperative biliary drainage; preoperative portal venous  embolization  ; 
and the extent of surgical  resection  , such as vascular resection, lymphadenectomy, 
and  hepatectomy   [ 2 ,  3 ]. Achieving a  bile duct   margin-negative resection, however, 
is one of the most important issues to consider in the surgical approach for perihilar 
cholangiocarcinoma. Meticulous evaluation of the ductal spread of the tumor is 
critical. 

 This chapter addresses the preoperative and intraoperative assessment of the 
ductal spread of hilar cholangiocarcinoma to achieve a negative margin (R0) in 
curative-intent aggressive  surgery  .  

    Search Strategy 

 A literature search of English - language publications from 2009 to 2014 (within the 
last 5 years) was used to identify published data on assessment of the  ductal margin   
in  surgery   for perihilar cholangiocarcinoma using the  PICO   outline (Table  31.1 ). 
We searched the PubMed, Embase, Science Citation Index/Social sciences Citation 
Index, and Cochrane  Evidence Based Medicine   databases. The search terms used 
were “perihilar cholangiocarcinoma” or “hilar cholangiocarcinoma” AND “surgical 
treatment” and “ diagnosis  ”. Case reports, and studies focusing only on the surgical 
technique or diagnostic approach, or dealing only with selected cases or specifi c 
technique were excluded. Finally, 51 cohort studies and 34 review articles were 
included in our analysis. No randomized control trials were identifi ed. The data 
were classifi ed using the  GRADE   (Grading of Recommendations, Assessment, 
Development, and Evaluation) system.

   Table 31.1     PICO   table for assessment of the  ductal margin   in curative-intent  surgery   for perihilar 
cholangiocarcinoma   

 P (Patients)  I (Intervention)  C (Comparator group) 
 O (Outcomes 
measured) 

 Patients undergoing 
curative- intent  surgery   for 
perihilar cholangiocarcinoma 

 Curative-intent 
 resection   

 Preoperative assessment 
of the  tumor extent   by 
cholangiography versus 
MDCT/MRC 

 R0  resection   rate, 
5-year patient 
 survival   

  Abbreviations:  MDCT   multidetector-row computed tomography  ,  MRC  magnetic resonance chol-
angiography  
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       Results 

    Importance of a Negative Resection Margin for Prognosis 
After Curative-Intent Surgery for Perihilar  Cholangiocarcinoma   

 In most of the published studies [ 4 – 12 ], a negative  resection   margin was considered 
the most important determinant of a better prognosis after curative-intent resection 
for perihilar cholangiocarcinoma . Median  overall survival   time was signifi cantly 
longer after a margin-negative resection than after a margin-positive resection: 
24–58 months versus 12–28 months. Accordingly, surgeons have attempted to 
achieve a negative  bile duct   margin using various aggressive approaches.  

    Achieving a Negative Bile Duct Margin: Hepatectomy 
Versus Bile Duct Resection 

 Curative-intent  surgery   for perihilar cholangiocarcinoma has evolved from an extra-
hepatic  bile duct    resection   to an aggressive approach, including meticulous and 
challenging hepatectomies. The benchmark study by Tsao and colleagues [ 13 ], 
comparing the Japanese (Nagoya) experience with the USA (Lahey) experience, 
with a  liver resection   rate of 89 % vs 16 %, a caudate lobectomy rate of 89 % vs 
8 %, and a resectability rate of 79 % vs 25 %, respectively, promoted an aggressive 
approach for hilar cholangiocarcinoma worldwide. While the  mortality   rate was 
higher in Nagoya (8 % vs 4 %), the margin-negative resection and 5-year  survival   
were signifi cantly higher in the Nagoya group (79 % vs 28 %, and 16 % vs 7 %, 
respectively). Recent convincing evidence indicates that aggressive surgical resec-
tion with  hepatectomy   signifi cantly improves patient survival [ 4 – 6 ,  10 ,  11 ,  14 ]; 
median  overall survival   time was 40–47 months in patients with hilar cholangiocar-
cinoma who underwent liver resection, while it was 15–30 months in those that 
underwent only bile duct resection. Type of hepatectomy also appears to be associ-
ated with margin-negative resection rates and long-term patient survival [ 15 ,  16 ].  

    Impact of Caudate Lobectomy in Hepatectomy for Hilar 
 Cholangiocarcinoma   

 Caudate lobectomy in  hepatectomy   for perihilar cholangiocarcinoma remains con-
troversial [ 17 ,  18 ]. Routine en bloc  resection   of the caudate lobe was initially advo-
cated by Japanese surgeons based on an anatomic viewpoint [ 19 ]. Perihilar 
cholangiocarcinoma frequently invades the caudate lobe  bile duct   and the caudate 
lobe appears to be a common site for locoregional recurrence after curative-intent 
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resection for perihilar cholangiocarcinoma. Further, extended hepatectomy, includ-
ing caudate lobectomy, increases margin-negative resections. Routine caudate 
lobectomy for perihilar cholangiocarcinoma is currently accepted in Western insti-
tutions [ 7 ,  20 ,  21 ]. Whether caudate lobectomy improves long-term patient  survival  , 
however, is controversial, with some reports [ 13 ,  17 ,  18 ] of a positive impact on 
survival and others [ 7 ,  10 ,  21 ] demonstrating no correlation with patient survival.  

    Preoperative Assessment of Perihilar  Cholangiocarcinoma   

 Preoperative  radiologic   evaluation is mandatory for accurate assessment of the 
 tumor extent  , which is integral to planning the surgical procedure. Preoperative 
evaluation of perihilar cholangiocarcinoma in terms of radical  resection   comprises 
a multidisciplinary approach with ultrasonography, helical- computed tomography  , 
 magnetic resonance imaging   (MRI) including MR cholangiography (MRC), direct 
cholangiography via  endoscopic   retrograde cholangiography or  percutaneous   tran-
shepatic biliary drainage, intraductal ultrasonography (IDUS), peroral cholangios-
copy, and biopsy [ 22 ]. 

 Among these, dynamic  multidetector-row computed tomography   (MDCT) is 
now widely used for preoperative evaluation and staging of hilar cholangiocarci-
noma, as it provides not only a qualitative  diagnosis   and indicates the extent of the 
tumor, but it also shows the relationship between adjacent tissues, such as the 
hepatic artery, portal vein, and liver parenchyma. 

 In enhanced MDCT,  bile duct    cancer   is often revealed as a focal thickening of the 
ductal wall with various enhancement patterns. The accuracy of the differential 
 diagnosis   of a malignant lesion from benign stenosis is reported to be over 90 %, 
with satisfactory accuracy in evaluating major vessel involvement and liver paren-
chyma invasion. Yet, lymph node metastasis remains diffi cult to diagnose preopera-
tively, even with the recent increased resolution of MDCT [ 23 ,  24 ]. Some authors 
report that MDCT is effective for evaluating longitudinal spread along the bile duct, 
demonstrating that the effi cacy is equivalent to that of evaluation using MRC or 
direct cholangiography [ 25 ,  26 ]. Additional important information obtained from 
MDCT and its three-dimensional (3D) and multiplanar reconstruction for surgeons 
is the precise arterial/portal/venous anatomy around the hepatic hilum and hepato-
duodenal ligament in relation to the tumor. MDCT and its 3D images and  multiplanar 
reconstructions are important for preoperative planning and for navigation during 
the operation [ 27 ]. 

 MRI with concurrent MRC provides 3D reconstruction of the biliary tree, and 
the diagnostic accuracy for evaluating perihilar cholangiocarcinoma is comparable 
to that of invasive cholangiography via  endoscopic   retrograde cholangiography or 
 percutaneous   transhepatic biliary drainage [ 28 ,  29 ]. MRI also facilitates evaluation 
of vertical tumor invasion, similar to MDCT. To exclude artifacts of biliary instru-
mentation and obtain precise images of ductal wall thickening and luminal stenosis/
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dilatation, both MDCT and MRC are strongly recommended before decompressing 
the biliary tree. 

 Despite the evolution of MDCT and MRC described above, direct cholangiogra-
phy remains the gold standard for the preoperative evaluation of ductal spread. 
While there are some drawbacks with the  endoscopic   or transhepatic approach, 
these procedures enable  bile duct   biopsy, IDUS, and choledochoscopy, all of which 
may enhance preoperative diagnostic accuracy.  

    Assessment of the Bile Duct Margin and Operative Outcome 

 To date, there has been no randomized controlled trial or comparative study regard-
ing assessment of the extent of perihilar cholangiocarcinoma. Thus, we collected 
recent retrospective cohort studies of curative-intent  surgery   for perihilar cholangio-
carcinoma from high-volume centers based on the following inclusion criteria; (1) 
published within the last 5 years, (2) included over 100 cases, (3) provided the 
 preoperative assessment   for ductal spread of the tumor, and (4) provided the R0 rate 
and 5-year  survival   rate. Finally, 12 studies comprising 2,343 cases of perihilar 
cholangiocarcinoma were enrolled in the present review (Table  31.2 ) [ 4 – 6 ,  10 – 12 , 
 16 ,  17 ,  30 – 33 ].

   Seven centers used cholangiography as the primary modality for  preoperative 
assessment   of the  bile duct   margin, while fi ve centers used MRC or MDCT as the 
primary modality for assessing the ductal spread of perihilar cholangiocaricinoma. 
Intraoperative assessment with frozen sections was routinely performed in four cen-
ters. The simultaneous  liver resection   rate was uniformly high (median 97 %, range 
75–100 %), with a median R0 rate of 75 % (range 63–89 %), and a median 5-year 
 survival   rate of 33 % (range 29–38 %). These homogeneous results represent the 
standardization of the surgical approach against perihilar cholangiocarcinoma 
within the last two decades. 

 When the cases were divided according to  preoperative assessment   of the  bile 
duct   margin, the R0 rate was 75 % (878/1169) with cholangiography and 77 % 
(884/1147) with MDCT or MRC, a difference that was not signifi cant. Similarly, 
collection of intraoperative frozen sections did not signifi cantly affect the R0 rate; 
with frozen sections, 69 % (554/799), and without frozen sections, 78 % (1208/1544).   

    Recommendations 

 In the absence of effective treatment other than surgical  resection  , curative-intent 
 surgery   should be planned for patients with perihilar cholangiocarcinoma. With the 
evolution of the knowledge of perihilar anatomy and surgical techniques, including 
perioperative  management  , extended  hepatectomy   with complete resection of the 
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caudate lobe is recommended in the absence of clinical restrictions, such as liver 
dysfunction or apparently insuffi cient remnant liver. Enhanced MDCT with 3D and 
multiplanar reconstruction is becoming mandatory both for precise preoperative 
evaluation of the  tumor extent   and safe and curative surgical resection of perihilar 
cholangiocarcinoma. In contrast, direct cholangiography remains the gold standard 
for preoperative evaluation of the  bile duct   margin, while the diagnostic accuracy of 
MDCT or MRC seems comparable to that of direct cholangiography. Given the 
absence of high quality evidence, the modality for preoperative evaluation of the 
bile duct margin and surgical planning can be selected based on the surgeon’s 
preference.  

    A Personal View of the Data 

 Considering that histopathologic examinations have low sensitivity, non-diagnostic 
cytology or biopsy results may not rule out cholangiocarcinoma in the presence of 
appropriate  radiologic   fi ndings. Further, due to the possibility of procedure-related 
complications, we do not recommend routine direct cholangiography and biopsy for 
 bile duct   margin evaluation in perihilar cholangiocarcinoma. MDCT with 3D and 
multiplanar reconstruction or MRC can replace these invasive modalities to evalu-
ate  tumor extent  . In patients with  jaundice   requiring biliary decompression, direct 
cholangiography via an inserted tube or IDUS and biopsy at the time of tube inser-
tion facilitates the  diagnosis  . The benefi t of additional  resection   based on a positive 
frozen section is controversial [ 34 ,  35 ], and we believe that preoperative surgical 
planning for an extended resection to achieve a negative margin to the extent pos-
sible is much more important. Additional resection of the bile duct may be techni-
cally limited. The best modality to gain the maximum diagnostic accuracy, achieve 
a high R0 resection rate, and improve patient  survival   remains to be investigated in 
future prospective studies.  

    Recommendations 

•     For patients with perihilar cholangiocarcinoma without distant metastasis, we 
recommend an extended  hepatectomy   with complete  resection   of the caudate 
lobe in curative-intent  surgery  .  

•   Enhanced MDCT with 3D and multiplanar reconstruction is mandatory for both 
precise preoperative evaluation of  tumor extent   and safe and curative surgical 
 resection  , while the gold standard for evaluation of the  bile duct   margin can be 
either cholangiography or MDCT/MRC, depending on the surgeon’s preference.  

•   We recommend that the initial  resection   be extended as far as possible to achieve 
a negative margin, rather than performing additional resection based on a posi-
tive margin determined from routine intraoperative frozen sections.        
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    Chapter 32   
 Management of Early Post-transplant Portal 
Vein Thrombosis: Results of Interventional 
Techniques Versus Surgical                     

       Jonathan     M.     Lorenz      and     Mikin     V.     Patel   

    Abstract     Portal vein thrombosis (PVT) is an uncommon complication of liver 
transplantation, occurring in less than 4 % of patients. PVT can be immediately life- 
threatening when it presents with signs and symptoms during the acute stage in the 
general population or early after liver transplantation. In transplant recipients, most 
cases present early, which results in a greater risk of loss of the liver graft. Despite 
substantial morbidity associated with PVT in liver transplant recipients, scant pub-
lished literature exists to guide clinical management. Limited, small retrospective 
series address PVT in the general population, but the surgical or endovascular man-
agement of PVT in transplant recipients is rarely addressed. Anticoagulation is stan-
dard therapy in patients with native livers, but in the setting of early post- transplant 
PVT, this treatment as a sole option is usually insuffi cient given the tendency toward 
clinical progression and graft loss. No consensus exists regarding the appropriate 
application of surgical or endovascular revascularization, but endovascular thera-
pies may avoid the risks of re-do operations in transplant patients.  

  Keywords     Portal thrombosis   •   Liver transplant   •   Thrombolysis   •   Thrombectomy  

      Introduction 

 Portal vein thrombosis (PVT) with or without involvement of the mesenteric vein 
(portal-mesenteric venous thrombosis: PMVT) is an uncommon complication of 
 liver transplant   ation   [ 1 – 4 ] in the absence of pre-transplant thrombosis or other por-
tal venous pathology. In patients with native livers, up to 75 % of cases of PVT 
result from an identifi able cause – most commonly hypovolemic and hypercoagu-
lable states, and abdominal infection, infl ammation or  surgery   [ 5 ].  Liver   transplant 
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recipients often have a combination of these factors in addition to an increased risk 
of mechanical obstruction of the portal vein. 

 PVT can be immediately life-threatening when it presents with signs and symp-
toms during the acute stage (<7 days) in the general population or early (<30 days) 
after  liver transplant   ation  . Cases that present in the second to fourth week after 
thrombosis are considered subacute. Most transplant-related cases occur in this 
early period [ 3 ,  6 ], which predisposes these patients to a high risk of graft loss. 
Acute presentation increases the risk of progression to PMVT, which carries a 
higher risk of bowel infarction, peritonitis, complications of portal hypertension, 
and death. The need for emergent  surgery   in such cases adds additional  morbidity  . 
Persistence of untreated PVT to the chronic stage may result in portal hypertension 
and limited options for surgical shunt placement or retransplantation. 

 Evidence-based evaluation of the risks and  outcomes   of both surgical and endo-
vascular techniques to manage PVT is made diffi cult by its low incidence, which 
has heretofore prevented the publication of prospective comparative trials and lim-
ited the publication of large, retrospective series. Surgical or endovascular revascu-
larization may offer a durable solution, but no expert consensus exists regarding the 
appropriate application of these techniques. Endovascular techniques for PVT 
remain in the feasibility and pilot stages, but these therapies promise to avoid the 
risks of re-do operations in select post-surgical patients. Some guidance regarding 
technical success, clinical success, and complication rates can be gleaned from a 
review of the few published cases related to transplant patients coupled with pub-
lished retrospective studies evaluating relevant therapies that have been applied to 
patients with native livers complicated by PVT.  

    Search Strategy 

 A literature search of English language publications from 1980 to 2014 was used to 
identify published series on the application of surgical or endovascular revascular-
ization for the treatment of PVT and PMVT in  liver transplant   recipients as well as 
patients with native livers. The decision to include PVT in non-transplant patients 
resulted from an exceedingly low number of published cases describing endovascu-
lar therapies that are applicable to transplant patients. The  PICO   outline was used 
(Table  32.1 ). Databases searched were PubMed and Embase. Terms used in the 

   Table 32.1     PICO   table for the  management   of PVT and PVMT   

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients 
with PVT 
or PMVT 

 Endovascular 
revascularization 

 Surgical 
revascularization 

 Restoration of PV patency, resolution 
of clinical signs and symptoms, 
recurrence, complications 
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search were “portal/thrombosis/anticoagulation,” “portal/thrombosis/revasculariza-
tion,” “portal/thrombosis/transplant,” “portal/thrombosis/thrombolysis,” and “por-
tal/thrombosis/thrombectomy.” The data was classifi ed using the  GRADE   system. 
Seven retrospective cohort studies and one prospective pilot study were included 
(Table  32.2 ).

        Results 

    Clinical Relevance of PVT After  Liver   Transplantation 

 PVT occurs in less than 4 % [ 2 – 4 ] of  liver transplant   recipients, but it typically 
occurs within 30 days of transplantation, resulting in a high risk of graft loss. The 
relevance of PVT is increasing as transplantation in the setting of pre-transplant 
PVT has gained support in the published literature [ 7 ,  8 ].  Liver   transplantation is 
performed in patients with pre-existing PVT in 2–26 % of cases, and rethrombosis 
occurs in 6.2–28.6 % of those patients [ 9 ]. Improving surgical options for patients 
with pre-transplant PVT [ 10 ] may result in an increased incidence of post-transplant 
PVT. Thus, the relevance of the best application of surgical and endovascular thera-
pies is likely to increase. To date, no studies specifi cally quantify the impact of 
post-transplant PVT on cost, hospital stay,  morbidity   and  mortality  .  

    Treatment Strategies 

 The existing published literature regards surgical revascularization as a fi rst-line 
intervention to salvage the liver graft after early, post-transplant PVT. Since publi-
cations addressing treatment options for post-transplant PVT are limited to a few 
case reports and a short case series, this analysis was expanded to review endovas-
cular treatment options that have been applied to PVT when it occurs in the general 
population. In such cases, nonsurgical options include anticoagulation alone or in 
combination with endovascular techniques such as catheter-directed thrombolysis, 
mechanical thrombectomy, balloon angioplasty, and stent placement – often in 
combination. The success rates of these therapies in patients with native livers, and 
their relevance to  liver transplant   recipients are addressed. 

 Treatment choices vary with factors such as operator preference, the time 
interval since major  surgery  , symptom duration and progression, and the extent 
of thrombosis. At minimum, the published literature supports the feasibility of 
endovascular revascularization of acute to subacute PVT not complicated by 
bowel infarction or peritonitis, and suggests that 30-day  mortality   rates, compli-
cation rates, and long-term patency rates are at least comparable to surgical 
alternatives. 

32 Management of Early Post-transplant Portal Vein Thrombosis: Results…
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    Anticoagulation 

 Early initiation of anticoagulation has been standard practice for acute PVT for 
decades, and this approach is endorsed by the American Association for the Study 
of  Liver   Diseases (AASLD) guidelines [ 11 ]. In patients with native livers, antico-
agulation is the most commonly employed sole treatment strategy, and in any 
patient, anticoagulation limits the risk of clot progression. Senzolo et al. performed 
a prospective study of 56 cirrhotic patients with PVT in native livers demonstrating 
that anticoagulation alone achieved a rate of recanalization, either partial or com-
plete, of 63 %, whereas failure to treat with anticoagulation achieved a rate of only 
5 % [ 12 ]. In addition, with anticoagulation, only 15 % progressed compared to 71 % 
of patients without anticoagulation. In the general population, anticoagulation to 
treat PVT has been shown to increase  survival   and increase symptom-free survival 
[ 13 ,  14 ], and durable results can be expected as long as patients pass the hurdle of 
increased  morbidity   and  mortality   associated with PVT that presents within 1 month 
[ 13 ]. 

 In patients with native livers, PVT results in late complications in 83.3 % if 
recanalization is not achieved and in 27.3 % after successful recanalization [ 15 ]. At 
minimum, these results support the use of endovascular techniques for revascular-
ization in cases likely to persist or progress despite anticoagulation. Such cases 
include  liver transplant   recipients, cirrhotics, Budd-Chiari patients, and any patient 
with poor or diminishing liver function. Intrahepatic PVT occurring early after  liver 
transplantation   severely limits the application of anticoagulation as a sole treatment 
option since such cases are associated with  biliary stricture   formation [ 16 ], hepatic 
infarction [ 17 ] and death [ 18 ] in published series and case reports. PVT after trans-
plantation causes reduced 5-year  survival   [ 6 ] and a high risk of graft loss, particu-
larly when it presents early [ 3 ]. Therefore, early post-transplant PVT is more likely 
to prompt fi rst-line treatment with invasive revascularization techniques in conjunc-
tion with the limited role of anticoagulation as an adjunctive therapy to prevent 
progression or recurrence. Duffy et al. [ 18 ] reported a graft salvage rate of 46 % for 
48 patients with post-transplant PVT treated only with anticoagulation, but the 
interval between transplant and PVT was not specifi ed. In any patient with clinical 
signs of bowel ischemia, endovascular or surgical  management   is warranted since 
 mortality   rates over 50 % have been described [ 5 ,  18 ].  

    Surgical Revascularization 

 Literature supporting surgical over endovascular revascularization for early PVT is 
limited. Jensen et al. performed a case-control study of pediatric  liver transplant   
recipients. In 15 patients out of 415 recipients, early portal vein thrombosis (occur-
ring in less than 30 days) was noted [ 1 ]. Operative restoration of portal fl ow was 
achieved in 60 %. The authors noted that patients with early portal vein thrombosis 
had preserved allograft function and no increase in  mortality  ; they recommended 
multi-institutional studies. Duffy et al. [ 18 ] reported a graft salvage rate of 32 % for 
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22 patients that underwent surgical revision with thrombectomy for post-transplant 
PVT, and retransplantation in 20 of 84 cases of post-transplant PVT. Again, for all 
cases, the interval to PVT was not specifi ed.  

    Thrombolysis Without Mechanical Methods 

 Thrombolysis without mechanical thrombectomy has been applied to PVT and 
PMVT for decades in patients with native livers. Hollingshead et al. retrospectively 
reviewed 20 acute or subacute cases; thrombolysis alone resulted in partial to com-
plete resolution of thrombus by imaging in 75 %, symptom resolution in 85 %, and 
a 60 % major complication rate [ 19 ]. The route of delivery of thrombolytic agent 
varied and included cases of catheter-directed venous infusion, mesenteric arterial 
infusion, or a combination. 

 Liu et al. retrospectively reviewed 46 patients with acute or subacute PVT or 
PMVT treated with thrombolysis and reported partial to complete resolution in 74 
%, but in this study, no major complications were encountered [ 20 ]. For 32 patients 
(70 %), catheter-directed venous thrombolysis was the sole route of delivery of 
thrombolytic agent rather than combined mesenteric arterial and venous infusion, a 
possible explanation for the low complication rate. The majority exhibited both 
SMV and portal venous thrombosis. Partial or complete clearance of thrombus was 
observed in 100 %, and the 4-month recurrence rate was only 10 %. This study 
lends support for the application of venous catheter-directed thrombolysis as a bet-
ter fi rst-line option than the combination of venous and arterial thrombolytic deliv-
ery in the majority of cases. When complete clearance of thrombus fails to establish 
hepatopetal portomesenteric fl ow, mesenteric arterial infusion of thrombolytic 
agents may become an option. 

 De Santis et al. performed a short prospective pilot study using catheter-directed 
portal venous thrombolysis to treat PMVT in nine patients with  cirrhosis   [ 21 ]. 
They achieved partial to complete clearance in eight of nine patients and noted one 
recurrence. As expected, variceal pressure dropped from 30.7 ± 4.5 mmHg to 
21.2 ± 6.6 mmHg (p = 0.012).  

    Mechanical Methods with Thrombolysis 

 Luo et al. retrospectively reviewed 18 patients that presented with subacute, symp-
tomatic PMVT and were treated with balloon dilatation, sheath-directed thrombus 
aspiration, and thrombolysis with creation of an intrahepatic portosystemic shunt 
for access and treatment [ 22 ]. Thrombolysis was performed over a mean duration of 
65.3 ± 29.5 h. The mean portosystemic gradient dropped from 33.8 ± 4.9 mmHg to 
15.4 ± 2.1 mmHg (p < 0.001) as a result of treatment. Clinical success rate was 94.4 %. 
Complications included one death, one patient with mild hepatic encephalopathy, 
and one patient with hemothorax, the latter two cases managed conservatively. 
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During a mean follow-up duration of 18.6 ± 17.5 months, fi ve patients experienced 
symptomatic  TIPS   malfunction and all others experienced no further recurrence. 

 While quality data is lacking, mechanical thrombectomy devices promise to 
improve clot clearance and shorten the interval required for thrombolysis, thereby 
improving technical success, patency rates, and complication rates in a manner sim-
ilar to results seen for their application to deep venous thrombosis. Kim et al. per-
formed a small, retrospective cohort study of 11 patients with acute to subacute 
thrombosis variably involving the portal and superior mesenteric veins [ 23 ]. In all 
patients, the strategy applied was initial therapeutic heparinization followed by 
 percutaneous  , transhepatic thrombectomy using an endovascular mechanical 
device. In 10 of 11 patients, catheter-directed thrombolysis followed via the tran-
shepatic access sheath. Balloon dilatation was used to treat underlying stenoses, and 
all patients were transitioned from post-procedure heparinization to long-term 
Warfarin. The authors report immediate restoration of fl ow in 90.9 % of patients, all 
of whom experienced rapid symptom relief. One case was complicated by hemotho-
rax requiring a chest tube, and one patient died after unsuccessful restoration of 
fl ow. This patient was a poor surgical candidate for whom endovascular recanaliza-
tion was attempted despite presentation with peritonitis and sepsis. For the remain-
ing nine patients, no recurrent signs or symptoms of PMVT were noted during a 
mean follow-up period of 42 months ± 22.5. These preliminary results suggest that 
durable results can be achieved with revascularization followed by long-term 
anticoagulation.  

    Mechanical Methods Without Thrombolysis 

 For patients that require revascularization for acute to subacute PVT or PMVT but 
for whom thrombolysis may be contraindicated due to factors such as very recent 
transplantation or ongoing bleeding, some endovascular options may still apply. 
Cao et al evaluated balloon angioplasty with or without stent placement in 14 
patients with PMVT of variable underlying causes and achieved partial to near- 
complete clearance with brisk hepatopetal fl ow in all patients and a persistent 50 % 
residual narrowing in only one patient [ 24 ]. Initial clinical success was 93 %. One 
patient experienced acute rethrombosis in 8 days, and over a mean follow-up period 
of 16.3 months, rethrombosis occurred in 43 %. Despite the high rethrombosis rate, 
this small study shows the feasibility of treating some cases of PVT and PMVT 
without thrombolytic agents.    

    Recommendations 

•     Anticoagulation is an option for a sole treatment strategy when subacute PVT or 
PMVT occurs in patients with native livers, but is rarely an option for early PVT 
after  liver transplant   ation  . Anticoagulation typically augments surgical or 
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 endovascular revascularization in liver transplant recipients (evidence quality 
low, weak recommendation).  

•   Choice of intervention for revascularization should be made based on local 
expertise, the  timing   of symptom progression, the status of the patient as a surgi-
cal candidate, and treatment-specifi c contraindications. Little precedent exists in 
the published literature for establishing an algorithm for the application of surgi-
cal and endovascular therapies for PVT and PMVT, although the success of both 
options has been established in limited retrospective cohort studies and case 
reports (evidence quality low, weak recommendation).     

    A Personal View of the Data 

 Large, prospective cohort studies that directly address PVT and PMVT in the early 
period after  liver transplant   ation   are unlikely to be forthcoming, given the low inci-
dence of this complication in an already limited cohort of liver transplant recipients. 
Such studies would require multi-institutional cooperation. As a result, local opin-
ion and expertise tends to trump evidence-based practice when managing this con-
dition. While complication rates vary from 0 to 60 % for endovascular techniques, 
most  morbidity   is managed conservatively and tolerated well, especially when com-
pared with the morbidity associated with re-do  surgery  . At a minimum, in liver 
transplant patients, PVT threatens graft and patient  survival   and all therapeutic 
options should be available in transplant centers.     
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    Chapter 33   
 When Should Patients with Bleeding 
Esophageal Varices Undergo TIPS Versus 
Endoscopic Therapy?                     

       John     N.     Gaetano     and     K.     Gautham     Reddy    

    Abstract     Acute variceal bleeding is a serious sequela of cirrhosis and portal hyper-
tension, which carries signifi cant morbidity and mortality. Advances in therapeutic 
techniques as well as accessibility and overall safety of esophagogastroduodenos-
copy (EGD) allowed for endoscopic management to emerge as fi rst line therapy two 
decades ago, and remain fi rst-line therapy today. Transjugular intrahepatic portosys-
temic shunt (TIPS) is a critical rescue therapy for those that fail endoscopic man-
agement, while rescue TIPS carries signifi cant morbidity and mortality, efforts to 
identify patients that are likely to fail endoscopy and benefi t from early TIPS are 
ongoing. Surgical portosystemic shunts, particularly distal splenorenal shunt, can 
be considered for refractory bleeding in ideal patients with minimal comorbidities, 
where surgeon experience is adequate and TIPS cannot be performed.  

  Keywords     Acute variceal bleeding   •   Esophageal varices   •   TIPS   •   Endoscopic band 
ligation   •   Splenorenal shunt  

      Introduction 

 Acute hemorrhage of  esophageal varices   continues to cause signifi cant  morbidity   
and  mortality   among those with portal hypertension. Primary and secondary pro-
phylaxis, antibiotic and vasoactive drug administration, and improvements in  endo-
scopic   therapy have led to a decrease in the rates of hospitalization and decreased 
rates of mortality over the last two decades [ 1 ,  2 ]. However, the in-hospital mortality 
of acute variceal bleeding remains strikingly high: up to 32 % in those with 
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Child-Turcotte-Pugh (hereafter referred to as ‘Child-Pugh’) class C  cirrhosis  , mak-
ing the  management   of acute variceal bleeding a diffi cult challenge [ 2 ]. 

 The backbone of therapy of acute variceal hemorrhage requires prompt attention 
to airway  management  , initiation of volume resuscitation, vasoactive therapy, anti-
biotic prophylaxis, and  endoscopic   therapy. Endoscopic band ligation, and previ-
ously endoscopic sclerotherapy, is the cornerstone of therapy. There remains a need 
for rescue therapies and alternatives to  endoscopy  , namely transjugular intrahepatic 
portosystemic shunt ( TIPS  ) placement, balloon tamponade, and surgical portosys-
temic shunt formation. Timing and indications of rescue therapies lacks a standard-
ized approach, and is the topic of this chapter.  

    Search Strategy 

 A literature search of English language publications from 1990 to present was used 
to identify published data on surgical shunt,  endoscopic   therapy and transjugular 
intrahepatic portosystemic shunt ( TIPS  ) for the  management   of acute variceal 
bleeding. Database searched was PubMed. Terms used in the search were “acute 
variceal hemorrhage/bleeding” AND “endoscopic therapy” OR “TIPS” OR 
“Surgical portosystemic shunt.” The  PICO   model was used for literature search 
stratifi cation (Table  33.1 ).

       Results 

    First Line Therapy 

 Endoscopic therapy as fi rst-line therapy for acute variceal hemorrhage became 
consensus in the early 1990s. It was universally accepted in guidelines in 1995 
[ 3 ], when  endoscopic   band  ligation   (EBL) was established as an alternative to 
endoscopic sclerotherapy (ES). While EBL and ES have almost equal rates of 
immediate hemostasis (89% and 88 %, respectively), in a meta-analysis of seven 
randomized trials, ES is associated with higher rates of re-bleeding (31 % vs. 
47 %), higher  mortality   (24 % vs. 32 %), and  stricture   formation (0 % vs. 11 %) [ 4 ]. 
Furthermore, multiple studies have reported that complications as a result of 
therapy with EBL are signifi cantly less frequent when compared with ES, 11 % 
vs. 25 % [ 5 – 7 ]. 

  Table 33.1    Stratifi cation of 
the literature search using the 
 PICO   model  

 Patients  Acute esophageal variceal hemorrhage 

 Intervention  Endoscopic band ligation or sclerotherapy 
 Comparator   TIPS   or surgical shunt 
 Outcomes  Mortality,  morbidity   
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 Initial  endoscopic   therapy fails to control bleeding in 10–20 % of those who 
present with acute variceal bleeding. Of those that are initially controlled with endo-
scopic therapy, rebleeding occurs in up to 30 % [ 8 ]. Failed therapy is been defi ned 
as a failure to control bleeding, if the patient dies, or any one of the following are 
met: (1) Fresh hematemesis or nasogastric aspiration of ≥100 mL of fresh blood >2 
h after the start of a specifi c therapy, (2) development of hypovolemic shock, or (3) 
a 3-g hemoglobin drop within any 24 h period if no transfusions are administered. 
Rebleeding is defi ned as any bleeding that occurs more than 48 h after the initial 
admission for variceal hemorrhage, provided there has been at least a 24-h period 
without bleeding. “Early rebleeding” is defi ned as rebleeding within 6 weeks of the 
onset of the initial bleed, while “late rebleeding” is defi ned as rebleeding after 6 
weeks [ 9 ].  

    Rescue Therapies 

 Patient’s at high risk of early rebleeding (within 6 weeks) have the following char-
acteristics: age >60, alcoholic  cirrhosis  , initial hemoglobin <8, thrombocytopenia, 
encephalopathy,  ascites  , bleeding seen at  endoscopy  , red color signs (red wale signs) 
on  varices  , large varices, high hepatic-venous pressure gradient (HVPG), and renal 
failure. Risk factors associated with late rebleeding include:  Liver   failure, ascites, 
hepatocellular carcinoma, active alcohol drinking, and red wale signs [ 10 ]. 

 For patients who fail  endoscopic   therapy or in whom early rebleeding occurs, the 
next therapeutic option is a critical decision point. In patients with rebleeding fol-
lowing initially successful endoscopic therapy, a second attempt at endoscopic ther-
apy is reasonable, although data is limited in support of this approach [ 9 ]. In the 
event of failure of initial endoscopic therapy or if a second rebleeding event occurs, 
consensus guidelines from the American Association for the Study of  Liver   Disease 
(AASLD), suggest an alternative modality should be considered. 

    Balloon Tamponade 

 Balloon tamponade is a temporary measure of achieving hemostasis by direct com-
pression of bleeding  varices   and should be considered a bridge to a more defi nitive 
treatment. Two types of oral-gastric tubes exist, the Sengstaken-Blakemore tube and 
the Minnesota tube. Both tubes contain a gastric balloon and an esophageal balloon 
with an aspiration port between the two. The Minnesota tube has an aspiration port 
proximal to the esophageal balloon as well. The defl ated tube is placed with the 
distal end into the stomach, then, the gastric balloon is infl ated and pulled upward 
until secure at the GE junction. When the gastric balloon alone is insuffi cient to 
control bleeding the esophageal balloon is infl ated. Esophageal balloon infl ation 
increases the risk of necrosis at the GE junction. The gastric balloon tube should not 
be infl ated for more than 48 h in order to prevent necrosis, and the esophageal 
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balloon should be defl ated every 12 h to prevent necrosis. Twenty to thirty percent 
of patients undergoing balloon tamponade have complications related to tube place-
ment and include aspiration pneumonia, esophageal tears or rupture [ 11 ]. One series 
reported effective control of bleeding with tube placement in 79 % of patients [ 12 ], 
making tamponade an effective means for temporary control of severe hemorrhage 
while awaiting defi nitive treatment with  TIPS   or  surgery  .  

     TIPS   

 Transjugular intrahepatic portosystemic shunt ( TIPS  ) was developed as a  minimally 
invasive   shunt, designed to create portosystemic  bypass   with the primary advantage 
of avoiding major  surgery  , while maintaining blood fl ow to the liver. TIPS is widely 
considered salvage therapy for the 10–20 % of patients that fail fi rst-line therapy. 
The fi rst two large series reporting  outcomes   for TIPS for the  management   of recur-
rent variceal bleeding (only 10 % were emergent cases), yielded 92 % success in 
achieving hemostasis, with overall 1-year  survival   rates of 75–100 %, 68–86 %, and 
49–73 % percent for Child-Pugh A, B, and C, respectively [ 13 ,  14 ]. 

 For patients with acute bleeding refractory to  endoscopic   therapy, emergent or 
“salvage”  TIPS   is also very effective, controlling bleeding in 94 % of patients with 
low rebleeding rates. However, the 30-day  mortality   is 30 %, with only half of all 
patients surviving to 1 year [ 15 ]. The high mortality among those requiring rescue 
therapies likely refl ects the severity of liver disease and the underlying degree of 
portal hypertension in this population. Furthermore, the delay between initial bleed 
and TIPS placement, number of endoscopic attempts, and need for balloon tampon-
ade correlates with increased mortality when using TIPS as a salvage therapy [ 11 ]. 
In order to decrease the mortality of TIPS, attempts have been made to identify 
patients most likely to fail endoscopic therapy, and potentially undergo earlier TIPS 
placement, in order to improve  survival  . The strongest predictor of negative out-
come is a HVPG greater than 20 mmHg, in which patients are 4–5 times more likely 
to fail medical and endoscopic therapy [ 16 ,  17 ]. HVPG measurement is not routine 
practice in the setting of acute bleeding in the United States. Risk factors for a 
HVPG >20 include Child-Pugh C  cirrhosis  , non-alcohol related cause of cirrhosis, 
systolic blood pressure at the time of bleeding of less than 100 mmHg, or active 
bleeding at the time of  endoscopy   [ 17 ,  18 ].  

    Early  TIPS   

 Two randomized trials have shown that early  TIPS   (within 24–72 h of admission) is 
associated with signifi cant improvement in  survival   among high-risk patients 
(Child-Pugh class B and C patients and/or those with hepatic vein-portal gradient 
(HVPG) >20 mmHg) [ 12 ,  19 ]. The fi rst of these two randomized studies, utilized 
measurement of hepatic venous pressure gradient within 24 h of admission of acute 
variceal bleed. All patients received  endoscopic   sclerotherapy and those with HVPG 
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>20 were randomized to TIPS or continued medical therapy. Those receiving TIPS 
had less rebleeding (12 % vs. 50 %), in-hospital  mortality   (11 % vs. 38 %) and 
1-year mortality (31 % vs. 65 %) [ 19 ]. Of note, neither control nor treatment group 
received continuous vasoactive therapy. Furthermore, the decision to place TIPS 
was determined by HVPG measurement, a tool that is not widely available. 

 A subsequent randomized trial evaluated early  TIPS   versus EBL in Child-Pugh 
B and C patients with acute variceal bleeding. Medical therapy plus EBL had sig-
nifi cantly more rebleeding or failure to control bleeding when compared to TIPS 
(TIPS, 1/32 patients; EBL, 14/31 patients) [ 12 ]. ICU stay was shortened in the early 
TIPS group. The rate of  survival   at 6 weeks was 97 % in the TIPS group compared 
with 67 % in the EBL group. No signifi cant differences were reported in serious 
adverse events, including number or severity of hepatic encephalopathy (TIPS, 
25 %; EBL, 39 %). Although not statistically signifi cant, the rate of acute  liver fail-
ure   was 9 % in the TIPS group compared to 3 % in the EBL group [ 12 ]. This study 
was underpowered to show a signifi cant difference in rate of acute liver failure and 
excluded patients greater than 75 years of age and Child-Pugh score greater than 13 
points [ 12 ].  

    Complications of  TIPS   

 Early complications of  TIPS   are most commonly related to the direct shunting of 
portal fl ow into the venous system and include: heart failure (increase venous return/
preload),  liver failure   (ischemia) and hepatic encephalopathy (less toxin clearance). 
The reported incidence of new onset or worsening hepatic encephalopathy ranges 
from 13 to 35 % of those undergoing TIPS [ 20 ]. In addition, the nature of the pro-
cedure itself has risks independent of the effect of shunting. These procedural risks 
include liver capsular perforation, puncture of the gall bladder or a  bile duct  , and 
hepatic artery injury requiring coil  embolization   or  surgery  . 

 Systematic risk stratifi cation for who should undergo  TIPS   was fl awed when the 
Child-Pugh system was applied as this system was originally designed to determine 
risk for undergoing surgical portosystemic shunt, and has limitations when applied 
to TIPS. Most patients requiring emergent TIPS for bleeding are class C, and the 
system only divides patients into low, intermediate and high risk. Furthermore, the 
model uses subjective measures such as encephalopathy and  ascites  , which can be 
altered by therapy. The creation of the Model for End-stage  Liver   Disease ( MELD  ) 
score, which is now universally used for  liver transplant   listing, was initially 
designed to predict 3-month  mortality   in patients undergoing elective TIPS. The 
MELD score utilizes objective measures of total serum bilirubin, serum creatinine, 
and prothrombin time to risk stratify patients [ 21 ]. The score was later validated to 
predict 1-month mortality, concluding that patients with a MELD score of >24 
undergoing elective TIPS are at higher risk of early death [ 22 ]. 

 In the early era of  TIPS  , bare metal expandable stents were found to be particular 
vulnerable to stenosis from pseudointimal hyperplasia within the stent, occurring in 
30–70 % of patients within 1 year [ 23 ], and by 2 years virtually all patient develop 
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some degree of stenosis [ 24 ]. The advent of polytetrafl uoroethylene (PTFE) covered 
stents led to a dramatic improvement in stent patency, without an impact of rebleed-
ing, encephalopathy, or  survival  . The frequency of stenosis declined to 18 % at 1 
year, while patency improved from 36 to 76 % at 2 years [ 25 ]. 

 There are important contraindications and relative contraindications to  TIPS   that 
require consideration (Table  33.2 ). Absolute contraindications to TIPS are primary 
prevention of variceal bleeding, congestive heart failure, severe pulmonary hyper-
tension, multiple hepatic cysts, uncontrolled systemic infection or sepsis, and unre-
lieved  biliary obstruction  . Relative contraindications include hepatoma if centrally 
located, obstruction of hepatic veins, portal vein thrombosis, severe coagulopathy 
(INR >5), platelets <20,000/cm 3 , and moderate pulmonary hypertension [ 26 ].

       Surgical Shunt 

 For more than half a century, the creation of a surgical portosystemic shunt has been 
used to  bypass   the site of increased resistance (cirrhotic liver), thereby decreasing 
portal venous pressure, and control (and prevent) variceal bleeding. The direct porto-
caval shunt was prominent in the 1960s–1970s, and while very effective in controlling 
bleeding, there was signifi cant operative  morbidity  , induction of  liver failure  , and 
worsening of acute and chronic hepatic encephalopathy related to complete redirec-
tion of portal blood fl ow. The distal  splenorenal shunt   (DSRS) took root in the 
1970s–1980s followed by the interposition “C” or “H” graft portocaval shunts in the 
1990s and 2000s. These small-diameter portocaval shunts are partial portosystemic 
shunts that effectively reduce portal pressure while preserving nutrient blood fl ow to 
the liver, minimizing postoperative encephalopathy and liver failure. Surgical shunting 
effectively reduces portal pressure [ 27 ] and controls acute bleeding in 99–100 % of 
patients undergoing  surgery   [ 28 ], however given the poor short term  survival   among 
Child-Pugh C patients [ 27 ] and considerable morbidity from surgery, the Child-Pugh 
A patient with minimal comorbidities is the best candidate for this therapy. 

 In Child-Pugh A and B patients with refractory bleeding, DSRS has been com-
pared to  TIPS  , which revealed no statistically signifi cant difference in rate of 
rebleeding (DSRS, 5.5 % and TIPS, 10.5 %,) or  survival   at 2 years (DSRS, 81 % 
and TIPS 88 %) or survival at 5 years (DSRS, 62 % and TIPS, 61 %). Half the 
patients in each group developed hepatic encephalopathy [ 29 ].    

   Table 33.2    Absolute and relative contraindication to transjugular intrahepatic portosystemic 
shunt ( TIPS  ) placement   

 Absolute  Relative 

 Congestive heart failure  Hepatoma, if centrally located 
 Severe pulmonary hypertension  Moderate pulmonary hypertension 
 Multiple hepatic cysts  Portal vein thrombosis 
 Uncontrolled systemic infection or sepsis  Obstruction of hepatic veins 
 Unrelieved  biliary obstruction    Severe coagulopathy (INR >5, platelets <20,000) 
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    Recommendations 

 It should be reinforced that the backbone of initial therapy for acute bleeding from 
 varices   relies upon hemodynamic resuscitation (while avoiding over transfusion), 
having a low threshold for endotracheal intubation to ensure the patient’s airway is 
protected, and addressing coagulopathies.  Prophylactic antibiotics   (fl uoroquinolone 
or third generation cephalosporin) as well as vasoactive therapy (octreotide, soma-
tostatin, or terlipressin) must be initiated and maintained for 3–5 days. 

 After initial resuscitation, airway  management  , correction of coagulopathy, an 
EGD should be performed as soon as possible after admission (within 12 h) with 
appropriate  endoscopic   therapy if an esophageal variceal bleed is confi rmed [ 9 ,  26 ]. 

 In general, those patients who fail  endoscopic   therapy for variceal bleeding 
should undergo defi nitive therapy with either  TIPS   or a surgical shunt. As noted 
above, the two procedures are equal in effi cacy and appear to have no difference in 
 mortality   adverse  outcomes  , including worsening or new hepatic encephalopathy. 
The choice of surgical shunt versus  percutaneous   TIPS should be made based on 
available expertise and patient preference. 

 Early  TIPS   (within 72 h of acute variceal bleeding) appears to be a safe and 
effective modality to treat acute variceal bleeding in a select patient population in 
conjunction with medical therapy. The  mortality   of rescue TIPS (after failure of 
 endoscopic   therapy) is associated with a high mortality, which has been attributed, 
in part, to the delay from the time of initial bleed until TIPS. For this reason, recog-
nition of a patient likely to fail endoscopic and medical therapy should be consid-
ered for early TIPS (Fig.  33.1 ). This recommendation pertains to Child-Pugh class 
B with active bleeding at the time of initial  endoscopy   or class C patients, and 
patients with an HVPG >20. Early-TIPS cannot be recommended in patients with 
Child-Pugh class A  cirrhosis   because failure of endoscopic and medical therapy, as 
well as mortality are low in this patient population. Early TIPS also cannot be rec-
ommended in patients with a  MELD   score >24 given evidence of early mortality 
after TIPS in these patients [ 22 ], as well as patients over the age of 75 or Child-Pugh 
score over 13 because these patients were excluded from the early-TIPS trial [ 12 ].

       A Personal View of the Data 

  Acute variceal bleeding   is a serious sequela of  cirrhosis   and portal hypertension, 
which still carries signifi cant  morbidity   and  mortality  . Advances in therapeutics 
allowed for  endoscopic    management   to emerge as fi rst line therapy two decades 
ago. There is ample data demonstrating effi cacy of EBL,  TIPS  , as well as surgical 
shunting. Given the need for initial  endoscopy   to prove variceal hemorrhage as the 
source of GI bleeding, accessibility of endoscopy, as well as limited access to HVPG 
measurement; TIPS is unlikely to replace EBL as initial therapy in The United 
States. TIPS remains a crucial rescue therapy for those with refractory bleeding, or 
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early rebleeding who are considered to have failed an endoscopic approach. Areas 
of interest for further research within this topic include the role of new pharmaco-
logic therapies with greater effect on HVPG and the role of capsule endoscopy to 
diagnose acute variceal hemorrhage.  

    Recommendations 

 –     For patients with suspected acute esophageal variceal hemorrhage, we recom-
mend early (within 12 h)  endoscopy   as both initial diagnostic and therapeutic 
procedure. (evidence quality high; strong recommendation)  

 –   In patients with suspected variceal hemorrhage, prompt attention to airway  man-
agement  , volume resuscitation, antimicrobial prophylaxis, and pharmacologic 
therapy are crucial. (evidence quality high; strong recommendation)  

 –    TIPS   is indicated in patients with refractory bleeding, or early rebleeding who 
are considered to have failed an  endoscopic   and medical therapy. (Evidence 
quality moderate, strong recommendation)  

 –   In patients with refractory bleeding, Child A status, with a non-cardiopulmonary 
contraindication to  TIPS   (e.g. centrally located hepatoma), distal  splenorenal 

Suspected variceal 
hemorrhage

Vasoactive Therapy
Antibiotics

Airway management

EGD confirms EV as 
source

No Source-specific 
management

Yes

Endoscopic band 
ligation

Any of the following? 
• Child-Pugh A
• Child C, score > 13
• MELD > 24
• Age > 75
• HVPG < 20mmHg

NoYesContinued medical 
therapy and long term 

endoscopic therapy

Contraindication to 
TIPS?

Hemostasis achieved
No

Consider 
Early TIPS

Rescue Therapy:
Balloon tamponade
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Surgery

No

Yes

Yes

Rebleeding

Yes

No

  Fig. 33.1    Risk stratifi ed approach to the  management   of acute variceal bleeding. Abbreviations: 
 EGD  esophagogastroduodenoscopy,  EV   esophageal varices  ,   TIPS    transjugular intrahepatic porto-
systemic shunt,   MELD    Model for End-Stage  Liver   Disease,  HVPG  hepatic venous pressure 
gradient       
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shunt   should be considered if the surgical expertise is available. (Evidence qual-
ity moderate, strong recommendation)  

 –   Early  TIPS   should be considered for bleeding  esophageal varices   in patients with 
the following characteristics: Child-Pugh class B with active variceal bleeding at 
the time of initial  endoscopy   or class C patients with a Child-Pugh score <14, 
 MELD   score <24, and age <75, and with HVPG >20 mmHg in centers where 
portal gradient measurement is available. (Evidence quality moderate, moderate 
recommendation)        
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    Chapter 34   
 Management of Symptomatic Portal 
Hypertension: TIPS vs. Medical Management                     

       Anouar     Teriaky      and     Andrew     Aronsohn   

    Abstract     Portal hypertension is a common manifestation of decompensated 
 cirrhosis and can have a profound impact on patient survival and quality of life. 
Portal hypertension can be managed with medical therapy through use of diuretics 
or portal pressure lowering agents, however in some cases more invasive procedures 
such as transjugular intrahepatic portosystemic shunt (TIPS) may be more effective. 
In this systematic review of the literature, clinical outcomes following medical man-
agement and TIPS are compared across various manifestations of portal hyperten-
sion. Overall, we found that data favors use of TIPS to prevent recurrent variceal 
bleeding and recurrent ascites however risk of hepatic encephalopathy is higher 
than medical management. In addition, in selected patients, TIPS may also improve 
mortality in those with variceal hemorrhage and refractory ascites. Compared to 
esophageal varices and ascites, there is limited data supporting use of TIPS vs medi-
cal management for conditions such as hepatic hydrothorax, nonesophageal varices 
and hepatorenal syndrome.  

  Keywords     Portal hypertension   •   TIPS   •   Varices   •   Ascites   •   Diuretics   •   Paracentesis   
•   Quality of life  

      Introduction 

  Portal hypertension   (PH) is a common complication of chronic liver disease [ 1 ]. PH 
can manifest in a variety of forms including gastrointestinal hemorrhage,  ascites  , 
hepatic hydrothorax, portopulmonary hypertension, hepatopulmonary syndrome, 
and hepatorenal syndrome (HRS). It leads to great  morbidity   and  mortality   as liver 
disease further progresses [ 2 ]. Most complications of PH are initially managed 
medically with more invasive measures added when necessary. 
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 Medical  management   of  esophageal varices   may involve non-selective beta- 
blockers or  endoscopic   variceal ligation (EVL) for primary prophylaxis and variceal 
hemorrhage is managed with hemodynamic resuscitation, vasoactive agents, antibi-
otics, and EVL [ 3 ]. Rebleeding esophageal  varices   carry a high  mortality   [ 4 ]. 
Ascites is initially managed with sodium restriction and  diuretics  . Refractory  asci-
tes   can occur in cirrhotic patients that are unresponsive to salt restriction and aggres-
sive diuretic therapy or that develop intolerances to diuretic use [ 5 ]. These patients 
represent 10 % of cirrhotics with ascites [ 6 ]. This occurrence predicts poor  out-
comes   with greater than 50 % dying within 1 year without  liver transplant   ation  . 

 Hepatic hydrothorax is managed in a similar fashion to  ascites  . HRS develops as 
an end-stage complication of refractory ascites. There are two types with type 1 
occurring more rapidly and possessing a higher  mortality  . Vasoactive agents with 
albumin have been shown to improve renal function [ 7 ]. Portopulmonary hyperten-
sion has been managed with vasodilators and hepatopulmonary syndrome with oxy-
gen therapy [ 8 ]. Ultimately when PH and its manifestations become severe or 
refractory, referral to  liver transplant   centers might provide the greatest  survival   [ 9 ]. 

 Transjugular intrahepatic portosystemic shunt ( TIPS  ) has largely replaced surgi-
cal portacaval shunts in decompressing the portal circulation. It has been used for 
the treatment of severe or refractory complications of PH [ 5 ]. TIPS is not without 
complications and should only be performed when necessary. Complications 
include transcapsular puncture, intraperitoneal hemorrhage, hepatic infarction, fi s-
tulization, hemobilia, hemolysis, encephalopathy, stent infection, stent thrombosis 
or stenosis, and stent migration [ 10 ]. This chapter reviews the evidence for medical 
 management   versus TIPS to treat the various manifestations of severe or refractory 
symptomatic PH.  

    Search 

 A literature search on medical  management   versus  TIPS   for symptomatic PH 
(Table  34.1 ) was conducted on the following databases: Pubmed, Embase, and 
Cochrane  Evidence Based Medicine  . English language publications between 1994 
and 2014 were reviewed. Terms used in the search query included various combina-
tions of the following terms: transjugular intrahepatic portosystemic shunt, medical 
management,  diuretics  ,  paracentesis  , portal hypertension,  varices  , variceal hemor-
rhage,  ascites  , hepatic hydrothorax, portopulmonary hypertension, hepatorenal syn-
drome, hepatopulmonary syndrome, portal hypertensive gastropathy, control, 
 mortality  ,  morbidity  ,  quality of life  , and  cost.   After reviewing the literature, the 

   Table 34.1     PICO   table for symptomatic portal hypertension  management   with  TIPS     

  P atients   I ntervention   C omparison   O utcomes 

 Symptomatic patients 
with portal hypertension 

  TIPS    Medical 
 management   

 Control of portal hypertension, 
 morbidity,    mortality,   and cost 
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most relevant articles with the highest level of evidence were included. The  GRADE   
system was used to classify data.

       Results 

    Esophageal Varices 

 Esophageal variceal hemorrhage represents one of the most fatal complications of 
PH. Patients are generally screened at the time of  diagnosis   of  cirrhosis   and regu-
larly thereafter. Primary prophylaxis for  esophageal varices   is the prevention of fi rst 
variceal bleed medically with a non-selective beta-blocker or EVL until oblitera-
tion. EVL may be considered for large  varices  , high risk stigmata, and Child Pugh 
B and C cirrhosis [ 11 ].  TIPS   is contraindicated for primary prophylaxis of esopha-
geal varices [ 3 ]. 

 Acute variceal hemorrhage is a medical emergency and is initially managed with 
hemodynamic resuscitation, vasoactive drugs, antibiotics, and EVL. Most patients 
respond to this treatment, but  TIPS   has been used as rescue therapy when necessary. 
Controlled studies support the use of early TIPS in esophageal variceal hemorrhage 
(Table  34.2 ). Monescillo et al. showed that in patients presenting with a variceal 
bleed with a hepatic venous pressure gradient greater than 20 mmHg, TIPS within 
24 h was superior to  endoscopic   therapy in reducing treatment failure (12 % vs. 
50 % p = 0.0001) and 1-year  mortality   (31 % vs. 65 % p = 0.01) without increasing 
encephalopathy (p = 31 % vs. 35 % p = n.s) [ 12 ]. A limitation of this study was the 
use of sclerotherapy instead of EVL, which is the standard of care [ 3 ].

   Garcia-Pagan et al. showed that in Child-Pugh B and C cirrhotics, early closed 
stent  TIPS   combined with medical therapy was superior to medical therapy alone. 
Medical therapy consisted of vasoactive drugs and  endoscopic   therapy. The 1-year 
probability of remaining free of rebleeding was 50 % with the control group and 
97 % in the TIPS group (p < 0.001). The 1-year  survival   was 61 % in the endoscopic 
therapy group and 86 % in the combined endoscopic therapy and TIPS group 
(p = 0.001). There were no signifi cant differences in adverse events between the two 
groups [ 13 ]. Closed stents have better patency requiring less revisions when com-
pared to  open   stents and do not increase the risk of encephalopathy [ 14 ]. 

 Recurrent variceal hemorrhage is associated with high  mortality   [ 4 ,  15 ]. 
Secondary prophylaxis of  esophageal varices   in patients that have survived an acute 
variceal bleed can be managed medically with a non-selective beta-blocker and 
EVL until obliteration [ 3 ].  TIPS   has also been used in this patient population. When 
comparing propranolol and isosorbide-5-mononitrate to TIPS, patients who under-
went TIPS had lower rebleeding rates and equivalent mortality rates although rates 
of encephalopathy were higher [ 16 ]. However, this is not the standard of care in 
secondary prophylaxis. Multiple trials including several meta-analyses have com-
pared  open   stent TIPS to EVL or sclerotherapy with or without beta blockers 
(Table  34.2 ) [ 17 – 33 ]. In a recent meta-analysis, Zheng et al., showed that TIPS 
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    Table 34.2    The main  outcomes   of  endoscopic   therapy ± pharmacological therapy versus  TIPS   in 
the  management   of variceal hemorrhage   

 Study (year) 

 Study type 
( quality of 
evidence)   

 Patients 
(C vs. T) 

 Treatment 
failure (C vs. 
T) 

 Hepatic 
encephalopathy 
(C vs. T) 

 Mortality (C 
vs. T) 

 Cabrera (1996)  RCT 
(moderate) 

 32 vs. 31  52 % vs. 23 %  13 % vs. 33 %  18 % vs. 7 % 
 p < 0.02  p < 0.05  p=n.s 

 Cello (1997)  RCT 
(moderate) 

 25 vs. 24  48 % vs. 13 %  44 % vs 50 %  n.s 
 p = 0.012  p = 0.2 

 Jalan (1997)  RCT 
(strong) 

 27 vs. 31  52 % vs. 10 %  11 % vs 16 %  n.s 
 p < 0.0006  p=n.s 

 Rossle (1997)  RCT 
(moderate) 

 65 vs. 61  52 % vs. 21 %  18 % vs. 36 %  11 % vs. 
10 % 

 p = 0.001  p = 0.011  p=n.s 
 Sanyal (1997)  RCT 

(moderate) 
 39 vs. 41  26 % vs. 24 %  13 % vs. 29 %  18 % vs. 

29 % 
 p = 0.2  p = 0.01  p = 0.02 

 Sauer (1997)  RCT 
(moderate) 

 41 vs. 42  57 % vs. 23 %  13 % vs. 29 %  33 % vs. 
31 % 

 p = 0.0001  p = 0.041  p = 0.62 
 Merli (1998)  RCT 

(moderate) 
 43 vs. 38  51 % vs. 24 %  26 % vs. 55 %  19 % vs. 

24 % 
 p = 0.11  p = 0.006  p = 0.50 

 Garcia- 
Villarreal 
(1999) 

 RCT 
(moderate) 

 24 vs. 22  50 % vs. 9 %  25 % vs. 23 %  33 % vs. 
15 % 

 p < 0.001  p=n.s  p < 0.05 
 Narahara 
(2001) 

 RCT 
(moderate) 

 40 vs. 38  32 % vs. 18 %  15 % vs. 32 %  18 % vs. 
29 % 

 p > 0.05  p < 0.05  p = 0.35 
 Pomier- 
Layrargues 
(2001) 

 RCT 
(strong) 

 39 vs. 41  66 % vs. 18 %  44 % vs. 47 %  47 % vs. 
43 % 

 p < 0.001  p=n.s  p=n.s 
 Gulberg (2002)  RCT 

(moderate) 
 26 vs. 28  16 % vs. 17 %  4 % vs. 7 %  16 % vs. 8 % 

 p=n.s  p=n.s  p=n.s 
 Sauer (2002)  RCT 

(strong) 
 42 vs. 43  30 % vs. 19 %  20 % vs. 40 %  18 % vs. 

24 % 
 p = 0.32  p < 0.05  p=n.s 

 Monescillo 
(2004) 

 RCT 
(moderate) 

 26 vs. 26  50 % vs. 12 %  35 % vs. 31 %  65 % vs. 
31 % 

 p = 0.0001  p=n.s  p = 0.01 
 Garcia-Pagan 
(2010) 

 RCT 
(strong) 

 31 vs. 32  50 % vs. 3 %  39 % vs. 25 %  39 % vs. 
14 % 

 p < 0.001  p=n.s  p = 0.001 

   C  control group ( endoscopic   treatment ± pharmacological therapy),  T  treatment groups ( TIPS  ), 
 RCT  randomized control trial,  n.s  not shown  
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decreased the incidence of recurrent variceal bleeding (odds ratio (OR) = 0.32, 95 % 
confi dence interval (CI) (0.24–0.43), p < 0.00001), increased the rate of encepha-
lopathy (OR = 2.21, 95 % CI (1.61–3.03), p < 0.00001), decreased deaths due to 
rebleeding (OR = 0.35, 95 % CI (0.18–0.67), p = 0.002) but did not cause an overall 
mortality benefi t (OR = 1.17, 95 % CI (0.85–1.61), p = 0.33) [ 33 ]. In these studies 
the range for successful stent placement was 87–100 %, portal pressure gradient 
decrease was from 10 to 16.2 mmHg, and TIPS dysfunction was from 17 to 89 % 
[ 33 ]. Zheng et al. also separated the studies assessing EVL from sclerotherapy, but 
this did not change the  outcomes   [ 33 ]. 

 Escorsell et al. compared  quality of life   in patients that received  TIPS   to  endo-
scopic   therapy for secondary prophylaxis. While there was a small trend towards 
improvement in quality of life after both interventions, there were no signifi cant 
differences between the TIPS and endoscopic therapy groups [ 16 ]. This might be 
explained by increased incidence of hepatic encephalopathy in the TIPS group 
being offset by decreased incidence of variceal bleeding. Two controlled studies 
compared costs of TIPS to medical  management   with confl icting results [ 16 ,  19 ]. 
The cost of TIPS in these studies varied from $11,294 to $21,603. A number of 
cost-effectiveness analyses on TIPS and medical therapy for secondary prophylaxis 
have been conducted with varying results in determining the most cost effective 
procedure [ 34 – 36 ]. This difference can likely be explained by the many variables 
that will infl uence the cost such as the number of signifi cant rebleeds, endoscopic 
technique and sessions required for eradication, variations in institutional proce-
dural costs, the number of TIPS revisions required, complications, and the length of 
follow up. The cost of TIPS is usually highest in the fi rst year and will decline sub-
sequently if limited interventions are required. Closed stents will likely decrease the 
cost with fewer revisions required [ 14 ].  

    Ascites 

 Ascites is initially managed non-invasively with  diuretics   and dietary changes. 
Refractory cases may require  paracentesis   or  TIPS  . There are six randomized con-
trol trials (RCT) (Table  34.3 ) that have been performed comparing paracentesis ± 
albumin to TIPS for treatment of refractory  ascites   [ 37 – 42 ]. All these studies con-
cluded that TIPS was superior to paracentesis for the control of refractory ascites as 
well as improvement of renal function and hemodynamics. Results were inconsis-
tent when it came to worsening hepatic encephalopathy and a  mortality   benefi t 
[ 37 – 42 ]. These studies had methadologic variation present that contributed to the 
differences in results, which included the number of participants, inclusion and 
exclusion criteria, defi nitions of refractory ascites, volume of paracentesis, techni-
cal skills with TIPS, stents used, and follow up measurements.

   Five of these studies were published before 2004 and fi ve meta-analysis between 
2005 and 2007 analyzed the same results from these studies [ 43 – 47 ]. There was 
also great heterogeneity present in the results of these analyses. All analyses agreed 
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that  TIPS   was signifi cantly superior to  paracentesis   and albumin in preventing 
recurrence of  ascites  . However, hepatic encephalopathy was signifi cantly more 
common in the TIPS group. Overall there was not a signifi cant  mortality   difference 
between the two groups. The quality of the meta-analysis and systematic review 
varied with a number of limitations. 

 The study by D’Amico et al. was one of the stronger meta-analysis [ 45 ]. They 
excluded the initial trial by Lebrec as it was identifi ed as an outlier with the lowest 
successful  TIPS   placement (77 %), the lowest portal pressure gradient decrease 
(6 mmHg), the lowest secondary patency rates (46 %), and the only study showing 
a signifi cantly increased  mortality   with TIPS placement (40 % vs 71 % p = 0.03) 
[ 37 ]. The range of technical success in the four other studies was 89–100 %, reduc-
tion in portal pressure gradient was 10.4–14 mmHg, and secondary patency rates 
were 82–93 %. Surgical shunts were rarely placed if TIPS could not be successfully 
placed. After excluding this study from their analysis, the pooled odds ratio (OR) 
for recurrence of  ascites   with TIPS was 0.14 (CI 0.07–0.27), the OR for hepatic 
encephalopathy with TIPS was 2.26 (CI 1.35–3.76), and OR for mortality with 
TIPS was 0.74 (CI 0.40–1.37) [ 45 ]. 

 All RCTs had a subset of patients that underwent  liver transplant   ation   after  TIPS  . 
Salerno et al. performed a meta-analysis on the initial fi ve RCTs using individual 
patient data from four RCTs evaluating the cumulative effects of transplant-free 

   Table 34.3    The main  outcomes   of studies for refractory  ascites   comparing medical  management   
( paracentesis   ±albumin ± salt restriction ±  diuretics  ) to  TIPS     

 Study (year) 

 Study type 
( quality of 
evidence)   

 Patients 
(C vs. T) 

 Ascites 
recurrence 
(C vs. T) 

 Hepatic 
encephalopathy (C 
vs. T) 

 Mortality (C 
vs. T) 

 Lebrec 
(1996) 

 RCT 
(moderate) 

 12 vs. 13  92 % vs. 
77 % 

 0 % vs. 23 %  40 % vs 
71 % 

 p=n.s  p=n.s  p = 0.03 
 Rossle 
(2000) 

 RCT (strong)  31 vs. 29  76 % vs. 
21 % 

 48 % vs. 58 %  74 % vs. 
52 % 

 p = 0.001  p=n.s  p=n.s 
 Gines 
(2002) 

 RCT (strong)  35 vs. 35  83 % vs. 
49 % 

 66 % vs. 77 %  51 % vs 
57 % 

 p = 0.003  p = 0.29  p = 0.6 
 Sanyal 
(2003) 

 RCT (strong)  57 vs. 52  84 % vs. 
42 % 

 19 % vs. 38 %  37 % vs. 
40 % 

 p < 0.001  p = 0.058  p = 0.84 
 Salerno 
(2004) 

 RCT (strong)  33 vs. 33  97 % vs. 
39 % 

 39 % vs. 69 %  61 % vs. 
39 % 

 p = 0.0012  p=n.s  p = 0.021 
 Narahara 
(2011) 

 RCT (strong)  30 vs. 30  80 % vs 
13 % 

 17 % vs. 67 %  70 % vs. 
57 % 

 p < 0.001  p < 0.001  p = 0.422 

   C  control group (medical  management  ),  T  treatment groups ( TIPS  ),  RCT  randomized control trial, 
 n.s  not shown  

A. Teriaky and A. Aronsohn



385

 survival   [ 47 ]. The actuarial probability of transplant free survival was signifi cantly 
better in the TIPS groups (p = 0.035). The average transplant free survival at 1, 2, 
and 3 years was 63.1 %, 49.0 %, and 38.1 % for the TIPS group and 52.5 %, 35.2 %, 
and 28.7 % for the  paracentesis   group.  MELD   scores did not alter the  mortality   dif-
ference seen between the TIPS and paracentesis groups. Multivariate analysis iden-
tifi ed older age, high bilirubin, low plasma sodium, and treatment allocation as 
predictors of death [ 47 ]. 

 Quality of life for  TIPS   versus  paracentesis   was only assessed by Sanyal et al. 
[ 40 ]. The SF-36 questionnaire, consisting of a physical and mental component, was 
used in both groups before and after the interventions. While the scale score 
improved signifi cantly amongst both arms after the interventions, there was no sig-
nifi cant difference in  quality of life   between the paracentesis and TIPS group [ 40 , 
 48 ]. The lack of a signifi cant change in quality of life may be due to the fact that 
while  ascites   may improve with TIPS, hepatic encephalopathy may worsen. 

 Gines et al. showed that the calculated accumulated cost of  TIPS   was greater in 
both the United States and Spain per patient at respectively 103 % and 41 % the cost 
in the  paracentesis   and albumin group. In the United States the total cost per patient 
in the TIPS group was $19,813 and $9,765 for the paracentesis and albumin group 
[ 39 ]. The infl ated cost of TIPS was partially due to the  open   stents requiring multi-
ple revisions [ 14 ].  

    Other Manifestations of Portal Hypertension 

    Non-esophageal Varices 

 The evidence for  TIPS   in controlling other manifestations of PH is limited. First line 
treatment for gastric variceal bleeding, which can be diffi cult to control, has involved 
sclerotherapy with cyanoacrylate [ 11 ]. TIPS has been used as salvage therapy. A 
single RCT by Lo et al showed that TIPS decreased rebleeding from gastric  varices   
compared to cyanoacrylate (11 % vs. 38 % p = 0.014) while worsening encepha-
lopathy (26 % vs. 3 % P < 0.01) without a difference in  mortality   or other major 
complications [ 49 ]. Uncontrolled trials showed that transfusion dependent portal 
hypertensive gastropathy may improve with TIPS while gastric antral vascular ecta-
sia does not [ 50 ,  51 ]. Ectopic varices can occur along the gastrointestinal tract and 
can bleed. Case studies have shown some benefi t with TIPS in reducing bleeding 
[ 52 ,  53 ].  

    Hepatic Hydrothorax 

 Uncontrolled trials have assessed the effi cacy of  TIPS   in hepatic hydrothorax. Singh 
et al. reviewed eight of these studies, which included 332 patients. The mean 
improvement in respiratory symptoms and complete and partial response rates to 
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the resolution of the hydrothorax were 74 %, 55.9 % and 24.6 % respectively. The 
average 30-day  mortality  , 1-year  survival  , and incidence of hepatic encephalopathy 
were 18.6 %, 52.3 %, and 26.7 % respectively [ 54 ].  

    Hepatorenal Syndrome 

 The effi cacy of  TIPS   to manage patients with HRS type 1 and 2 has been studied in 
a small number of uncontrolled trials. These studies have identifi ed that renal func-
tion, hemodynamics, and  ascites   can improve in select patients with low  MELD   and 
Child-Pugh scores undergoing TIPS, but are not powered to show a  survival   benefi t 
[ 55 – 58 ].  

    Other 

  TIPS   had been used in the treatment of Budd-Chiari syndrome. A retrospective 
study of 221 patients showed that TIPS could be successfully used after failure of 
medical therapy in appropriately selected patients [ 59 ]. Small case studies have 
looked at the use of TIPS in sinuosoidal obstruction syndrome. While there was an 
improvement in  ascites  , most patients still died [ 60 ]. Very little literature exists for 
TIPS in hepatopulmonary syndrome to support its use and portopulmonary hyper-
tension is a contraindication to TIPS [ 61 ].    

    Recommendations 

•      TIPS   is superior to medical  management   in preventing recurrent variceal bleed-
ing and recurrent  ascites   while worsening hepatic encephalopathy (evidence 
quality high; strong recommendation).  

•    TIPS   may improve  mortality   in well-selected patients with variceal hemorrhage 
or refractory  ascites   (evidence quality moderate; recommendation moderate).  

•    TIPS   may have some utility in other manifestations of PH (evidence quality low; 
recommendation low).     

    A Personal View of the Data 

  TIPS   has an important role to play in variceal hemorrhage and refractory  ascites  . It 
decreases rebleeding and ascites while worsening encephalopathy. It has not consis-
tently shown a  mortality   benefi t, but has displayed a benefi t in specifi c circum-
stances. However, the technology of TIPS has evolved with closed stents, which 
have been shown to be superior to  open   stents with lower rates of occlusion without 
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worsening encephalopathy [ 14 ]. Most of the literature has not been done using the 
closed stent and since this is a newer technology, studies will need to be repeated to 
see if this changes  outcomes  . Further studies are also required to study the other 
manifestations of PH.     
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    Chapter 35   
 Should All Hepatic Arteriovenous Fistulas 
Be Embolized?                     

       Darren     van     Beek     and     Brian     Funaki    

    Abstract     Hepatic arteriovenous fi stulae (AVF) are rare but increasingly  encountered 
clinical entities. Due to their poorly understood natural history and multiple under-
lying etiologies, treatment currently represents a clinical quandary. There are no 
defi nitive studies regarding management, but rather, only small published case 
series. A better understanding of the underlying mechanisms of AVF formation, fac-
tors affecting clinical signifi cance, and knowledge of the risks and benefi ts of treat-
ment can help guide physicians in their management of this complex clinical 
dilemma.  

  Keywords     Arteriovenous fi stula   •   Arterioportal fi stula   •   Embolization   •   Hepatic 
transplant  

      Introduction 

 A hepatic arteriovenous fi stula (AVF) is a rare clinical entity that has been increas-
ingly diagnosed in recent decades. As the natural history and  management   options 
are unclear, it poses a diagnostic dilemma for clinicians. 

 Part of the confusion regarding a hepatic AVF arises from the fact that it is a 
catch-all term for multiple pathophysiologic entities arising from numerous under-
lying causes. Anatomically, this group can be divided into intrahepatic and extrahe-
patic shunts. Much of the early literature on the topic focused on extrahepatic shunts 
between the visceral arterial and portal venous systems. A review published in 1987 
showed 30 cases of fi stulas between the arterial and portal venous systems, of which 
only 3 were intrahepatic [ 1 ,  2 ]. Some authors have speculated that this early reported 
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preponderance of extrahepatic AVFs was related to their more sensational clinical 
presentations and dramatic, typically traumatic, etiologies [ 3 ]. 

 In the last 30 years, intrahepatic AVFs have been found to represent the vast 
majority of  arterioportal fi stula  e. This book chapter will focus exclusively on intra-
hepatic AVFs as the underlying mechanisms and clinical  management   differ from 
their extrahepatic counterparts. Intrahepatic AVFs are also more clinically pertinent, 
as they are much more likely to be encountered by clinicians. 

 Intrahepatic AVFs may be congenital, post-traumatic, or malignant in etiology. 
Like extrahepatic AVFs, arteriovenous shunting related to intrahepatic tumors is a 
unique clinical entity with additional  management   complexities. The physiology of 
malignant shunting also tends to be more multifocal in nature and there are addi-
tional available treatment options including  chemotherapy  , chemoembolization, and 
ablation. For these reasons, malignant intrahepatic AVFs are beyond the scope of 
this book chapter.  

    Search Strategy 

 A literature search of English language publications from 1994 to 2014 was used to 
identify published data on hepatic AVFs using the  PICO   outline (Table  35.1 ). 
Databases searched were PubMed, Embase, and Cochrane  Evidence Based 
Medicine  . Terms used in the search were “hepatic arteriovenous fi stula”, “hepatic 
 arterioportal fi stula  ”, “hepatic arteriovenous fi stula  management  ”, “hepatic arterio-
venous fi stula treatment”, “hepatic arteriovenous fi stula  embolization  ”, “hepatic 
arterioportal fi stula management”, “hepatic arterioportal fi stula treatment”, “hepatic 
arterioportal fi stula embolization”, “hepatic arteriovenous malformation manage-
ment”, “hepatic arteriovenous malformation treatment”, and “hepatic arteriovenous 
malformation embolization.” Articles specifi cally addressing AVFs in the setting of 
malignancy or exclusively reviewing extrahepatic AVFs were excluded. The results 
yielded 82 case series/reports, 4 additional case reports containing systematic 
reviews of the literature, and 6 review articles. No prospective  clinical trials   or 
guidelines statements were found. Additional articles published prior to 1994 that 
are cited in the more modern literature are referenced only for historical 
background.

   Table 35.1     PICO   table for perioperative arrhythmia prophylaxis for lung  resection     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with intrahepatic 
arteriovenous fi stulae 
occurring outside the setting 
of malignancy or HHT 

 Embolization  Surgical 
 management   
or  observation   

 Rate of symptom reduction, 
complications, conversion to 
surgical  management   
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       Results 

 After applying the aforementioned exclusion criteria, a total of 134 unique cases of 
intrahepatic AVFs were identifi ed. The majority of these are presented in small 
reports detailing one or two patients with a handful of authors presenting series of 
5–7 patients [ 4 – 8 ]. Analysis of the treatments and  outcomes   presented in the litera-
ture is complicated by the wide variety of approaches ( percutaneous   versus trans- 
arterial  embolization  ), choice of embolic agent (coils, detachable balloons, liquid 
embolics, thrombin impregnated gelatin, occlusion devices, and a combination of 
any of the above), and patient population (ages 1 month to 83 years). Some general 
trends, however, can be gleaned from the data. In the 134 patients, 125 underwent 
attempted embolization while 9 were followed clinically. Of the 125 undergoing 
embolization, 106 (85 %) achieved complete resolution or clinically signifi cant 
improvement in their presenting symptoms after embolization alone. Of the remain-
ing 19, 1 died of fulminant  liver failure   while the other 18 underwent surgical  man-
agement   with either partial  hepatectomy   or transplant. Multiple embolization 
procedures were performed in 25 (20 %) of the patients, 17 of which achieved clini-
cal improvement without surgical intervention. 

    Prevalence and Clinical Importance 

 The prevalence of hepatic AVFs is unknown. This is largely due to the fact that the 
majority are asymptomatic, and therefore the condition is presumed to be dramati-
cally underreported [ 2 ,  9 ,  10 ]. Several case series have examined the prevalence of 
AVFs in  liver transplant   recipients undergoing hepatic angiograms. The prevalence 
was found to be between 0 and 5.4 % [ 3 ,  11 – 13 ]. This fi gure, however, is expected 
to be much higher compared to the general population as these transplanted livers 
have typically undergone many more  percutaneous   interventions that directly 
increase the risk of AVF. Saad et al. showed that while 5.4 % of patients had angio-
graphically detectable AVFs, only 0.2 % of patients were symptomatic. This under-
scores both how underreported and potentially how benign these AVFs may be.  

    Risk Factors 

 One of the primary reasons for the increasing incidence of hepatic AVFs is the well- 
established link between AVFs and  percutaneous   hepatic procedures [ 9 ,  10 ]. As the 
number of these percutaneous interventions has increased, so too has the number of 
hepatic AVFs. Iatrogenic causes are now responsible for greater than 50 % of AVFs 
[ 10 ,  14 ]. Percutaneous biliary drain placement and percutaneous cholangiography 
can both lead to AVF formation, however, percutaneous liver biopsy is the most 
common cause of iatrogenic AVF due to its commonality. Various case series have 
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reported AVFs occurring after 0.008–5 % of liver biopsies [ 9 ,  15 ]. While a wide 
range, this is likely related to the length of follow-up time between biopsy and 
imaging investigation. As described below, many biopsy-induced AVFs resolve 
quickly and spontaneously.  

    Detection and Evaluation 

 Asymptomatic AVFs may be detected incidentally in patients undergoing hepatic 
angiography,  ultrasound  , or  CT   angiography for other indications. Symptoms from 
AVFs typically relate to portal hypertension, which may occur in larger shunts that 
cause arterialization of the portal venous system. Ascites and varix formation, with 
or without associated gastrointestinal hemorrhage, are the most common presenta-
tions.  Hemobilia   secondary to erosion into the biliary tree, heart failure, and mesen-
teric ischemia due to high volume shunting away from the visceral arterial system 
are less common presenting symptoms. In contrast to other causes of portal hyper-
tension such as  cirrhosis  , AVFs may also be accompanied by an abdominal bruit 
detectable on physical exam. 

 As with other vascular conditions involving the liver,  ultrasound   is the main 
diagnostic modality used to evaluate AVFs [ 16 ]. While angiography remains the 
gold standard, it is also more expensive and invasive and therefore typically reserved 
for cases in which  embolization   is planned. In a short series evaluating orthotopic 
 liver transplant   patients with known AVFs, it was shown that ultrasound detected all 
hemodynamically signifi cant AVFs which the authors defi ned as opacifi cation of 
the main portal vein or a fi rst order branch in the early arterial phase [ 2 ]. Various 
authors have also examined the utility of  CT   angiography in the evaluation of AVFs. 
Nguyen et al. proposed a “double barrel sign,” which showed early opacifi cation of 
a portal venous branch running parallel to a feeding hepatic artery [ 17 ]. This “dou-
ble barrel sign” had a sensitivity of 64 % and a specifi city of 100 % for the identifi -
cation of AVFs in the 33 patients studied. 

 In addition to detecting AVFs,  ultrasound   can provide information regarding 
their hemodynamic signifi cance. Vascular manifestations include decreased resis-
tive indices in the involved hepatic artery relative to the contralateral side, along 
with increased resistance and eventual reversal of fl ow in the portal vein. Again, no 
prospective studies have been conducted to determine cut-off values at which inter-
vention is warranted.  

    Natural History 

 The natural history of hepatic AVFs remains poorly elucidated. Detection of AVFs 
may occur years after the inciting event that created the fi stula. There are numerous 
case reports of AVFs fi rst manifesting clinical symptoms 15–52 years after a known 
traumatic event or hepatic intervention [ 18 – 22 ]. Because of this delay, a detailed 
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clinical history is required in any patient presenting with a hepatic AVF. These cases 
of delayed presentation also indicate that, in at least a portion of cases, previously 
asymptomatic AVFs progress to become clinically signifi cant. Unfortunately, with 
the majority of AVFs being asymptomatic and the absence of prospective longitudi-
nal studies, the percentage of AVFs which enlarge over long periods remains unclear. 

 Several smaller studies have evaluated the short-term natural history of AVFs 
after  percutaneous   liver biopsy (PLB). As described above, the rate of biopsy- 
induced AVFs has been reported to be up to 5 %. In patients undergoing angiogra-
phy immediately after PLB, hemorrhage, pseudoaneurysms, and AVFs are relatively 
common. AVFs represent 37 % of vascular injuries immediately after biopsy [ 23 ]. 
Of these vascular injuries, however, AVFs are most likely to persist. By 1 week after 
biopsy, AVFs account for 86 % of residual vascular abnormalities and at 1 month 
after biopsy only AVFs will persist [ 9 ,  23 ]. 

 Despite being the most persistent of the intervention-related vascular injuries, 
the majority of AVFs resolve spontaneously and only a minority progress [ 9 ,  10 ]. 
By 1 week post-biopsy, only 10 % of initially detectable AVFs remain [ 24 ]. While 
there are no defi nitive criteria to determine which AVFs will persist, observational 
evidence suggests that peripherally-located AVFs are more likely to resolve sponta-
neously [ 25 ]. Size also appears important as smaller AVFs tend to resolve spontane-
ously [ 26 ]. This has led many authors to advocate for  observation  , typically with 
serial  ultrasound  , as the primary  management   of small, asymptomatic AVFs. Even 
if an AVF persists under observation, it may not require intervention, as there are 
reports of several asymptomatic AVFs spontaneously closing months and even 
years after initial  diagnosis   [ 27 ].  

    Treatment Indications and Outcomes 

 Treatment of hepatic AVFs was previously the exclusive domain of surgical inter-
ventions including hepatic artery ligation, fi stula division and repair, hepatic seg-
mentectomy, or  liver transplant  . In current clinical practice, endovascular 
intervention with  embolization   has become the mainstay of treatment [ 10 ,  13 ,  28 ]. 
Coil embolization is most common, but the effective use of liquid embolic, scleros-
ing, and thrombotic agents have all been reported. In addition, specialized closure 
devices, i.e. Amplatzer plugs, can be used for large diameter fi stulae [ 26 ]. 

 No indications have been established for the treatment of asymptomatic AVFs 
[ 29 ]. As discussed previously, it is reasonable to believe that the vast majority of 
hepatic AVFs are asymptomatic and undiagnosed. However, it has also been shown 
that a percentage of these eventually progress to become symptomatic. For this 
reason, regular  observation   of known fi stulae appears prudent in order to identify 
hemodynamic progression prior to the manifestation of high- morbidity   clinical 
entities such as variceal bleeding and  liver failure  . 

 Once AVFs are symptomatic, intervention is warranted [ 6 ]. The technical aspects 
of  embolization   are beyond the scope of this chapter, but it is worth noting that the 
goal of treatment is not necessarily complete occlusion of the shunt, but rather 
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improvement in the hemodynamic derangement. It is not uncommon that after 
embolization of the main fi stula, the change in hemodynamics may reveal smaller 
adjacent fi stulae. Before proceeding with further embolization, physicians must 
carefully consider the increased risk of complications associated with more exten-
sive embolization and weigh these against the expected clinical signifi cance of 
smaller fi stulae. 

 Special considerations must also be made with regard to the  management   of 
AVFs occurring in transplanted livers. Within liver grafts, there is a higher risk of 
hepatic artery thrombosis occurring during super-selective  embolization   as well as 
more devastating consequences. Despite this, one prominent author on the subject 
has advocated for earlier treatment of AVFs in transplanted livers citing the increased 
risk of embolization complications if the lesion is allowed to grow [ 2 ,  4 ]. 

 An additional special situation not included in this literature review, but worthy 
of brief discussion, is the  management   of hepatic arteriovenous malformations in 
hereditary hemorrhage telangiectasia (HHT). Early attempts to embolize these 
lesions were associated with unacceptably high  morbidity   and  mortality   [ 30 ]. Based 
on this, current treatment guidelines recommend that  embolization   be reserved only 
for symptomatic patients that have failed medical management [ 31 ,  32 ].   

    Recommendations 

 Hepatic AVFs represent a collection of diverse and complex clinical entities. The 
relatively limited volume of observational research and a complete lack of system-
atic, prospective studies limit recommendations regarding  management  . Limited 
evidence based on small case series suggests that asymptomatic and hemodynami-
cally insignifi cant hepatic AVFs merit  observation   with serial  ultrasound   exams 
until either resolution or progression to hemodynamic signifi cance. Yearly observa-
tion is reasonable in incidentally detected lesions. AVFs noted acutely as a conse-
quence of an associated hepatic intervention or trauma merit more frequent initial 
observation before spacing out to annual examinations. 

 Available evidence suggests that once AVFs become symptomatic or display 
altered portal venous hemodynamics, immediate endovascular intervention is war-
ranted. Limited evidence suggests that earlier intervention should be considered in 
the setting of  liver transplant  s or other patients in whom it is reasonable to expect 
worse  outcomes   if the lesion progresses.  

    Recommendations 

•     Not all hepatic arteriovenous fi stula should be embolized.  
•   Once diagnosed, asymptomatic hepatic AVFs merit  surveillance   with  ultrasound   

until resolution or progression to hemodynamic signifi cance.  
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•   Symptomatic or hemodynamically signifi cant AVFs merit prompt treatment with 
 embolization  .  

•   Earlier intervention can be considered in the setting of  liver transplant  s or other 
patients in whom it is reasonable to expect worse  outcomes   if the lesion 
progresses.        
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    Chapter 36   
 Early or Delayed Cholecystectomy in Acute 
Gallstone Pancreatitis                     

       Darren     S.     Bryan     and     Mustafa     Hussain    

    Abstract  

  Introduction 
 Acute biliary pancreatitis is one of the most common gastrointestinal illnesses 
necessitating inpatient hospital admission. With an increasing incidence of gall-
stone disease, in the setting of a changing healthcare landscape, surgical indications 
must be carefully examined. The principles of management, including common 
duct clearance, bowel rest, and interval cholecystectomy to avoid recurrent disease 
have not changed, however with the refi nement of minimally invasive techniques, 
timing of intervention deserves re-examination. We seek to make evidence based 
recommendations on the timing of cholecystectomy following acute biliary 
pancreatitis.  

  Methods 
 OVID Medline, EMBASE, and Cochrane Review databases were queried in sys-
tematic fashion for English language articles published after 1994 using 
“Cholecystectomy, laparoscopic” and “Pancreatitis”. To be included, studies must 
state a laparoscopic success rate, morbidity, and mortality. Studies not classifying 
severity of pancreatitis (or mixing mild and severe patients), those with fewer than 
ten patients, and those not identifying time until laparoscopic cholecystectomy were 
excluded. Identifi ed articles were examined for relevance.  

  Results 
 Four hundred sixty-two unique publications were identifi ed. Nine met inclusion 
criteria and were subsequently included in analysis. Eight were retrospective stud-
ies. One prospective randomized trial was identifi ed and included.  
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  Conclusions 
 Management recommendations are made based on severity of pancreatitis. For 
patients with mild, stable pancreatitis, we make a strong recommendation for lapa-
roscopic cholecystectomy at the earliest convenience. In patients with severe pan-
creatitis, there is insuffi cient evidence to make a recommendation for an appropriate 
interval for laparoscopic cholecystectomy, however patients should be considered 
for endoscopic sphincterotomy as a bridging procedure.   

  Keywords     Early cholecystectomy   •   Delayed cholecystectomy   •   Laparoscopic cho-
lecystectomy   •   Gallstone pancreatitis   •   Biliary pancreatitis  

      Introduction 

 In the modern era,  acute pancreatitis   is one of the most common upper gastrointes-
tinal illnesses requiring inpatient hospital admission. While many etiologies exist, 
 gallstone pancreatitis   remains the most frequent inciting factor in the western world 
[ 1 ,  2 ]. Transient gallstone impaction within the common channel of the biliary tree 
is hypothesized to lead to intraparenchymal trypsin activation. The subsequent 
enzymatic cascade, resulting in intra- and potentially extra-pancreatic infl ammation 
leads to the clinical constellation of symptoms constituting acute pancreatitis [ 3 ]. 
While a multitude of grading systems have been utilized, the 2012 working group 
revision of the Atlanta criteria defi nes the disease process of pancreatitis as it is 
known today. Extent of acute disease is classifi ed as either interstitial/edematous, or 
as necrotizing according to the gross appearance of the gland and peri-pancreatic 
tissue on cross sectional imaging. Severity ranges greatly along a continuum, from 
patients with mild abdominal  pain   and lab abnormalities, to patients with life threat-
ening hemodynamic instability. Classifi cations are divided into mild, moderately 
severe, and severe, according to a group of physiological parameters defi ned by the 
working group [ 4 ]. 

 Treatment for  gallstone pancreatitis   has changed considerably over the past three 
decades with the advent of  minimally invasive   surgical technique and  endoscopy  . 
Basic tenets of care include: resuscitation, bowel rest, common  bile duct   clearance 
(if necessary) via common duct exploration or  endoscopic   retrograde  cholangiopan-
creatography   ( ERCP  ) with endoscopic  sphincterotomy   (ES), and eventual  chole-
cystectomy   to avoid recurrent pancreatitis. 

 Cholecystectomy in the setting of acute, active pancreatitis has long been consid-
ered an endeavor fraught with  morbidity   [ 5 ]. Delaying  cholecystectomy   in patients 
with acute onset of both mild and severe pancreatitis became standard practice dur-
ing the era of  open   cholecystectomy and was carried over with the advent of  lapa-
roscopy  . The  timing   of cholecystectomy however, has remained a subject of debate 
within the literature [ 3 ,  6 – 9 ]. 

 Recognizing the disease spectrum that constitutes  acute pancreatitis  , we look to 
make evidence based recommendations for  timing   of  laparoscopic    cholecystectomy   
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following acute  gallstone pancreatitis  , stratifi ed by severity of pancreatitis 
(Table  36.1 ).

       Search Strategy 

 The OVID Medline, EMBASE, and Cochrane Review databases were queried for 
MESH terms “Cholecystectomy,  laparoscopic  ” with Boolean operator AND 
“Pancreatitis”. Results were reviewed for relevancy.  Laparoscopic cholecystectomy   
was widely adopted in the early 1990s, and in 1993 the United States National 
Institutes of Health released a consensus statement declaring laparoscopic  chole-
cystectomy   as the standard of care in the treatment of acute cholecystitis [ 10 ]. 
Articles prior to 1995 were excluded in an attempt to limit confounding  morbidity   
stemming from technical failures early in the life of laparoscopic  surgery  . Search 
results were limited to English language articles. Studies were included which eval-
uated patients undergoing laparoscopic cholecystectomy following  gallstone pan-
creatitis  . Certain outcome measures were considered to be essential for study 
inclusion (laparoscopic success rate, morbidity, and  mortality  ). Studies were 
excluded if: (1) no time period from symptom onset or hospital admission to chole-
cystectomy was noted, (2) fewer than ten patients were evaluated, (3) pancreatitis 
severity was not noted, or (4) if results mixed patients with various severities of 
pancreatitis. Four hundred sixty-two unique publications were identifi ed. Of these, 
nine met inclusion criteria and were subsequently included in analysis. Eight were 
retrospective studies. One prospective randomized trial was identifi ed and included.  

    Results 

    Patients with Interstitial, Edematous, or Mild Gallstone 
Pancreatitis 

 The aim of  early cholecystectomy   for acute  gallstone pancreatitis   is to minimize the 
risk of recurrent biliary events [ 8 ]. However, patients with pancreatitis who are early 
in the course of their disease have long been considered to be at increased risk for 
perioperative  morbidity   secondary to increased diffi culty of dissection [ 9 ]. A multi-
tude of retrospective observational studies and one randomized controlled trial exist 

   Table 36.1     PICO   table for patients with acute  gallstone pancreatitis     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with 
acute  gallstone 
pancreatitis   

 Early 
 laparoscopic   
 cholecystectomy   

 Delayed 
 laparoscopic   
 cholecystectomy   

 Morbidity (surgical or recurrent biliary 
pathology),  mortality,   LOS 

36 Early or Delayed Cholecystectomy in Acute Gallstone Pancreatitis



402

which evaluate early versus  delayed cholecystectomy   in patients with mild pancre-
atitis (Table  36.2 ).

   Tang and colleagues were among the fi rst to publish their experiences in 1995, 
retrospectively examining  outcomes   and incidence of surgical  morbidity   in patients 
operated on within 1 week of symptom onset [ 11 ]. Patients were categorized accord-
ing to severity of pancreatitis using Ranson’s criteria [ 12 ], and underwent either 
early (<1 week since symptom onset) or delayed (>1 week since symptom onset) 
 laparoscopic    cholecystectomy  . All operations were performed during the index 
admission, at least 48 h after biochemical and clinical resolution of pancreatitis. 
Among patients categorized as “mild” pancreatitics (<3 Ranson criteria), there was 
no signifi cant difference in surgical morbidity, conversion to  open   operation,  mor-
tality  , or post operative length of stay between groups undergoing early and delayed 
laparoscopic cholecystectomy. Patients who underwent  early cholecystectomy   were 
noted to have a signifi cantly shorter overall hospitalization. Since Teng’s seminal 
paper, numerous retrospective reviews have arrived at similar results, advocating 
same-admission laparoscopic cholecystectomy for stable patients with resolved 
mild, or interstitial/edematous pancreatitis. 

 Some have advocated for earlier  laparoscopic    cholecystectomy   in carefully 
selected patients. Taylor and colleagues reported on a group of retrospectively 
examined patients who presented with mild  gallstone pancreatitis   and were oper-
ated on either after complete normalization of the physical exam and serum amy-
lase, or after physical examination and serum amylase had begun to trend towards 
normalization [ 13 ]. Patients in the  early cholecystectomy   group were operated on 
an average of 1.8 days after presentation and were found to have a signifi cantly 
shorter overall hospitalization than those who were postponed for complete resolu-
tion of pancreatitis. Additionally, no benefi t was found when postponing interven-
tion until complete resolution of pancreatitis. 

 To date, one randomized controlled trial has addressing the  timing   of  laparo-
scopic    cholecystectomy   in patients with acute  biliary pancreatitis  . In 2012, Aboulian 
and colleagues reported on 50 patients that presented with mild  gallstone pancreati-
tis  , defi ned by fewer than three Ranson criteria, who were randomized to either 
early laparoscopic cholecystectomy within the fi rst 48 h of admission, or to chole-
cystectomy after symptom and laboratory resolution of pancreatitis [ 14 ]. Patients 
received intervention as long as post admission serum amylase values documented 
stable pancreatitis. The early  surgery   group was operated on at a mean of 35 h com-
pared to 77.8 h in the control group. Overall hospital stay was signifi cantly shorter 
in the early operative group (3.8 vs. 5.8 days, P = 0.0016). No patients were readmit-
ted, had post-operative complications, or required conversion to  open   operation. At 
interim analysis (50 of 100 total patients), the study was terminated due to the sig-
nifi cant decrease in total hospitalization without increased  morbidity   among the 
early operation group. As with previous retrospective, non-randomized studies, 
results indicate that cholecystectomy can be safely performed in patients with mild 
pancreatitis soon after admission, and that delaying operation until full symptom-
atic and biochemical resolution is unnecessary and adds to hospital stay.  
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    Patients with Severe or Necrotizing Pancreatitis 

 As with patients with more mild disease, those with severe or necrotizing  gallstone 
pancreatitis   should undergo clearance of the common duct and  cholecystectomy   
after disease stabilization [ 15 ]. With 10–20 % of patients with gallstone pancreatitis 
developing necrotizing pancreatitis and systemic organ failure,  timing   of surgical 
intervention differs from those with less severe disease [ 16 ,  17 ]. Few studies exist 
evaluating the timing of  laparoscopic   cholecystectomy in patients with severe or 
necrotizing pancreatitis. Three were identifi ed and included for review (Table  36.3 ). 
In the classic paper by Kelly and Wagner published in 1988, patients with acute 
gallstone pancreatitis were randomized to early (<48 h) or delayed (>48 h)  open   
cholecystectomy [ 5 ]. Those with severe  acute pancreatitis   (greater than 3 Ranson 
criteria) randomized to the early  surgery   group were found to have signifi cantly 
higher rates of  morbidity   and  mortality  . Numerous other retrospective studies were 
published in the 1970s and 1980s detailing the dangers associated with open chole-
cystectomy in those with acute, active, severe pancreatitis.

   These fi ndings were translated to the  laparoscopic   era with Tang’s paper in 1995 
[ 11 ]. A subset of patients with severe  gallstone pancreatitis   (>3 Ranson’s criteria) 
underwent early (<1 week) or delayed laparoscopic  cholecystectomy  . Those in the 
early  surgery   group had a signifi cantly increased overall length of hospital stay. 

 In 1999 Uhl and colleagues published a retrospective report on 60 patients with 
acute  biliary pancreatitis   [ 18 ]. All received cross sectional imaging (contrast 
enhanced  CT   scanning) and were categorized as having necrotizing pancreatitis or 
acute interstitial pancreatitis. Of the 21 with necrotizing disease, 13 underwent  lapa-
roscopic    cholecystectomy   an average of 14 days after symptom onset. Five of thir-
teen (38 %) required conversion to an  open   operation. The remainder underwent 
open cholecystectomy at the time of necrosectomy. Extent of necrosis demonstrated 
on CT was shown to correlate with the development of infected  pancreatic necrosis  . 
The authors recommend postponing laparoscopic cholecystectomy for at least 
7 days in the case of necrotizing pancreatitis, and for at least 3 weeks in patients 
with extended pancreatic necrosis involving more than 50 % of the gland due to an 
increased risk for late development of pancreatic necrosis.   

    The Role for Endoscopic Sphincterotomy 

 It remains clear that both  open   and  laparoscopic   intervention in patients with severe 
and necrotizing pancreatitis is morbid. Delaying  cholecystectomy   after discharge in 
patients with resolved pancreatitis is similarly risky and has been recognized to be 
associated with a signifi cant risk of recurrent biliary events, occurring in 30–50 % 
of patients within the fi rst 2 months [ 16 ,  19 ]. As  recurrent acute pancreatitis   in 
patients with prior severe or necrotizing disease can prove fatal,  endoscopic    sphinc-
terotomy   performed during initial admission has been proposed as a bridging pro-
cedure to interval cholecystectomy. 
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 Several studies have addressed the utility of ES in patients with acute  gallstone 
pancreatitis  . Those who undergo ES prior to discharge are less likely to have recur-
rent episodes of pancreatitis, however are not spared from all biliary complications 
secondary to gallstones [ 6 ,  20 ]. In looking at patients with interstitial edematous 
pancreatitis with fl uid collections, as well as patients with necrotizing pancreatitis, 
Heider and colleagues found that 23 % of those who had received  endoscopic   
 sphincterotomy   were readmitted after discharge, but prior to eventual  cholecystec-
tomy   [ 16 ]. While multiple patients experienced biliary symptomatology ( cholangi-
tis  ,  pain  , nausea/emesis, and infected peri-pancreatic fl uid collections), there were 
no noted episodes of recurrent pancreatitis. 

 Some have advocated  endoscopic   retrograde  cholangiopancreatography   and 
endoscopic  sphincterotomy   for all patients with acute  gallstone pancreatitis  . A 
Cochrane review in 2012 examined the role for early  ERCP  , defi ned as conservative 
medical  management   with the addition of ERCP within the fi rst 72 h of admission 
[ 21 ]. A total of 7 trials and 757 patients were included in the review. The early 
ERCP strategy, when applied broadly to all presenting patients, was not found to 
reduce  morbidity   or  mortality   when compared to normal conservative management. 
The potential benefi t of decreased local complications (i.e. fl uid collections) and 
systemic complications was identifi ed when the strategy was applied to subgroups 
of patients with suspected  cholangitis   or suspected persistent  choledocholithiasis  .  

    Cost Implications 

 The incidence of both gallstone disease and pancreatitis in the United States and the 
western world are increasing, which has been hypothesized to be secondary to 
increasing trends in obesity [ 2 ,  22 ,  23 ]. An estimated 700,000 cholecystectomies are 
performed annually at a cost of $6.5 billion [ 24 ]. With changing healthcare land-
scapes and payor structures, it is important to acknowledge the impact of  manage-
ment   decisions on total cost of care. 

 A signifi cant cost is associated with recurrent biliary symptomatology. The risk 
of recurrent symptoms and readmissions is not negligible, and must be considered 
in patients with resolved pancreatitis awaiting interval  cholecystectomy  . Recurrent 
pancreatitis has been reported to occur with a frequency of roughly 10 %, and over-
all biliary complication rates have been reported to be as high as 60 % in patients 
waiting 20 weeks for cholecystectomy [ 8 ,  25 ]. 

 The patients most likely to experience cost savings secondary to  early cholecys-
tectomy   are those with mild  biliary pancreatitis   [ 16 ]. A recently published UK study 
considered treatment costs associated with  laparoscopic    cholecystectomy   per-
formed at various intervals. Total cost of care for patients undergoing defi nitive 
operation within the fi rst 3 days of symptom onset was compared with cost of care 
for patients undergoing subsequent admission (interval) cholecystectomy. Early 
intervention was found to yield a cost savings of nearly 27 % [ 26 ].  
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    Recommendations 

 Management of patients with acute  gallstone pancreatitis   can be stratifi ed according 
to severity. Those with mild  biliary pancreatitis  , without systemic complications or 
organ failure, are appropriate for evaluation for early  laparoscopic    cholecystectomy  . 
To date, multiple retrospective and observational studies have compared early and 
delayed  surgery   in patients with mild gallstone pancreatitis, however there is a pau-
city of prospective evidence, with a single randomized trial in the literature. Based 
on the available data, we make a recommendation for laparoscopic cholecystectomy 
within the fi rst 2 days of admission, provided the patient has shown clinical stability. 
Among patients with mild disease, further delay appears to add to total cost of care 
and length of stay. 

 In patients with severe, or necrotizing pancreatitis, there is inadequate evidence 
to recommend an appropriate interval for  laparoscopic    cholecystectomy   following 
resolution of the acute disease.  

    A Personal View of the Data 

 Therapy for  gallstone pancreatitis   includes patient resuscitation, clearance of the 
common  bile duct   (if necessary), and  cholecystectomy   to remove the nidus for 
future attacks. Pancreatitis represents a spectrum of disease and severity varies 
greatly, and multiple severity grading systems exist. Ranson’s criteria, though out-
dated, are the most frequently used in the literature to risk stratify patients with 
gallstone pancreatitis. Among those with mild disease (commonly defi ned as <3 
Ranson’s criteria), which has been shown to be stable by physical examination and 
laboratory values,  laparoscopic   cholecystectomy should be pursued, regardless of 
the time since symptom onset. Patients with suspected  choledocholithiasis   should 
undergo  ERCP   and ES. Those with severe or necrotizing pancreatitis should be 
initially resuscitated and stabilized. When performed after stabilization and prior to 
hospital discharge, ERCP and ES can provide an important bridge to eventual lapa-
roscopic cholecystectomy.  

    Recommendations 

•     Patients with mild  gallstone pancreatitis   that is stable in severity should undergo 
 laparoscopic    cholecystectomy   at earliest convenience, provided they are of 
acceptable surgical risk (evidence quality moderate; strong recommendation).  

•   Patients with severe or necrotizing  gallstone pancreatitis   should undergo interval 
 cholecystectomy   with  endoscopic    ERCP   and ES utilized as a bridging proce-
dure, if necessary (evidence quality low; weak recommendation).        
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    Chapter 37   
 Nutritional Support in Acute Necrotizing 
Pancreatitis                     

       Andreas     Mykoniatis    

    Abstract     Enteral nutrition (EN) is now considered the standard of care for patients 
with severe acute pancreatitis and patients with pancreatic necrosis. Several ran-
domized controlled trials and meta-analyses have shown that the administration of 
EN nutrition reduces complications and mortality of patients with severe pancreati-
tis including patients with pancreatic necrosis compared to parenteral nutrition 
(PN). PN had been the standard of care for many decades, based on the concept of 
“pancreatic rest”. Avoidance of alimentary stimulation of pancreatic exocrine secre-
tion was assumed to limit or prevent ongoing pancreatic infl ammation. Current 
practice guidelines recommend the use of enteral nutrition for feeding patients with 
acute pancreatitis, including those with pancreatic necrosis. Accumulating evidence 
suggests that the use of the gut through EN may promote the maintenance of gut 
barrier and immune functions. Provision of luminal nutrition via the gastric approach 
appears to be equally tolerated as the enteral route and may be more cost effective. 
However, larger randomized controlled trials and other studies focused on optimiza-
tion of nutritional support during the acute and convalescent phases of necrotizing 
pancreatitis are needed. Pharmaconutriton or the use of defi ned elemental formulae 
has not yet been shown to be benefi cial. The use of PN should be limited to patients 
that cannot tolerate EN.  

  Keywords     Acute pancreatitis   •   Pancreatic necrosis   •   Enteral nutrition   •   Parenteral 
nutrition   •   Enteral feedings   •   Parenteral feedings   •   Severe pancreatitis  
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      Introduction 

 Patients with severe  acute pancreatitis   are defi ned as those with ≥3 Ranson criteria; 
APACHE II score of ≥8; and a CRP level of ≥150 mg/dl [ 1 ]. The Atlanta classifi ca-
tion [ 2 ] determines the severity of acute pancreatitis by the presence of organ fail-
ure, systemic failure, or other prognostic indicators (i.e.:≥3 Ranson criteria or 
APACHE II ≥8). The revised Atlanta classifi cation includes the use of morphologic 
CECT (Contrast-enhanced  computed tomography  ) criteria to diagnose acute necro-
tizing pancreatitis by the presence of necrosis and evidence of infection. 

 The exact pathophysiology [ 3 ] of  acute pancreatitis   (AP) is not clear, but it is 
thought to be caused by the abnormal activation of pancreatic proenzymes that 
results in autodiegestion of the pancreas. In theory, “pancreatic rest” might help 
decrease pancreatic exocrine secretion and thereby retard disease progression. It is 
now known that several other factors are involved in the progression of pancreatitis 
that involve the integrity of the intestinal mucosa [ 4 ]. 

 In about 15–20 % of patients, the disease progresses to severe illness with a pro-
longed disease course; multiple organ failure; and sepsis. The overall  mortality   of 
AP is about 5 % and can reach up to 20–30 % in patients with severe AP and infected 
necrosis [ 5 ,  6 ]. Parenteral nutrition was regarded as the standard nutritional  man-
agement   for many decades based on the theory of pancreatic rest [ 7 ]. Optimal man-
agement now includes resuscitation with IV fl uids,  pain   management, and early 
 enteral nutrition  . Several pieces of evidence have shown that early enteral nutrition 
is superior to PN. Enteral nutrition (EN) preserves mucosal integrity and reduces 
the risk of infections. In comparison to PN, EN seems to be equally tolerated and is 
more cost effective. This chapter will address and grade the evidence for the use of 
enteral nutrition in patients with severe  acute pancreatitis   and  pancreatic necrosis  . It 
will also evaluate the existing evidence for the use of gastric vs. jejunal tube feeding 
(TF); early vs. late nutrition; and the use of polymeric vs. elemental formula and 
probiotics in the setting of severe acute pancreatitis and pancreatic necrosis.  

    Search Strategy 

 In order to evaluate the use of  enteral nutrition  , a literature search of English lan-
guage publications from 2000 to 2013 was used to identify published data on  acute 
pancreatitis   and nutrition using the  PICO   outline (Tables  37.1  and  37.2 ). Databases 
searched were PubMed, Web of Sciences, Cochrane library, and Embase Database. 
Terms used in the search were “acute pancreatitis,” “ pancreatic necrosis  ”, “enteral 
nutrition/ parenteral nutrition  ”, or “enteral feeding/ parenteral feedings  ”. Eight ran-
domized controlled trials were included in the analyses that evaluated the use of EN 
vs. PN. Four randomized controlled trials that studied the use of NG vs. NJ tube 
feeds in patients with acute pancreatitis were included. The data was classifi ed 
using the  GRADE   system.
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   Table 37.1     PICO   table for  enteral nutrition   vs.  parenteral nutrition   in  acute pancreatitis     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with severe 
 acute pancreatitis   

 Enteral  Parenteral nutrition  Mortality, organ failure, 
pancreatic infection 

   Table 37.2     PICO   table for G tube vs. J tube in  acute pancreatitis     

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with  acute 
pancreatitis   

 Gastric  Jejunal  Incidence of infection 

        Results 

    Feeding in Severe Acute Pancreatitis and Pancreatic 
Necrosis-EN vs. PN 

 The data supporting the use of EN are based on more than eight prospective ran-
domized controlled trials. In particular, comparison of PN to EN in patients with 
severe  acute pancreatitis   has been addressed by these trials [ 8 – 15 ] (Table  37.3 ); and 
the results were analyzed in several meta-analyses [ 16 – 18 ].

   In the most recent randomized study by Wu et al. [ 14 ], 107 patients were enrolled 
between 2003 and 2007. Fifty-four patients were fed with PN and 53 patients were 
fed with EN. Those individuals with  pancreatic necrosis   determined by  CT   scan and 
confi rmed by a C-reactive protein (CRP) level (greater than 19.5 mg/dL, 48 h after 
the onset of the disease), were included in this study. Eighty percent of the patients 
developed organ failure in the PN group vs. 21 % (P < 0.05) in the EN group. 
Similarly, 80 % and 22 % (P < 0.05) in the PN and EN groups respectively under-
went surgical intervention. Seventy-two percent of the PN patients (P < 0.05) and 
23 % of the EN patients developed pancreatic septic necrosis. The  mortality   rate in 
the PN and EN groups was 43 % and 11 % respectively. 

 In a meta-analysis by Petrov et al. [ 18 ] published in 2008, the aim was to evalu-
ate PN and EN with regards to infectious complication and  mortality  . Five random-
ized controlled trials compared parenteral to  enteral nutrition   in patients with 
predicted severe  acute pancreatitis  . EN reduced the risk of infectious complications 
(relative risk, 0.47; 95 % CI, 0.28–0.77; P < 0.001); pancreatic infections (0.48; 
0.26–0.91; P = 0.02); and mortality (0.32; 0.11–0.98; P = 0.03). 

 According to the international consensus guideline committee [ 19 ] that pub-
lished their guidelines in 2012, there was almost uniform agreement on the follow-
ing items. Patients with mild to moderate disease should be treated with IV fl uids 
and nil per os (NPO) with gradual advancement of their diet. The need for EN or PN 
therapy should be considered in mild to moderate disease when the patient has been 
NPO for 5–7 days. In severe disease, EN should be started early with a small 
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peptide- based medium-chain triglyceride (MCT) oil formula into the stomach or 
small intestine. EN can be continued despite the presence of complications such as 
fi stula,  ascites  , or pseudocyst. PN should be initiated if EN is contraindicated or not 
well tolerated. The guidelines conclude that EN is the evidence based standard of 
care for patients with severe  acute pancreatitis   and  pancreatic necrosis  .  

    Route of Enteral Feeding in Acute Pancreatitis-NG vs. NJ 

 The administration of nasogastric (NG) tube feeding does not require specialized 
invasive procedures. However, it is thought to increase the risk of aspiration result-
ing in prolonged hospitalization. Conversely, the provision of nasojejunal (NJ) tube 
feeds usually requires the insertion of a NJ tube that requires  endoscopic   or radio-
logical guidance for insertion, procedures that may delay the initiation of feeding. 

 The effect of NG vs. NJ tube feeds has been investigated in four randomized 
clinical studies (Table  37.4 ) [ 20 – 23 ]. These studies included patients with severe 
 acute pancreatitis   (SAP) and  pancreatic necrosis  . There were no signifi cant differ-
ences in clinical  outcomes   or in tolerance.

   In the most recent randomized controlled study published by Singh et al. in 2012 
[ 22 ], 78 patients were randomized to feeding by either the NG or the NJ route. This 
was a non-inferiority study. Thirty-six of the patients had necrotizing pancreatitis. 
Early enteral feeding through NG was not inferior to NJ in patients with SAP. The 
presence of infectious complications in the NG and NJ groups was 23.1 % and 
35.9 % (P < 0.05) respectively. The infectious complications were within the 

   Table 37.3    Clinical  outcomes   of EN vs. PN   

 Author (year) 

 EN  PN 

 Results 
 Study type ( quality 
of evidence)    N a   N a  

 Kalfarent-zos et al. 
(1997) 

 18  20  Lower pancreatic infection and sepsis 
rate in EN 

 Prospective (high) 

 Gupta (2003)  8  9  Non-signifi cant lower pancreatic 
infection rate in EN 

 Prospective (high) 

 Louie (2005)  10  18  Non-signifi cant lower pancreatic 
infection rate in EN 

 Prospective (high) 

 Eckerwall (2006)  23  25  Signifi cant higher pancreatic infection 
rate in EN 

 Prospective (high) 

 Petrov (2007)  35  34  Signifi cant lower pancreatic infection 
and  mortality   rate in EN 

 Prospective (high) 

 Casas (2007)  11  11  Non-signifi cant lower pancreatic 
infection rate and length of stay 

 Prospective (high) 

 Doley (2008)  25  25  Non-signifi cant pancreatic infection 
and  mortality   rate 

 Prospective (high) 

 Wu (2010)  53  54  Signifi cant lower  pancreatic necrosis   
rate in EN 

 Prospective (high) 

   a N: number of patients  

A. Mykoniatis



415

non- inferiority limit. All other complications such as  pain   in refeeding intestinal 
permeability and endotoxemia were comparable in both groups. 

 In the meta-analysis published by Petrov [ 24 ], four studies [ 20 – 25 ] investigated 
the use of NG tube feedings, and a total of 92 patients with predicted severe  acute 
pancreatitis   were included. Eleven of those patients (16.9 %) had severe necrotizing 
pancreatitis. There was no statistically signifi cant difference in the  mortality   rate 
(RR = 0.77; 95 % CI: 0.37–1.62; P = 0.50) between the patients fed via NG vs. 
NJ. Likewise, there was no difference in the feeding tolerance in the two groups 
(RR = 1.09; 95 % CI: 0.46–2.59; P = 0.84). 

 A meta-analysis published by Zhang et al. [ 26 ] in June 2013 included many stud-
ies in nutrition in the ICU setting and showed that jejunal feeding can deliver a 
higher proportion of the estimated energy requirement compared to gastric feeding. 
However,  mortality   (OR, 1.05; 95 % CI, 0.77–1.44); new-onset pneumonia (OR, 
0.77; 95 % CI, 0.53–1.13); and aspiration (OR, 1.20; 95 % CI, 0.64–2.25) were not 
improved in the NJ tube feed group. 

 The concept of NG vs. NJ tube feeds needs to be further investigated in a large 
randomized trial that is adequately powered. As stated by Petrov et al. [ 27 ], this 
will require the enrollment of 440 patients to demonstrate a 10 % absolute risk 
reduction in feeding intolerance. Such a study is technically diffi cult requiring 
multicenter involvement. Current randomized studies each have fl aws that were 
discussed by Petrov [ 28 ]. For example, the study by Eatock [ 21 ] used a duodenal 
and not jejunal tube. In the study by Kumar [ 23 ] and Singh [ 22 ], there was a delay 
in initiating the TF. 

 The practical preference of using NJ rather than NG feeds in patients with nec-
rotizing pancreatitis is related to the clinical  observation   that necrotizing pancreati-
tis patients commonly develop gastric ileus [ 29 ]. Therefore, they are at an increased 
risk for non-tolerance to NG tube feeds. In addition, the use of NJ tube feeds is 
intuitively more consistent with the concept of pancreatic rest which is an area of 
ongoing investigation. However, hard data showing the advantage of NJ over NG 
routes has not yet been established. 

 The anatomic level below which pancreatic stimulation is prevented is another 
area that requires further investigation. There was a loss of pancreatic stimulatory 

   Table 37.4    Clinical  outcomes   of NG vs. NJ tube feedings   

 Author (year) 

 NG  NJ 

 Results 
 Study type ( quality of 
evidence)    N*  N* 

 Eatock (2000)  20  18  Non-signifi cant differences in 
outcome and tolerance 

 Cohort (low) 

 Eatock (2005)  9  8  Non-signifi cant difference in 
pancreatic infection rate and tolerance 

 Prospective (low due 
to fl aws) 

 Kumar (2006)  15  16  Non-signifi cant difference in outcome 
measure and tolerance 

 Prospective (low due 
to fl aws) 

 Singh (2012)  39  39  Infectious complication within the 
inferiority limit and similar tolerance 

 Prospective (low due 
to fl aws) 

  * = number of patients  
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effect from 20 to 120 cm post ligament of Treitz as stated by O’Keefe et al. [ 30 ]. A 
study by Kumar et al. [ 23 ] that aimed to investigate the stimulatory effects of feed-
ing by inserting NJ tubes 60 cm beyond the ligament of Treitz was inconclusive due 
to inadequate statistical power. 

 There is a weak recommendation for NJ tube feed placement in patients with 
severe  acute pancreatitis   and  pancreatic necrosis   because of possible gastric ileus 
resulting in inadequate nutrition. The optimal length of the feeding tube insertion 
below the ligament of Treitz has to be further investigated.   

    Type of TF 

 There are multiple tube feeding products available. These can be divided into three 
large groups. These groups include the elemental or semielemental; polymeric; and 
immunomodulating products (i.e., glutamine, omega-3 fatty acids, antioxidants, or 
probiotics) [ 31 ]. 

 The use of an elemental or semielemental formulation during the treatment of 
severe  acute pancreatitis   was thought to be advantageous because it was absorbed 
easier resulting in better tolerance. On the other hand, polymeric formulations are 
less expensive. In a meta-analyses published by Petrov et al. [ 32 ], the different feed-
ing products were compared with respect to their feeding tolerance. The following 
endpoints were evaluated: temporary reduction or cessation of feeding; infectious 
complications; and in-hospital  mortality  . The study reviewed 20 randomized con-
trolled trials and included a total of 1070 patients with acute pancreatitis. Eight- 
hundred twenty-fi ve of the patients had severe acute pancreatitis. In the study, it was 
shown that the use of an elemental formulation did not result in a statistically sig-
nifi cant difference in the risk of infectious complications and death. Polymeric and 
elemental formulations were equally tolerated. 

 The use of probiotics was studied in a multicenter randomized double blind con-
trolled trial entitled PROPATRIA [ 33 ]. In this study, 298 patients with predicted 
severe  acute pancreatitis   were randomized to receive either a multispecies probiotic 
preparation or placebo for 28 days. The primary endpoints were infectious compli-
cations (infected  pancreatic necrosis  , bacteremia, pneumonia, urosepsis, or infected 
 ascites  ) during admission and at 90-day follow-up. Infectious complications 
occurred in 30 % of patients in the probiotics group and 28 % in the placebo group. 
Sixteen percent of patients in the probiotics group died, compared with 6 % in the 
placebo group. In addition, nine patients in the probiotics group developed bowel 
ischemia compared with none in the placebo group. The PROPATRIA study was 
preceded by two lower powered studies by Olah et al. [ 34 ,  35 ] that showed decreased 
rates of infected necrosis; hospital stay; SIRS; and organ failure in patients with 
acute pancreatitis using lactobacillus. Because of the confl icting results of these 
studies, and the surprising yet unexplained increase in death and intestinal ischemia 
in the PROPATRIA study, the use probiotic prophylaxis in patients with severe 
acute pancreatitis remains highly controversial and in need of further investigation.  
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    Timing of Feeding Initiation- Early vs. Late 

 The role of very early (in the fi rst 24 h) EN in patients with severe  acute pancreatitis   
has yet to be adequately investigated in randomized trials. The initiation of TF in the 
fi rst 24–48 h after admission is the current practice of  timing    enteral nutrition   
support. 

 Initiation of very early  enteral nutrition   in patients with severe pancreatitis is 
thought to prevent mucosal barrier dysfunction; bacterial overgrowth; and bacterial 
translocation. This concept was examined in a meta-analysis by Bakker [ 36 ] that 
included eight trials. In the subgroups of patients with predicted severe  acute pan-
creatitis   and  pancreatic necrosis  , results were consistently better if EN was started 
within 24 h. However, these results were not statistically signifi cant. Therefore, the 
current guideline is to start the enteral nutrition in the fi rst 24–48 h which is consid-
ered early by American Society of Enteral and Parenteral Nutrition standards [ 37 ]. 

 Numerous meta-analyses have examined the use of early  enteral nutrition   in 
severe  acute pancreatitis  . In a meta-analysis by Li et al. [ 38 ], early enteral nutrition 
within 48 h in severe acute pancreatitis showed protection against infectious com-
plications. There was another meta-analysis by Petrov et al. in 2008 [ 32 ] that aimed 
to analyze the  timing   of enteral nutrition. This study showed a signifi cant risk reduc-
tion of multiple organ failure; pancreatic infectious complications; hyperglycemia; 
and length of hospitalization if EN was started within the fi rst 48 h. The limiting 
factor of this study was the lack of a standard defi nition for early vs. late enteral 
nutrition, which varied from 24 to 72 h after admission. Taken together, the avail-
able evidence base suggests that EN can be safely initiated within the fi rst 24–48 h 
after resuscitation. 

 Another approach used to nourish patients with acute necrotizing pancreatitis is 
early volume oral feeds containing 248–330 kcal/day given to patients within the 
fi rst 72 h. A retrospective study published in 2014 by Pupelis et al. [ 39 ], examined 
10 years of data. In this study, there was a statistically signifi cant improvement in 
CRP level, the need for surgical intervention, and ICU stay. The concept of early 
oral nutrition in necrotizing pancreatitis should be further investigated in a prospec-
tive randomized study.  

    Future Directions 

 Several advances have been made in defi ning the role of nutritional support in the 
treatment of severe acute necrotizing pancreatitis [ 40 ]. One of the most important 
changes is the early initiation of proper  enteral nutrition  . The use of PN to achieve 
pancreatic rest is no longer recommended. The appropriate site of tube insertion for 
patients with severe  acute pancreatitis   and  pancreatic necrosis   needs to be further 
elucidated. 
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 The use of antioxidants for patients with  acute pancreatitis   should be evaluated 
further in a large scale study since there are studies that have shown that glutamine 
or other antioxidants [ 41 ] can be benefi cial in the ICU setting.  

    Recommendations 

 In severe  acute pancreatitis   and  pancreatic necrosis  , enteral feeds are recommended 
(evidence quality high: strong recommendation). 

 If there is normal gut function and tolerance, NG tube feeds can be attempted 
(quality moderate: weak recommendation). 

 If there is gut dysfunction, NJ tube should be inserted (evidence quality moder-
ate: weak recommendation). 

 EN should be initiated within 24–48 h after admission (evidence quality high: 
strong recommendation).  

    A Personal View of the Data 

 In most of tertiary medical centers, feeding in patients with acute necrotizing pan-
creatitis usually starts after completion of the initial resuscitation process. The 
administration of feeding stimulates the gut and preserves gut function [ 27 ]. 
Prolongation of intestinal dysfunction increases pancreatic infection rate and  mor-
tality   [ 42 ]. 

 There is a clear role for the use of PN in the  management   of severe  acute pancre-
atitis   when EN is not able to achieve nutritional goals [ 43 ] or when the route is 
compromised [ 44 ] such as in the presence of ileus, enteric fi stula,  pancreatic pseu-
docyst  ,  ascites  , or other severe complications. Nutrition in necrotizing pancreatitis 
is an important medical decision that can infl uence the progression of the disease 
and reduce complication rates. Further studies are needed to address the optimal 
anatomic level used for nutrition, the use of immunonutrition, and the prophylactic 
administration of probiotics.     
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    Chapter 38   
 Management of Symptomatic Pancreatic 
Pseudocyst                     

       Benjamin     D.     Ferguson     and     Vivek     N.     Prachand    

    Abstract     Management options for pancreatic pseudocyst are numerous and include 
endoscopic and surgical approaches. Much debate exists regarding which of these 
approaches is superior and when each is most appropriate. While endoscopy offers 
less post-procedural pain, shorter length of stay, and fewer complications, laparo-
scopic surgical approaches are more suitable for pseudocysts whose locations or 
other characteristics present signifi cant technical challenge or are otherwise uname-
nable to endoscopic drainage. Endoscopic management should be attempted when 
technically feasible, and a laparoscopic approach should be employed when endo-
scopic drainage would be technically diffi cult or in symptom recurrence following 
initial endoscopic management.  

  Keywords     Pancreatic pseudocyst   •   Laparoscopy   •   Endoscopy   •   Cystgastrostomy  

      Introduction 

 Pancreatic pseudocysts are collections of pancreatic fl uid and necrotic tissue sur-
rounded by a non-epithelial perimeter persisting for greater than 6 weeks and aris-
ing following pancreatitis or trauma. Although usually asymptomatic, pseudocysts 
can cause symptoms by mass effect (abdominal or back  pain  , obstructive symp-
toms, or  jaundice  ), infection, or hemorrhage. Though spontaneous resolution is 
typical, serious complications, such as rupture, infection, bleeding, or obstruction, 
can occur. Management options can be broadly classifi ed as surgical or  endoscopic  . 
Within the surgical domain,  laparoscopy   has emerged as a safe and effective method 
for  management   of  pancreatic pseudocyst  s and typically is associated with less 
postoperative pain, shorter length of stay, and non-inferior success rates compared 
to  open   surgical management. Endoscopic approaches offer even less pain, 
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procedural invasiveness, and hospital length of stay, but may require more than one 
treatment to achieve pseudocyst resolution. As a result, there is signifi cant contro-
versy and uncertainty regarding optimal management of pancreatic pseudocyst. 

 Several  laparoscopic   surgical techniques have been described. The most com-
mon among these include pseudocystgastrostomy via anterior (intraluminal) or pos-
terior (extraluminal) approaches, pseudocystduodenostomy, and Roux-en-Y 
pseudocystjejeunostomy. Likewise, several  endoscopic   options have been described, 
including the use of  ultrasound   or fl uoroscopic guidance for pseudocyst localiza-
tion, plastic vs. metal stent use, single vs. multiple stent placement, and concomitant 
 ERCP   to identify need for and facilitate pancreatic duct (PD) stent placement. For 
the purpose of this review, studies involving any combination of these techniques 
have been considered collectively as either laparoscopic or endoscopic  management   
techniques, respectively.  

    Search Strategy 

 A Medline search was performed in PubMed using the following search strings 
based on  PICO   elements (Table  38.1 ): “pancreatic AND pseudocyst AND ( laparo-
scopic   OR  laparoscopy   OR  endoscopic   OR  endoscopy  )”. The search was limited to 
studies on human subjects written in the English language since 2000. All results 
were read and reviewed, and irrelevant results were excluded from the analysis. 
Single-case reports, systematic and other reviews, and editorials and commentaries 
were also excluded.

       Results 

 There is a paucity of prospective  clinical trials   comparing surgical and  endoscopic   
 management   of  pancreatic pseudocyst  s. No studies have directly compared  laparo-
scopic   management to  endoscopy  , and there is substantial heterogeneity in the tech-
niques and adjuncts used in the series that are available. Furthermore, numerous 
series include both pseudocysts and necrotic fl uid collections, further complicating 
the interpretation of their  outcomes   given the reduced effi cacy of endoscopic 

   Table 38.1     PICO   table for  management   of symptomatic  pancreatic pseudocyst     

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

 Patients with 
symptomatic 
 pancreatic pseudocyst   
undergoing curative 
 management   

 Laparoscopic 
 operative 
management   

 Endoscopic 
 management   

 Resolution of symptoms, 
complications, recurrence, need 
for additional or more invasive 
 management   
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management of walled-off necrotic fl uid collections. Finally, much of the literature 
represents experience of a single surgeon or endoscopist or within a single institu-
tion, limiting their generalizability and comparative usefulness. 

    Surgical Versus Endoscopic Management 

 In a prospective randomized clinical trial involving 40 patients at a single institution 
with symptomatic  pancreatic pseudocyst  s, Varadarajulu et al. compared  open   surgi-
cal and  endoscopic    management  . Twenty patients underwent either  ultrasound  - and 
fl uoroscopic-guided  cystgastrostomy   with stoma balloon dilation and placement of 
two plastic stents immediately followed by  ERCP   and PD stent placement if PD 
leak was identifi ed or open surgical cystgastrostomy by a single surgeon via an 
upper midline laparotomy and an anterior (intraluminal) gastric approach using an 
endovascular stapler to create a 6-cm communication. Successful treatment was 
noted in 95 % (19/20) of patients undergoing endoscopic management and in 100 % 
(20/20) of patients undergoing surgical management, although one surgical patient 
developed a recurrent pseudocyst with ongoing alcohol use. There were no compli-
cations in the  endoscopy   group, while one wound infection and one upper GI bleed 
occurred in the surgical group, the latter of which required endoscopic cauterization 
at the anastomosis. Another patient had a surgical feeding tube placed for persistent 
intolerance of oral intake, and another developed a pancreatic duct  stricture   at the 
tail requiring  distal pancreatectomy   after attempted stent placement via 
ERCP. Overall, there were no signifi cant differences between arms in success rates, 
complications, or need for further interventions with or without crossover. However, 
hospital length of stay was signifi cantly shorter in the endoscopic group (2 days 
versus 6 days), and overall treatment cost per patient was signifi cantly lower in the 
endoscopic group. The utility of the study was limited by its small sample size and 
its inclusion of data generated by only one surgeon and two endoscopists at a single 
institution [ 1 ]. 

 Melman et al. performed a retrospective review of a series of 83 patients who had 
undergone  endoscopic  ,  laparoscopic  , or  open    cystgastrostomy   over the prior 8 years 
at a single institution. Primary success, defi ned as resolution of symptoms or pseu-
docysts following the initial intervention, was more common in patients with lapa-
roscopic and open surgical  management   compared to endoscopic management 
(87.5 %, 81.2 %, and 51.1 %, respectively; p < 0.01). However, overall success, 
defi ned as resolution of symptoms or pseudocysts at last patient follow-up regard-
less of number of attempts of or techniques for intervention, was not signifi cantly 
different between laparoscopic, open, and endoscopic groups (93.8 %, 90.9 %, and 
84.6 %, respectively; p > 0.05). One patient in the laparoscopic group had recurrent 
symptomatic pseudocyst and underwent successful endoscopic management. One 
patient in the open group had recurrent pancreatitis and underwent necrosectomy, 
and another who had a residual pseudocyst was managed with  percutaneous   
  drainage  . In the endoscopic group, 13 initial failures were managed via open 
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 surgical management, and 3 had percutaneous drainage. Six initial failures were 
successfully managed with repeat endoscopic procedures; the overall success rate 
among endoscopic patients who did not require subsequent surgical or percutaneous 
procedures was 64.4 % (29/45). Surgical complications in the laparoscopic group 
were encountered in 25 % (4/16) of patients and included two upper gastrointestinal 
hemorrhages, one of which required endoscopic management. Among open surgical 
patients, complications occurred in 22.7 % (5/22) and included one patient who 
developed a wound infection, two patients with incisional hernias, and one patient 
who developed multi-system organ failure and prolonged respiratory failure requir-
ing tracheostomy. Complications in the endoscopic group occurred in 15.6 % (7/45) 
of patients and included three patients who needed urgent laparotomy for unspeci-
fi ed reasons, two with gastric perforation, one with cystgastrostomy unable to be 
managed endoscopically, and one with upper gastrointestinal hemorrhage who was 
managed conservatively. The complication rates did not differ signifi cantly between 
groups (p = 0.6448). However, crossover rates from endoscopic to any surgical man-
agement and from laparoscopic or open surgical to endoscopic management for 
either treatment failure or management of complications was signifi cantly higher in 
the initial endoscopic group (15.6 % versus 2.6 %, p = 0.0475). Interpretation of 
these results is made complicated by the inclusion of debris-containing fl uid collec-
tions (suggestive of walled-off necrosis, which has lower rate of successful endo-
scopic treatment) and the lack of clarifi cation as to the conduct of interventions (i.e. 
PD stent placement) when PD leak was identifi ed. This study was further limited by 
inclusion of patients within a single institution and bias associated with non- 
randomized patient groups [ 2 ]. 

 Nealon et al. retrospectively reviewed 79 patients over a 10-year period at a sin-
gle institution who developed complications after initial  endoscopic   and/or  percuta-
neous    management   of  pancreatic pseudocyst  s and compared  outcomes   and 
characteristics of this cohort with those of 100 consecutive patients who underwent 
initial  open    operative management  . Additionally, pancreatic ductal anatomy and the 
relationship of the pseudocyst to the rest of the pancreas were assessed and classifi ed 
in all patients using  ERCP   or MRCP. There were no statistical differences in disease 
severity, pseudocyst size or location, or anatomic relationship of the pseudocyst to 
the main pancreatic duct between patients undergoing initial endoscopic and/or per-
cutaneous management versus operative management. Treatment failure was noted 
in 83.5 % (66/79) patients undergoing endoscopic and/or percutaneous manage-
ment; all 66 patients required subsequent open operative management. Of these, 
two-thirds were noted to have pancreatic duct disruption and had not had PD stent 
placement prior to referral for operative management. Sepsis eventually occurred in 
91.1 % (72/79) of patients with initial endoscopic and/or percutaneous management. 
The most common operative technique in patients with initial failed therapy was 
open cystjejunostomy (47/66, 71.2 %). There were no mortalities or need for reop-
eration among this group. While the rate of patients requiring ICU admission, ICU 
admissions per patient, episodes of sepsis, complications related to bleeding or renal 
failure, need for mechanical ventilation, and persistent  pancreatic fi stula   were sig-
nifi cantly lower among patients with initial operative management compared to 
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those with initial endoscopic and/or percutaneous management (p < 0.05), these 
results must be interpreted with caution as the non-operatively managed patients 
included in this study only included those who were initially unsuccessful or devel-
oped complications, and included  percutaneous drainage   as a treatment modality, 
which is not currently accepted as a defi nitive treatment modality. Finally, details 
regarding the specifi c non-operative approaches used are not provided [ 3 ].  

    Laparoscopic Management 

 We identifi ed six retrospective reports of case series primarily involving  laparo-
scopic    management   of  pancreatic pseudocyst  s. Overall, treatment success was 
noted in 83–100 % of patients, with complications occurring in 0–27 %. The recur-
rence rates were 0–20 %, and 0–20 % of patients required operative or other proce-
dural management following the initial operative therapy. 

 In the largest case series by Palanivelu et al., which included 106 patients who 
underwent  laparoscopic    management  , the treatment success rate was 100 %. 
Complications occurred in 6.6 % of patients, and recurrence was noted in 0.9 %, 
while the need for further surgical or other management was noted in 1.9 %. 
Laparoscopic  cystgastrostomy   was the most common procedure, accounting for 
83.4 % of the cases in this series [ 4 ]. 

 No other case series involving primarily  laparoscopic   patients included more 
than 17 patients, limiting the signifi cance of their conclusions. However, a summary 
of the fi ndings from these smaller studies is presented in Table  38.2 .

       Endoscopic Management 

 We identifi ed 11 retrospective reports of case series primarily involving  endoscopic   
 management   of  pancreatic pseudocyst  s. Overall, treatment success was noted in 
75–100 % of patients, with complications occurring in 0–26 %. The recurrence 
rates were 0–16 %, and 0–28 % of patients required additional  operative manage-
ment   following the initial endoscopic therapy. 

 The largest case series involving primarily  endoscopic    management   was reported 
by Weckman et al. Among 165 patients who underwent endoscopic therapy and 
completed follow-up, treatment success (i.e. those with no or only mild pancreatic 
symptoms) was noted in 75.2 %. The 170 patients examined in this study underwent 
a total of 380 endoscopic procedures; complications occurred in 10.0 % of these. 
Recurrence was noted in 5.6 % of patients, and 13.9 % of patients initially managed 
endoscopically subsequently underwent a surgical procedure in their course of 
treatment [ 10 ]. 

 In another series, Varadarajulu et al. compiled  outcomes   of patients treated for 
 pancreatic pseudocyst  s, abscesses, or necrosis. In 154 patients undergoing  endo-
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scopic    management   for pancreatic pseudocysts or abscesses, successful treatment was 
achieved in 93.5 %. Complications and recurrence were noted in 5.2 % and 5.0 %, 
respectively, of patients undergoing endoscopic therapy for pseudocyst, abscess, or 
necrosis. Operative management was required in 13.3 % of treated patients [ 11 ]. 

 These and several smaller studies, none including more than 60 patients, are 
summarized in Table  38.3 .

        Recommendations Based on the Data 

     1.    For patients with favorable size and location of pseudocyst (with respect to the 
stomach and/or duodenum) and favorable pancreatic duct anatomy,  endoscopic   
 management   is recommended (evidence quality moderate, moderate 
recommendation).   

   2.    Evaluation of pancreatic ductal anatomy for identifi cation of associated pancre-
atic duct disruption or  stricture   and the presence of communication between the 
duct and pseudocyst should be performed. If disruption or stricture is identifi ed, 
particularly in the setting of communication with the pseudocyst, placement of a 
pancreatic duct stent to bridge the disruption/stricture may increase the likeli-
hood of successful  endoscopic    management   (evidence quality moderate, moder-
ate recommendation).   

   3.    If “disconnected duct” syndrome is identifi ed,  laparoscopic   drainage may be 
preferable to  endoscopic    management   as the latter may require pseudocyst stent 
placement of indeterminate length with attendant increased risks of stent migra-
tion and associated complications (evidence quality weak, recommendation 
weak).   

   4.    For patients in whom  endoscopic   pseudocyst drainage would be technically 
challenging or has already been attempted with procedural failure or symptom 
recurrence related to unanticipated presence of necrotic debris, surgical  manage-
ment   is recommended (evidence quality moderate, moderate recommendation).   

   5.    Laparoscopic approaches should be attempted during surgical drainage proce-
dures when technically feasible and commensurate with the profi ciency of the 
surgeon (evidence quality moderate, moderate recommendation).      

    A Personal View of the Data 

 Numerous  minimally invasive   techniques exist in the  management   of  pancreatic 
pseudocyst  . Defi nitive algorithms are lacking due to inconsistent application of 
appropriate pancreatic fl uid collection terminology (2013 revised Atlanta classifi ca-
tion) and variability of local expertise in both  endoscopic   and  laparoscopic   tech-
niques. Endoscopic management appears to result in shorter length of stay and 
fewer complications, though at the cost of more frequent interventions. Laparoscopic 
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management as fi rst-line therapy may be more successful in resolution of symptoms 
and reducing the need for additional procedural intervention, though length of stay 
is longer and complications can be more serious. The fi rst important clinical clarifi -
cation is whether the pancreatic fl uid collection (PFC), typically seen initially on 
computerized tomography ( CT  ) imaging, represents a pseudocyst or walled-off 
 pancreatic necrosis  . The presence of solid debris may reduce the effi cacy and 
increase the risk of adverse  outcomes   of standard endoscopic pseudocystgastros-
tomy and may favor the use of a laparoscopic approach given the more thorough 
concomitant debridement that can be performed. Because computerized tomogra-
phy (CT) cannot reliably identify the presence of solid (necrotic) debris within a 
PFC, EUS or MRI/MRCP can be invaluable during the formulation of the treatment 
plan. These modalities also offer an opportunity to differentiate the PFC from fea-
tures consistent with pancreatic cystic neoplasm. The second important anatomic 
clarifi cation required in the formulation of a treatment plan is assessment of the PD 
anatomy and its relationship to the pseudocyst, with appropriate PD stent placement 
to enhance the likelihood of success with endoscopic pseudocystgastrostomy. 
Alternatively, if “disconnected duct” with a viable pancreatic tail remnant is identi-
fi ed, laparoscopic drainage or even distal pancreatic  resection   may be more 
appropriate. 

 Given the complexity and range of the available treatment modalities and the 
relative infrequency and clinical heterogeneity of patients presenting with  pancre-
atic pseudocyst  s, a multidisciplinary approach to treatment plan formulation involv-
ing surgeons, endoscopists, and other interventionalists should be an integral part of 
the  management   of patients with pancreatic pseudocyst. On the whole, given the 
presence of appropriate local expertise and anatomic features,  endoscopic   approach 
should be given strong consideration as fi rst-line treatment, but may require several 
interventions before resolution is complete. Laparoscopic management may be a 
more defi nitive approach, particularly in the setting of disconnected duct syndrome, 
but is associated with greater  morbidity  , and requires that the patient be able to 
undergo general anesthesia.     
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    Chapter 39   
 Antibiotic Prophylaxis for Acute 
Necrotizing Pancreatitis                     

       Brodie     Parent      and     E.     Patchen     Dellinger    

    Abstract     In patients with severe acute pancreatitis complicated by pancreatic 
parenchymal necrosis, one of the feared complications is infected pancreatic necro-
sis and/or infected peripancreatic tissue. Because of this concern many patients with 
severe pancreatitis have been treated with prophylactic antibiotics in an attempt to 
prevent this complication, and one early open label trial in 1993 appeared to show 
benefi t for this approach. Since that time multiple additional studies have been car-
ried out, and review of these trials fails to demonstrate any reduction in infectious 
complications or the need for operative intervention when prophylactic antibiotics 
are used. An analysis of trials comparing prophylactic antibiotics with placebo 
shows that the highest quality studies (rigorous blinding, placebo protocols, inclu-
sion only of severe disease, detailed patient fl ow descriptions) uniformly fail to 
show benefi t for prophylaxis. 

 Patients with severe acute pancreatitis or necrotizing pancreatitis should not 
receive prophylactic antibiotics, but they should be carefully observed in order to 
facilitate early diagnosis and specifi c treatment if infection occurs. This is facili-
tated by fi ne needle, CT-guided aspiration of suspicious areas. This is an accurate 
and safe mechanism for determining the presence of infection and identifying the 
responsible organisms.  

  Keywords     Severe acute pancreatitis   •   Necrotizing pancreatitis   •   Infected pancre-
atic necrosis   •   Prophylactic antibiotics   •   Septic complications   •   Operative interven-
tion   •   Fine needle aspiration   •   Clinical trials  
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      Introduction 

 Acute pancreatitis has a wide range of clinical severity, potential complications and 
 outcomes  . Approximately 80 % of patients have mild disease with a relatively quick 
recovery. Mild pancreatitis patients do not require antibiotic treatment and generally 
discharge from the hospital within 1 week. However, 15–20 % of patients develop 
severe  acute pancreatitis   (SAP) and necrosis of peri-pancreatic tissue or of the paren-
chyma itself [ 1 – 3 ]. Those patients with necrosis of >30 % of the gland demonstrated by 
contrast enhanced  CT   scan are at high risk of developing infected necrosis; overall, 
15–35 % of patients with SAP develop infected  pancreatic necrosis  , typically in the 
second to fourth week of hospitalization [ 1 ,  2 ,  4 ,  5 ]. If the necrosis becomes infected, 
this increases systemic complications, raises rates of multiple organ failure, and increases 
the overall SAP  mortality   rate from 10 % to 30–40 % [ 2 ,  6 ,  7 ]. Organisms from the 
gastrointestinal tract are the most common causative agents and include  Escherichia 
coli ,  Pseudomonas aeruginosa , Clostridium species, Bacteroides species, enterococci, 
Klebsiella species, Proteus species and Enterobacter species [ 2 ,  5 ,  7 ,  8 ]. Gram positive, 
drug-resistant and fungal organisms are also becoming more common [ 1 ,  9 – 11 ]. 

 Making the  diagnosis   of infected  pancreatic necrosis   can be diffi cult. Patients 
with SAP and pancreatic necrosis almost always present with an impressive sys-
temic infl ammatory response syndrome (SIRS) with tachypnea, tachycardia, fever 
and leukocytosis. This initial clinical presentation is similar to one resulting from an 
underlying infection (sepsis), regardless of whether sterile necrosis or infected 
necrosis is present. Although this goes against the intuition of the treating physi-
cian, clinical parameters in SAP patients do not reliably distinguish between 
infected versus sterile necrosis [ 12 – 14 ]. 

 In the face of clinical uncertainty and the potential for high  mortality   with 
infected necrosis, treating clinicians have often initiated early broad-spectrum anti-
microbial prophylaxis for patients with SAP. The rationale is clear: one can surmise 
that prophylactic antibiotics in these critically-ill patients would reduce the inci-
dence of infected necrosis and improve patient  morbidity   and mortality. Myriad 
trials and meta-analyses spanning the past four decades have attempted to show this 
anticipated benefi t, but the published data have led to mixed and sometimes directly 
contradictory conclusions. 

 Our aim in this chapter is to determine if antibiotic prophylaxis benefi ts patients 
with severe  acute pancreatitis   (SAP). We will address the apparent impact of antibiotic 
prophylaxis on the incidence of infected necrosis, septic complications, length of stay, 
need for operative intervention,  mortality   and emerging antibiotic resistance.  

    Search Strategy 

 Using the  PICO   format (Table  39.1 ), a literature search using the PubMed database 
was performed to survey available published data on  acute pancreatitis   and antibi-
otic prophylaxis. Results were limited to English-language publications, human 
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studies only, with publication range from 1993 to August 2014. Exceptions were 
made for publications prior to 1993 if they were widely referenced studies. Search 
terms were as follows: “antibiotic prophylaxis,” “antibiotics,” “antibacterial agent,” 
“antifungal agent,” “antibiotic resistance,” AND (“acute necrotizing pancreatitis” 
OR “acute pancreatitis” OR “necrotizing pancreatitis” OR “severe acute 
pancreatitis”).

   We performed a validation of our search strategy using the bibliographies from 
several recent review articles and meta-analyses [ 1 ,  3 ,  15 ,  16 ]. A search of pub-
lished literature from 1993 to 2009 was performed using the terms: “antibiotics,” 
“antibiotic prophylaxis” AND (“ acute pancreatitis  ” OR “necrotizing pancreatitis”). 
This strategy returned all but 3 of 43 relevant studies in the reference list by Wittau 
et al., all but 3 of 40 in Howard et al., all but 2 of 28 in Jiang et al., and all but 1 of 
45 relevant references cited by De Waele et al. These unique references were 
included in our review. 

 Studies were excluded if they were case reports only or if they were studies 
devoted primarily to surgical decision making/surgical technique. Studies were also 
excluded if they primarily addressed regional arterial infusion of antibiotics or 
selective gastrointestinal decontamination.  

    Results 

    Early Studies: Prophylaxis and Decreased Infected Necrosis 

 Two randomized trials in 1975 by Howes et al. [ 17 ] and Finch et al. [ 18 ] (Tables  39.2  
and  39.3 ) fi rst assessed the effi cacy of prophylactic ampicillin in  acute pancreatitis  . 
Both papers conclude that there was no difference in clinical  outcomes   between 
groups who received prophylaxis versus no prophylaxis. However, these initial 
studies have several limitations. Both included very mild cases of pancreatitis in 
their study populations, which introduced considerable heterogeneity in the study 
groups. Moreover, the rate of  pancreatic necrosis   and subsequent pancreatic infec-
tions was so low in the study groups that both papers were underpowered to detect 
a difference in treatments (high probability of a type II error).

    In 1993, Pederzoli et al. [ 19 ] completed a randomized multicenter trial which 
compared imipenem prophylaxis versus no antibiotic treatment in  acute pancreatitis   

   Table 39.1    ‘ PICO  ’ literature search strategy for antibiotic prophylaxis in severe  acute pancreatitis     

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with severe 
 acute pancreatitis   
(inclusive of those 
with pancreatic and 
peri- pancreatic 
necrosis)   

 Antibiotic 
prophylaxis 

 No prophylaxis/placebo  Incidence of infected 
necrosis, septic 
complications,  mortality,   
need for operative 
intervention, length of 
stay, antibiotic resistance 
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(n = 74). The authors reported an impressive 18 % decrease in the incidence of pan-
creatic sepsis with the use of prophylactic antibiotics. However, they were unable to 
show a difference in ultimate clinical endpoints like organ failure rates, operative 
rates, or  mortality  . Moreover, this study had several methodological fl aws, most 
signifi cant of which is the lack of any blinding. Lack of blinding is particularly 
problematic for pancreatitis studies because of historically ambiguous criteria for 
diagnosing patients with infection vs sepsis vs SIRS (as previously discussed). In 
addition, un-blinded studies may create a tendency to initiate more off-protocol 
antibiotics in control patients, leading to crossover between study arms [ 20 ]. Other 
methodological limitations in this study include the lack of a placebo, a heteroge-
neous study sample (varying severity pancreatitis patients were included), unbal-
anced study arms, and lack of any comments on patient recruitment/study fl ow. 

 Subsequent trials published in the 1990s concluded that pancreatic infections 
were reduced with prophylactic antimicrobials, but these studies were similarly lim-

       Table 39.2    Characteristics of studies on antibiotic prophylaxis in severe  acute pancreatitis  , with 
grading of evidence   

 Author (year)  Inclusion criteria  n  Study type 

 Quality of 
evidence 
( GRADE)   

 Finch (1975)  AP, amylase >160  58  RCT  Low 
 Howes (1975)  AP, amylase >160  95  RCT  Low 
 Pederzoli (1993)  SAP, PN  74  RCT  Low 
 Sainio (1995)  SAP, PN, CRP >120  60  RCT  Low 
 Declenserie (1996)  AP, ≥2 fl uid colle ctions on CT    23  RCT  Low 
 Bassi (1998) a   SAP, PN >50 %, CRP >100  60  RT  Low 
 Nordback (2001) b   AP, PN, CRP >150  58  RCT  Low 
 Manes (2003) a   SAP, PN, CRP >120  176  RT  Low 
 Isenmann (2004)  SAP, PN, CRP >150  114  DB-PC- RCT  High 
 Manes (2006) b   AP  59  RCT  Low 
 Dellinger (2007)  SAP, PN >30 %, CRP >120 or 

Balthazar E, MOD score >2 
 100  DB-PC- RCT  High 

 Rokke (2007)  SAP, CRP >120 at 24 h or CRP 
>200 at 48 h 

 73  RCT  Low 

 Garcia-Barrasa (2009)  SAP, PN  41  DB-PC- RCT  Moderate 
 Xue (2009)  SAP, PN >30 %  56  RCT  Low 
 Ignatavicius (2012)  SAP, CRP >120  210  NRPC  Low 

   AP   acute pancreatitis  ,  CRP  C-reactive protein,  DB-PC-RCT  double-blind, placebo-controlled, ran-
domized controlled trial,  MOD  multiple organ dysfunction,  NRPC  non-randomized prospective 
cohort;  PN   pancreatic necrosis   (visualized on  computed tomography   scan),  RCT  randomized con-
trolled trial,  RT  randomized trial,  SAP  severe acute pancreatitis 
  a Control groups in both these studies received imipenem, making comparison to other studies dif-
fi cult. These studies’ controls were compared to groups who received different antibiotics 
  b Control groups in both these studies were also given the designated intervention arm antibiotics 
later in the study, making comparisons to the other studies diffi cult. These two studies primarily 
evaluated antibiotics given early (intervention) vs late (control)  
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ited methodologically. Limitations included heterogeneous severity of pancreatitis 
in study groups, lack of blinding, lack of placebo, low samples sizes (underpowered 
analyses), and frequent changes in antibiotic regimens in both intervention and con-
trol arms. Moreover, although many of these studies showed decreased pancreatic 
infections and systemic infections with prophylaxis, they failed to show any differ-
ence in observed  mortality   or the need for operations [ 21 – 28 ] (Tables  39.2  and 
 39.3 ). Notable exceptions include studies by Sainio et al. [ 22 ] and Nordback, et al. 
[ 23 ], who respectively noted a signifi cant mortality benefi t and a reduced operative 
rate in prophylaxis groups. However, both of these studies chose unique methods 
for defi ning pancreatic infection, and one study used only clinical parameters to 
defi ne pancreatic infection (which we have previously described as inherently inac-
curate). Finally, it is noteworthy that none of the aforementioned studies docu-
mented detailed methods of nutrition for sample populations. The use of  enteral 
nutrition   in pancreatitis studies is a highly signifi cant potential confounding factor, 
given its demonstrated signifi cant benefi ts for patients with SAP in terms of 
decreased systemic infections, need for operations, multiple organ failure and death 
[ 2 ,  6 ,  29 ,  30 ]. 

    Recent Randomized Trials: Prophylaxis Reconsidered 

 Three more recent double-blinded placebo-controlled, randomized controlled trials 
(DBPCRCT) avoided several of the aforementioned methodological limitations and 
represent the highest quality evidence yet published. In the fi rst double-blinded 
study in 2004, Isenmann et al. [ 31 ] (Tables  39.2  and  39.3 ) enrolled 114 pts with 
SAP and randomized them into two groups (metronidazole and ciprofl oxacin versus 
placebo). No signifi cant differences were noted in  mortality  , need for operations, 
length of stay or infected necrosis. Subgroup analysis of those with confi rmed  pan-
creatic necrosis   >30 % (those deemed at higher risk of pancreatic infection) also 
showed no differences between groups. Notably, 46 % in placebo group required 
conversion to  open   antibiotic treatment due to systemic and septic complications, 
compared with just 28 % of patients in the intervention group. The next DBPCRCT 
was performed in 2007 by Dellinger et al. [ 5 ] and included 100 patients who had 
necrotizing SAP. Patients received either meropenem or placebo, and after 42 days 
follow-up, groups showed similar rates of mortality, infection and need for opera-
tive intervention. The authors concluded that the data do not support early prophy-
lactic antibiotics in SAP. Finally, in 2009, Garcia-Barrasa et al. [ 32 ] performed a 
DBPCRCT in 41 patients diagnosed with SAP who had a  CT   scan showing evi-
dence of pancreatic necrosis. No signifi cant differences between groups were found 
for infected pancreatic necrosis, mortality, systemic complications, need for opera-
tions or length of stay. Of note, due to limitations inherent to this study’s design 
(described below), the authors stated that no conclusions could be drawn regarding 
effi cacy of prophylactic antibiotics in SAP. 

 These three DBPCRCTs have methodological strengths that are worth review-
ing, but they also contain several limitations. Notable strengths of these studies 
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     Table 39.3    Studies on antibiotic prophylaxis in severe  acute pancreatitis  , with comparison of 
clinical  outcomes     

 Author 
(year) 

 Infected necrosis  Septic/systemic complications a   Mortality 

 Intervention  Control  p-value  Intervention  Control  p-value  Intervention  Control  p-value 

 Finch 
(1975) 

 na  na  na  19 %  18 %  na  3 %  0 %  na 

 Howes 
(1975) 

 4 %  2 %  na  10 %  13 %  na  0 %  0 %  na 

 Pederzoli 
(1993) 

 12 %  30 %  0.01  15 %  49 %  <0.01  3 %  4 %  na 

 Sainio 
(1995) 

 15 %  20 %  na  50 %  90 %  0.01  2 %  12 %  0.03 

 Declenserie 
(1996) 

 0 %  30 %  0.03  58 %  0 %  0.03  9 %  25 %  NS 

 Bassi 
(1998) b  

 34 %  10 %  0.03  44 %  20 %  0.06  24 %  10 %  0.18 

 Nordback 
(2001) c  

 8 %  42 %  0.03  20 %  30 %  NS  8 %  15 %  NS 

 Manes 
(2003) b  

 11 %  14 %  na  22 %  24 %  na  14 %  11 %  na 

 Isenmann 
(2004) 

 12 %  9 %  0.58  28 %  46 %  na  5 %  7 %  na 

 Manes 
(2006) c  

 13 %  31 %  0.10  17 %  45 %  <0.05  10 %  10 %  NS 

 Dellinger 
(2007) 

 23 %  15 %  0.39  32 %  48 %  <0.2  20 %  18 %  0.97 

 Rokke 
(2007) 

 8 %  19 %  0.01  14 %  43 %  0.04  8 %  11 %  NS 

 Garcia- 
Barrasa 
(2009) 

 36 %  42 %  0.70  27 %  42 %  0.30  18 %  11 %  0.60 

 Xue (2009)  28 %  27 %  NS  62 %  55 %  NS  10 %  15 %  NS 

 Ignatavicius 
(2012) 

 9 %  7 %  0.79  13 %  11 %  0.83  13 %  20 %  0.19 

   ICU  intensive care unit,  LOS  length of stay,  NA  not available,  NS  not signifi cant,  RO  resistant 
organisms 
  a Septic/systemic complications include incidence rates of nosocomial infections, newly developed 
SIRS or sepsis 
  b Control groups in both these studies received imipenem, making comparison to other studies dif-
fi cult. These studies’ controls were compared to groups who received different antibiotics 
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 Need for operation  Mean ICU/hospital LOS (days)  Antibiotic resistance 

 Intervention  Control  p-value  Intervention  Control  p-value  Intervention  Control  p-value 

 3 %  0 %  na  na, 10.4  na, 11.3  na  na  na  na 

 4 %  2 %  na  na, 9  na, 12  NS  na  na  na 

 12 %  11 %  na  na  na  na  na  na  na 

 12 %  23 %  0.01  33, 12  43, 23  0.24, 
0.06 

 na  na  na 

 0 %  25 %  na  na, 22  na, 27.8  NS  na  na  na 

 na  na  na  na, 31  na, 29  na  na  na  na 

 8 %  36 %  NS  8, 20  8,20  na  na  na  na 

 17 %  18 %  na  na, 24  na, 23  na  na  na  na 

 17 %  11 %  na  8,21  6,18  na  18 RO  6RO  <.001 

 12 %  38 %  <0.05  na,18.5  na,29.6  <0.01  4 RO  3RO  na 

 26 %  20 %  0.47  na  na  na  7 RO  3 RO  na 

 8 %  8 %  NS  na, 18  na, 22  NS  na  na  na 

 50 %  42 %  0.61  17,21  18,19  0.82, 
0.79 

 2 RO  1 RO  na 

 30 %  35 %  NS  na,28  na, 21  NS  36 % fungal  14 % 
fungal 

  p  < 0.05 

 8 %  20 %  0.02  2,14  3,11  0.14, 
0.24 

 8 RO  5 RO  0.52 

  c Control groups in both these studies were also given the designated intervention arm antibiotics 
later in the study, making comparisons to the other studies diffi cult. These two studies primarily 

evaluated antibiotics given early (intervention) vs late (control)  
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include rigorous blinding and placebo protocols, homogeneity of patients (designed 
to include only  severe  disease), and detailed patient fl ow descriptions. Moreover, 
the 2007 DBPCRCT is one of the fi rst studies that ensured standardized nutrition 
protocols between study groups, thus controlling for this signifi cant source of bias. 
One limitation inherent to all three studies is small sample size, which diminishes 
the power to detect a small magnitude effect. Moreover, the conclusions from these 
studies must be interpreted with caution because all study protocols allowed sub-
stantial heterogeneity in both the time of initiation (range: 3–10 days) and duration 
of therapy among patients (range 6–21 days). Finally, large proportions (up to half) 
of patients in control and intervention arms received non-protocol antibiotics for 
other clinical indications. 1  Taken together, the limitations of these three DBPCRCTs 
have the potential to bias results toward acceptance of a null hypothesis (type II 
error). That is, all these described limitations would more likely diminish the effect 
seen from prophylactic antibiotics and make it more likely to conclude that no sig-
nifi cant difference exists between groups. 

   A Review of Disparate Results 

 The meta-analyses, reviews, editorials and observational studies published on this 
topic are too numerous to review individually [ 6 ,  15 ,  20 ,  33 – 48 ], but some trends 
are worth noting. Results from the meta-analyses on this topic must be interpreted 
with caution because of the myriad differences between available trials. Any com-
parison among the previously described trials is limited because of variety in: (a) 
sampled severities of pancreatitis, (b) defi nitions for pancreatic infections, (c)  out-
comes   evaluated, (d) thresholds for operative intervention, and (e) antibiotics 
administered. The majority of these meta-analyses found a signifi cant difference in 
pancreatic infections for those patients who received antibiotic prophylaxis, but 
found no differences in  mortality  , LOS or the need for operations. In contrast, some 
meta-analyses  did  show signifi cant differences in mortality, LOS and operative 
interventions, but these authors failed to include data from relevant DBPCRCTs 
published after 2004 [ 36 ,  41 ,  43 ,  45 ,  47 ,  48 ]. Those meta-analyses that included 
data from DBPCRCTs published after 2004 showed that prior perceived differences 
in outcomes failed to achieve signifi cance [ 15 ,  16 ,  46 ]. 

 Some meta-analyses have used unique approaches and explanations to highlight 
trends in the available data on antibiotic prophylaxis for SAP. One meta-analysis by 
De Vries et al. [ 20 ] reviewed six randomized controlled trials addressing antibiotic 
prophylaxis in SAP and noted a signifi cant inverse relationship between their meth-
odological quality and the reported effect of antibiotic prophylaxis on  mortality  . In 

1   However, Dellinger et al. [ 5 ] note that the vast majority of ‘off-protocol’ antibiotics given in this 
trial occurred three or more weeks after randomization. This permits evaluation of the effi cacy of 
 early  antibiotic prophylaxis and does not diminish the validity of their conclusions. This is 
strengthened by evidence that bacterial seeding of pancreatic and peri- pancreatic necrosis  often 
occurs as early as the fi rst 1–2 weeks of hospitalization [ 13 ]. 
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other words, studies that were assessed as methodologically rigorous tended to 
report negligible differences in mortality with the use of prophylaxis. Moreover, 
after grading for quality, and including studies only with a standardized score >5, 
the meta-analysis revealed that there was no difference found in infection of  pancre-
atic necrosis   or mortality. A subsequent meta-analysis by Wittau et al. in 2010 [ 15 ] 
independently confi rmed this correlation between study quality and reported  out-
comes  . The authors concluded that prophylaxis had no associated reduction in mor-
tality, infected necrosis, systemic complications or the need for operations. 
Moreover, the authors found a “borderline signifi cant” pooled relative risk for 
infected necrosis (RR = 0.78, [95 % CI 0.60–1.02]) but note that this is a surrogate 
outcome, and that the “real effects” seen by the patient (mortality or need for an 
operation) are not close to achieving signifi cant differences. Finally, a meta-analysis 
from 2012 [ 16 ] pooled results from studies prior to the year 2000 and demonstrated 
a relative risk reduction for mortality (RR 0.31, [95 % CI, 0.12–0.79], p = 0.01). 
This difference was not present when results were pooled for studies after the year 
2000 (RR 1.01, 95 % CI 0.65–1.56 p 0.98). Interestingly, the authors note a high 
potential for publication bias prior to the year 2000 based on the asymmetric results 
of a funnel plot analysis. The combination of this publication bias and un-blinded 
study designs prior to 2000 created an environment which would be more likely to 
produce studies showing a signifi cant effect with prophylactic antibiotics in SAP. 

   Antimicrobial Resistance and Atypical Organisms 

 Published studies of moderate quality are available regarding antimicrobial resis-
tance patterns in relation to antibiotics and SAP; overall trends indicate that expo-
sure to broad-spectrum prophylaxis is associated with atypical and resistant 
organisms. A study in 2002 by Howard et al. [ 9 ] compared operative cultures taken 
from SAP patients before (1977–1992) and after (1993–2001) institution of routine 
prophylactic antibiotics at a single institution. There was a signifi cant change in 
bacteriology between groups from gram negative organisms to predominantly gram 
positive organisms (52 % gram positive organisms in recent samples versus 23 % in 
older samples). The organisms most frequently cultured in antibiotic-treated patients 
were  S. aureus ,  S. epidermidis  and Corynebacterium. Of note, there were no differ-
ences in B-lactam resistance noted between groups. A subsequent case series of 46 
patients with SAP and infected necrosis found that approximately 52 % of the 
patients developed infection with resistant organisms [ 10 ]. Those who developed 
resistant organisms were treated with antibiotics, on average, for 9 days longer than 
those without resistant organisms (p < 0.05). The authors note that patients with 
resistant organisms required longer ICU stays, and tended to have higher  mortality   
(37 % vs 23 %, p = 0.28). Other studies have confi rmed that the prevalence of anti-
biotic resistant microorganisms is increasing in patients with SAP and exposure to 
antibiotic prophylaxis [ 5 ,  11 ,  27 ,  28 ,  31 ,  32 ,  49 ,  50 ]. Classic pathophysiologic 
teaching on infected  pancreatic necrosis   cultures has attributed the predominant 
growth of gram negative species to a prior translocation event from the gastrointes-
tinal tract [ 2 ,  4 ,  6 ]. However, in the new antibiotic era, increased growth of gram 
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positive fl ora and fungal organisms may indicate that sources of infection are chang-
ing. Some authors speculate that these atypical and resistant organisms may ema-
nate from central lines, catheters, and endotracheal tubes [ 9 ,  11 ]. This was 
corroborated by a retrospective study which found that patients who had any bacte-
remia episode while under treatment for SAP with pancreatic necrosis had an 
increased risk of infected necrosis (65 % vs 37 %) [ 4 ]. 

 Available data suggest that SAP patients who have a longer exposure to broad 
spectrum antibiotics are also at a higher risk of infections with Candida species. In 
one retrospective study of 92 patients, the authors found that patients with fungal 
infections were on antibiotics for a mean of 19 days versus 6.4 days in patients 
without fungal infections (p = 0.0001) [ 51 ]. This trend was independently confi rmed 
by a case series of 46 patients in 2004 [ 10 ], a prospective study of 50 SAP patients 
in 2009 [ 52 ], and a randomized trial in 2009 [ 28 ]. A more recent nonrandomized 
prospective cohort study of 210 SAP patients [ 50 ] found that candida species from 
pancreatic cultures were signifi cantly more frequent in the patients who received 
prophylactic antibiotics versus those who did not (10.7 % vs 3.8 %, p 0.04). The 
 mortality   rate for SAP patients with Candida has been reported at 65 % versus about 
20 % in non-Candida patients [ 4 ,  51 ]. Some studies have found less impressive dif-
ferences in mortality but still note that SAP patients who develop fungal infections 
suffer more in-hospital  morbidity   and have longer hospital and ICU stays [ 10 ,  50 , 
 53 ,  54 ]. 

 Nevertheless, the reviewed studies on atypical and resistant organisms constitute 
moderate to low-quality evidence. Much of the published data is un-blinded, non- 
randomized, and considers two different time periods. Moreover, some considered 
studies [ 50 ] had control groups where large proportions of patients actually received 
prophylaxis while intervention groups had large proportions of patients who actu-
ally did not receive prophylaxis, making the labels ‘control’ and ‘intervention’ less 
meaningful. Finally, much of the available data on resistance patterns comes from 
larger studies which assessed this only as a secondary outcome. There is a need for 
larger epidemiological studies focused specifi cally on atypical and resistant organ-
isms in patients with SAP who receive antibiotic prophylaxis. 

 A detailed review of the evidence for antifungal prophylaxis in SAP is beyond 
the scope of this chapter. In brief, there is insuffi cient evidence to recommend rou-
tine antifungal prophylaxis for all patients with SAP, but there is evidence of a  sur-
vival   benefi t in high risk subsets of critically-ill surgical patients [ 1 ,  7 ,  39 ,  52 ,  55 ]. 
More research is needed to determine if patients with SAP fall within these subsets 
of patients that could benefi t from anti-fungal prophylaxis. 

   Evidence-Based Protocol for “On-Demand” Antibiotics 

 The use of prophylactic antibiotics remains suspect, but “on-demand” antibiotics 
[ 31 ] should be initiated in clear cases of infection. If patients with SAP continue to 
deteriorate or fail to improve after the fi rst or second week of hospitalization, obtain-
ing a  CT   with or without fi ne needle aspiration (FNA) of pancreatic tissue is 
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warranted. If the CT shows retroperitoneal air inside pancreatic fl uid collections, 
this is pathognomonic for infection. If the  diagnosis   remains ambiguous, FNA 
should be obtained [ 56 ,  57 ]. FNA results can help tailor antibiotic therapy and iden-
tify drug- resistant organisms as well. If a positive CT or FNA is obtained, antibiot-
ics should be initiated and source control should be obtained via a “step-up 
approach” ( percutaneous    drainage  , followed by surgical or  endoscopic   debridement 
if necessary) [ 1 – 3 ,  31 ,  58 ]. While awaiting full speciation on culture, empiric anti-
biotics should be initiated and should cover enteric organisms. Standard empiric 
regimens include carbapenems or quinolones plus metronidazole [ 1 ,  39 ]. Since 
infected necrosis rarely presents before 10 days, clinical worsening during this time 
period is typically the result of SIRS evolution rather than infected necrosis. 
Therefore, it is generally safe to wait up to 10 days to perform a diagnostic FNA [ 4 , 
 8 ]. FNA of  pancreatic necrosis   is relatively sensitive and specifi c and is reported 
overall at 88 % and 90 % respectively. After the fi rst week, the FNA sensitivity 
increases to 97 % and specifi city increases to 100 % [ 1 ,  8 ,  56 ,  59 ,  60 ]. Some patients 
fail to improve after several weeks despite a negative culture results on FNA. In this 
case, repeat FNA or even empiric drainage/debridement may be warranted [ 7 ,  8 , 
 61 ].       

    Summary and Recommendations 

 In summary, we performed a literature review to survey published data on antibiotic 
prophylaxis in patients with SAP (inclusive of those with pancreatic and peri- 
 pancreatic necrosis  ). The relevant  outcomes   reviewed included the incidence of 
infected necrosis, septic complications,  mortality  , need for operative interventions, 
length of stay, and antibiotic resistance. Search results revealed a myriad of studies 
with diverse results and conclusions. 

 Early studies reported decreased pancreatic and systemic infections with prophy-
laxis, but largely failed to show corresponding differences in ultimate  outcomes   like 
operative rates, length of stay or  mortality  . Early studies constitute low-quality evi-
dence (Table  39.2 ) because they were limited by publication bias, lack of blinding, 
lack of placebo, limited recruitment/study fl ow descriptions, high cross-over from 
control to intervention arms, and small sample sizes (underpowered). Moreover, 
early studies were limited by heterogeneity of disease severity and heterogeneity in 
nutrition methods. As a result of these limitations, no recommendations can be 
made based on these data. 

 Later DBPCRCTs constitute high-quality evidence (Table  39.2 ). These studies 
failed to show any signifi cant differences between prophylaxis and placebo groups; 
rates of pancreatic infections, operations,  mortality   and length of stay were similar. 
While these studies did show trends toward decreased systemic infections in patients 
who received prophylaxis, they showed no signifi cant differences in ultimate clini-
cal  outcomes   for those treated “on-demand” [ 31 ] with antibiotics as soon as noso-
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comial infections arose. On the basis of these studies, we strongly recommend 
against using antibiotics to prevent infection in patients with SAP or in patients who 
develop sterile  pancreatic necrosis  . Antibiotics should only be used for patients with 
already proven pancreatic or systemic infections. However, even these high quality 
studies are limited by small sample sizes (under-powered analyses), variation in 
initiation/duration of antibiotics, and frequent use of additional ‘off-protocol’ anti-
biotics in both placebo and control groups. The net effect of these limitations may 
diminish small magnitude effects from prophylaxis and may result in failure to 
appreciate subtle but real differences (a type II error). 

 As previously discussed, it is largely impossible to differentiate sterile from 
infected  pancreatic necrosis   on the basis of clinical signs alone. Additional tools 
like  CT   and FNA are needed to help obtain a defi nitive  diagnosis  . Available 
moderate- quality evidence suggests that FNA is a sensitive and specifi c tool. 
Observational studies and randomized trials have noted that infected necrosis is 
extremely rare prior to day 7–10 of hospitalization. Therefore, we strongly recom-
mend investigation with a CT with or without an FNA in any patient with pancreatic 
or peri-pancreatic necrosis if clinical deterioration or failure to improve occurs 
beyond 7–10 days of hospitalization. Treatment with empiric antibiotics should 
occur only if positive FNA cultures are obtained. Nevertheless, a negative FNA 
should be interpreted with caution in a patient who fails to improve and should not 
be used to defi nitively rule-out infected necrosis. 

 Available published data on prophylaxis and antimicrobial resistance/atypical 
organisms is of moderate to low quality. Many of these studies were observational 
in nature, but some evidence was from larger randomized trials. These studies have 
shown that drug-resistant organisms are frequent in patients with SAP and that the 
prevalence of resistant bacteria and fungi is associated with both exposure and  dura-
tion  of exposure to broad-spectrum antibiotics. It is unclear whether infections with 
resistant and/or atypical organisms lead to increased  mortality  , but fungal infections 
have been associated with increased  morbidity   and longer length of hospital stay. 
On the basis of these data, we recommend caution in all decisions to initiate antibi-
otics and limitation of the treatment duration whenever possible (weak 
recommendation).  

    A Personal View of the Data 

 Despite mounting evidence against the use of prophylactic antibiotics in SAP, a 
recent survey of intensivists and surgeons indicates that routine prophylaxis is an 
ongoing and common practice [ 62 ]. If the data are becoming more convincing, what 
can we infer from this generalized reluctance to adopt evidence-based practices? 
Certainly the cacophony of contradictory results and conclusions in the literature 
contributes to this slow uptake. Perhaps more importantly, as an individual clinician 
taking care of a critically-ill deteriorating patient, making the  diagnosis   of infected 
 pancreatic necrosis   is diffi cult and decisions must often be made quickly. In this 
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context, antibiotic prophylaxis may be employed to allay the fears and anxieties of 
the clinician rather than to treat the patient. Prescribing prophylactic antibiotics 
‘buys time’ while the patient stabilizes and while diagnostic workup occurs. 

 We caution against this practice and encourage a more rigorous application of 
evidence-based practice. Despite aforementioned limitations in the current evi-
dence, we must balance the proven risks of antimicrobial resistance against the (at 
best) nominal potential and unproven benefi ts of prophylactic antibiotics. Moreover, 
we are a priori suspect regarding the use of antibiotics to prevent an infection of any 
necrotic tissue. Dead tissue lacks adequate perfusion and therefore lacks an ade-
quate conduit for any antibiotic; studies of antibiotic penetration and tissue concen-
trations in  living  pancreatic tissue may not be applicable to this topic. Finally, the 
risk of infection in pancreatitis starts at the onset of infl ammation and persists over 
several weeks. Generally accepted teaching dictates that infectious risks which per-
sist over long periods of time do not benefi t from antibiotic prophylaxis (for exam-
ple, prophylaxis has been found ineffective for foley catheters, endotracheal tubes, 
central lines, burns, etc…). 

 Further studies to clarify this subject are needed, but improvements beyond cur-
rently published literature will prove challenging. Obtaining early access to patients 
for enrollment continues to be diffi cult due to frequent transfers from outside hospi-
tals. Moreover, defi ning strict inclusion criteria often mandates obtaining a  CT   scan, 
but necrosis of pancreatic parenchyma often is not adequately depicted on CT until 
an interval of 2–3 days past initial presentation [ 27 ]. This further limits timeliness 
of enrollment. Finally, given the high prevalence of systemic (nonpancreatic) infec-
tions in these patients, studies on patients with SAP will likely always require fre-
quent initiation of non-protocol,  open  -label antibiotics. 

 Future DBPCRCTs could be structured to evaluate specifi cally early versus late 
administration of prophylactic antibiotics and would offer methodological improve-
ments beyond currently published studies on this topic [ 23 ,  27 ]. In any future stud-
ies, efforts must be focused on creating larger samples so that adequately powered 
analyses can occur. As it currently stands, the proven risks of antibiotic prophylaxis 
in SAP outweigh the potential nominal benefi ts, and available evidence indicates 
that the use of prophylaxis is not warranted.  

    Recommendations 

     1.    We recommend against using antibiotics to prevent infection in patients with 
severe  acute pancreatitis   and in patients who develop sterile  pancreatic necrosis  . 
Antibiotics should only be used for patients with already proven pancreatic or 
systemic infections. (High-quality evidence, strong recommendation).   

   2.    We recommend investigation with a  CT   +/− FNA in any patient with pancreatic 
or peri- pancreatic necrosis   if clinical deterioration or failed improvement occurs 
beyond 7–10 days of hospitalization. Treatment with empiric antibiotics should 
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occur only if positive FNA cultures are obtained (moderate-quality evidence, 
strong recommendation).   

   3.    If patients with severe  acute pancreatitis   have a confi rmed infection, we recom-
mend judicious initiation and limited duration of antibiotic treatment when pos-
sible to decrease the development of drug-resistant organisms (moderate-low 
quality evidence, weak recommendation).         
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    Chapter 40   
 Endoscopic or Minimally Invasive 
Debridement of Walled-Off Pancreatic 
Necrosis?                     

       Ajaypal     Singh     and     Andres     Gelrud    

    Abstract     Acute necrotizing pancreatitis comprises 10–15 % of acute pancreatitis 
cases but is associated with signifi cant mortality of around 15 % that further 
increases up to 30 % if the necrotic tissue becomes infected. Historically, open sur-
gical debridement has been the most common intervention but over the last two 
decades various minimally invasive modalities have been developed including per-
cutaneous, endoscopic, laparoscopic, retroperitoneal debridement or combinations 
of the above. Due to constantly evolving nature of minimally invasive techniques 
and lack of consensus defi nition of the collections in the past, there is a lack of pro-
spective data comparing the different interventions. Our understanding of the pan-
creatic fl uid collections has improved and a standardized classifi cation of pancreatic 
and peripancreatic fl uid collections was recently proposed in the form of revised 
Atlanta Classifi cation in 2012. Now conclusive evidence exists that minimally inva-
sive techniques are associated with lower morbidity and mortality compared to open 
surgical debridement. Amongst the minimally invasive techniques, endoscopic 
debridement is associated with lower morbidity compared to laparoscopic or retro-
peritoneal approaches though mortality benefi t is not clear and long-term outcomes 
data is lacking. Step up approach allows for more aggressive interventions only in 
patients failing conservative therapy or percutaneous drainage and hence can pre-
vent aggressive and morbidity associated debridement procedures in a fraction of 
symptomatic walled-off necrosis patients.  
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      Introduction 

 Acute pancreatitis is a leading cause of hospitalization for gastrointestinal disorders 
with approximately 275,000 admissions in 2009 and more than 2 billion US dollars 
in annual health care costs [ 1 ,  2 ]. The overall  mortality   amongst patients with  acute 
pancreatitis   is around 5 % but 10–15 % of the patients can develop necrotizing pan-
creatitis with mortality rates as high as 15 % [ 3 ] and even higher when multi organ 
failure and/or infection is present. This necrosis can develop over days after the 
onset of  pain   and hence can be missed on imaging done very early in the disease 
course [ 4 ,  5 ]. The revised Atlanta classifi cation of pancreatic and peripancreatic 
fl uid collections was published in 2012 and categorizes these collections based on 
presence or absence of solid material within and well defi ned capsule surrounding 
these collections [ 6 ]. The four types of fl uid collections associated with acute pan-
creatitis are acute fl uid collection (AFC),  pancreatic pseudocyst   (PP), acute necrotic 
collection (ANC) and walled-off necrosis (WON). AFCs develop early in acute 
interstitial edematous pancreatitis, do not contain any solid debris, are homogenous 
on contrast enhanced imaging, do not have well developed capsule and usually 
resolve without any intervention. If these persist beyond 4 weeks, they develop a 
well-demarcated capsule and are known as pseudocysts that also do not contain any 
solid material. Acute necrotic collection, usually seen during the fi rst 4 weeks in 
necrotizing pancreatitis, contains both fl uid and necrotic components and is without 
a well-demarcated wall. These can develop a well-defi ned encapsulation after 4 
weeks and are known as walled-off necrosis. Infection can occur in approximately 
40–70 % of necrotizing pancreatitis patients and dramatically increases the mortal-
ity from 15 % for sterile necrosis to 40 % in infected necrosis [ 7 ]. It is usually dif-
fi cult to differentiate between AFC and ANC during the fi rst week or two of acute 
pancreatitis since both can appear homogenous with fl uid consistency on contrast 
imaging and hence imaging should be delayed for the fi rst 2 weeks after admission 
if clinically feasible. 

 Majority of acute collections resolve within a few weeks while less than 10 % of 
these persist beyond 4 weeks, develop a well demarcated capsule and evolve in to 
either PP or WON. In a recent study, it was shown that 41 % patients with ANCs 
had spontaneous resolution while 49 % evolved in to WON [ 8 ]. Up to one third of 
patients with WON develop infection. It is of utmost importance to carefully select 
patients who require intervention for pancreatic fl uid collections. Only symptomatic 
patients due to infection, obstruction of adjacent viscera (gastric outlet obstruction, 
pancreatobiliary obstruction), abdominal  pain   and less frequently rupture or bleed-
ing require intervention. There has been a rapid increase in the availability of  mini-
mally invasive   debridement techniques over the last couple of decades and there is 
marked variability in each technique based on local expertise. This is compounded 
by lack of high quality prospective, randomized studies comparing the different 
modalities; hence no standard guidelines exist for  management   of walled-off 
necrosis.  
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    Search Strategy 

 A literature search of publications in English language from 1995 to 2014 was per-
formed to identify studies reporting  outcomes   of various debridement methods for 
walled-off necrosis using the  PICO   outline (Table  40.1 ). Since the term walled-off 
necrosis was widely adopted after the revised Atlanta Classifi cation of 2012, we 
used the previously used term “ pancreatic necrosis  ” for our literature search. The 
databases that were searched include PubMed, Google Scholar, Embase, Cochrane 
library and SUMSearch. The search terms included necrotizing pancreatitis, infected 
pancreatic necrosis, pancreatic necrosis, walled-off necrosis AND debridement or 
necrosectomy or  minimally invasive    necrosectomy   or  laparoscopic   necrosectomy/
debridement or  retroperitoneal necrosectomy  /debridement or  endoscopic    necrosec-
tomy  /debridement. Only studies that reported defi nite outcomes ( morbidity  ,  mortal-
ity   and complications) were included. The selected articles included 20 retrospective 
studies, 3 randomized controlled trials, 3 prospective cohort studies, 4 systematic 
reviews and meta-analyses and 2 guideline papers.

       Management of Symptomatic Walled-Off Necrosis (WON) 

 Successful  management   of walled-off necrosis requires a multi-disciplinary 
approach with involvement of gastroenterologists, radiologists, pancreato-biliary 
surgeons, nutritionists and critical care specialists. Optimal nutrition and if present, 
management of sepsis and organ failure are of paramount signifi cance.  

    Indication of Drainage 

 It is important to realize that asymptomatic collections do not need to be drained 
irrespective of the size and location. Intervention is usually needed in patients with 
suspected or documented infection in the collection, persistent organ failure in the 
absence of infection, obstruction of viscera, persistent symptoms ( pain  , nausea/
vomiting, early satiety) and disconnected duct syndrome (since these are less likely 
to resolve without intervention). There is no role for  endoscopic   drainage of acute 
collections and if possible surgical intervention should be avoided in the fi rst 4 

   Table 40.1     PICO   table for  management   of walled-off necrosis   

 P (Patients)  I (Intervention)  C (Comparator group)  O (Outcomes measured) 

 Patients with 
walled-off necrosis 
after necrotizing 
pancreatitis 

 Endoscopic 
debridement 

 Minimally invasive 
debridement 
(transperitoneal or 
retroperitoneal) 

 Resolution of collection 
 Incidence of fi stula formation, 
repeat intervention, organ 
failure and  mortality   
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weeks since a direct correlation exists between success of endoscopic intervention 
and degree of encapsulation [ 9 ] and early intervention is associated with poor  out-
comes   [ 10 ]. 

 Over the last few years, few studies have reported that even selected patients with 
infected WON who are clinically stable, can be managed without debridement with 
supportive care, antibiotics and  percutaneous    drainage   [ 11 – 13 ]. Prior to advent of 
 endoscopic   drainage, symptomatic WON was traditionally managed by surgical 
debridement, which usually required multiple sessions and had signifi cant  morbid-
ity   including organ failure, external fi stulas, and incisional hernias. Endoscopic 
necrosectomy must be avoided till a well-defi ned capsule has developed and suc-
cess of debridement has been shown to be directly associated with the degree of 
encapsulation [ 14 ,  15 ]. Besselink et al. [ 16 ] showed that  mortality   after surgical 
necrosectomy in patients with necrotizing pancreatitis (more than 80 % with 
infected necrosis) decreased signifi cantly with increasing the time interval from 
initial admission (8 % vs. 45 % vs. 75 % for more than 30 days, 15–29 days and 
1–14 days respectively; p < 0.001).  

    Which Modality to Choose 

    The Diminishing Role of Open  Necrosectomy   

 Open necrosectomy with wide drainage and placement of abdominal drains for 
lavage was the most common approach for patients with infected  pancreatic necro-
sis  . This usually required repeat interventions and was associated with signifi cant 
 morbidity   34–95 % and  mortality   ranging from 11 to 50 % [ 17 – 22 ]. The re- 
intervention rates in high volume series from Europe and the United States have 
been high 30–70 %. A study from Fernandez del Castillo et al. in which 167 patients 
with suspected pancreatic necrosis underwent single step debridement and abdomi-
nal closure were noted to develop post operative  pancreatic fi stula  s in 41 %, enteric 
fi stulas in 15 %, endocrine pancreatic insuffi ciency in 16 % and exocrine insuffi -
ciency in 20 % patients. Post-operative intensive care unit stay was needed in 57 % 
patients [ 18 ]. Even though there is no prospective comparison between  open   and 
 laparoscopic   necrosectomy, Tan et al. retrospectively reviewed their data of 76 
patients with severe acute necrotizing pancreatitis who underwent either open or 
laparoscopic necrosectomy and showed that laparoscopic group was associated 
with signifi cantly lower complications (including pancreatic fi stulae, infections) 
and length of hospitalization. There was however no difference in overall mortality 
in the two groups [ 23 ]. Bakker et al. compared surgical necrosectomy with  endo-
scopic   transgastric necrosectomy in a randomized controlled trial (ten patients in 
each group) [ 24 ]. They showed that patients undergoing  endoscopic necrosectomy   
had lower systemic infl ammatory response as measured by IL-6 levels (p = 0.004) 
and also lower composite clinical end point of major complications including new 
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onset organ failure, pancreatic/enterocutaneous fi stula, intra-abdominal bleeding or 
death (20 % vs. 80 %, risk difference 0.60, 95 % CI 0.16–0.80,  p  = 0.03). 

 A meta-analysis of comparative studies (one randomized and three clinical con-
trolled trials) published by Cirocchi et al. compared  open   necrosectomy (ON) with 
 minimally invasive    necrosectomy   (MIN) in patients with infected  pancreatic necro-
sis   (total of 336 patients, 215 with MIN and 121 with ON) [ 25 ]. MIN included  lapa-
roscopic   transperitoneal, retroperitoneal as well as  endoscopic   procedures. They 
showed that MIN was associated with signifi cantly lower incidence of multi-organ 
failure (OR 0.16, 95 % CI 0.06–0.39, p < 0.001), surgical reintervention (OR 0.16, 
95 % CI, 0.00–3.07, p = 0.19), incisional hernias (OR 0.23, 95 % CI 0.06–0.90, 
p = 0.03), new onset diabetes (OR 0.32, 95 % CI 0.12–0.88, p = 0.03) and need for 
pancreatic enzymes (OR 0.005, 95 % CI 0.04–0.57, p = 0.005) compared to open 
necrosectomy. There was also trend towards lower  mortality  , intra-abdominal bleed-
ing,  pancreatic fi stula   and entero-cutaneous fi stulae formation after MIN but these 
did not achieve statistical signifi cance. Signifi cant heterogeneity amongst the 
included studies was a major limitation of this analysis.  

    Minimally Invasive  Necrosectomy   (MIN) 

 Even though there is data to show the MIN is associated with better  outcomes   com-
pared to  open   surgical necrosectomy, there is wide variation in the technique for 
MIN depending on the route and instrumentation used. These techniques include 
 laparoscopic   necrosectomy (trans or intraperitoneal),  retroperitoneal necrosectomy   
(video assisted retroperitoneal debridement or sinus tract  endoscopy   with debride-
ment) and  percutaneous   approach. The instruments used for these can include lapa-
roscopes, fl exible endoscopes and nephroscopes. Hence the published data for MIN 
is severely limited by lack of randomized trials, small numbers of patients and 
marked heterogeneity in the techniques.  

    Laparoscopic  Necrosectomy   

 Laparoscopic necrosectomy was fi rst described by Gagner et al. in 1996 [ 26 ]. In the 
fi rst published series of  laparoscopic   intraperitoneal necrosectomy in 2000, Zhu 
et al. performed laparoscopic debridement in ten patients followed by large volume 
peritoneal lavage for 7–14 days [ 27 ]. Interestingly all surgeries were done within 
24–72 h after disease onset and they reported 30-day  mortality   of 30 % without any 
other major complications ( pancreatic fi stula  , abscess or bleeding). Another retro-
spective series was published from China by Zhou et al. in 2003 in which laparo-
scopic debridement was done in patients with early as well as later stage of severe 
 acute pancreatitis   with 92 % resolution of collections at 6 months following 2–7 
weeks of drainage [ 28 ]. Parekh for the fi rst time in 2006, published a retrospective 
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series of 19 patients with persistently symptomatic or infected  pancreatic necrosis   
who underwent hand assisted laparoscopic debridement [ 29 ]. All procedures were 
done at least 3 weeks after onset of symptoms (median 65 days). One patient 
required conversion to  open    surgery   while two others required open surgery during 
follow-up and there were two deaths. Pancreatic fi stulae developed in 11 out of 14 
patients treated primarily with laparoscopic intervention. 

 Repeat  surgery   is needed in up to 20 % of patients and external drainage is 
needed in majority of the patients undergoing  laparoscopic   debridement (range 9 
days–7 weeks based on studies in Table  40.2 ) [ 27 – 29 ]. There is also high incidence 
of  pancreatic fi stula   formation though lower than that associated with  open   debride-
ment.  Laparoscopic cholecystectomy   can be done at the same time as laprascopic 
necrosectomy. In a systematic review of  minimally invasive    necrosectomy  , Babu 
et al. [ 30 ] showed that 11 % patients required laparotomy and  mortality   was 7 % 
though the six studies included in the review were all retrospective, had a total of 46 
patients and involved signifi cant variation in patient selection ( timing   of interven-
tion, previous interventions and indication for intervention) and operative tech-
nique. With the advent of retroperitoneal and  endoscopic   debridement techniques, 
laparoscopic transperitoneal debridement is being used less frequently these days.

       Retroperitoneal  Necrosectomy   

 Alverdy et al. described the technique of  laparoscopic   intracavitary debridement 
after  percutaneous   drain placement in two patients with WON in 2000 for the fi rst 
time [ 31 ]. This was followed by a case series of ten patients with confi rmed infected 
 pancreatic necrosis   who underwent  retroperitoneal necrosectomy   as the primary 
modality for debridement [ 32 ]. A median of two explorations was needed with a 
median inpatient stay of 42 days. One patient required conversion to  open   laparot-
omy due to bleeding from injury to splenic vessels and a total of two patients died 
post procedure. 

 Castellanos et al. [ 33 ] performed translumbar retroperitoneal debridement in 15 
patients with  mortality   of 27 % and complications in 40 % (6/15) patients (one  pan-
creatic fi stula  , one duodenal, one colonic perforation, two pseudocysts and one lum-
botomy eventeration). Only one patient required pancreatic enzyme and insulin 
replacement during follow up. Numerous smaller, retrospective case series have 
confi rmed the use of retroperitoneal debridement for infected WON [ 32 ,  34 ,  35 ]. 
The major studies that investigated role of  retroperitoneal necrosectomy   for WON 
are listed in Table  40.3 .

   Hovarth et al. for the fi rst time reported prospective data of a step up approach in 
a multicenter trial involving 40 patients with infected  pancreatic necrosis  . All 
patients initially underwent  percutaneous   drains and if more than 75 % of necrosis 
persistent after 10–14 days, more invasive (VARD or  open   necrosectomy) were 
performed. Thirty-one (77 %) patients had less than 75 % decrease in necrosis and 
25 out of these underwent VARD. VARD was successful in 60 % patients while 
remaining had conversion to open  surgery  . 
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 In a systematic review of nine reports on  retroperitoneal necrosectomy   [ 30 ], 141 
patients were evaluated. There was signifi cant heterogeneity in the technique and 
inclusion criteria, but the overall  mortality   for retroperitoneal debridement was 
16 % and 13 % patients required laparotomy. The complication rate was 41 % and 
majority of the patients required more than one debridement session. Castellanos 
et al. [ 36 ] updated their prospectively collected data of retroperitoneal necrosec-
tomy by describing 32 patients who underwent the procedure for confi rmed infected 
 pancreatic necrosis  . A median of three debridement sessions was performed, with a 
reported mortality of 15.6 % and  morbidity   of 9.3 %. There was clinical complete 
resolution of symptoms in 27/32 patients after a median follow up of 84 months. It 
is important to note that they did not use the step up approach or  percutaneous   cath-
eter drainage prior to retroperitoneal debridement. Most of the studies for VARD 
have used catheter drainage for lavage of the necrotic cavity for many days though 
no consensus on the optimal drainage exists.  

    Percutaneous Drainage 

 Percutaneous approach involves placement of  percutaneous   drains in to the collec-
tions under  ultrasound   or  CT   guidance followed by frequent fl ushing of the cavity. 
The three main advantages of  percutaneous drainage   are that the drain tract can be 
used in future for further necrosectomy (either video assisted or  endoscopic  ), the 
complications and  mortality   associated with percutaneous drainage are low and per-
cutaneous drainage can be performed in critically ill patients early in the course of 
disease when a well defi ned capsule is not present. But since no debridement is done 
initially, the success rate is not very high and more invasive interventions are usually 
needed, particularly in large cavities or if infection is present). Even though the data 
is mainly retrospective and from small sized studies, approximately 44 % patients 
can avoid further invasive interventions after percutaneous drainage of  pancreatic 
necrosis   [ 37 ]. In a systematic review, Baal et al. evaluated percutaneous catheter 
drainage (PCD) as the primary intervention for  management   of pancreatic necrosis 
[ 38 ]. They found that no additional surgical intervention was needed in 55.7 % of 
the patients and mortality in the PCD group was 15.4 %.  

    Endoscopic  Necrosectomy   

 Over the last decade  endoscopic    necrosectomy   has emerged as the most common 
debridement intervention for walled-off necrosis due to improvements in tech-
nology, endoscopist expertise and use of carbon dioxide for insuffl ation. Multiple 
non- randomized studies have shown the effi cacy of endoscopic transmural 
necrosectomy in managing walled-off necrosis. Baron et al. for the fi rst time in 
1996 published a case series of 11 patients who had  cystgastrostomy   and 
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nasocystic irrigation for walled off necrosis. Trans-luminal direct endoscopic 
necrosectomy was fi rst reported in 2000 [ 39 ]. Since then multiple studies have 
shown effi cacy of transgastric access into the retroperitoneum and debridement 
of necrotic tissue followed by placement of stents to allow for subsequent drain-
age [ 24 ,  40 ,  41 ]. 

 EUS guidance should be used when puncturing the gastric wall if a defi nite 
bulge is not seen endoscopically or if gastric  varices   are present [ 42 ]. EUS also 
helps assess the degree of necrotic debris inside the cavity. Once the cavity is 
punctured, it is followed by balloon dilatation and placement of plastic or metal 
stents. This allows for access to the retroperitoneum for debridement, which can 
be done using various tools including forceps, snares, baskets, nets as well as vig-
orous irrigation. The data about placement of nasocystic drains and use of hydro-
gen peroxide is still not conclusive. Repeat debridement can be done using the 
 cystgastrostomy   tract. 

 A multi-center study from the United States involved 104 patients with symp-
tomatic WON who underwent direct  endoscopic    necrosectomy   with successful 
resolution in 91 % patients after a mean period of 4.1 months and a median of 
three procedures [ 9 ]. Peri-procedural complications occurred in 14/103 patients 
and included signifi cant bleeding requiring blood transfusion and 2 deaths. In the 
fi rst randomized trial comparing endoscopic transgastric necrosectomy with sur-
gical necrosectomy (ten patients in each group, PENGUIN trial: the Pancreatitis 
Endoscopic Transgastric vs Primary  Necrosectomy   in Patients with Infected 
Necrosis), Bakker et al. showed that endoscopic necrosectomy reduced proin-
fl ammatory response and was associated with markedly decreased incidence of 
major complications or death (20 % vs. 80 %) [ 24 ]. The endoscopic approach 
involved transgastric puncture, balloon dilation, followed by retroperitoneal 
drainage and necrosectomy while surgical approach consisted of video-assisted 
retroperitoneal debridement (VARD) or  laparoscopic   if VARD was not feasible. 
Patients who underwent endoscopic transgastric necrosectomy had lower post 
procedure IL-6 levels (p = 0.004), lower incidence of new onset multiple organ 
failure (0 % vs 50 %; p = 0.03), lesser  pancreatic fi stula  s (10 % vs 70 %, p = 0.02) 
and a non-signifi cant trend towards lower  mortality   (10 % vs. 40 %; p = 0.3). The 
data about long-term  outcomes   of endoscopic transluminal necrosectomy is still 
limited but promising. Seifert et al. showed an 84 % clinical success rate with 26 
% complication rate and 7.5 % mortality in 93 patients undergoing endoscopic 
necrosectomy after a mean follow-up interval of 43 months. The mean number of 
endoscopic procedures required was six and only 4 % patients required surgical 
interventions while 16 % had recurrent pancreatitis episodes [ 40 ]. The studies 
that reported outcomes for endoscopic debridement of WON are listed in Table 
 40.4 . It is important to note that most of these studies are non-randomized, retro-
spective, observational studies. The overall success of endoscopic debridement in 
these studies ranges from 69 % to 100 % with a mortality of 0–15 %. The number 
of debridement sessions reported range from 1.4 to 6 though one study reported 
up to 15 debridement sessions.
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       Step-Up Approach 

 A step-up approach that aims at control of infection source rather than complete 
removal of infected necrosis has been proposed. In the PANTER trial ( minimally 
invasive   step up approach vs. maximal necrosectomy in patients with acute necro-
tizing pancreatitis), Van Sanvoort et al. randomized patients with necrotizing pan-
creatitis and confi rmed or suspected infection in the necrosis to either primary  open   
necrosectomy or a step-up approach [ 13 ]. The step-up approach involved either 
 percutaneous   or  endoscopic   drainage followed by VARD if no improvement. They 
showed that primary end point of death or major complications was seen in 40 % 
patients with minimally invasive step up compared to 69 % patients who underwent 
primary open necrosectomy (RR = 0.57, 95 % CI 0.38–0.87,  p  = 0.006). A very 
important outcome of the study was that up to 40 % of patients with infected necro-
sis could be managed by drainage along thus obviating the need for debridement. 
The limitations of this study included not using  laparoscopic   necrosectomy instead 
of open necrosectomy in patients undergoing  surgery   and  endoscopic necrosectomy   
was not performed in majority of the patients (only 5 % of the patients in the step 
up group underwent endoscopic necrosectomy). 

 More prospective trials comparing  percutaneous    drainage  , VARD,  endoscopic   
 necrosectomy   and hybrid techniques (combination of drainage techniques) are 
needed. In a recently published retrospective, observational study of 100 patients 
with symptomatic walled-off necrosis, Bang et al. [ 43 ] showed that adoption of a 
step-up approach for WON based on collection size, location and response to inter-
vention led to improved treatment success compared with the conventional endo-
scopic  management   (91 % vs. 60 %,  p  < 0.001). Management based on step-up 
algorithm was the only predictor of treatment success on multivariate logistic 
regression analysis (OR 6.51, 95 % CI 2.19–19.37  p  = 0.001). But confl icting data 
exists as well. Kumar et al. compared step up approach with direct endoscopic 
necrosectomy in a recently published matched cohort study (12 patients with 
infected WON in each group) [ 44 ]. They showed that direct endoscopic necrosec-
tomy led to higher rates of clinical success (11/12 vs 3/12), decreased need for 
surgical intervention, lesser new antibiotics use, respiratory failure, endocrine insuf-
fi ciency, shorter length of stay and lower health care utilization. To compare the 
 outcomes   between endoscopic step up and surgical step up approaches, the results 
of ongoing randomized controlled, superiority multicenter trial from the Netherlands 
(the TENSION trial) will be important [ 45 ].   

    Conclusion/Recommendations 

•     Open surgical debridement of walled-off necrosis is associated with higher  mor-
bidity   and  mortality   compared to  minimally invasive    necrosectomy   approaches 
and should be avoided unless absolutely necessary (evidence quality high; strong 
recommendation)  
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•   Step-up approach starting with  percutaneous    drainage   and followed by 
  endoscopic   or retroperitoneal debridement if percutaneous drainage fails should 
be adopted (evidence quality high; strong recommendation)  

•   If accessible endoscopically,  endoscopic   debridement should be preferred over 
retroperitoneal debridement (evidence quality moderate; weak 
recommendation)     

    A Personal View of the Data 

 Multi disciplinary approach is imperative. Debridement should be avoided in the 
early stages of necrotizing pancreatitis if possible. Around 15–20 % of WON with 
infection can be managed conservatively with antibiotics, though very close moni-
toring for any change in clinical status is very important. If absolutely necessary, 
 percutaneous   catheter drainage should be used in early stages, in 20–25 % of 
patients this approach will be curative. If no improvement despite antibiotics and 
catheter drainage,  minimally invasive   debridement should be considered. The 
choice is determined by local expertise and location of the WON. For endoscopi-
cally accessible WON collections, transmural approach should be preferred. It is 
associated with decreased systemic infl ammatory response and is also without 
external fi stulae or drains and still allows repeat debridement sessions to be per-
formed. VARD should be considered if no improvement despite  endoscopic    necro-
sectomy   and  percutaneous drainage   or if the collection is not accessible 
endoscopically or to large. Laparoscopic transperitoneal debridement followed by 
 open   necrosectomy should be reserved if none of the above interventions lead to 
clinical improvement or if the necrosis is extensive and cannot be fully debrided by 
endoscopic or retroperitoneal approaches.     
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    Chapter 41   
 Surgical Debridement in Necrotizing 
Pancreatitis                     

       Baddr     Shakhsheer      and     John     Alverdy   

    Abstract     Pancreatic necrosis is a feared complication following acute pancreatitis, 
carrying a 10–20 % mortality. When surgical intervention is indicated, open necro-
sectomy remains the gold standard approach. Recent evidence demonstrating the 
advantage of delaying or even avoiding surgical intervention altogether has changed 
treatment paradigms and has opened the door for minimally invasive techniques. 
This chapter discusses open versus minimally invasive necrosectomy with respect 
to morbidity and outcome.  

  Keywords     Complicated pancreatitis   •   Pancreatic necrosis   •   Necrosectomy  

      Introduction 

 Approximately 10–25 % of patients diagnosed with  acute pancreatitis   go on to 
develop  pancreatic necrosis  , an often devastating complication that carries a 10–20 % 
 mortality   rate [ 1 ]. Recommendations to intervene surgically in the  management   of 
pancreatic necrosis have varied over the last several decades so signifi cantly that 
previous experience may be no longer applicable in the current era of high resolution 
imagining, newer antibiotics, and  minimally invasive   techniques. The indications for 
 surgery   to treat pancreatic necrosis have historically been based on the surgeon’s 
clinical perception of the severity of disease and the rate of clinical deterioration. The 
tradition of aggressive surgical debridement of the pancreas to treat a rapidly evolv-
ing progression from pancreatitis to necrosis has waned signifi cantly in the face of 
emerging evidence that “less is more” when treating this highly morbid condition. In 
the last decade with the advent of guidelines from the International Association of 
Pancreatology and other consensus working groups, evidence has emerged that pan-
creatic necrosis itself, independent of its clinical manifestations and anastomotic 
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extent, is no longer an absolute indication for surgery [ 2 ]. Rather surgery has become 
the default position when source control cannot be achieved non- surgically and 
when the progression from necrosis to infected necrosis leads to clinical deteriora-
tion, abscess formation, bacteremia, and non- resolving organ dysfunction [ 3 ]. 

 Today most centers perform a step-up approach that avoids invasive  surgery   in 
favor of early  non-operative management   with source control of infected  pancreatic 
necrosis   achieved by either  percutaneous   or  minimally invasive   (i.e. endoluminal or 
 laparoscopic  ) drainage. Despite the many advances in care for the patient with nec-
rotizing pancreatitis, surgery is often indicated. The purpose of this chapter is to 
compare  minimally invasive necrosectomy   to  open   necrosectomy, when indicated 
for necrotizing pancreatitis, on key outcome variables including  morbidity  , develop-
ment of multi-organ failure (MOF), fi stula formation, diabetes, recovery times, and 
 mortality  . We will make this comparison in the current era of high resolution  CT   
imaging of the pancreas, the availability of modern intensive care medicine, 
improved anesthesia, application of broader, more powerful and highly penetrating 
antibiotics and advances in surgical techniques such as the damage control laparot-
omy, wound vacuum devices, and reconstructive surgery.  

    Search Strategy 

 A literature search was performed of publications in English-language from 200 to 
the current using the  PICO   outline (Table  41.1 ). Databases utilized for the search 
include PubMed, Google Scholar, and Embase. Searches were constructed from 
combinations of the following terms: “ pancreatic necrosis  ,” “necrosectomy,” “pan-
creatic debridement,” “multisystem organ failure,” “new-onset diabetes,” “retroperi-
toneal debridement,” “step up,” and “ minimally invasive  .” The  GRADE   system was 
used for evaluation of the data.

       Results 

    Open Procedure 

 At the present time, it is fair to state that  open   pancreatic debridement to treat nec-
rotizing pancreatitis in its acute phase, absent a compelling suspicion for infected 
 pancreatic necrosis  , is ill-advised and rarely practiced at high volume tertiary care 

   Table 41.1     PICO   outline   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcomes) 

 Patients with 
 pancreatic necrosis   

 Minimally invasive 
necrosectomy 

 Open 
necrosectomy 

 Mortality, multisystem organ 
failure, new-onset diabetes mellitus 
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centers. Abandonment of open pancreatic debridement has been based on exceed-
ingly high  morbidity   and  mortality   rates with no established effect on improved 
outcome. A single-institution study by Ashley et al. in 2001 evaluated 99 consecu-
tive patients with necrotizing pancreatitis, employing a  non-operative management   
strategy followed by delayed intervention [ 4 ]. Mortality was approximately 10 % 
and in all cases, were related to multisystem organ failure. In 2007, Howard et al. 
published an observational series of 102 patients undergoing laparotomy for surgi-
cal debridement of pancreatic necrosis at a single institution over two time periods: 
1993–2001 vs 2002–2005 [ 5 ]. Patients in the latter group were treated in accor-
dance with the International Association of Pancreatology guidelines which man-
dated use of fi ne needle aspiration or  CT   evidence of infection as indicators for 
 surgery   and avoiding operating on patients within 14 days of the onset of disease 
unless otherwise indicated. The earlier treatment group (1993–2001) did not differ 
signifi cantly from the latter group in terms of severity of illness. The latter group 
showed a decreased operative morbidity (89 % vs 72 %, p = 0.03), length of stay, 
and overall mortality (18 % vs 4 %, p = 0.03). There were no differences in culture 
result patterns between the two groups and the average time from acute presentation 
to surgical debridement were the same. What then made up for the dramatic decrease 
in mortality over the two time periods? There are likely highly conspicuous differ-
ences in  management   between these two groups that perhaps were not accounted for 
in the description of the study. For example, were the anesthetics,  pain   management 
or surgical debridement approaches different? Were the indications for surgery 
identical in both groups? Despite no differences in culture results, did patient in the 
latter group receive broader antibiotics with better pancreatic tissue penetration? 
Were the antibiotics delivered with greater attention to their pharmacodynamics and 
pharmacokinetics by pharmacy services in the latter period? The most important 
fi nding in this study was difference in mortality of 18–4 % and a decrease length of 
stay of 20 %. Pancreatic fi stula rates were high in both groups (49 vs 60 %). Diabetes 
incidence was not reported. Despite the lack of detail available in this study to 
account for the improved mortality rates, today among surgeons dealing with pan-
creatitis, there is a general sense that the morbidity and mortality of open surgery to 
treat necrotizing pancreatitis has decreased signifi cantly perhaps owing to more 
strict adherence to the indications for surgery, improved imaging, better anesthesia 
and pain management, better antibiotics and their pharmacologic application and 
the availability of newer surgical techniques such as the damage control laparotomy 
and the wound vac. There are few observational trials in the last few years that can 
substantiate today that fi stula formation, number of procedures (take backs) 
required, extent of pancreatic debridement, incidence of diabetes development, and 
multiple organ failure incidence are decreased overall following open surgery. The 
reason for this is twofold: open surgery is performed less often and less repeatedly 
for a given patient and the patient populations are extremely heterogeneous making 
most comparisons problematic. Experienced surgeons are quick to accept that each 
patient with severe necrotizing pancreatitis represents his or her own unique odys-
sey. Patients today, compared to several decades previously, can be safely managed 
with an open abdomen. Yet distinct from years past, the open abdomen is now 
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generally closed within days using newer biologic materials, some of which are 
reported to resist infection. Today there is a sense however that with repeated imag-
ing, delaying surgery, and use of  percutaneous    drainage  , open surgery enjoys a 
much lower mortality than in previous years. Regarding morbidity however, this is 
a much more complicated issue. For example, fi stula formation is not necessarily 
lowered by the use of percutaneous drainage [ 6 ,  7 ]. Diabetes development following 
open necrosectomy is as much function of the amount of pancreatic parenchyma 
lost by necrosis and infection as it is by surgical debridement. Similarly, the inci-
dence of multiple organ failure is as much a function of the virulence of the pancre-
atitis as it is the virulence of bacteria that infect the pancreas and the bacterial that 
colonize the gut and drive systemic infl ammation [ 8 ,  9 ]. In the aggregate these com-
plications remain signifi cant following severe necrotizing pancreatitis and are not 
necessarily a function of the surgery itself. It may be prudent therefore, in the 
absence of reliable data, to conclude that there is no evidence that these complica-
tions, in the aggregate, have decreased as a result of modern care, but rather, they 
just have become less lethal.  

    Endoscopic Drainage 

 Peroral  endoscopic   techniques via transgastric or transduodenal incisions and drain 
placement can achieve debridement in select patients [ 10 ]. There are several impor-
tant advantages of this technique that are obvious relative to the complications of 
fi stula formation, diabetes mellitus development, multiple organ failure, and time to 
recovery. Entering the pancreatic necroma through the gastric wall minimizes the 
tissue injury and trauma of an  open   procedure. In addition the technique does not 
traverse otherwise sterile tissue planes and thus the potential for bacteremia and 
disseminated infection are theoretically less. Also, the technique creates an internal 
fi stula thus avoiding the possibility of an external one. Perhaps its greatest advan-
tage is that it can be repeatedly performed with low  morbidity   thus lessening the 
often compelling need to excise as much pancreatic parenchyma as possible in a 
single sitting. This may result in less pancreatic parenchyma excised over the entire 
course of the disease with the potential to decrease the overall incidence of diabetes. 
Whether this approach strikes the balance of adequate source control of infection 
while at the same time better preserving islet cell function remains to be proven. 
Certainly it has the potential to do so. Theoretically, the open connection between 
the stomach and the pancreatic necroma cavity may allow for digestive enzymes to 
more gradually debride tissues and preserve the native pancreas. As an example, 
Papachristou et al. showed in a retrospective review of 53 patients that this method 
could be successful in both sterile and infected  pancreatic necrosis   [ 11 ]. However 
40 % of the patients in the series needed concurrent  percutaneous    drainage   and 23 
% went on to need operative intervention. Predictors of need for open intervention 
included patients with pre-existent diabetes mellitus and larger areas of necrosis 
extending into anatomic areas diffi cult to access endoscopically, including the 
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paracolic gutters. A meta-analysis of four studies yielded a 69 % success rate with 
a 2 %  mortality   for endoscopic drainage [ 12 ]. Obviously patient selection is critical 
and there is the general sense that less critically ill patient are the best candidates for 
this procedure, perhaps explaining the overall improved  outcomes   [ 13 ].  

    Laparoscopic Procedures 

 Laparoscopic pancreatic debridement to treat infected necrosis has involved two 
general approaches: transperitoneal  laparoscopic   debridement and video-assisted 
retroperitoneal debridement (VARD) [ 14 ]. Both procedures have the advantage of 
avoiding a major laparotomy incision and exploration, one of the major causes of 
the  morbidity   of  open   pancreatic debridement. Also theoretically, multiple repeated 
procedures may be attempted with the laparoscopic approach thus providing a simi-
lar advantage to  endoscopy   of lessening the need to radically debride all necrotic 
tissue in a single sitting. Without a large abdominal laparotomy wound, theoreti-
cally fi stula formation and bleeding should be lessened. In addition, for the same 
reasons stated above with endoscopy, the incidence of diabetes development has the 
potential to be decreased using less aggressive and repeated  laparoscopy  . 

 Transperitoneal  laparoscopy   today is rarely performed owing to the more popu-
lar approach of direct access to the necroma cavity fi rst percutaneously via interven-
tional radiology and then laparoscopically using the radiologically placed catheter 
as a guide (VARD) [ 15 ]. The conventional approach today is a “step up” approach 
starting with  percutaneous    drainage   and antibiotics moving to necrosectomy via 
 laparoscopic   approaches. Transperitoneal approaches, nonetheless, have been 
described with excellent  outcomes  . Parekh et al.’s series of 19 patients underwent 
hand-assisted laparoscopic necrosectomy, 18 of whom were able to have the proce-
dure laparoscopically, 14 of whom had prior percutaneous drainage by interven-
tional radiology. These patients had a 79 % rate of external pancreatic fi stulization, 
but all but one closed spontaneously [ 16 ]. In another series, a transperitoneal 
approach was used with no  mortality   and excellent outcomes [ 17 ]. However both 
series included a small number of patients and the patient populations consisted of 
those self-selecting who would tolerate the procedure. The incidence of diabetes, 
fi stula formation, and multiple organ failure of transperitoneal necrosectomy rela-
tive to other procedures is unknown as one cannot compare this approach to the 
others given the variability in clinical presentations, the variable  timing   of the 
 procedures along the course of necrotizing pancreatitis and the use of adjunctive 
procedures that often follow when residual infected necromas are present. 

 VARD utilizes a retroperitoneal drainage catheter as a tract for insuffl ation and 
retroperitoneal debridement [ 18 ]. This approach seeks to minimize the  morbidity   of 
other techniques by avoidance of contamination of unaffected anatomic spaces, 
namely the peritoneum. By debriding only the retroperitoneal, the intact peritoneum 
acts as a natural barrier to reduce the systemic immune response. In 2008, a meta- 
analysis of VARD reported a 64 % success rate with a 14 %  mortality   [ 12 ]. 

41 Surgical Debridement in Necrotizing Pancreatitis



472

 In 2010, van Santvoort et al. published the results of the Dutch Pancreatitis Study 
Group’s PANTER study (PAncreatitis,  Necrosectomy   versus sTEp up appRoach), a 
multicenter trial randomizing 88 patients to primary  open   necrosectomy versus a 
“step up approach,” utilizing  percutaneous    drainage   followed by  minimally invasive   
retroperitoneal drainage, if necessary [ 19 ]. Of the 43 patients in the “step up” arm, 
35 % were treated with percutaneous drainage alone. When compared to the open 
necrosectomy cohort, patients in the “step up” arm had less multi-system organ 
failure (12 % vs 40 %, p = 0.002) and less new onset diabetes mellitus (16 % vs 38 
%, p = 0.002). Though  mortality   was unchanged in this study, it was not designed nor 
powered for that outcome to be measured. Currently there is an ongoing trial by the 
Dutch cooperative group using the step up approach trial comparing  endoscopic   
debridement to minimally invasive ( laparoscopic  ) debridement. Common endpoints 
such as fi stula formation, diabetes development and multiple organ failure will be 
determined. The idea here is, based on the principles outlined above, that endoscopic 
debridement will result in less fi stula formation and less diabetes development [ 20 ].   

    Recommendations Based on the Data 

 The  management   of necrotizing pancreatitis remains a major challenge to reduce 
 morbidity   and  mortality  , contain costs, and minimize long term disabilities. Current 
trends suggest that necrosectomy should be delayed as long as is safely possible 
with the idea in mind of percutaneously draining the necroma when it is suspected 
to be infected and the patient is not improving (evidence quality moderate, weak 
recommendation). Initially this is attempted percutaneously and then, if needed, via 
 minimally invasive   approaches if repeat imaging and the clinical course indicate 
that adequate source control has not been achieved. The decision to proceed with 
 endoscopic  , minimally invasive ( laparoscopic  /VARD) versus  open    surgery   will 
depend on clinical circumstances. Open surgery should be reserved for those situa-
tions where neither  endoscopy   nor  laparoscopy   is feasible or when the extent or 
severity of the disease mandates open exploration (evidence quality moderate, weak 
recommendation). This latter situation may involve rapidly evolving severe sepsis, 
hemodynamic instability or widespread intraperitoneal disease. The PANTER trial 
presents the best evidence in favor of a minimally-invasive treatment paradigm, 
showing decreased morbidity without any change in mortality (evidence quality 
moderate, weak recommendation).

    1.     Necrosectomy   should be delayed as long as is safely possible, temporizing by 
 percutaneous    drainage   when it is suspected to be infected and the patient is not 
improving (evidence quality moderate, weak recommendation)   

   2.    Open necrosectomy should be reserved for those situations where neither  endos-
copy   nor  laparoscopy   is feasible or when the extent or severity of the disease 
mandates  open   exploration (evidence quality moderate, weak 
recommendation).   
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   3.    A minimally-invasive treatment paradigm shows decreased  morbidity   without 
any change in  mortality   (evidence quality moderate, weak recommendation).    

      A Personal View of the Data 

 The  management   of necrotizing pancreatitis remains a clinical challenge. The indi-
cations for  surgery   continue to evolve along a continuum of delayed intervention, 
multiple imaging,  percutaneous    drainage   and then operative intervention based on a 
clinical suspicion of infected necrosis and inadequate source control. A patient who 
is stable, ambulatory, and presents with  pain   and  pancreatic necrosis   on axial imag-
ing differs signifi cantly from a septic patient with multisystem organ failure. Each 
patient is unique and may require various procedures either as the primary interven-
tion or as the default procedure when the primary approach fails. As such, the “step-
 up” approach advocated by the Dutch Pancreatitis Study Group represents, to date, 
the best paradigm for management of these patients. Patients are often treated “a la 
carte” and carefully monitored for clinical improvement and image-based evidence 
that source control is proceeding along steady course of completion. Deployment of 
either  endoscopic   or  open   surgery is then decided upon based on several factors 
including the patients’ anatomy, extent of necroma, technical expertise, and the 
evolving course of the physiologic response to the infl ammation and infection. A 
major advancement has been the widespread belief by experienced clinicians in the 
fi eld that surgery need not be implicitly considered urgent when infection is sus-
pected or identifi ed and that a given surgical approach need not be considered to be 
the single operative intervention. Clinicians should be aware of the multi-pronged 
approaches across disciplines that are available and deploy them in a rational and 
customized way based on the patient presentation and course.     
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    Chapter 42   
 Surgery or Endotherapy for Large Duct 
Chronic Pancreatitis                     

       Jason     B.     Liu      and     Marshall     S.     Baker    

    Abstract     For chronic pancreatitics who have a glandular morphology character-
ized by a dilated main pancreatic duct, pain is thought to be due to ductal hyperten-
sion and glandular/capsular stretch. Decompression of the pancreatic duct by either 
endoscopic transampullary stenting or surgical drainage is the principle method of 
treating symptoms in these patients. Surgical intervention is commonly thought to 
carry increased risk of perioperative morbidity, thus current practice involves an 
intervention sequence starting with endoscopic stenting and falling back to surgery 
in cases of recalcitrant pain. There is, however, little evidence to argue that an 
“endoscopy fi rst” approach is better than early surgical intervention. Few studies 
prospectively examine outcomes of endoscopy compared to surgery in terms of pain 
relief, morbidity and mortality, number of repeated interventions, and preservation 
of pancreatic function. The evidence that is available suggests surgical management 
of large duct chronic pancreatitis results in better long term outcomes when com-
pared to endoscopic therapy without incurring prohibitive risk of signifi cant periop-
erative morbidity. In our view, surgical drainage of the pancreas should be considered 
as a primary method of managing patients with chronic pancreatitis and a dilated 
main pancreatic duct.  
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      Introduction 

 Pain is the symptom leading to treatment in patients with chronic pancreatitis. For 
some patients, obstruction of the main pancreatic duct by stones or by progressive 
fi brosis in the pancreatic head results in a marked dilation of the main pancreatic 
duct. Ductal and parenchymal hypertension and capsular stretch are purported to be 
the major etiologic factors of  pain   in these patients. In later stages of the disease, the 
pain may be neuropathic in nature, driven by nerve injury from repeated bouts of 
retroperitoneal infl ammation. 

 Endoscopic or surgical decompression of the pancreatic duct is the mainstay of 
therapy for chronic pancreatitics with dilation of the main pancreatic duct. Both 
methods aim to alleviate  pain   by promoting adequate drainage of the pancreas 
thereby relieving ductal and parenchymal hypertension. To date, there is no clear 
consensus as to which modality is superior in relieving pain and improving  quality 
of life  , or as to when to use one approach over the other. In general, current practice 
involves a conservative “step up” approach in which patients are fi rst managed med-
ically with diet modifi cation (e.g. alcohol abstinence, low fat diet, enzyme supple-
mentation), then endoscopically with transampullary stenting, and are lastly referred 
to consider  surgery   when other modes of therapy fail to alleviate or control pain. 
There is little evidence to suggest that this is the most effi cacious way to manage 
these patients. Longitudinal studies show that of all patients with chronic pancreati-
tis, up to 75 % will require surgical  management   at some point during the course of 
their disease [ 1 ,  2 ]. Prospective studies evaluating  endoscopic   methods in isolation 
fi nd these methods to be safe, technically successful and achieve long-term pain 
relief. Similar claims are made for surgical therapies when examining  resection  , 
decompression and hybrid resection-drainage procedures in isolation [ 2 – 9 ]. 

 This chapter attempts to answer the question which mode of therapy, early  endo-
scopic   or surgical intervention for patients with  large duct   chronic pancreatitis, is 
best by means of an evaluation of the literature focused on studies that offer com-
parisons between endoscopic and surgical approaches.  

    Search Strategy 

 A literature search was performed to identify relevant studies comparing the  out-
comes   of  endoscopic   and operative interventions in the treatment of  large duct   
chronic pancreatitis. A  PICO   approach was constructed for the search (Table  42.1 ). 
English language publications between August 1, 2000 and August 1, 2014 involv-
ing adult patients aged 18 years or older were queried from the following databases: 
PubMed, Science Citation Index/SCI-Expanded, and Cochrane  Evidence Based 
Medicine  . A combination of the following terms in their various forms were used to 
complete the search: “chronic pancreatitis,” “ surgery  ,” “ endoscopy  ,” “extracorpo-
real shockwave lithotripsy,” “drainage,” “decompression,” “outcomes,” “ pain  ,” 
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“Izbicki pain score,” “ pancreatectomy  ,” “ resection  ,” “endocrine function,” and 
“exocrine function.” Articles were excluded if they examined either surgical thera-
pies alone or endoscopic therapies alone. One paper was exempt from the publica-
tion date limitation due to its relevance to the discussion and was included. In all, 
three randomized controlled trials, six cohort studies, three review articles, two sys-
tematic reviews, and one study protocol were evaluated. The data was classifi ed 
using the  GRADE   system. A summary of discussed data is provided in Table  42.2 .

        Results 

    Pain Relief 

 In general, comparative studies have demonstrated that both  endoscopic   and surgi-
cal methods of pancreatic duct drainage provide effective improvement in patients’ 
symptoms with most studies demonstrating an advantage to surgical intervention 
with regard to both initial rates of improvement in symptoms and durability of the 
response. 

 The North American Pancreatitis Study 2 (NAPS2) was a prospective, 20-center 
case-control study of 1000  recurrent acute pancreatitis   and chronic pancreatitis 
patients in the United States in which standardized questionnaires were used to 
capture information on the use and effectiveness of medical,  endoscopic  , and surgi-
cal therapies. Gland morphology was not considered in this study. The authors ana-
lyzed their cohort of patients who only had chronic pancreatitis with regard to the 
frequency of endoscopic and surgical therapies, and their subjective effectiveness 
[ 5 ]. Of the 515 patients studied, 185 (35.9 %) underwent endoscopic pancreatic duct 
stenting with reported effectiveness in 87 (47 %) patients. Fifty-one (9.9 %) patients 
underwent a surgical drainage procedure, which was effective in 36 (70.6 %) 
patients. Overall, endotherapy was considered effective in 42.8 % of patients com-
pared to 68.5 % in patients treated with either surgical drainage or  resection   
(p < 0.0001). Surgical procedures, however, were performed less frequently than 
endoscopic procedures (32.8 % vs. 60.8 %, p < 0.0001). Studying their group of 
patients that participated in NAPS2, Clarke et al. reported that endoscopically man-
aged patients achieved clinical success in 51 % of patients [ 6 ]. Of those who failed 
endotherapy and subsequently underwent  surgery  , 50 % had successful  outcomes  . 
The NAPS2 did not record the specifi c symptom being treated with each procedure, 

   Table 42.1     PICO   table for  management   of  large duct   chronic pancreatitis   

 P (Patients) 
 I 
(Intervention) 

 C 
(Comparator)  O (Outcomes) 

 Patients with  large 
duct   chronic 
pancreatitis 

 Surgery  Endoscopy  Pain relief,  morbidity/   mortality,   need 
for repeated interventions, progression 
to endocrine/exocrine insuffi ciency 
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and effectiveness was reported as the interpretation of the treating physician. There 
was little effort to control for disease morphology – to limit the study to patients 
with diffuse dilation of the main pancreatic duct and no pancreatic head mass. There 
was also a relatively limited effort to use standardized methods to assess  pain   in 
these studies. 

 A smaller retrospective study of 62 patients with chronic pancreatitis and main 
pancreatic duct dilation treated with either  endoscopic   intervention or surgical 
drainage calculated the Izbicki  pain   scores before and after intervention [ 7 ]. They 
demonstrated a signifi cant difference in complete or partial pain relief over a 5-year 
follow up period in those who underwent  surgery   (77 % vs 47 %, p = 0.04). 

 Very few prospective randomized studies have compared the  outcomes   of med-
ical and surgical  management   of chronic pancreatitis patients with regard to  pain  . 
The earliest study reported by Nealon and Thompson was done at a time when 
 endoscopic   procedures had not been fully developed [ 8 ]. This study randomized 
17 patients with mild/moderate pancreatitis and non-debilitating abdominal pain 
to either non-operative (medical, non-endoscopic intervention) or  operative man-
agement   with a mean follow up period of 39 months. One quarter of patients in the 
non-operative group remained with mild/moderate pancreatitis while the others 
progressed to more severe symptoms. Seventy-eight percent of patients in the 
operated group remained with mild/moderate pancreatitis at the end of follow up. 
Unfortunately, no objective measures of pain were used in this study. Substantial 
pain relief was reported in 16/17 (94 %) patients in the surgical group compared 
to only 2/15 (13 %) patients in the non-operative group [ 9 ]. At a time in which 
endoscopic decompression was not readily available, the investigators concluded 
that surgical ductal decompression delayed the progression of chronic 
pancreatitis. 

 In 2003, Dite et al. published a pseudo-randomized (i.e. 1:1 alternating patient 
allocation) prospective study of 72 patients embedded in a cohort of 140 patients 
[ 10 ]. All patients had failed medical  management   for at least 3 years. Endoscopy did 
not utilize extracorporeal shock wave lithotripsy, and  surgery   entailed both drainage 
and  resection   procedures. At 5-year follow up, complete  pain   relief as assessed by 
the Melzack score was achieved in a greater number of patients who underwent 
surgery compared to endotherapy (34 % vs. 15 %, p = 0.002). 

 The most well done prospective randomized trial was carried out by Cahen et al. 
and published in the  New England Journal of Medicine  in 2007 [ 11 ]. For this study, 
the authors randomized 39 patients with advanced chronic pancreatitis and proxi-
mal obstruction of the pancreatic duct without pancreatic head enlargement to mul-
timodal  endoscopic   therapy or operative decompression. The primary end point was 
the average Izbicki  pain   score during a median of 24 (range 6–24) months of follow 
up. Patients who underwent  surgery   reported an Izbicki pain score signifi cantly 
lower than those who underwent endotherapy (mean difference 24, 95 % confi dence 
interval [CI], 11–36, p < 0.001). Moreover, after surgical drainage, pain relief was 
present by 6 weeks postoperatively and persisted during the follow up period. 
Complete or partial pain relief was achieved in 32 % of patients in the  endoscopy   
group and 75 % of patients in the surgery group (p = 0.007). The study was prema-
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turely terminated on the basis of a signifi cant difference in outcome favoring the 
surgical group. After 79 months of follow up, 31 of the 39 patients were re- evaluated 
[ 12 ]. The Izbicki pain score difference in favor of the surgical group was no longer 
signifi cant (39 vs. 22, p = 0.12). However, the secondary outcome measure of either 
partial or complete pain relief was still signifi cantly higher in the surgically treated 
group (80 % vs. 38 %, p = 0.042). 

 A more recently published Cochrane review pooled the data from these two ran-
domized studies [ 9 ]. Of the 111 patients,  surgery   achieved a higher proportion of 
patients with  pain   relief compared to  endoscopy   (RR 1.62, 95 % CI, 1.22–2.15). 
The proportion of patients with complete pain relief was higher in the surgical group 
(RR 2.45, 95 % CI, 1.18–5.09), but there was no difference in the proportion of 
patients with partial pain relief.  

    Morbidity and Mortality 

 Proponents of  endoscopic    management   of chronic pancreatitis cite high  morbidity   
and  mortality   in those undergoing surgical intervention as the primary reason for 
pursuing  endoscopy   prior to or in place of  surgery  . Both comparative studies and 
longitudinal examinations of endoscopic and surgical drainage in isolation gener-
ally support the contention that the absolute risk of peri-procedure morbidity is 
higher in the surgically treated patients. But, there is no clear indication from the 
existing literature that the increased morbidity is prohibitive or that it justifi es an 
“endoscopy fi rst” or “endoscopy alone” approach to these patients. 

 In their cohort of endoscopically managed patients, Clarke et al. reported an 
overall complication rate of 12 % of which 59 % were hospitalizations for post- 
procedure monitoring [ 6 ]. There were no deaths. In a retrospective study of 292 
patients with chronic pancreatitis of any morphology, Rutter et al. reported an 
equivalent complication rate of 32 % between patients treated by  endoscopy   and 
by  surgery   [ 13 ]. Infectious complications were more common in patients man-
aged surgically (14.1 % vs. 0.7 %, p < 0.001), while acute on chronic pancreatitis 
and formation of pseudocyst were more often seen in patients after  endoscopic   
treatment (14.7 % vs. 5.1 % and 14.7 % vs. 10.1 %, respectively). Hong et al. 
noted a trend toward increased rates of complication following surgical  manage-
ment  , but that trend did not achieve statistical signifi cance (14 % vs. 7 %, 
p = 0.66) [ 7 ]. 

 Similarly, Dite et al. reported 8 %  morbidity   and no  mortality   in both their  endo-
scopic   and surgical groups when they combined their randomized and non- 
randomized groups [ 10 ]. Cahen et al. also demonstrated no signifi cant difference in 
morbidity and mortality between the endoscopic and surgical groups (58 % vs. 
35 %, p = 0.15 and 5 % vs. 0 %, p = 0.49, respectively) [ 11 ]. 

 None of these studies formally grade the complications that happen following 
either  endoscopic   or surgical interventions. Given this, we have a very limited 
understanding of the true burden that these procedures bring to patients.  
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    Repeated Interventions, Hospitalizations, and Costs 

 The need for repeated interventions, prolonged hospitalization, and increased costs 
have been identifi ed as potential disadvantages to  endoscopic   therapy. Rutter et al. 
reported patients with an initial surgical intervention had the fewest consecutive 
interventions compared with endotherapy [ 13 ]. Of the 99 surgically treated patients, 
13 (13 %) required a second intervention, and 9 (9 %) required up to four interven-
tions. Of the 150 endoscopically managed patients, 47 (31 %) patients needed a 
second intervention and 63 (42 %) patients received up to 12 interventions. Patients 
with an initial surgical intervention had the lowest number of subsequent interven-
tions compared with patients who had an initial endoscopic intervention (mean 
number, 0.43 vs. 2.1, p < 0.001). Furthermore, the intervention-free interval was sig-
nifi cantly longer after initial surgical treatment compared with endotherapy (mean 
months, 18.8 vs. 4.8, p < 0.001). Patients treated endoscopically spent a signifi cantly 
greater number of days hospitalized compared to those who underwent  surgery   
(mean days, 25.3 vs. 34.4, p < 0.001). However, the single mean admission time in 
patients with surgical treatment was longer than those who received endoscopic 
therapy (mean days, 20 vs. 10.7, p < 0.001). 

 A small retrospective study of 65 patients with chronic pancreatitis and main 
pancreatic duct dilation treated with either  endoscopic   or surgical drainage done by 
Hirota et al. reported no difference between groups in the number of total hospital-
ized days per year (29.3 vs. 18.6, p = 0.055) over an average follow up period of 40 
months [ 14 ]. However, the number of hospitalizations per year was signifi cantly 
more frequent in those treated endoscopically compared to those managed surgi-
cally (1.6 vs. 0.67, p < 0.001). They did not report the indications for repeated hos-
pitalizations. Hong et al. were able to demonstrate similar results [ 7 ]. They reported 
a signifi cantly greater number of interventions in the  endoscopy   group compared to 
the  surgery   group (median number of procedures, 2 vs. 1, p < 0.001). Although 
patients undergoing endotherapy had a shorter initial hospital stay (mean days, 12 
vs. 28, p < 0.001), they had a signifi cantly greater number of readmissions at 5-year 
follow up compared to the surgical group (median, 2 vs. 0, p < 0.001). 

 Interestingly, when Hirota et al. stratifi ed their  endoscopy   group into patients that 
required  endoscopic   therapy for shorter than or longer than 1 year, they noted that 
patients who required endoscopic therapy for longer than 1 year had signifi cantly 
greater annual hospitalized days (41.3 vs. 18.6, p = 0.0016), more frequent annual 
hospitalizations (2.5 vs. 0.67, p < 0.0001), and incurred greater annual costs ($20,300 
vs. $10,200, p = 0.0027) [ 14 ]. They concluded endoscopic therapy should not persist 
past 1 year of therapy before considering  surgery  . 

 Dite et al. reported an average of six  endoscopic   interventions per patient (range 
4–9) compared to one surgical intervention per patient (range 1–3) [ 10 ]. When 
including the initial endoscopic or surgical intervention, Cahen et al. reported more 
overall diagnostic and therapeutic interventions in the group treated with endother-
apy compared to the group treated with  surgery   (median, 8 vs 3, p < 0.001) [ 11 ]. 
This trend continued to hold true at their long-term analysis (median, 12 vs. 4, 
p = 0.001) [ 12 ]. There was no difference in median hospital length of stay (13 vs. 11, 
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p = 0.33), rate of readmission (2 vs. 0, p = 0.194), or costs ($31,048 vs. $25,042, 
p = 0.29). Nine (47 %) patients treated initially with  endoscopy   underwent surgical 
intervention at the time of the long-term analysis.  

    Endocrine and Exocrine Insuffi ciency 

 Disease progression results in exocrine and endocrine insuffi ciency. Both  endo-
scopic   and surgical modalities have been shown to delay the progression of pancre-
atic insuffi ciency. Some studies have demonstrated an advantage to  surgery   
compared to  endoscopy   in terms of the time to exocrine insuffi ciency. Others have 
shown no advantage. 

 In the NAPS2 cohort, Glass et al. reported perceived improvement in exocrine 
insuffi ciency in patients treated with  surgery   compared to  endoscopy   (93 % vs. 
55 % over 5 years of follow up, p = 0.0008) [ 5 ]. However, Hong et al. demonstrated 
no signifi cant difference in either endocrine or exocrine preservation or deteriora-
tion at 12-month or 60-month follow up (Table  42.2 ) [ 7 ]. 

 As mentioned earlier, Nealon and Thompson evaluated the  outcomes   of pancre-
atic function in patients undergoing  operative management   compared to medical 
 management   [ 8 ]. Their grade of disease was based wholly upon endocrine and exo-
crine function. New onset endocrine and exocrine pancreatic insuffi ciency were 
respectively observed in 2/13 (15 %) patients and 1/15 (7 %) in the  surgery   group 
compared to 10/12 (83 %) patients and 11/14 (79 %) patients in the non-operative 
group [ 4 ]. They did not report the time to  diagnosis   of new insuffi ciency during their 
follow up period. 

 Dite et al. examined body weight changes and new onset diabetes mellitus during 
their 5-year follow up period [ 10 ]. Patients who underwent  surgery   gained signifi -
cantly more body weight compared to those who underwent endotherapy (47.2 % vs 
28.6 %, p = 0.003). There was no difference in new onset diabetes mellitus between 
groups. Cahen et al. reported preservation of exocrine function in patients who 
underwent surgery, but no difference in new onset endocrine insuffi ciency between 
groups [ 11 ]. A pooled analysis also demonstrated no signifi cant difference in endo-
crine insuffi ciency between surgical and  endoscopic    management   (RR 0.98, CI 
0.55–1.76). Long-term analysis by Cahen et al. trended towards a greater loss of 
pancreatic exocrine and endocrine function in the  endoscopy   group but this was not 
signifi cant [ 12 ].  

    Timing of Intervention 

 Few studies have adequately compared surgical to  endoscopic   therapy head-to-head 
with the intent to identify appropriate  timing   of intervention. Most patients with 
chronic pancreatitis present for intervention late in the course of the disease and are 
a heterogeneous group in terms of glandular morphology. Nealon and Thompson 
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were the fi rst to demonstrate early surgical intervention in patients with mild to 
moderate disease had better  pain   control and sustained pancreatic function relative 
to best medical  management   [ 8 ]. A more recent study by Ahmed Ali identifi ed  sur-
gery   within 3 years of the onset of symptoms, fewer than fi ve previous endoscopic 
treatments, and the absence of preoperative opioid use as independent factors asso-
ciated with achievement of greater postoperative pain relief [ 15 ]. The two currently 
available randomized studies by Dite et al. and Cahen et al. seem to show improved 
results from surgery but also identify a benefi t in select patients treated with  endos-
copy   alone. From the available data we can surmise that surgical intervention early 
in the disease course might mitigate disease progression, reduce pain durably, and 
slow deterioration of pancreatic function. There is, however, probably a cohort of 
patients that would benefi t permanently from one or two transampullary stenting 
procedures. Unfortunately no consensus as to the sequence or the timing of endos-
copy and surgery presently exists. The Dutch Pancreatitis Study Group is currently 
recruiting patients for the ESCAPE trial (Early Surgery versus Optimal Current 
Step-Up Practice for Chronic Pancreatitis trial; ISRCTN 45877994), which will 
help to answer the question of whether early surgical intervention improves pain 
control and pancreatic function compared to the current “step up” approach [ 4 ].   

    Recommendations 

 Quality evidence includes only patients with severe late-stage chronic pancreatitis. 
This is a heterogeneous population of patients with variable glandular morphology, 
degrees of fi brosis and calcifi cation, and narcotic addiction. The available studies 
are themselves also variable in terms of the way  pain   assessments are made, and the 
types of  endoscopic   and surgical interventions evaluated. Nevertheless, most inves-
tigations would support the contention that endoscopic drainage offers less durable 
symptom relief in patients with advanced chronic pancreatitis and a dilated main 
duct compared to surgical  management   (evidence quality moderate). Patients man-
aged endoscopically require more repeated interventions than patients who undergo 
early surgical intervention. This translates to more hospitalization days and to 
greater costs. There appears to be no difference in the  morbidity   and  mortality   
between each method (evidence quality low). There is no long-term difference in 
the preservation of endocrine and exocrine function (evidence quality low). Our 
recommendation is to consider surgical decompression for dilated duct chronic pan-
creatitis early in the course of its management.  

    A Personal View of the Data 

 The  pain   associated with chronic pancreatitis is debilitating. For patients with a dif-
fuse dilation of the main pancreatic duct, surgical and  endoscopic   decompression 
can offer signifi cant improvement in symptoms and allow patients to return to high 
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 quality of life  . Endoscopy is rarely a durable solution, meaning patients treated 
endoscopically will almost always require multiple subsequent interventions to 
manage the progression of disease. In the end, repeated bouts of pancreatitis are the 
only known risk factor for intractable, untreatable pain syndromes and  endoscopy   
would seem more likely than early surgical intervention to allow for repeated bouts 
of pancreatitis to occur. Undoubtedly, there is a small population of chronic pancre-
atitics who will have durable relief of pain with a limited number of endoscopic 
interventions. In our opinion, it is reasonable to pursue endotherapy once or twice. 
This will serve to confi rm a benefi t to drainage but not contribute risk of permanent 
neuropathy. For patients who only have temporary or limited relief with endother-
apy, surgical drainage should be promptly pursued.  

    Recommendations 

•     For patients with chronic pancreatitis,  pain   and ductal dilation, we recommend 
no more than two attempts at  endoscopic    management   prior to consideration of 
surgical decompression to alleviate pain and slow the progression of disease 
(evidence quality moderate; weak recommendation).  

•   Available evidence is too limited to allow a statement concerning the  morbidity   
and  mortality   of  endoscopy   versus  surgery   in the treatment of  large duct   chronic 
pancreatitis.  

•   Available evidence is too limited to allow a statement concerning the preserva-
tion of pancreatic function for patients who are managed endoscopically or sur-
gically in the treatment of  large duct   chronic pancreatitis.        
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    Chapter 43   
 Pancreatic Head Resection for Painful 
Chronic Pancreatitis                     

       Minh     B.     Luu      and     Daniel     J.     Deziel    

    Abstract     This chapter compares the outcomes of operations for chronic painful 
pancreatitis performed with or without duodenal preservation. The results of pub-
lished, randomized clinical trials and systematic reviews are examined with regard 
to quality of evidence and strength of recommendations. Both pancreaticoduode-
nectomy and duodenal preserving resection of the head of the pancreas can provide 
pain relief for the majority of patients with chronic pancreatitis who undergo these 
operations. Current evidence is not adequate to clearly establish the superiority of 
either of these approaches, or of any specifi c variation of duodenal preserving resec-
tion, in terms of pain relief, peri-operative morbidity, post-operative pancreatic 
function or quality of life. Delayed gastric emptying may be more frequent follow-
ing pancreaticoduodenectomy. The functional benefi ts of duodenum preserving 
resections that were noted in some early reports are absent at longer term follow up.  

  Keywords     Chronic pancreatitis   •   Duodenal preserving pancreaticoduodenectomy   
•   Beger procedure   •   Frey procedure   •   Quality of evidence  

      Introduction 

 Pancreatic head enlargement occurs in approximately 30–50 % of patients with 
chronic pancreatitis (CP) [ 1 ,  2 ]. These infl ammatory masses are considered respon-
sible for the development of chronic  pain   and may be associated with obstruction of 
the common  bile duct   or duodenum as well as portal vein thrombosis. Resection of 
the pancreatic head is indicated in patients with CP and intractable pain, but the 
most benefi cial method of  resection   remains controversial. Resection by  pancreati-
coduodenectomy   (PD) with or without pylorus preservation yields initial pain relief 
in a large proportion of patients. However, long-term follow-up has demonstrated 
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high rates of insulin dependent diabetes and gastrointestinal complaints and dimin-
ished  quality of life   (QoL) [ 3 ,  4 ]. The importance of duodenal preservation for insu-
lin homeostasis has been demonstrated in several studies [ 5 – 7 ]. Rationalizing that 
PD is overtreatment of CP, Beger [ 8 ] developed a duodenum-preserving pancreatic 
head resection (DPPHR) to minimize the rates of postoperative pancreatic insuffi -
ciency and gastrointestinal symptoms. Frey and colleagues subsequently introduced 
a modifi cation of DPPHR involving less pancreatic dissection over the portal vein 
and a simplifi ed reconstruction [ 9 ]. Several other modifi cations of DPPHR have 
also been described [ 10 ,  11 ]. 

 This chapter uses the  PICO   format (Table  43.1 ) to compare PD to DPPHR for the 
treatment of patients with CP. The PD intervention group includes procedures per-
formed either with or without gastric and pyloric preservation. The comparator 
group includes any version of the DPPHR operation reported. Outcomes measured 
were  pain   relief, perioperative  morbidity  , pancreatic endocrine and exocrine func-
tion and QoL.

       Search Strategy 

 A search of English language publications from 1994 to 2014 on the surgical treat-
ment for chronic pancreatitis was conducted. Databases searched were Medline (via 
PubMed and Ovid), Scopus, Cochrane Database of Systematic Reviews, Database 
of Abstracts of Reviews of Effectiveness (DARE) and Embase. Controlled vocabu-
lary were used in Medline (MeSH) and Embase (Embase). Terms used in the search 
were “pancreatitis,” AND “Frey” or “Beger”. In Medline, 3116 articles related to 
 surgery  /pancreatitis contained 128 articles relating to Beger or  Frey procedure  s. Of 
the 128 articles, 50 were in English pertaining to adult patients. In Embase, 44,308 
articles relating to pancreatitis, were cross referenced with the 1086 related to Beger 
or Frey procedures, resulting in 42 articles. Of these 42 articles, 12 were of adult 
patient populations. Duplicate articles identifi ed in the Medline and Embase 
searches were excluded. Reference lists from selected articles were hand searched 
for additional relevant citations. Retrospective or non-randomized observational 
studies were excluded. Four prospective randomized  clinical trials   (R CT  ) with their 
subsequent follow-up reports and three meta-analyses were analyzed. A fi fth RCT, 
available only in the German language, was subsequently identifi ed and included. 

   Table 43.1     PICO   table for pancreatic head  resection   to treat chronic pancreatitis   

 P (Patients)  I (Intervention) 
 C (Comparator 
group) 

 O (Outcomes 
measured) 

 Patients with  pain   from 
chronic pancreatitis 
undergoing pancreatic 
head  resection   

 Pancreaticoduodenectomy 
(Whipple with or without 
pylorus preservation) 

 Duodeno- 
preserving 
pancreatic head 
 resection   (Frey, 
Beger) 

 Pain relief, 
perioperative 
 morbidity,   pancreatic 
function,  quality of life   
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The  quality of evidence   from the included studies and strength of recommendations 
were determined using the  GRADE   approach.  

    Results 

    Randomized Clinical Trials 

 Five original prospective randomized trials were identifi ed, grouped with their sub-
sequent follow-up reports and listed in Table  43.2 . The fi rst listed randomized trial, 
by Buchler et al. [ 12 ] in 1995, consisted of 20 patients who underwent a pylorus 
preserving (pp) PD and 20 patients who underwent DPPHR (Beger). They reported 
no perioperative  mortality   and the postoperative  morbidity   rates (15 % versus 20 %) 
were similar in both groups. Outcomes were initially reported after 6 months of 
follow-up. Pain was assessed by a visual analog scale. A standard meal stimulation 
test was performed measuring blood glucose, insulin and glucagon to assess pancre-
atic endocrine function. Additionally, preoperative and postoperative pancreolauryl 
serum test and an oral glucose load were performed to verify pancreatic endocrine 
and exocrine functions. Patients who underwent DPPHR had less  pain  , greater 
weight gain, better glucose tolerance and higher insulin secretion capacity. The 
long-term outcome of Buchler’s study was reported by Muller et al. [ 10 ] in 2008 
with a median follow-up of 7 and 14 years. Fourteen (70 %) patients who underwent 
PD and 15 (75 %) patients who underwent DPPHR from the original study were 
available to be assessed. No differences were noted in pain relief, pancreatic exo-
crine or endocrine function. QoL was evaluated with the European Organization for 
Research and Treatment of Cancer’s (EORTC) Quality of Life Questionnaire-30 
(QLQ-30). Although the ppPD group reported signifi cantly worse appetite com-
pared to the DPPHR patients, all other QoL parameters were similar. They con-
cluded that the early advantages of the DPPHR reported by Buchler were no longer 
present at the later follow-up intervals. The study population was balanced with 
proper follow up reporting and adequate defi nition of outcome parameters. The 
sample size calculation, allocation concealment, blinding of outcome assessment 
and intention to treat (ITT) analysis were not described. The  quality of evidence   is 
moderate according to the  GRADE   system.

   The second listed randomized trial, by Klempa et al. [ 13 ] in 1995, consisted of 
21 patients who underwent PD and 22 patients who underwent DPPHR (Beger). 
There was no  mortality   in the PD group and one postoperative death (4.5 %) in the 
DPPHR group. Postoperative  morbidity   rates were similar for both groups although 
median length of stay was signifi cantly longer in the PD group (21.7 vs. 16.5 days). 
The follow-up range was done in intervals following  surgery   (range 6–24 months 
and 36–60 months). Complete  pain   relief, based on a questionnaire, was reported in 
60 % of patients who underwent PD and 70 % of patients who underwent DPPHR 
(p < 0.05). New onset diabetes mellitus was higher in the PD group (38 %) com-
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pared to the DPPHR group (12 %) but not statistically signifi cant. Pancreatic exo-
crine insuffi ciency, indicated by maldigestion and steatorrhea, was present in 100 % 
of patients in the PD group and in only 10 % of the DPPHR group 36–60 months 
after the respective procedures (p < 0.05). Occupational rehabilitation was higher in 
the DPPHR group (75 %) than the PD group (50 %) but not statistically signifi cant. 
Overall QoL was not assessed in the study. The study population was balanced with 
adequate defi nition of outcome parameters. The sample size calculation, allocation 
concealment, blinding of outcome assessment and intention to treat (ITT) analysis 
were not described. The  quality of evidence   is low according to the  GRADE   
system. 

 The third listed randomized trial by Izbicki et al. [ 11 ] in 1998 consisted of 30 
patients who underwent ppPD and 31 patients who underwent DPPHR (Frey). The 
ppPD group had no  mortality   while one patient (3.2 %) in the DPPHR group died 
of a myocardial infarction. Overall  morbidity   was signifi cantly less in the DPPHR 
group due to the higher rate of delayed gastric emptying in patients undergoing 
ppPD (p < 0.05). Delayed gastric emptying was defi ned as need for nasogastric tube 
decompression for more than 7 days postoperatively. After a median follow-up of 
24 months, similar relief of symptoms was reported in each group (87 % and 90 % 
respectively). Additionally, patients were given a  pain   score that contained the fol-
lowing components: a visual analog scale, frequency of pain attacks, pain medica-
tions, and inability to work. The median pain score decreased 71 % in the ppPD 
group and 90 % in the DPPHR group. The postoperative pain scores were signifi -
cantly lower in both groups when compared to their preoperative scores but were 
not different between groups. Pancreatic endocrine function was assessed by an oral 
glucose tolerance test, the treatment required (diet, oral agents, or insulin), fasting 
serum insulin, C-peptide, and HbA1C. Pancreatic exocrine function was assessed 
by measuring the fecal chymotrypsin concentration and the pancreolauryl test. 
Although no statistical analysis was provided to compare pancreatic endocrine and 
exocrine function between ppPD and DPPHR, the  outcomes   appear to be similar. 
Overall QoL, using the EORTC QLQ-30, was signifi cantly higher for patients 
undergoing DPPHR compared to ppPD. Long-term follow-up of this trial was 
reported by Strate et al. [ 14 ] in 2008 at 84 months and by Bachman et al. [ 15 ] in 
2013 at 180 months. Twenty four (80 %) and 14 (47 %) of the patients who under-
went PD compared to 23 (74 %) and 21 (68 %) of patients who underwent DPPHR 
were available to be assessed. Neither follow-up report showed any signifi cant dif-
ference in pain relief, pancreatic function or QoL. The study population was bal-
anced with proper follow up reporting, adequate defi nition of outcome parameters, 
sample size calculation, and allocation concealment. Blinding of outcome assess-
ment and intention to treat (ITT) analysis were not described. The  quality of evi-
dence   is moderate according to the  GRADE   system. 

 The fourth listed randomized trial by Farkas et al. [ 16 ] in 2006 consisted of 20 
patients who underwent ppPD and 20 patients who underwent DPPHR (modifi ed 
Frey) with a median follow-up of 12 months. There was no perioperative  mortality  . 
The operative time and hospital LOS were signifi cantly longer in the ppPD group. 
Additionally, overall  morbidity   was signifi cantly higher in the ppPD group due to 
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delayed gastric emptying and pulmonary complications. A  pain   frequency question-
naire demonstrated similar pain relief (ppPD 90 % versus DPPHR 85 %). Pancreatic 
endocrine function was assessed by the oral glucose tolerance test. Pancreatic exo-
crine function was evaluated by measuring stool elastase. There was no signifi cance 
difference in either endocrine or exocrine function. The authors reported that QoL 
was superior in the DPPHR group, but no methodology for QoL assessment was 
described. The study population was balanced and all patients were available for 
follow-up. Outcome parameters were not well defi ned. Additionally, sample size 
calculation, allocation concealment, blinding of outcome assessment and intention 
to treat (ITT) analysis were not described. The  quality of evidence   is low according 
to the  GRADE   system. 

 The fi fth listed randomized trial conducted by Keck et al. [ 17 ] reported short and 
long-term results comparing 45 patients who underwent ppPD and 47 patients who 
underwent DPPHR (Beger or Frey). There was no  mortality   in either group and the 
overall  morbidity   was similar (30 % versus 33 %). Pain relief was assessed using a 
visual analog scale and  pain   frequency questionnaire. At a median follow-up of 66 
months, 67 % of patients in both groups were pain free. Pancreatic endocrine func-
tion was assessed preoperatively using the oral glucose tolerance test or a 24-h 
glucose profi le. Postoperatively, pancreatic endocrine function was assessed using a 
questionnaire for the presence of diabetes and diabetes medication use. New onset 
diabetes developed in 19 % of patients in the PD group and 24 % of patients in the 
DPPHR group (p 0.56). Pancreatic exocrine function was determined by patient 
reported presence of steatorrhea or use of pancreatic enzyme supplementation. 
Postoperative de novo pancreatic exocrine insuffi ciency was 21 % in the PD group 
and 26 % in the DPPHR group (p 0.57). QoL was measured using the EORTC 
QLQ-30 questionnaire and was also similar in both groups. The study population 
was balanced with proper follow up reporting and adequate defi nition of outcome 
parameters. Examiners were blinded to QoL questionnaires but blinding of other 
outcome assessments was not described. Sample size calculation, allocation con-
cealment, and intention to treat (ITT) analysis were not described. The  quality of 
evidence   is moderate according to the  GRADE   system.  

    Systematic Reviews and Meta-analysis 

 Three systematic reviews and meta-analyses were identifi ed and summarized in 
Table  43.3 . Diener et al. [ 18 ] included studies by Buchler, Klempa, Izbicki and 
Farkas. A total of 200 randomized patients were included with a range of 43–64 
from each study. Mortality was 0 % in the PD group and 2.2 % in the DPPHR group. 
Although the PD group in the RCT by Izbicki et al. [ 11 ] had the highest  morbidity   
rate of 53 % and the DPPHR group in the RCT by Klempa et al. [ 13 ] had the lowest 
morbidity rate of 18 %, no signifi cant differences were found in the meta-analysis. 
When delayed gastric emptying rate was reviewed, a trend in favor of DPPHR was 
seen but this was not statistically signifi cant. The analysis for  pain   relief consisted 
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of 86 patients who underwent PD and 87 patients who underwent DPPHR. No sig-
nifi cant differences were found in postoperative pain relief between the two groups. 
New onset diabetes mellitus showed a trend in favor of DPPHR while pancreatic 
exocrine impairment was signifi cantly less with DPPHR. Pooled QoL from two 
RCT (Izbicki and Farkas) showed a signifi cantly higher global QoL in the DPPHR 
group. The authors concluded that PD and DPPHR seem to be equally effective 
treatments for CP in terms of pain relief, overall morbidity and the incidence of 
endocrine insuffi ciency. Several peri-operative parameters and QoL seemed to favor 
DPPHR. Variations in study quality was noted in terms of sample size, allocation 
concealment, blinded outcome assessment, standardization of study interventions, 
defi nition of outcome parameters, and consistency of follow-up. For the primary 
outcome of pain relief, the authors found that a total sample size of 558 study 
patients (279 in each arm) would be needed for a RCT to be adequately powered (80 
%). The  quality of evidence   is low according to the  GRADE   system.

   The second systematic review and meta-analysis by Yin et al. [ 19 ] reported 541 
patients in the PD group and 466 patients in the DPPHR from 15 studies. This 
review included the four randomized trials reported by Diener et al. as well as a 
randomized trial by Izbicki et al. that compared the Beger and  Frey procedure  s. 
Also included were ten non-randomized or retrospective trials. Perioperative  mor-
tality   was not reported. Pooled data for postoperative  morbidity   and  pain   relief were 
similar between the PD and DPPHR operations. However, subgroup analyses 
showed that the  Beger procedure   provided signifi cantly better pain relief than PD 
while the Frey procedure had signifi cantly lower postoperative morbidity than 
PD. Pancreatic endocrine insuffi ciency was similar in both groups but exocrine 
insuffi ciency  outcomes   signifi cantly favored DPPHR. Pooled data showed that QoL 
was signifi cantly better after DPPHR compared to PD. The fi ve randomized trials 
were analyzed using the Cochrane Risk of Bias Tool in the meta-analysis and 
deemed of moderate quality by the authors. The ten observational studies were eval-
uated using the Newcastle-Ottawa Scale but the results were not described. These 
observational studies are at risk of allocation bias. None of the observational studies 
adequately described patient fl ow or methods for handling missing data. The  quality 
of evidence   is low. 

 The 2013 report from Lu et al. [ 20 ] included fi ve RCT. Two RCT (Klempa and 
Farkas) were original trials and two (Strate and Muller) were follow-up reports of 
the original trials. The fi fth trial included was a retrospective study by McClaine 
et al. that was incorrectly labeled as a prospective RCT. Perioperative  mortality   and 
 morbidity   were not analyzed. A total of 206 patients were available for meta- 
analysis: 104 patients in the PD group and 102 patients in the DPPHR group. Pain 
relief, pancreatic endocrine and exocrine functions were similar in both groups. 
Only global QoL was found to be signifi cantly better in the DPPHR group. 
Heterogeneous study quality was reported with sample size, standardization of 
study interventions, consistency of follow-up and outcome assessment. Small 
 sample size, inadequate allocation concealment, and loss of population during fol-
low- up were limitations of the meta-analysis. The  quality of evidence   is low.   
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    Recommendations 

 Either PD or DPPHR can provide  pain   relief for the majority of patients with CP 
who undergo these operations. Current evidence is inadequate to establish the supe-
riority of either of these approaches over the other for pain relief. 

 Current evidence is inadequate to establish the superiority of either approach for 
post operative  morbidity   or  mortality  . Delayed gastric emptying has been noted 
more frequently following PD in several small RCTs. However, assessment of gas-
tric emptying has not been standardized across studies and there has not been con-
sistent distinction between PD with or without gastrectomy and pyloric 
preservation. 

 Current evidence is inadequate to clearly establish superiority of either approach 
for preservation of post operative pancreatic endocrine or exocrine function. The 
functional benefi ts of DPPHR observed in earlier reports of RCTs were diminished 
or nonexistent at longer term follow up. Methods for assessment of endocrine and 
exocrine function were not standardized. 

 Current evidence is inadequate to establish superiority of either approach for 
improved QoL. The suggestions that DPPHR may be associated with better QoL 
must be tempered by the differences in methodologies used for assessment and by 
the varied follow up intervals. 

 Based on this summary of the evidence available from RCTs and systematic 
reviews, we can recommend pancreatic head  resection   for patients with pancreatic 
head mass and intractable  pain   from CP. We can make no recommendation favoring 
either PD or DPPHR. All of the available RCTs are limited by sample size, by inter-
ventions that were similar but not identical (ppPD and/or PD vs. Frey and/or Beger), 
and by differences in the methodologies used for determining QoL and functional 
 outcomes  . In the sequential follow-up reports of Izbicki’s study, a substantial pro-
portion of the initial cohort was not included.  

    A Personal View of the Data 

 Pancreatic head  resection   is more benefi cial for  pain   relief than non-operative treat-
ment for selected patients with CP. We make the assumption that the typical patient 
suffering intractable pain from CP places higher value on pain relief and operative 
 survival   and lesser value on potentially undesirable side effects. This would be par-
ticularly true if the side effects are treatable and where the magnitude of differences 
in side effects between treatment options is limited. Furthermore, long term func-
tional decline may more represent the natural history of disease progression rather 
than any operative sequela. 

 In our opinion, the surgeons’ personal experience with peri -operative  morbidity   
and  mortality   and clinically relevant  pain   relief is the key determinant for selecting 
PD or DPPHR in this circumstance, as it is for selection of the specifi c technical 
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version of either approach. Surgeons will be biased by their training and practice. 
These may or may not involve a highly specialized center and may or may not 
include a substantial proportion of patients resected for CP rather than for pancre-
atic neoplasms. Objective interpretation of the current data will hopefully allow us 
to acknowledge that alternative operations may be equally reasonable. Evidence 
favoring one approach or another may waver. Observations from published studies 
may not apply to an individual patient, particularly to a patient suffering with CP 
with its varied morphologic, metabolic, social and medical nuances.  

    Recommendations 

     1.    Patients with intractable  pain   associated with chronic pancreatitis and an infl am-
matory pancreatic head mass should undergo pancreatic head  resection   by PD or 
DPPHR (evidence quality high, strong recommendation).   

   2.    DPPHR may have early advantages with respect to gastric emptying (evidence 
quality low, weak recommendation).   

   3.    DPPHR may have advantages with respect to preservation of pancreatic exocrine 
function and  quality of life   (evidence quality low, weak recommendation).         
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    Chapter 44   
 Is Total Pancreatectomy with Islet 
Autotransplantation Indicated in Hereditary/
Genetic Pancreatitis?                     

       Jeffrey     B.     Matthews    

    Abstract     Total pancreatectomy with islet autotransplantation (TPIAT) has been 
used in selected centers to treat intractable hereditary/genetic forms of recurrent 
acute and chronic pancreatitis. It has theoretical advantages over continued medical 
management or traditional endoscopic and surgical interventions because it entails 
the complete removal of the infl amed and fi brotic organ to treat the symptoms of 
pain while both eliminating the long-term risk of pancreatic ductal adenocarcinoma 
and preserving islet mass and to limit post-pancreatectomy diabetes. While an 
emerging consensus favors TPIAT in this setting, the evidence base largely relies on 
retrospective patient series and expert opinion.  

  Keywords     Chronic pancreatitis   •   Recurrent acute pancreatitis   •   Hereditary pancre-
atitis   •   Islet autotransplantation   •   PRSS1   •   Total pancreatomy  

      Introduction 

 Recurrent  acute pancreatitis   (RAP) and chronic pancreatitis (CP) represent a spec-
trum of infl ammatory and fi brotic conditions of the pancreas and their associated 
complications. Surgical intervention is most often considered for the indication of 
 pain  , which can occur as a pattern of recurrent episodes or persistent symptoms 
associated with progressive loss of pancreatic exocrine and endocrine function. The 
morphological consequences are highly variable and may include ductal  stricture  , 
dilation, ductal and parenchymal calcifi cations, focal mass effects, and extension to 
adjacent organs and vessels [ 1 ]. 

 Treatment of the  pain   of chronic pancreatitis may be pharmacological, neuroab-
lative, and  endoscopic  , but these are of variable success for short- and long-term 
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control of symptoms. Surgical therapy may be an effective alternative in appropri-
ately selected patients. The choice of operation generally refl ects assumptions about 
the mechanism of pain. For example, duct decompression by lateral pancreaticoje-
junostomy may be recommended for patients with so-called  large duct   disease, 
whereas pancreatic  resection   by  pancreaticoduodenectomy   or duodenum-sparing 
pancreatic head resection may be indicated for patients with an infl ammatory head 
mass [ 1 ]. 

 Some patients have more complex situations, and the role of surgical therapy is 
controversial. For example, the patient with a non-dilated pancreatic duct (small- 
duct disease) may have no duct to decompress and no mass to resect. Others may 
have persistent or recurrent  pain   after prior pancreatic operation. Still others appear 
to have genetic/hereditary syndromes, some of which appear to be associated with 
increased risk of pancreatic  cancer  . Hereditary pancreatitis kindreds, over half of 
whom are found to have mutations in  PRSS1   (the gene that encodes for cationic 
trypsinogen), are reported to have an over 50-fold increased risk of developing pan-
creatic cancer [ 2 ]. In smokers, the cumulative risk of cancer is 15 % by age 50 and 
exceeds 50 % by age 75 [ 2 ,  3 ], although in non-smokers the risk of cancer, while 
still elevated, appears to be considerably lower. Pancreatitis associated with PRSS1 
gene mutations has an autosomal dominant pattern of inheritance with incomplete 
penetrance [ 4 ]. In contrast, RAP and CP associated with mutations in the CFTR or 
SPINK1 genes shows autosomal recessive inheritance and do not appear to carry an 
increased risk of pancreatic adenocarcinoma compared to other forms of CP [ 5 ]. 

 The rationale for total  pancreatectomy   with  islet autotransplantation   (TPIAT) for 
hereditary/genetic forms of pancreatitis includes the complete removal of the 
infl amed and fi brotic organ to treat the symptoms of  pain   as well as to reduce or 
eliminate the long-term risk of pancreatic ductal adenocarcinoma, while preserving 
islet mass and preventing or limiting the extent of post-pancreatectomy type 3c 
diabetes [ 6 ,  7 ]. However, the consequences of total pancreatectomy in this setting 
are not trivial and include not only persistent pain (often attributed to central sensi-
tization as well as narcotic bowel syndrome) but also the metabolic and nutritional 
impact of complete pancreatic exocrine insuffi ciency [ 6 ,  7 ]. For patients with severe 
and intractable symptoms, the main question is whether TPIAT truly improves 
short- and long-term  quality of life  . For less severely affected patients, the question 
is whether the long-term reduction in  cancer   risk suffi ciently changes the risk- 
benefi t ration to justify proceeding with TPIAT earlier, irrespective of the develop-
ment of symptomatic incapacitation.  

    Search Strategy 

 A PubMed literature search of English language publications from 2000 to 2015 
was used to identify series of patients with hereditary or genetic RAP or CP pancre-
atitis treated by TPIAT. Terms used in the search included “total  pancreatectomy  ” 
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AND “ islet autotransplantation  ” OR “autologous islet transplantation” AND 
“chronic pancreatitis”, OR “ recurrent acute pancreatitis  ” OR “ hereditary pancreati-
tis  ” AND “genetic pancreatitis”. Articles were excluded if patients with hereditary/
genetic forms of RAP/CP were not specifi ed, or for reports that addressed fewer 
than fi ve TPIAT patients. A  PICO   approach was used to frame the relevant question, 
and the data were classifi ed using the  GRADE   system (Table  44.1 ).

       Results 

    Patient Selection 

 There was considerable heterogeneity in the patient populations selected to 
undergo TPIAT. Among the many factors that differed among the published series 
included the demographics and comorbidities of the patients as well as the type 
and number of prior pancreatic interventions. Several series did not specify the 
number of patients with genetic/familial/hereditary disease, and only two series 
reported the results of genetic testing for  PRSS1   or other genes associated with 
RAP and CP. Because genetic testing is not routine (or routinely recommended), 
the total number of patients with PRSS1 gene mutations who have undergone 
TPIAT is unclear. An uncertain number of patients were included multiple times 
in various reports from the larger centers, notably the University of Minnesota and 
the University of Cincinnati series [ 8 – 15 ], complicating interpretation of the 
aggregate experience in hereditary/genetic RAP/CP. Some studies focused on 
pediatric populations; others focused on small-duct (“minimal change”) chronic 
pancreatitis. 

 In the Minnesota series of 484 patients that underwent TPIAT, the 80 patients 
with hereditary/genetic forms of RAP and CP differed from those with non- 
hereditary forms in a number of respects: they were younger, had pancreatitis of 
longer duration, a higher pancreatic fi brosis score, and a trend toward lower islet 
yield [ 9 ]. Across all series, the vast majority of patients were described as having 
failed prior medical,  endoscopic  , and, in many instances, surgical therapy. 
Essentially all patients required substantial analgesic therapy and were in most 
instances dependent on narcotics.  

   Table 44.1     PICO   Table   

 P (Patients)  I (Intervention) 
 C 
(Comparator)  O (Outcomes) 

 Patients with hereditary/genetic 
recurrent acute and chronic 
pancreatitis 

 Total 
 pancreatectomy   with 
 islet 
autotransplantation   

 Best medical 
 management   

 Morbidity; diabetes; 
 pain   relief; QOL; 
durability 
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    Perioperative Morbidity and Mortality 

 The largest series, from the University of Minnesota, reported a 1 % in-hospital 
 mortality   rate [ 10 ], with other smaller series showing that postoperative mortality is 
below 2 % [ 12 ,  16 ]. A study based on data from the National Surgical Quality 
Improvement Program confi rmed an approximately 1 % mortality rate and addition-
ally identifi ed that major  morbidity   occurred in found a 41 % of patient [ 17 ]. The 
most common signifi cant early postoperative complication was hemorrhage, occur-
ring in about 10 % of cases. Partial portal vein thrombosis is also noted, but this 
does not appear to adversely impact  outcomes  . Readmission rate was not consis-
tently reported but in Wilson’s series was 37 % [ 15 ]. Actuarial  survival   is 90 % at 
5 years and 81 % at 10 years in the Minnesota series, although the cause of late 
deaths is not known in many instances [ 10 ].  

    Islet Function 

 Islet yield was highly variable between series, depending upon the age of the 
patients, duration of CP, the condition of the pancreas, and the type(s) of prior pan-
creatic operation. Prior lateral pancreaticojejunostomy was associated with dramat-
ically lower islet yield. There was not a consistent correlation between the number 
of islet-equivalents isolated per kg body weight and ultimate insulin independence. 
Insulin independence within the fi rst year was achieved in 20–41 % of patients 
(Table  44.2 ). Typically, daily insulin requirements were reported to be less than 
20U/day in most patients. Although a measurable drop-off of C-peptide was dem-
onstrated over time in some series, with a corresponding decrease in the rate of 
insulin-independence after 1 year, daily insulin requirements tended to otherwise 
remain stable out to 10 years and beyond [ 10 ,  14 ].

   Data on the natural history of the development of endocrine insuffi ciency in 
patients with genetic/ hereditary pancreatitis   are sparse. In one study of patients car-
rying  PRSS1   gene mutations, endocrine insuffi ciency was noted in 26 % of patients 
at a median age of 38 years [ 4 ]. A small series of children treated by modifi ed 
Puestow procedure for intractable  pain   showed two out of nine patients developed 
insulin-dependent diabetes within 1 year of operation [ 18 ]. However, other small 
series have not shown such rapid progression [ 19 ].  

    Pain Relief/Narcotic Requirement 

 Following TPIAT, a signifi cantly decrease in subjective assessment of  pain   and the 
need for narcotic pain medication was noted in all studies. Over 80 % of patients 
reported either no pain or only mild pain (Table  44.2 ). Some reports quantifi ed the 
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reduction of pain medication requirements as morphine equivalents, although the 
details of reporting were highly variable. Achievement of the endpoint of narcotic- 
independence was inconsistent among the various series, ranging between 24 % and 
80 % (Table  44.2 ).  

    QOL/Durability 

 A number of studies evaluated  quality of life   using several standard questionnaire- 
based surveys (Table  44.2 ), most commonly short-form 36 (SF36). These were 
administered at variable times after the procedure, and all published studies suffer 
from at least some patients being lost to follow up. Several of the larger series 
reported follow up over 5 years, and for some patients, over 10 years. These studies 
demonstrated that narcotic independence and islet function, as well as improve-
ments in QOL are sustained for at least 10 years following operation. For example, 
Wilson [ 14 ] showed that the narcotic-independence rate rose from 55 % at 1 year to 
73 % at 5 year follow up; although insulin-independence rates declined from 38 % 
at 1 year to 27 % after 5 years, daily insulin requirements remained relatively con-
stant and glycemic control measured by HgA1C levels were stable in all patients 
evaluated. 

 Comparison to medical  management   is mostly implicit in that selection criteria 
included failure of non-operative therapy. One study addressed cost-effectiveness 
based on a series of indirect assumptions concluded that there was no cost disadvan-
tage to TPIAT [ 16 ]. Wilson et al. [ 20 ] used a Markov model populated with data 

      Table 44.2    Series of TPIAT addressing hereditary/genetic etiology   

 Series (ref)  Total n 
 Hereditary/
genetic   PRSS1   

 Insulin 
independent 

 Narcotic-
free  QOL 

 Sutton [ 12 ]  16  16  4  25 %  63 %  SF36 
 Bellin [ 11 ]  19 (pediatric)  12  9  37 %  74 %  SF36 
 Walsh [ 24 ]  20  2  n.s.  20 %  30 %  PDI 

 VAS 
 DASS 

 Morgan [ 23 ]  33  3  n.s.  24 %  24 %  SF12 
 Sutherland [ 10 ]  409  58  n.s.  30 %  59 %  SF36 
 Wilson [ 13 ]  14 (pediatric)  4  1  29 %  79 %  n.s. 
 Tai [ 22 ]  9  4  2  22 %  n.s.  n.s. 
 Georgiev [ 21 ]  53  8  n.s.  n.s.  n.s.  SF36 

 McGill  pain   
 Wilson [ 15 ]  84 (“minimal 

change”) 
 14  2  37 %  58 %  SF36 

 Chinnakotla [ 9 ]  80  80  38  ~20 %  ~80 %  SF36 
 Chinnakotla [ 8 ]  75 (pediatric)  41  n.s.  41 %  ~80 %  SF36 

   n.s.  not specifi ed  
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from a series of 46 patients with small duct chronic pancreatitis who underwent 
TPIAT to evaluate its cost-effectiveness compared to medical management. 
Signifi cant reductions in the number of hospital admissions and the need for  endos-
copy   and advanced imaging were noted following TPIAT, with signifi cantly 
decreased cost per quality-adjusted life years. There are no data on long term nutri-
tional status with respect to maintenance of body weight, anemia, vitamin defi cien-
cies, complications due to diabetes, and other possible sources of  morbidity   after 
TPIAT.  

    Cancer Risk 

 TPIAT has been performed since 1977 and to date there have been no reports of a 
single instance of intrahepatic pancreatic adenocarcinoma [ 6 ]. In the Minnesota 
series of 80 patients with genetic/hereditary forms of pancreatitis, no cancers 
occurred during the 2936 patient-years of follow-up [ 9 ]. It is unclear whether the 
long-term risk of developing pancreatic  cancer   in hereditary CP in and of itself is 
suffi cient justifi cation for proceeding with TPIAT; risk modifi cation by avoidance 
of tobacco may have a substantial impact. The value of  surveillance   imaging is 
unproven and may be diffi cult in a pancreas deformed by repeated damage and 
progressive fi brosis.  

    Expert Consensus 

 Given the limited number of series, the heterogeneity of patients, and uncertainties 
about both the natural history of RAP/CP (of any etiology) and the long term results 
of TPIAT, a working group of expert pancreatologists and pancreatic surgeons 
reviewed the relevant literature and compared their own clinical experiences to 
develop a series of consensus statements to guide patient selection. There is a high 
degree of consensus among these experts that TPIAT is indicated to treat intractable 
 pain   in patients with impaired  quality of life   due to CP or RAP when medical,  endo-
scopic  , or previous surgical therapy have failed [ 9 ]. Moreover, it was recommended 
by this group that special consideration be given to patients with genetic causes. The 
National Institute of Diabetes and Digestive and Kidney Disease (NIDDK) orga-
nized a workshop entitled “Total Pancreatectomy with Islet AutoTransplantation: 
Gaps, Needs and Opportunities” in July 2014 in Pittsburgh. One of the critical 
research gaps identifi ed was the need for multicenter collaboration through a data 
registry [ 10 ].   

J.B. Matthews



505

    Recommendations Based on the Data 

 Patients with intractable  pain   or signifi cantly impaired  quality of life   due recurrent 
acute or chronic pancreatitis who have otherwise failed medical,  endoscopic  , or 
surgical therapy should be evaluated for TPIAT (evidence quality moderate; strong 
recommendation). 

 TPIAT is preferable to continued medical  management   in patients with symp-
tomatic  hereditary pancreatitis   associated with a  PRSS1   gene mutation and a family 
history of pancreatic  cancer   because of the virtual elimination of lifelong risk of 
pancreatic adenocarcinoma (evidence quality high, strong recommendation). 

 TPIAT should be performed in the setting of a multidisciplinary team experi-
enced in patient selection and postoperative  management  , at or in collaboration with 
a center with experience in TPIAT (evidence quality high, strong 
recommendation).  

    A Personal View of the Data 

 TPIAT should be considered in patients who are severely affected by the  pain   of 
chronic pancreatitis and who have no conventional alternative. Patients with so- 
called “small duct” disease, or who have failed prior surgical interventions may be 
good candidates so long as they are not yet C-peptide negative diabetics. Patients 
with genetic predisposition (e.g.,  hereditary pancreatitis  ), particularly younger 
patients, are very well suited to this procedure. The  outcomes   for TPIAT are best 
when performed in a center that has deep, multidisciplinary experience in caring for 
the spectrum of benign and malignant pancreatic diseases. In addition to a signifi -
cant institutional commitment to an islet isolation laboratory, a successful program 
requires close collaboration between medical pancreatologists, advanced endosco-
pists, and pancreatic surgeons in addition to experts in surgical nursing, nutrition, 
and pain  management  . 

 The published literature suffers from considerable selection bias, framing effects, 
and optimism bias. While earlier intervention may increase islet yield and the likeli-
hood of insulin-independence, it eliminates the ability of the patient to benefi t from 
future advances in islet isolation and preservation. This should temper enthusiasm 
for TPIAT in the pediatric population. Fears over the eventual development of  can-
cer   in patients with  hereditary pancreatitis   should be tempered by a number of con-
siderations, including tobacco as a modifi able risk, and the possibility of the 
emergence of improved  screening   and treatment protocols for a disease that may not 
develop for decades. 

 It is diffi cult to generalize which patients will have the best outcome from TPIAT 
because of the high degree of variability in presentation, prior treatment, and ana-
tomic circumstances. Potential patients differ not only in their clinical situations but 
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also in adaptive emotional and physical responses to their illness. Substantial gaps 
in knowledge still remain, but due to patient heterogeneity and the relative infre-
quency of RAP/CP in the general population, it is unlikely that treatment decisions 
will be informed by randomized controlled trials in the foreseeable future. A multi-
center registry that will track the most important characteristics of presentation, 
evaluation, postoperative course, and long-term  outcomes   is sorely lacking.     
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    Chapter 45   
 Management of Blunt Pancreatic 
Trauma in Children                     

       Grace     Z.     Mak     

    Abstract     Pancreatic injury following blunt trauma in children is quite rare. 
Management of mild pancreatic injuries not involving the main duct is generally 
non-operative. However, the management of more severe injuries involving the 
main pancreatic duct is much more controversial with proponents for both non- 
operative as well as early operative intervention. Both treatment strategies have 
their advantages and disadvantages with no consistent fi ndings allowing for a defi n-
itive best practice to be developed. While non-operative management generally 
leads to longer initial hospital stays and increased pseudocyst formation as well as 
multiple endoscopic or less invasive procedures, the child avoids a major abdominal 
operation and pancreatic resection. Operative management, on the other hand, gen-
erally leads to decreased hospital stay and quicker return to normal function but 
involves the inherent risks of a major abdominal surgery, long-term consequences 
of pancreatic resection and possible splenectomy, as well as increased incidence of 
pancreatic leak or fi stulas. Furthermore, there have been no reported long-term dif-
ferences between the two strategies. Due to the rarity of children with pancreatic 
duct injuries following blunt trauma, there have thus far been no randomized con-
trolled studies comparing the two treatment modalities. The literature consists of 
only retrospective reviews making a strong recommendation for best practice 
impossible. Thus, both are viable options for the treatment of pancreatic duct 
injuries.  

  Keywords     Pediatric pancreatic injury   •   Blunt pancreatic injury   •   Pancreatic duct 
transection   •   Early operative management  
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      Introduction 

 Blunt abdominal trauma in children is unfortunately quite common and can be due 
to motor vehicle collisions, pedestrian struck by car, bicycle accidents, falls, assault, 
all-terrain vehicle crashes, sports related injuries as well as nonaccidental trauma. 
The pancreas is the fourth most common solid organ injured in blunt trauma, occur-
ring in 3–12 % of blunt traumas. Injury most commonly occurs at the junction 
between the neck and body of the pancreas where the pancreas directly overlies the 
vertebral body causing transection of the pancreatic parenchyma (grade 2) possibly 
including the pancreatic duct (grade 3) [ 1 ,  2 ]. Due to its retroperitoneal location, the 
nonspecifi c signs and symptoms following injury, as well as the poor sensitivity on 
common imaging modalities,  diagnosis   of pancreatic injury can be quite challeng-
ing. Many trauma centers utilize  screening   amylase and lipase upon admission 
though these values may be normal initially. Initial  CT   abdomen/pelvis may not 
show injury to the pancreas as abnormal fi ndings often evolve with time as the edema 
increases the visualization of injury [ 1 ,  3 ]. Thus, one must maintain a high index of 
suspicion for pancreatic injury in settings of worsening epigastric  pain  , particularly 
following handlebar injuries from bicycle accidents. These patients should have 
repeat amylase and lipase levels drawn and may require repeat imaging. 

 Pancreatic injuries can be mild (grade 1 or 2) not involving the main pancreatic 
duct or severe/signifi cant (grade 3 or 4) involving injury or transection of the main 
pancreatic duct. Most surgeons agree that mild injuries should be treated conserva-
tively with NPO and  pain   control until the pain and hyperamylesemia resolve. There 
have been minimal complications reported with this treatment [ 1 ]. Severe injuries to 
the pancreatic duct, however, have been the source of signifi cant debate particularly 
with the advent of  endoscopic   and  minimally invasive   treatment modalities. Multiple 
literature reviews, case reports, and retrospective reviews have been performed with 
no consistent fi ndings reported such that both operative and nonoperative treatment 
approaches have been utilized [ 1 ,  4 ]. Overall  mortality   from pancreatic injury is rare 
unless associated with other signifi cant injuries including head trauma, sepsis, and 
multiple organ injuries. 

 With the current ability to perform high quality MRCP as well as  ERCP   in the 
pediatric population, pancreatic injuries are being diagnosed with more accuracy fol-
lowing injury with the option to treat non-operatively with possible  endoscopic   inter-
vention versus  early operative management   [ 5 – 7 ]. Historically, patients with distal 
pancreatic duct injuries have undergone  distal pancreatectomy   with sparing of the 
spleen. Proximal duct injuries have been more complicated being treated with enteric-
pancreatic bypasses. Interventional radiology has also evolved such that pseudocysts 
and other intra-abdominal fl uid collections can now be drained in a more  minimally 
invasive   fashion further allowing patients to be treated in a non- operative fashion. 
With these technological advances, and as more and more solid organ injuries have 
been treated non-operatively, the question of best practice regarding severe pancreatic 
injury treatment has been the source of heated debate and controversy. 

 Due to the small incidence of blunt pancreatic trauma in the pediatric population 
as well as the acute nature of the injury, it has been diffi cult to perform large ran-
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domized controlled studies. No randomized controlled trials were found comparing 
early operative intervention with non-operative therapy [ 1 ].Only retrospective 
reviews have been published and most have been small patient groups. In all these 
reviews, the  outcomes   measured include time to recovery (length of hospital stay, 
time to full feeds, time to return to normal activities), need for reintervention (repeat 
 ERCP  ,  surgery  , or other interventions), and major  morbidity   (the development of 
complications including pseudocysts, pancreatic leak or fi stula, infection, hospital 
readmissions) (Table  45.2 ). The long term complications from either an operative or 
non-operative approach rarely occur including signifi cant chronic endocrine or exo-
crine dysfunction despite severe pancreatic injuries [ 1 ].

        Search Strategy 

 Literature search of English language publications was performed extending from 
1997 to 2014 with the greatest concentration from 2004 to 2014 to identify pub-
lished data on the treatment of pancreatic injury following blunt trauma in children 
utilizing the  PICO   outline shown in Table  45.1 . The following databases were 
searched: PubMed, SUM search, and Cochrane  Evidence Based Medicine  . 

 Search words included “blunt pancreatic trauma children”, “pediatric  pancreatic 
duct transection  ”, “ management   blunt pancreatic trauma children”, “management 
blunt pancreatic trauma,” “pediatric pancreatic injury,” “pediatric pancreatic duct 
injury”, and “pediatric pancreatic trauma.” 

 Articles not specifi cally addressing the treatment of pancreatic injury following 
blunt abdominal trauma as well as those not specifi cally discussing the  management   
of children less than 18 years of age were excluded. 

 No randomized control trials were found. Four retrospective cohort studies, 1 
systematic review, 12 retrospective reviews, 3 multi-institutional retrospective 
reviews, and 1 review article were included in the analysis. The data was classifi ed 
using the  GRADE   system.  

    Results 

 Once a severe pancreatic injury is identifi ed, it is important to classify the location 
of the injury within the pancreatic duct as well as the degree of injury to the duct. 
Based upon these parameters as well as the  timing   from injury to  diagnosis   and the 

   Table 45.1     PICO   table for treatment of blunt pancreatic trauma in children   

 P (Patients)  I (Intervention) 
 C (Comparator 
Group)  O (Outcomes measured) 

 Children with signifi cant 
pancreatic injury 
following blunt trauma 

 Early surgical 
therapy 

 Non-operative 
or  endoscopic   
 management   

 Time to recovery, need for 
reintervention, signifi cant 
 morbidity   
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degree of surrounding infl ammation, a decision will need to be made regarding 
early operative intervention versus non-operative or  endoscopic   treatment. Most 
surgeons generally agree that operative intervention is indicated for patients with 
worsening clinical status, signs of peritonitis, or development of hemodynamic 
instability. Thus, late operative intervention is not included in the evaluation of 
operative versus non-operative treatment algorithms. Additionally, there have been 
reports that late operative intervention has increased risk of complications/post- 
operative  morbidity   including the development of  pancreatic fi stula  s, other abdomi-
nal injuries during  surgery  , and a long recovery due to intra-abdominal adhesions 
and leakage of pancreatic enzymes within the abdominal cavity [ 1 ,  8 ]. However, the 
true consequences of this delay remain unclear [ 1 ,  9 ]. Thus, we will only compare 
early operative intervention to non-operative/endoscopic  management  . 

 Early operative intervention can involve wide surgical drainage,  distal pancre-
atectomy   (splenic sparing if possible), or enteric-pancreatic  bypass   for more proxi-
mal injuries such as Roux-en-Y pancreaticojejunostomy and rarely 
 pancreaticoduodenectomy   (whipple procedure) [ 1 ,  8 ,  10 ]. Most commonly, splenic- 
preserving distal  pancreatectomy   is performed as the location of injury is generally 
in the distal duct. Reported advantages include less recovery time with quicker 
return to normal activities, less repeat interventions required, and decreased overall 
 morbidity   with less secondary complications (pseudocyst development, TPN com-
plications) [ 1 ,  8 ,  11 – 14 ]. Reported disadvantages include the requirement of surgi-
cal intervention with partial pancreatectomy, and possibly  splenectomy   including 
the infectious complications involved with OPSS. Post-operatively, these patients 
can have complications including pseudocyst, infection, pneumonia, sepsis, devel-
opment of pancreatic leak or fi stula. Additionally, the long-term consequences of 
partial pancreatectomy for children are largely unknown [ 1 ,  2 ]. 

 Non-operative treatment entails initial treatment with NPO and TPN until the 
pancreatitis has resolved followed by the initiation of oral feeds. If the child is not 
able to tolerate oral feeds and develops pancreatitis, post-pyloric feeds are started. 
Surgery is reserved only for those patients who clinically deteriorate or become 
hemodynamically unstable [ 1 ]. Treatment can include  endoscopic   interventions 
such as  ERCP   with  sphincterotomy   and/or stent placement as well as drainage of 
fl uid collections or pseudocysts under  radiologic   guidance [ 1 ,  6 ,  7 ]. Advantages of 
this treatment strategy include avoiding a major surgical procedure with pancreatic 
 resection   and possible  splenectomy   including the post-operative  morbidity   and 
complications. Disadvantages include the often prolonged hospital stay, need for 
multiple procedures and anesthetics, longer time until return to normal activity, and 
possible increased incidence of complications including post-ERCP pancreatitis, 
 pancreatic pseudocyst  s with or without infection, pancreatic duct  stricture    following 
stent placement, TPN cholestasis, and line infections [ 1 ,  15 – 19 ]. There have been 
isolated reports of atrophy of the distal pancreas following  non-operative manage-
ment   of  pancreatic duct transection  s as well [ 20 ]. Recently, a group in Japan 
described the successful technique of delayed reconstruction of the pancreatic duct 
6–8 weeks following the initial injury [ 21 ]. 
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 In the most recent multi-institutional review by Igbal, nonoperative treatment 
resulted in higher incidence of pseudocysts with 45 % requiring operative interven-
tion for defi nitive treatment and overall increased  morbidity   with increased need for 
repeat interventions. However, this group had less pancreatic leaks compared to the 
operative group. Time to initial and full feeds was less in the operative group as was 
the time to complete resolution of pancreatic injury (defi ned as complete resolution 
of abdominal  pain  , full feeds, and discharge from follow-up). However, there was 
no signifi cant difference in the initial length of hospitalization or rate of hospital 
readmission between the operative and non-operative treatment groups. Of note, in 
comparing operative drainage to  resection  , those patients treated by operative drain-
age alone had similar clinical courses as the nonoperative  management   group but 
even longer time until full feeds, hospitalization, and full recovery. When the 
patients were further analyzed comparing operative and non-operative treatment for 
patients specifi cally with grade 3 injuries, those patients treated with operative 
resection had less time to full feeds as well as decreased length of initial hospitaliza-
tion [ 2 ]. 

 Due to the rarity of severe pancreatic injuries from blunt trauma in children, 
there have been no randomized controlled studies evaluating early operative versus 
non-operative treatment. The only data available include retrospective reviews and 
patient reports with all but three reviews reporting on single center experiences. 
This makes it near to impossible to objectively conclude anything defi nitive about 
the best treatment for children with severe pancreatic injuries. Thus, we can only 
offer recommendations based upon the reported experience.  

    Recommendations 

 The most important consideration is the severity of injury and involvement of the 
pancreatic duct. For injuries not involving the pancreatic duct, general consensus is 
to treat these patients non-operatively. This has been further supported in the litera-
ture though the distinction between grade 2 and 3 injuries is not often well defi ned. 

 The clinical treatment of patients with pancreatic injuries involving the pancre-
atic duct remains controversial as the literature contains only patient reports and 
retrospective reviews with an overall low volume of reported cases. Additionally, 
given the overall low incidence of long-term complications with either early opera-
tive or non-operative treatment, the differences between the two operative strategies 
are less clinically relevant. The bottom line is that the decision can be made based 
on surgeon preference according to the complications/ramifi cations the surgeon and 
family are willing to accept. 

 For early operative treatment, you accept that the child will require a major 
abdominal operation with partial  pancreatectomy   and possibly  splenectomy   with 
the associated post-operative  morbidity   and complications. But, you also accept that 
the child will generally have a decreased length of stay and quicker return to normal 
activity. For non-operative treatment, you accept that the child will likely stay in the 
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hospital longer with increased likelihood of developing  pancreatic pseudocyst  s and 
requiring at least a few  endoscopic  /interventional  radiologic   procedures, but with-
out the more morbid major abdominal operation retaining their pancreas and spleen. 
Additionally, there seems to be no utility in operative drainage since the  outcomes   
are similar if not worse than the non-operative group. Drainage alone should be 
performed in as  minimally invasive   means as possible, i.e. under radiologic guid-
ance rather than through an  open   procedure. 

 The defi nition of “early” operative intervention should not be based purely upon 
the time from injury to  diagnosis   as this may not be known with certainty particu-
larly in cases of nonaccidental trauma. Rather, the distinction between “early” ver-
sus “late” should be based upon the degree of infl ammation present which can lead 
to increased intra-operative complications including damage to surrounding struc-
tures, increased diffi culty with the  surgery   as well as post-operative complications 
including development of  pancreatic fi stula  s, ileus and pneumonia. Thus, the defi ni-
tion of “early” intervention should incorporate both time from injury to diagnosis as 
well as degree of infl ammation seen on imaging.  

    A Personal View of the Data 

 The treatment plan should be individually based upon the child’s specifi c pancreatic 
injury, associated injuries, and other comorbidities. Based upon the clinical history, 
imaging and the degree of surrounding infl ammation as well as the child’s clinical 
status, the surgeon can determine whether to proceed with early operative interven-
tion or the non-operative approach. Again, as long as both the surgeon and the fam-
ily understand the ramifi cations of both approaches and the inherent complications 
associated with each, either approach will ultimately treat the patient with little 
long-term consequences. Thus, there should be no set timeline to defi ne “early” 
intervention. A decision should be made on an individual basis for each child. 
Personally, if there is minimal surrounding infl ammation with a prompt  diagnosis   of 
transection of the pancreatic duct, I would favor splenic-preserving  distal pancre-
atectomy  . However, if there is surrounding infl ammation, unclear diagnosis of pan-
creatic duct injury, or other clinically signifi cant injuries or comorbidities, I would 
favor  non-operative management  . 

 Ultimately, a consortium capable of developing and implementing a randomized 
control trial to determine the best practice for this type of injury would be extremely 
helpful though the resources required are not insignifi cant. Perhaps, it could be a 
part of a larger blunt abdominal trauma study. Additionally, it will be extremely 
important to appropriately defi ne the severe pancreatic injuries being studied, 
 specifi cally differentiating grade 3 and 4 injuries. Treatment strategies should 
include non-operative with and without  ERCP   stent placement in addition to opera-
tive pancreatic  resection  . It would also be imperative to include the long-term fol-
low-up of these patients specifi cally evaluating pancreatic exocrine and endocrine 
function.
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  Recommendations 

•   Following blunt trauma in children with mild pancreatic injury (grade 1 or 2) not 
involving injury or transection of the main pancreatic duct,  non-operative man-
agement   is indicated (evidence quality low; strong recommendation)  

•   Following blunt trauma in children with signifi cant pancreatic injury involving 
injury or transection of the main pancreatic duct (grade 3 or 4), both nonopera-
tive and early operative intervention are acceptable. (evidence quality low; weak 
recommendation)  

•   The defi nition of “early” intervention should incorporate both time from injury 
to  diagnosis   as well as degree of infl ammation seen on imaging. (evidence qual-
ity low; weak recommendation)        
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    Chapter 46   
 Surgery or Surveillance for Asymptomatic 
Small Mucinous Pancreatic Head Cyst                     

       J.     Camilo     Barreto     and     Mitchell     C.     Posner    

    Abstract     Mucinous pancreatic cysts are now common incidental fi ndings with 
the increased use and higher resolution of modern cross-sectional imaging, and 
surgeons are faced with the challenge of identifying those patients with prema-
lignant or malignant lesions from those lesions with little chance of ever impact-
ing patient survival. The risks of selecting to observe mucinous cystic lesions 
should be balanced against the morbidity and mortality of pancreatic resection, 
particularly when located in the head of the pancreas. Currently, the criteria for 
resection are based mainly on morphologic features or abnormal cytological 
fi ndings. Most of the controversy revolves around the management of small 
branch-duct IPMN, given its relatively low malignant potential, high prevalence 
in older patients, and tendency to appear in the head of the gland. Thick/enhanced 
cyst wall, dilation of the pancreatic duct and mural nodules are consistent predic-
tors of malignancy, while size alone remains controversial and a subject for con-
tinued debate.  

  Keywords     IPMN   •   Mucinous   •   Cancer   •   Pancreaticoduodenectomy   •   Mortality  

      Introduction 

 The current widespread use of cross-sectional imaging has signifi cantly increased 
the detection of small and often asymptomatic pancreatic lesions. In particular, 
pancreatic cystic lesions continue to represent a clinical challenge, and the 
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decision- making process that guides treatment of an asymptomatic cyst is 
focused on identifi cation of those cysts with malignant potential or already har-
boring a malignancy. Among neoplastic lesions, there is a considerable spectrum 
of entities that range from benign (serous  cystadenoma  ), dysplastic or premalig-
nant ( mucinous   lesions) to frankly malignant (cystadenocarcinoma) [ 1 ]. The two 
main variants of mucinous lesions are mucinous cystic neoplasms (MCN) and 
 intraductal papillary mucinous neoplasm  s ( IPMN  ). The former are rare, they 
occur predominantly in perimenopausal women, have a characteristic ovarian-
like stroma, and tend to arise in the body or tail of the pancreas [ 1 ,  2 ]. The focus 
of this chapter will be on IPMN, the most common neoplastic cystic lesion of the 
pancreas. These cysts can originate from either the main pancreatic duct (main-
duct type), from secondary branches (branch-duct type) or from both (mixed 
variant). Main-duct IPMN has a higher incidence of invasive carcinoma, as will 
be discussed below. IPMN are more commonly located in the head of the pan-
creas, but can be multifocal in 30 % of cases, and can diffusely involve the entire 
gland in 5 % of cases. The full diagnostic approach to these lesions is beyond the 
scope of this chapter, but initially involves cross-sectional imaging in the form of 
 CT   scan or  magnetic resonance imaging   with cholangio-pancreatography (MRI/
MRCP).  Endoscopic ultrasound   (EUS) with fi ne needle aspiration (FNA) is an 
invasive test but is often a critical tool to obtain fl uid and tissue samples for cyto-
logical analysis and tumor markers. High levels of carcinoembryonic antigen 
(CEA) correlate with the presence of a mucinous neoplasm, but not with invasive 
carcinoma [ 3 ]. Despite these advanced imaging modalities, the defi nitive  diag-
nosis   frequently remains elusive, and clinical judgment is paramount to decide if 
the operative risks of a  pancreaticoduodenectomy   justify treating what may rep-
resent an indolent lesion. In this chapter, the evidence for current recommenda-
tions for treatment will be reviewed.  

    Search Strategy 

 A literature search of English language publications was used to identify data on 
risk of  cancer   in the presence of  mucinous   pancreatic head cysts (Table  46.1 ).

   Table 46.1     PICO   table for  surgery   or  surveillance   for asymptomatic small  mucinous   pancreatic 
head cysts   

 P (patients)  I (intervention) 
 C (comparator 
group) 

 O ( outcomes   
measured) 

 Patients with small asymptomatic  mucinous   
pancreatic head cyst 

 Resection  Observation  Cancer risk 
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       Risk of Cancer Associated Mucinous Pancreatic Head Cysts 

    Main-Duct or Mixed Variant  IPMN   

 The risk of malignancy, either invasive or non-invasive (in situ), in main duct  IPMN   
ranges from 60 % to 90 %; in mixed variant the risk is similar at 60 %, with about 
two thirds found to be invasive [ 4 – 12 ]. Many studies have attempted to identify the 
critical variables associated with malignancy in main duct or mixed variant IPMN, 
including duct diameter or mural nodules. As expected, older or symptomatic 
patients had a higher risk of  cancer  ; however, 29 % of patients with malignant main 
duct IPMN were asymptomatic [ 12 ]. Furthermore, there is evidence of a natural 
history of progression from benign to malignant histology IPMN [ 13 ]. Resected 
non-invasive lesions have an excellent  survival  , whereas lesions associated with 
carcinoma have a 5-year survival between 36 and 60 % [ 9 ,  11 ,  12 ,  14 ]. Therefore, 
the general expert consensus and current guidelines recommend  resection   of all 
main-duct and mixed variant IPMN in patients with acceptable surgical risk.  

    Branch-Duct  IPMN   

 The risk of malignancy in branch-duct  IPMN   has been reported in the range of 
6–46 %, with a mean of 25 %, [ 4 – 11 ] and  management   of these lesions, especially 
those less than 3 cm, remains highly controversial. International consensus guide-
lines for the management of  mucinous   neoplasms have been published. The collated 
results from seven previous series [ 4 – 11 ] specifi cally addressing risk of malignancy 
in IPMN have, during a consensus meeting in Sendai, Japan, produced currently 
accepted guidelines for  resection   based on identifi ed high-risk criteria for malig-
nancy [ 15 ]. Matsumoto et al. found no malignancy in a cohort of 57 patients, with 
lesions less than 30 mm in diameter without mural nodules. Most of these patients 
were asymptomatic, and had no progression during a mean follow-up of 33 months 
[ 7 ]. Sugiyama et al. found on multivariate analysis of 62 patients, that size greater 
than 30 mm and mural nodules were the strongest malignancy predictors in branch 
duct IPMN [ 10 ]. Retrospective studies utilizing the Sendai guidelines applied to 
surgically resected branch-duct IPMN demonstrated a high negative predictive 
value (meaning no cancers were missed), but a low positive predictive value 
(approximately 20 % of specimens found with  cancer  ) [ 16 – 18 ]. The same consen-
sus group updated their guidelines more recently in Fukuoka, Japan in 2012 [ 19 ]. 
They defi ned worrisome features as cyst size larger than 3 cm, thickened/enhanced 
cyst wall, pancreatic duct size of 5–9 mm, non-enhancing mural nodules, abrupt 
change in pancreatic duct caliber with distal pancreatic atrophy, and lymphadenopa-
thy. In addition they described high risk stigmata that should prompt resection with-
out further testing: obstructive  jaundice   with a cystic lesion in the pancreatic head, 
enhanced solid component, or pancreatic duct size equal or larger than 10 mm. They 
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described a mean frequency of malignancy in branch-duct IPMN of 25 %, (and 
invasive malignancy of 17.7 %). But since IPMN tend to present in  elderly   patients, 
and data published after the fi rst guidelines [ 20 ,  21 ] suggested an annual risk of 
malignancy of 2–3 % in branch-duct IPMN, the consensus group concluded that 
conservative management and follow up was supported in the absence of high-risk 
features for cancer. Therefore, in the 2012 guidelines, cyst size alone was de- 
emphasized and deemed a weaker risk factor compared to high-risk cytology or 
mural nodules. It was therefore recommended to consider  observation   as a reason-
able option in lesions greater than 3 cm with no other risk factors. At the same time, 
a smaller size (2 cm) was suggested as the threshold for resection in younger, 
healthier patients [ 22 ]. 

 However, recent publications have challenged the conclusion of observing 
branch-duct  IPMN  , even for smaller lesions. In a report from the University of 
Heidelberg [ 23 ], investigators described their experience in resected IPMN, and 
found that among branch-duct lesions smaller than 3 cm and with no malignant 
features according to the Sendai guidelines, 24.6 % had invasive carcinoma or car-
cinoma in situ upon histological examination. They concluded that cyst size is not a 
valid parameter to distinguish benign from malignant lesions and that  resection   
should be considered, in principle, for all patients with branch-duct IPMN, although 
taking into account other factors like age, comorbidities and willingness to undergo 
follow-up studies. The reason for the higher incidence of carcinoma in their cohort 
is unclear, but it could be related to the inclusion of concomitant ductal adenocarci-
nomas not derived from IPMN, or different patient populations. In another report 
from Wong et al. at Moffi tt Cancer Center [ 24 ], invasive carcinoma or carcinoma in 
situ was found in 60 % of patients with branch-duct IPMN smaller than 3 cm. 
However, the majority of patients in this cohort had either symptoms or concerning 
endosonographic morphologic features, which are typically associated with 
increased malignancy rates. 

 Adding to the evidence for more aggressive treatment in larger cysts, a recent 
meta-analysis [ 25 ] found that cyst size greater than 3 cm is substantially associated 
with increased risk of malignancy, with an odds ratio of 62, and size was the stron-
gest predictor of malignancy in a multivariate analysis that included other factors 
like mural nodules, pancreatic duct size, and symptoms. This meta-analysis has the 
limitations of the individual studies it was based upon, with many of them being 
retrospective or fl awed by selection bias. 

 Sahora et al. recently described their single institution experience with a cohort 
of 563 patients, aiming to address the controversy of size as criteria for  resection   of 
branch-duct  IPMN  , in the absence of worrisome features. They retrospectively 
reviewed their database of patients for high-risk stigmata and worrisome features 
according to the 2012 revised guidelines. In their entire cohort, they found invasive 
 cancer   arising in branch-duct IPMN in 4 % of cases, and an additional 3.7 % had or 
developed a distinct invasive ductal adenocarcinoma. The risk of high-grade dyspla-
sia in lesions smaller than 3 cm with non-worrisome features was only 6.5 % with 
no invasive cancer found, in striking contrast with the Heidelberg report. If the 
threshold was increased to lesions greater than 3 cm, the high grade dysplasia 
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 incidence was 8.8 %, and one case of invasive cancer was found. Of note, most 
resected specimens where carcinoma was found had either high-risk stigmata or 
worrisome features in their preoperative work-up (76 % of carcinomas in situ and 
95 % of invasive carcinomas) [ 26 ]. Importantly, no patient who underwent regular 
follow-up developed progression to unresectable carcinoma, nor were there any 
deaths from progressive cancer after undergoing resection for branch-duct IPMN 
initially under  surveillance  . They concluded that the old Sendai guidelines are ade-
quate for selecting patients with incidental branch-duct IPMN for resection, and 
that eliminating the size threshold of 3 cm (as the new guidelines suggested), would 
double the rate of missed cases with high grade dysplasia [ 26 ]. 

 Operative  mortality   in high volume centers after  pancreaticoduodenectomy   can 
be as low as 2 %, while in low volume centers is between 8 and 15 % [ 27 ,  28 ]. This 
risk should be factored in the decision making regarding  resection   for patients with 
 IPMN  . If a patient’s risk of mortality from pancreaticoduodenectomy approaches 
the risk of premalignant or malignant pathology then the role of resection must be 
questioned since the potential benefi t is outweighed by the inherent risk of interven-
ing surgically.  

    Mucinous Cystic Neoplasm 

 Mucinous cystic neoplasms (MCN) occasionally present in the head of the pan-
creas, although as described above, the vast majority occur in the body and tail of 
the pancreas in relatively young women. The prevalence of invasive carcinoma is 
lower compared to  IPMN  , less than 15 %. Due to its higher frequency in younger 
patients, which translates to a higher lifetime risk of malignancy,  resection   is recom-
mended in all fi t surgical candidates. However, fi ndings of malignancy are rare in 
MCNs smaller than 4 cm [ 2 ,  29 ] and as is the case with IPMN,  observation   may be 
reasonable in  elderly   or frail patients [ 29 ].   

    Recommendations 

•     For patients with main-duct  IPMN  , regardless of size, the risk of  cancer   is 
60–90 %, and we recommend  resection   ( pancreaticoduodenectomy  ) in all 
acceptable surgical candidates. (Evidence quality high, strong 
recommendation)  

•   For patients with small asymptomatic branch-duct  IPMN   (less than 3 cm), we 
recommend  resection   in the presence of mural nodules or suspicious or positive 
cytology in acceptable surgical candidates. We also recommend resection of 
branch-duct IPMN larger than 3 cm. (Evidence quality moderate, strong 
recommendation).  
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•   MCN tends to present in young patients with long life expectancy, we therefore 
recommend  resection   in all surgical candidates. Observation can be considered 
in frail or  elderly   patients, especially with tumors smaller than 4 cm with no 
mural nodules. (Evidence quality moderate, weak recommendation)  

•   Patients with small branch-duct  IPMN   not undergoing  resection   and who are 
appropriate surgical candidates should undergo long term  surveillance  . The 
modality of choice is MRI/MRCP or  CT   scan. The optimal  timing   has not been 
well defi ned, but we recommend every 3–6 months, and then annually if stable. 
(Evidence quality low, weak recommendation)        
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    Chapter 47   
 Management of Asymptomatic IPMN 
in the Elderly                     

       Kimberly     M.     Brown    

    Abstract     Intraductal papillary mucinous neoplasm (IPMN) comprises a spectrum 
of mucin-producing cystic neoplasms of pancreatic ductal origin that range from 
benign adenoma to invasive carcinoma. The 2012 Updated Consensus Guidelines 
recommend resection of all main duct IPMN (MD-IPMN) with a main pancreatic 
duct diameter of ≥10 mm, and for branch duct IPMN (BD-IPMN) with high-risk 
stigmata. These broad categories include many patients who do not harbor an inva-
sive carcinoma, and additional investigations such as cyst fl uid analysis, pancreatic 
juice cytology or FNA of associated solid components may be employed to further 
characterize the malignant nature of an asymptomatic IPMN. There are limited data 
on the natural history of patients falling within resection criteria who do not undergo 
surgery, but the available studies suggest comparable disease-specifi c and overall 
survivals in older patients who are managed with observation/surveillance versus 
resection. Mortality for major pancreatic resection is 0–4 % in high-volume centers, 
and morbidity ranges from 16 % to 53 %, both of which are increased in patients 
>70 years old. Quality of life data extrapolated from non-IPMN post- pancreatectomy 
patients suggests that most domains return to preoperative levels within 3 months, 
and that malignancy is associated with poor quality of life at 2 years. Non-operative 
management of IPMN meeting resection criteria may be appropriate for select older 
patients based on co-morbidities or patient preference.  
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      Introduction 

 The ideal  management   of  intraductal papillary mucinous neoplasm   ( IPMN  ) would 
be to offer safe  resection   to all symptomatic patients, and to medically fi t patients 
with either known malignant tumors, or tumors that will progress to malignancy 
before the patient succumbs to another cause. This would avoid unnecessary  sur-
gery   in those patients with benign IPMN, or in patients with other conditions that 
will be the limiting factors for their  survival  . The barrier to this ideal management 
is a lack of preoperative factors that accurately predict malignancy and behavior for 
an individual patient. 

 Based on literature review and expert opinion, the latest clinical guidelines rec-
ommend  resection   in the surgically fi t patient with any of the following: (1) symp-
tomatic  IPMN  , (2) IPMN with main duct diameter ≥10 mm, comprising main-duct 
IPMN (MD-IMPN) and mixed-type IPMN (MT-IPMN), or (3) branch-duct IPMN 
(BD-IPMN) with high-risk stigmata (HRS), which include an enhancing solid com-
ponent, main pancreatic duct (MPD) diameter ≥10 mm, or obstructive  jaundice   in a 
patient with a pancreatic head BD-IPMN [ 1 ]. The presence of “worrisome features” 
(WF) such as cyst of ≥3 cm, thickened, enhanced cyst walls, non-enhanced mural 
nodules, MPD diameter 5–9 mm, abrupt change in MPD caliber with distal pancre-
atic atrophy, and lymphadenopathy are an indication for further evaluation or close 
 surveillance  , but not necessarily immediate resection. Treatment in these cases may 
be tailored based on patient characteristics and preferences. 

 However, even among patients meeting criteria for  resection   based on these 
updated guidelines, there is an ongoing search for preoperative characteristics that 
more precisely predict prognosis for an individual patient, and it is clear that our 
understanding of this tumor is not yet mature. In particular, an older patient with an 
asymptomatic  IPMN   that falls within criteria for resection may be less likely to 
benefi t from  surgery  , and preoperative counseling for such a patient requires 
thoughtful review of imperfect literature. This chapter reviews the existing evidence 
comparing surgical resection to  observation  / surveillance   in older patients with 
asymptomatic IPMN that meet criteria for resection, focusing on the risk of having 
or developing a malignant IPMN, procedural  morbidity   and  mortality  ,  survival   and 
 quality of life  .  

    Search Strategy 

 A search of literature of publications from 2004 to 2014 was performed to assess 
studies on  IPMN   in the setting of asymptomatic  elderly   patients using the  PICO   
format (Table  47.1 ). The following databases were queried: PubMed, Trip 
Database, and Science Citation Index/Social sciences Citation Index. The terms 
used in the search were “IPMN, asymptomatic/ observation  / surveillance  ,” “IPMN/
natural history,” “elderly”; “ pancreatectomy  /pancreas  surgery  / quality of life  ,” 
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“pancreatectomy/complications,” “pancreatectomy/ morbidity  ,” AND “IPMN,” 
“Elderly.” Articles were excluded if observational/surveillance arms did not meet 
2006 Sendai Consensus Criteria or revised Sendai criteria for surgical  resection   
(also referred to as the Fukuoka Consensus Guidelines) by study completion. 
Twenty-two retrospective cohort studies, four prospective cohort studies, two 
guidelines, and one time-series study were included for analysis. The  GRADE   
system was used to grade the  quality of evidence  .

       Results 

    Cancer Risk 

 A summary of studies from 2003 to 2010 describing the proportion of resected 
IPMNs containing malignancy is found in the International Consensus Guidelines 
2012 manuscript [ 1 ]. Table  47.2  summarizes the studies that met search criteria for 
this manuscript. From these reports, the overall risk of malignant and invasive 
 IPMN   is approximately 40 % and 31 %, respectively. Malignant tumors include 
high-grade dysplasia, which has previously been referred to as carcinoma-in-situ, as 
well as invasive tumors. However, when evaluated by tumor type, MD-IPMN has a 
greater risk of malignant (62 %) and invasive (43.6 %) tumors compared to 
BD-IPMN (24.4 % and 16.6 %, respectively) [ 1 ]. Mixed-type tumors (MT-IPMN) 
tend to behave like MD-IPMN, with a 57.6 % and 45.3 % risk of malignant and 
invasive disease. The presence of WF and HRS are associated with an increased rate 
of malignant disease (no criteria: 4.3 %, WF 27 %, HRS 42 %) in a review of 362 
surgical cases [ 2 ]. While several publications since the 2012 guidelines have further 
confi rmed the increased risk of malignant tumors in MD-IPMN (72–74 %) com-
pared to BD-IPMN (22–47 %) [ 2 – 7 ], there are also reports of malignant disease in 
smaller BD-IPMN [ 8 ,  9 ], further emphasizing the need for more precise patient- 
specifi c predictors of malignancy. There are no large series looking specifi cally at 
the risk of malignancy in asymptomatic IPMN; in one small study of 16 

   Table 47.1     PICO   table for asymptomatic  IPMN   in the  elderly     

 P (patients)  I (intervention) 
 C (comparator 
group)  O ( outcomes   measured) 

 Older patients with  IPMN   
meeting criteria for  resection   

 Major pancreatic 
 resection   

 Observation/ 
 surveillance   

 Morbidity/ mortality   

 Older patients with  IPMN   
meeting criteria for  resection   

 Major pancreatic 
 resection   

 Observation/ 
 surveillance   

 Cancer risk 

 Older patients with  IPMN   
meeting criteria for  resection   

 Major pancreatic 
 resection   

 Observation/ 
 surveillance   

 Quality of life 

 Older patients with  IPMN   
meeting criteria for  resection   

 Major pancreatic 
 resection   

 Observation/ 
 surveillance   

 Overall  survival,   
 disease-specifi c survival   
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asymptomatic patients with MD-IPMN, the malignancy rate was lower than other 
published series at 25 %, suggesting an association between symptoms and malig-
nancy [ 3 ].

   Correa-Gallego and colleagues used data from 219 patients who underwent 
 resection   for  IPMN   to create a predictive nomogram for malignancy [ 5 ]. In 
MD-IPMN, signifi cant factors for malignancy included male gender, past history of 
 cancer  , weight loss and a solid component. For BD-IPMN, maximum lesion diam-
eter, weight loss and solid component were used to build the nomogram. Concordance 
index for each tumor type was 0.74.  

    Procedural Morbidity and Mortality 

 Operative  mortality   in patients over 70 years of age undergoing  pancreaticoduode-
nectomy   (PD) for all indications is 7–9 %, according to data from the Nationwide 
Inpatient Sample [ 10 ]. Clinical data from the American College of Surgeons 
National Surgical Quality Improvement Program (NSQIP) reveals 4.3 % mortality 
for PD in patients over 70 [ 11 ]. One study evaluating PD  outcomes   found an increase 
in morality from 1.7 % in patients <80 years old, to 4.1 % in patients 80–90, with 
0 % morality in 10 patients >90. Morbidity was 41.6 % in patients <80, 52.8 % in 
80–90 year olds, and 50 % in patients >90 [ 12 ]. Mortality in series describing  lapa-
roscopic   and  open    distal pancreatectomy   for all indications is 0–3 % and complica-
tions range from 20 to 57 % [ 13 – 16 ]. Single-institution series and multi-institutional 
pooled analyses of  IPMN   resections report mortality rates of 0–4.3 % and morbidi-
ties of 15–35 % [ 6 ,  17 ,  18 ]. A  pancreatectomy   risk calculator is available for patient- 
specifi c risk prediction, and age >74 was found to be a risk factor for increased 
 morbidity   and mortality [ 19 ]. These data are summarized in Table  47.3 . There are 
no data on IPMN-specifi c risk factors for operative morbidity or mortality.

       Survival 

 Survival following  resection   of  IPMN   is most consistently related to the histology 
of the resected specimen, with non-invasive tumors demonstrating improved overall 
5-year  survival   compared to invasive carcinomas (77–92 % vs 31–43 %) (Table  47.4 ) 
[ 6 ,  17 ,  18 ,  20 – 22 ]. Histologic sub-type is also associated with survival; pancreatico-
biliary subtype is associated with a 36 % 5-year  overall survival   compared to intes-
tinal subtype (87 %) [ 23 ]. Given the challenges in patient-specifi c prediction of 
invasive malignancy, it may be diffi cult to assign a patient to one of these ranges for 
purposes of preoperative decision-making.

   There have been relatively few studies directly comparing  survival   of patients 
who meet criteria for  resection   but have not undergone  surgery   to patients who do 
undergo surgery, and none specifi cally relating to asymptomatic  IPMN  . In an 
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attempt to address the inherent bias in observational studies of patients who do not 
undergo surgery for IPMN meeting criteria for resection, Kawakubo used 16 patient 
characteristics to perform propensity score matching of 48 patients with IPMN who 
did not undergo surgery to 48 patients who did undergo resection [ 24 ]. The non- 
surgical patients either refused surgery or had a contraindication to general anesthe-
sia. Approximately 85 % of patients were asymptomatic in each group, and the 
mean ages were 68 and 66 years in the surgical and non-surgical groups. For the 
entire cohort, the  overall survival   at 3 and 5 years was 90 % and 78 %, and the 3- and 
5-year  disease-specifi c survival   was 94 % and 88 %, respectively. Five-year disease- 
specifi c survival was 81 % in the surgery group and 89 % in the  observation   group. 
The only signifi cant reduction in disease-specifi c  mortality   with surgical  manage-
ment   was in the sub-group of patients with a hypo-attenuating lesion on  CT  , sug-
gesting that a known invasive  cancer   may be unique factor when balancing survival 
risk with surgery compared to observation. 

 Wang reviewed 57 patients with  IPMN  , 39 of whom underwent  resection  , while 
18 were observed. Five of the 18 were deemed unresectable, and the remainder had 
comorbidities or patient refusal that precluded operation. The mean age of the  sur-
gery   patients was 70 compared to 76 in the  observation   group, and 8 % compared to 
50 % were asymptomatic. The 5-year  overall survival   was 69.8 % in the surgical 
groups and 59.8 % in the observation group, with no statistical difference. Ogura 
studied 20 patients followed with MD-IPMN and compared them to 19 surgical 
patients. The mean age of the observation group was 76 compared to 65 in the surgi-
cal group, and there was no detail of the reasons for not undergoing resection. With 
a mean follow-up of around 5 years, the follow-up cohort had an overall  survival   of 

   Table 47.4    Morbidity and  mortality     

 Study  Patients 
 Outcome 
classifi cation  Resection 

 Quality of 
evidence 

 Are 2009 [ 10 ]  >70 years old; 8,060  Mortality from 
PD 

 7–9 %  Moderate 

 Salvia 2004 [ 17 ]  140 patients resected; 
38 asx 

 M&M  0  mortality    Moderate 
 31 %  morbidity   

 Haigh 2011 [ 11 ]  977 PD resections  M&M  40 %  morbidity    Moderate 
 >70 years old  4.3 %  mortality   

 Marchegiani 2015 
[ 6 ] 

 173 MD- IPMN    M&M  0 30-day  mortality    Moderate 
 15.6 % major 
 morbidity   

 Sohn 2004 [ 18 ]  136  IPMN   resections  M&M  3.7 %  mortality    Moderate 
 35 %  morbidity   

 Makary 2006 [ 12 ]  207 PD patients 
≥80 years old; 2491 
<80 

 Mortality  < 80: 1.7 %  Moderate 
 80–90: 4.1 % 
 >90: 0 % 

 Makary 2006 [ 12 ]  207 PD patients 
≥80 years old; 2,491 
<80 

 Morbidity  < 80: 41.6 %  Moderate 
 80–90: 52.8 % 
 >90: 50 % 
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85 % and a  disease-specifi c survival   of 95 %. Takuma reviewed 20 patients observed 
with MD-IPMN, 85 % of whom were asymptomatic, with a median age of 77 [ 25 ]. 
Most of these patients were observed because of second malignancies (n = 12), with 
advanced age, comorbidities and unresectable disease being the other reasons to not 
perform resection. Disease-specifi c survival in this group was 85 %, while overall 
survival was 40 %, with a range of 17–65 months of follow-up. Clearly survival in 
these studies is driven by comorbidities more so than IPMN-associated 
malignancy. 

 In case series reports describing patients who met  resection   criteria for  IPMN   but 
did not undergo  surgery  , 5-year  overall survival   of 35–85 %, and 5-year  disease- 
specifi c survival   of 49–95 % have been described [ 26 ,  27 ]. Other endpoints include 
a progression-free  survival   of 30 % at 3 years and 47 % at 4 years [ 26 ]. In a study 
of 20 MD-IPMN with mural nodules <10 mm and negative pancreatic juice cytol-
ogy, two patients progressed to mural nodules greater than 10 mm or positive 
 cytology at 22–26 months, and underwent resection, with one non-invasive and 
1invasive carcinoma identifi ed [ 28 ].  

    Quality of Life 

 Quality of life (QoL) after major pancreatic  resection   may be infl uenced by the 
presence and severity of post-operative complications, the development of exocrine 
or endocrine pancreatic insuffi ciency, recurrence of malignant disease, or anxiety 
about recurrence (Table  47.5 ). In asymptomatic patients who do not undergo  sur-
gery  , QoL may be infl uenced by the nature and frequency of  surveillance   proce-
dures and the anxiety associated with disease progression or developing symptoms. 
Given that many patients with  IPMN   who do not undergo surgery have signifi cant 
co-morbidities or a second malignancy, QoL may also be infl uenced by these non- 
IPMN- related factors.

   There is a paucity of literature addressing the question of what QoL differences 
an older patient with an asymptomatic  IPMN   might expect with operative versus 
 non-operative management  . The existing data from which one might piece together 
and/or extrapolate in an attempt to answer this question include QoL studies of 
patients who underwent pancreatic  resection  , which typically include predomi-
nantly pancreatic adenocarcinoma patients, QoL studies of patients who underwent 
total  pancreatectomy  , and a single QoL study comparing 16 patients who underwent 
partial pancreatectomy for IPMN to 16 patients who underwent  surveillance  , 
although none of the surveillance patients met criteria for resection and all were 
medically fi t for  surgery   [ 29 ]. In this study, QoL was assessed by the Hospital 
Anxiety and Depression Scale, anxiety subscale (HADS-A) and the Functional 
Assessment of Cancer Therapy-Pancreas (FACT-P) instruments at variable intervals 
from surgery or  diagnosis  . The surgical group had a non-signifi cant increase in anx-
iety score, and equivalent FACT-Pa scores when compared to the surveillance 
group. Only the functional well-being domain of the FACT-PA was signifi cantly 
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higher in the surveillance group compared with the surgical group. In other studies 
of post-pancreatectomy patients, QoL is decreased immediately post-operatively, 
but returns to preoperative levels by 3 months post-operatively in most patients, 
although physical functioning scores were noted to be lower at 3 and 24 months 
postoperatively in patients with malignant indications, which may refl ect tumor 
recurrence [ 30 ,  31 ].   

   Table 47.5    Quality of life   

 Study  Patients 
 Outcome 
classifi cation  Resection  Observation 

 Quality of 
evidence 

 Lee 2010 
[ 29 ] 

 16  IPMN   
 resection   (TP 
excluded) 16 
IPMN 
 surveillance   (all 
Sendai neg) 

 Quality of life 
by HADS-A 
and FACT-Pa 

 HADS-A score 
9.4 

 HADS-A 
score 7.4 
(p=0.09) 

 Moderate 

 FACT-Pa 113  FACT-Pa 123 
(p = 0.27) 

 Functional 
well-being 
domain 19 

 Functional 
well- being 
domain 23.5 
(p = 0.03) 

 Belyaev 
2013 [ 30 ] 

 31 resections for 
malignant 
indications 

 Quality of life 
by SF-36 at 
preop, 
3 months and 
24 months 
after  surgery   

 PCS: 43.1 
preop; 37 at 
3 months; 34.5 
at 24 months; 
MCS 43 preop; 
44.8 at 
3 months; 42.9 
at 24 months 

 Low 

 Belyaev 
2013 [ 30 ] 

 19 resections for 
benign 
indications 

 Quality of life 
by SF-36 at 
preop, 
3 months and 
24 months 
after  surgery   

 PCS: 48.5 
preop; 36.6 at 
3 months; 47.5 
at 24 months; 
MCS 49.4 
preop; 47 at 
3 months; 49.2 
at 24 months 

 Low 

 Belyaev 
2013 [ 30 ] 

 10 patients with 
total 
 pancreatectomy   

 Quality of life 
by SF-36 at 
preop, 
3 months and 
24 months 
after  surgery   

 PCS: 44.5 
prepop; 35.2 
3 months; 40.5 
24 months; 
MCS 43.6 
preop, 41.4 
3 months; 46.4 
24 months 

 Low 

 Park 
2013 [ 31 ] 

 107 PD, 29 DP;  Quality of life 
by EORTC 
QLQ-C30 

 Decreased 
post-op but no 
difference from 
preop at 3, 6 and 
12 months 

 Low 
 5 malignant 
 IPMN,   18 benign 
IPMN 
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    Recommendations 

 Older patients with asymptomatic  IPMN   falling within  resection   criteria based on 
the 2012 Updated International Consensus Guidelines:

•    Can be further risk-stratifi ed based on MD- IPMN   vs BD-IPMN, maximum 
lesion diameter, weight loss, solid component, gender, and past history of  cancer   
to give a patient-specifi c risk of harboring high-grade dysplasia or an invasive 
malignancy (evidence quality moderate, weak recommendation)  

•   Who have specifi c co-morbidities that pose a prohibitive surgical risk, or which 
present a reasonable risk of  mortality   within 5 years of  IPMN    diagnosis   are likely 
to have similar overall and  disease-specifi c survival   with  observation   or  resection   
and are appropriate candidates for observation (evidence quality low, weak 
recommendation)  

•   Who do no have specifi c co-morbidities that signifi cantly increase  pancreatec-
tomy   risk or co-morbidities limiting their  survival   should be offered  resection   
with counseling that includes their risk of malignancy, risk of surgical complica-
tions, and survival ranges for invasive and non-invasive disease (evidence quality 
moderate, weak recommendation)     

    A Personal View of the Data 

  IPMN   in an older patient presents challenging preoperative shared decision- making. 
Patients and their families often require education on the differences between IPMN 
and the more publicized ductal adenocarcinoma before a discussion on  management   
options can begin, and some seem to harbor their emotional biases towards either 
aggressive  resection   or nilism, despite education. A poor surgical candidate is fairly 
easy to identify, and  pancreatectomy  -specifi c risk prediction tools can assist in pre-
senting objective data to patients about surgical risk. A patient who refuses  surgery   
makes the surgical decision more straight-forward, but makes the question of  sur-
veillance   more complicated – the patient’s preferences about undergoing surveil-
lance, and whether surgery would be re-considered in light of disease progression 
should be thoroughly discussed, as older patients rarely become better surgical can-
didates with more time passing. The existing data on what  outcomes   an otherwise 
healthy older patient might expect by not choosing surgery are woefully inadequate 
to properly inform a shared decision-making process, and these patients should be 
offered resection based on current guidelines, and allowed to choose based on their 
preference.     
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    Chapter 48   
 Minimally Invasive Surgery for Pancreatic 
Head Cancer                     

       Deepa     Magge     and     Amer     H.     Zureikat    

    Abstract     An increasing number of reports on minimally-invasive pancreaticoduo-
denectomy (MIPD) have emerged over the last two decades. Morbidity, oncologic 
outcomes, and the impact of the learning curve for MIPD are being carefully scru-
tinized to ensure that safety and effi cacy are not compromised, particularly in the 
setting of periampullary malignancies. Although many of the current adopters of 
MIPD are still within their learning curve, a number of single institutional series 
have recently confi rmed the non-inferiority of the laparoscopic or robotic PD when 
performed by experienced pancreatic surgeons at high volume centers. In the 
absence of randomized controlled trials to address the safety, effi cacy and potential 
advantages of the MIPD, this chapter will examine the available retrospective data 
on the safety and oncologic oncologic outcomes of the laparoscopic and robotic PD 
for pancreatic head malignancies.  

  Keywords     Pancreatic adenocarcinoma   •   Peri-ampullary malignancies   • 
  Pancreaticoduodenectomy   •   Minimally invasive   •   Laparoscopic   •   Robotic  

      Introduction 

 Minimally invasive approaches have proven to be safe and feasible in the treatment 
of many complex GI malignancies [ 1 – 3 ]. Minimally invasive  distal pancreatectomy   
for example, exhibits a favorable  morbidity   profi le and equivalent short-term onco-
logic  outcomes   compared to its  open   counterpart [ 2 ,  3 ]. However, there remains no 
consensus regarding the safety and oncologic effi cacy of  minimally invasive   

        D.   Magge    •    A.  H.   Zureikat      (*) 
  Division of Surgical Oncology ,  University of Pittsburgh Medical Center , 
  5150 Centre Ave, Suite 414 ,  Pittsburgh ,  PA   15232 ,  USA   
 e-mail: zureikatah@upmc.edu  

mailto:zureikatah@upmc.edu


542

 pancreaticoduodenectomy   (MIPD) for malignant lesions. An analysis of the 
National Cancer Database in 2007 revealed that 71.4 % of patients with clinical 
stage 1 pancreatic adenocarcinoma (PDA) chose not to undergo surgical  resection  , 
and consequently had shorter  survival   compared to patients treated with  pancreatec-
tomy   (p < 0.001) [ 4 ]. Although reasons for this are multifactorial, the morbidity 
associated with open pancreatic resections (particularly the PD) may substantially 
contribute to this nihilistic view of pancreatic  surgery  . A minimally invasive 
approach to PD has the potential to decrease post-operative morbidity, improve 
 quality of life  , facilitate the receipt of  adjuvant therapy  , and ultimately enhance the 
acceptance of this complex procedure. 

 Recently, two MIPD approaches have been popularized:  laparoscopic   and 
 robotic  . The laparoscopic pancreaticoudenectomy (LPD) was initially met with 
skepticism due to long operative times, but has now been established as safe and 
feasible when performed by select high volume surgeons at experienced centers 
[ 5 ]. The robotic  pancreaticoduodenectomy   (RPD) -fi rst performed in 2007 -is now 
being increasingly utilized due to the perceived benefi ts of stereotactic vision, 
magnifi cation, platform stability, and favorable ergonomics [ 6 ]. We present here a 
review of the two  minimally invasive   platforms for PD focusing on metrics of 
safety,  morbidity   and oncologic  outcomes  , as well as the impact of the learning 
curve.  

    Search Strategy 

 A literature search of English language publications from 2000 to 2013 was used to 
identity published data on  minimally invasive    pancreaticoduodenectomy   (MIPD) 
and  open   pancreaticoduodenectomy (OPD). Databases searched were PubMed, 
Embase, Science Citation Index/Social sciences Citation Index and Cochrane 
 Evidence Based Medicine  . Terms used in the search were “pancreaticoduodenec-
tomy,” “minimally invasive pancreaticoduodenectomy,” “minimally invasive versus 
open pancreaticoduodenectomy” AND “complications from pancreaticoduodenec-
tomy.” Only totally minimally invasive pancreaticoduodenectomies were included 
in the literature review, excluding any studies detailing a hand-assisted approach or 
use of a mini-laparotomy. English language was used as an exclusion criterion. 
Fifteen cohort studies, 3 systematic reviews, 4 review articles, and 1 guideline paper 
were included in our analysis. The data was classifi ed using the  GRADE   system. 
The clinical issue is outlined in Table  48.1 .

   Table 48.1     PICO   table   

 Patient  Intervention  Comparison  Outcome 

 Resectable pancreatic 
head adenocarcinoma 

 Robotic or  laparoscopic   
 pancreaticoduodenectomy   

 Open 
 pancreaticoduodenectomy   

 Short-term 
complications 
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       Results 

    Open Pancreaticoduodenectomy (OPD) Benchmarks 

 Signifi cant improvements in operative technique and patient care over recent 
decades have improved the  outcomes   of  open   PD. In the modern era, a 2 % 30-day 
 mortality   can be expected at high volume centers, although this can be as high as 
6–7 % when considering 90-day outcomes (a better surrogate of the true impact of 
PD) or cases that involve vascular resections [ 7 – 9 ]. Overall  morbidity   remains high 
at nearly 50 % [ 9 ]. Post- pancreatectomy   hemorrhage, a potentially lethal complica-
tion that may be underreported, is typically around 6 % as published in large series 
[ 10 ]. Recently, a grading system (ISGPF) that takes into consideration the clinical 
impact of  pancreatic fi stula  e (PF) (Grade A: no clinical sequlae, Grade B: mild- 
moderate clinical signifi cance, Grade C: associated with sepsis, or end organ fail-
ure) was described by Bassi et al. The true incidence of PF after open PD when 
utilizing this grading system is approximately 15–20 %; about half of these being 
clinically signifi cant (grade B/C leaks) [ 11 ]. Additionally, an average length of 
stay of 10 days with a readmission rate of between 15 and 30 % can be expected 
[ 9 ,  10 ,  12 ]. 

 Oncologically, R2 resections should be avoidable if the preoperative staging 
workup is accurate. Microscopic margin positivity is around 5–20 % with the retro-
peritoneal margin being the most common R1 site [ 13 ]. When using a distance of 
>1 mm to defi ne R0, most series have an increased R1 rate that ranges between 30 
and 80 % [ 14 ,  15 ]. For PDA resections, resection of a minimum of 15 LNs is con-
sidered adequate for staging. Estimated median  survival   and 5-years OS for R0 
resected PDA is around 19 months and 18 % respectively [ 9 ]. Receipt of adjuvant 
 chemotherapy   improves survival. Recently, two large analyses of resected PDA 
demonstrated no improvement in survival since the 1980s [ 9 ,  16 ]. One explanation 
may be that the  morbidity   associated with  open   PD renders a signifi cant number of 
patients unfi t to initiate or tolerate adjuvant chemotherapy.  

    Laparoscopic Pancreaticoduodenectomy (LPD) 

 The LPD is a technically challenging operation. Gagner and Pomp’s initial report of 
ten LPDs in 1997 did not favor use of the  laparoscopic   technique over the  open   
approach due to the high conversion rate (40 %) and lack of any perceived benefi ts 
[ 17 ]. Subsequently, several reports have emerged attempting to further characterize 
the safety and oncologic effi cacy of the LPD (Table  48.2 ).

   Two large reports (Table  48.2 ) by Palavinelu et al. (75 cases), and Kendrick et al. 
(62 cases), demonstrate that the LPD is safe and feasible when performed by skilled, 
high volume surgeons with reasonable operative times, minimal blood loss com-
pared to historic reports, and a  mortality   and  morbidity   profi le similar to  open   PD 
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[ 18 ,  19 ]. Additionally, the reoperation rate, length of stay, and readmission rates are 
comparable to previous OPD reports. Both of these reports however suffer from 
small numbers, selection bias, and lack of standardization in reporting pancreatic 
leaks, drain  management   and complication rates. Importantly, although both series 
contain a substantial cohort of pancreatic head malignancies, they do not report on 
those  outcomes   separately, making any conclusions diffi cult to formulate. Both 
series also lack long-term  survival   follow-up. More recently, Kim et al. described 
the outcomes of 100  laparoscopic   pylorus preserving PDs, however the  cancer   sub-
group was small (12 cases) and their outcomes were not detailed separately [ 20 ]. 

 Several comparative studies between LPD and OPD are outlined in Table  48.3 . 
In a study by Asbun and Stauffer, 53 LPDs (39 for malignant disease) were com-
pared to 215 OPDs (141 for malignant disease). The authors noted signifi cantly 
lower blood loss, transfusion rate, length of hospital stay, and length of ICU stay for 
the LPD group despite having no differences in patient demographics, ASA grade, 
or pathologic indications [ 21 ]. Operative time was signifi cantly higher in the LPD 
group. The overall complication rate was 25 % in both groups with an equal occur-
rence of ISPGF grade B or C fi stulae (9 %). Again, similar to previous LPD reports, 
 cancer   specifi c  outcomes   were not outlined separately, but with nearly two-thirds of 
each cohort having cancer, it is reasonable to infer that these results may be gener-
alizable to the malignant group [ 21 ]. In another smaller comparative study, authors 
from the University of Pittsburgh noted operative times to be signifi cantly higher in 
the LPD group, with all other perioperative metrics being equivalent [ 22 ].

   Taken collectively, the aforementioned reports indicate that the LPD can be 
 performed safely with a similar  morbidity   profi le to OPD if done at high volume 

    Table 48.3    Comparative series of LPD vs OPD   

 Series 

 Zureikat [ 22 ] evidence 
grade: very low 

 Asbun/stauffer [ 21 ] 
evidence grade: low 

 Croome [ 23 ] evidence 
grade: low 

 LPD  OPD  P  LPD  OPD  P  LPD  OPD  P 

 N  14  14  53  215  108  214 
 OR time (min)  456  372  0.01  541  401  <0.001  379.4  387.6  0.45 
 EBL(ml)  300  400  0.23  195  1,032  <0.001  492  866.7  <0.001 
 Transfusion N 
(%) 

 28.6 
% 

 35.7 %  0.69  1.55  4.7 %  <0.001  19 %  33 %  0.01 

 Conversion N 
(%) 

 2 (4 
%) 

 9 (17 
%) 

 6.5 % 

 R0  resection   
(%) 

 100 
% 

 91.0.7 %  0.31  94.9 
% 

 83 %  NS  77.8 %  76.6 %  0.81 

 Lymph nodes 
(N) 

 18.5  19.1  0.85  23.4  16.84  <0.001  21.4  20.1  0.15 

 Length of stay 
(d) 

 8  8.5  0.71  8  12.4  <0.001  6  9  <0.001 

 Morbidity (%)  21 %  7 %  NS  24.5 
% 

 24.7 %  NS  5.6 %  13.6 %  0.17 

 Mortality (%)  7 %  0 %  NS  5.7 %  8.85  NS  1 %  2 %  0.5 
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centers by experienced HPB/surgical oncologists. Importantly, many of the  out-
comes   described above represent cases performed within the learning curve. 
Although the impact of the learning curve on outcomes of MIPD is signifi cant (see 
later section), the above evidence suggests that – if performed in highly selected 
patients at high volume centers- outcomes are acceptable provided that the surgeon 
is well versed in the principles of  open   pancreatic  surgery  . 

 Regarding oncological effi cacy, LPD has been shown to have comparable short- 
term  outcomes   of R0  resection   rates and lymph node retrieval to the OPD (Tables 
 48.2  and  48.3 ). Unfortunately, all of the above-cited studies do not report on long- 
term  survival  , lack standardized defi nitions of R0 (0 mm distance versus >1 mm), 
and suffer from selection bias. Recently, Croome et al. compared the outcomes of 
LPD (N = 108) and OPD (N = 214) for PDA at the Mayo Clinic over a 5 years period 
[ 23 ]. Neoadjuvant therapy, tumor size, node positivity, and margin-positive resec-
tion were not signifi cantly different between the two groups. There was a signifi -
cantly higher proportion of OPD patients (12 %) that either had a delay in initiating 
 chemotherapy   of >90 days, or did not receive  any  adjuvant chemotherapy compared 
with that in the LPD group. Although there was no signifi cant difference in  overall 
survival   between the two groups (LPD = 25.3 vs. OPD = 21.8 months) a signifi cantly 
longer PFS was seen in the LPD cohort (P = 0.03).  

    Robotic Pancreaticoduodenectomy (RPD) 

 The LPD has been slow to adopt due to the technical and ergonomic challenges 
imposed by 2-D  laparoscopy  . The  robotic   approach, on the other hand, combines 
stereotactic vision with platform stability and favorable ergonomics, making it argu-
ably better suited for complex pancreatic resections and reconstructions. 
Consequently, this platform may be easier to disseminate than its  laparoscopic   
counterpart. 

 Giulianotti et al. are credited with the fi rst reported RPD in 2010 [ 24 ]. Recently, 
the University of Pittsburgh (UPMC) reported the largest series of RPDs, detailing 
the safety and feasibility of this approach for 132 cases (106 of which were for 
malignancies) [ 25 ,  26 ]. Although, operative times were long (mean 527 min), con-
version to  open   was required in only 11 patients (8 %). Thirty-day and 90-day  mor-
tality   was 1.5 % and 3.8 %, respectively. The rate of Clavien 3 and 4 (major) 
complications was 22 %, the ISGPF Grade B + C fi stula rate was 7 %, and the 
reoperation rate was 3 %. Average length of stay was 10 days, and 28 % of patients 
required readmissions. 

 A major concern for RPD is the lack of tactile feedback, and the potential for 
development of pseuodanuerysms due to inadvertent crush injury or heat dissipation 
during dissection. In the UPMC study, the authors described a PSA rate of 6 % 
(eight patients): three of the eight were confi rmed by arteriography and resolved 
after stenting; the other fi ve underwent arteriography due to a high index of clinical 
suspicion, but no PSA was found. When reviewing PSA rates in large OPD series, 
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the occurrence rate can range between 4 and 6 %, with most authors agreeing that 
this feared complication is under-reported. Taken together, the UPMC series indi-
cates that even when performed within its learning curve, initial safety and feasibil-
ity metrics support the robustness of this platform and suggest no unanticipated 
risks inherent to this new technology. 

 Several retrospective studies comparing the RPD to OPD are detailed in Table 
 48.4  [ 27 – 31 ]. Similar to comparative studies for LPD, the RPD data collectively 
implies that the procedure can be performed with acceptable safety metrics that are 
similar to OPD  outcomes  . Margin negative  resection   rates and lymph node harvest 
are also not compromised in these comparative studies; thus it may be reasonable to 
infer that early oncologic results are likely to yield the expected  survival   seen after 
OPD. Similar to LPD data however, all of these comparisons were performed within 
the implementation phase of RPD at each institution, and therefore represent ‘learn-
ing curve’ outcomes. Most of these reports also fail to document the outcomes of 
the  cancer   cohorts separately, suffer from low numbers and substantial selection 
bias, and lack long term follow-up.

   Of particular interest will be the proportion of PDA patients able to receive and 
complete adjuvant  chemotherapy  . Recent data indicates that time to receipt of adju-
vant chemotherapy may not be as important as the ability to complete all scheduled 
doses. Indeed, if RPD (or LPD) ultimately reduces  morbidity   and facilitates 
improved receipt and completion of scheduled adjuvant chemotherapy, a  survival   
advantage may be detected.  

    Benefi ts of the MIPD 

 Recently, several meta-analyses comparing OPDs to MIPDs have demonstrated 
marginal benefi ts to the MI approach. A recent analysis of six retrospective studies 
comparing consecutive MIPDs (RPD and LPD) with either consecutive or matched 
OPD revealed that MIPD was associated with a signifi cant reduction in intraopera-
tive blood loss at the expense of longer operative times [ 32 ]. Clinically signifi cant 
PF occurred in 8 % (MIPD) and 7 % (OPD) (P = NS). Overall  morbidity   and reop-
erations were comparable between the two groups and hospital stay was signifi -
cantly reduced in the MIS group by 3.7 days. With regards to oncologic  outcomes  , 
the MIPD cohort had signifi cantly higher lymph node retrieval rates (p = 0.03) and 
fewer R1 resections, although tumor size was signifi cantly larger in the OPDs 
(p = 0.02). 

 In another meta-analysis by Nigri et al. eight studies encompassing 204 MIPD 
patients and 419 OPD patients were analyzed [ 33 ]. Patients in the two groups were 
similar with respect to age, sex, and histological  diagnosis  , but different with respect 
to tumor size, rate of pylorus preservation, and type of pancreatic anastomosis. 
There were no signifi cant differences between MIPD and OPD regarding develop-
ment of DGE, PF, wound infection, rates of reoperation and overall  mortality  . 
Although MIPD was associated with longer operative times, it was also associated-
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with lower post-operative complication rates, less intra-operative blood loss, shorter 
hospital stays, lower blood transfusion rates, higher numbers of harvested lymph 
nodes, and improved negative margin status rates.  

    Impact of the Learning Curve on MIPD Outcomes 

  Pancreatic surgery   is technically complex and should be performed at high volume 
centers by high volume surgeons. Birkmeyer et al. used the Medicare claims data-
base to show that PDs at high-volume hospitals had a superior 3-years  survival   
compared to PDs at low-volume centers [ 34 ]. In 2002, Kotwall et al. used the 
Nationwide Inpatient Sample database to show a 50 % increased  mortality   in PDs 
performed at low-volume centers [ 35 ]. Additional data also indicates that a surgeon- 
based learning curve for PD also exists. Tseng et al. demonstrated that after 60 
cases, surgeons achieved signifi cantly decreased EBL, operative time and LOS, and 
carried out more margin-negative resections [ 36 ]. Similarly, Schmidt et al. noted 
that experienced surgeons performed PD with lower EBL, shorter operative time, 
and lower  morbidity   but no difference in quality of  resection   or mortality when 
compared with less experienced surgeons [ 37 ]. 

 Similar data on the learning curve for MIPD is emerging. A recent RPD analysis 
from the University of Pittsburgh confi rms that  outcomes   are optimized after an 
initial steep learning curve of approximately 80 cases [ 38 ]. In depth analysis of this 
learning curve revealed that blood loss and conversions were optimized after 20 
cases (600 vs. 250, p < 0.05, and 35 % vs. 3 %, p < 0.05 respectively), incidence of 
 pancreatic fi stula   after 40 cases (27 % vs. 14 %, p < 0.05), and operative time after 
80 cases (582 min vs. 417 min, p < 0.05). Complication rates, length of stay and 
readmissions also improved but the sample size was underpowered to detect a sig-
nifi cant difference. Importantly, a two attending approach was employed through-
out the learning curve period to ensure patient safety and procedural effi cacy. This 
data suggests that meaningful comparative effectiveness studies of  minimally inva-
sive   and  open   PD should take into consideration the impact of the learning curve 
before any outcomes are assessed.   

    Recommendations 

 Based on the available evidence, the authors recommend cautious application of 
 minimally invasive   PD for pancreatic head malignancies. MIPD should only be 
performed by experienced pancreatic surgeons at high volume centers. In order to 
ensure patient safety and procedural effi cacy, new adopters of MIPD should be well 
versed in  open   and  laparoscopic   pancreatic resections, utilize a two attending 
approach to the initial learning curve, and perform the ‘learning curve cases’ 
on carefully selected cohorts.  
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    A Personal View of the Data 

 Due to the inherent diffi culties in performing randomized controlled and the absence 
of large multi-institutional reports, the assessment of MIPD (or any surgical plat-
form or technique) for pancreatic head malignancies will initially rely on single 
institutional reports of safety and feasibility; this was the case for the advent of 
many common surgical techniques embraced today such as the  laparoscopic    chole-
cystectomy  . Consequently, the current evidence for MIPD is classifi ed as ‘low’ or 
‘very low’ according to the  GRADE   system. Despite this, an increasing number of 
reports support MIPD as an acceptable alternative to OPD in carefully selected 
patients. Two meta analyses suggest that MIPD is associated with reduced blood 
loss and marginally shorter lengths of hospital stay with no adverse effects on safety 
and oncologic results. This data must be interpreted with caution since all of these 
reports suffer from selection bias and refl ect surgeons working through the early 
phases of implementation of MIPD. Regarding the two available platforms, RPD 
seems to be associated with fewer conversions than LPD. Additionally, the  robotic   
approach may prove to be more disseminable due to the advantages afforded by a 
stereotactic, stable and highly ergonomic platform. Larger reports with longer fol-
low- up, and those that refl ect  outcomes   beyond the learning curve will allow more 
defi nitive conclusions to be made about the utility and impact of  minimally invasive   
PD for pancreatic head  cancer  .  

    Recommendations 

•     In carefully selected patients, MIPD is a safe alternative to OPD if performed by 
skilled, experienced pancreatic surgeons at high volume centers (Evidence qual-
ity low; conditional (weak) recommendation).  

•   Safe conduct of  robotic   PD for pancreatic head  cancer   requires a learning curve 
of approximately 80 cases (Evidence quality low; conditional (weak) 
recommendation).  

•   When performed for pancreatic head  cancer  , MIPD cases should be carefully 
selected ( resectable   tumors, no vascular invasion), and preferably be performed 
by two experienced pancreatic surgeons (Evidence quality very low; conditional 
(weak) recommendation).        
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    Chapter 49   
 Advanced Pancreatic Cancer Discovered 
at Operation: The Role of Palliative Bypass                     

       Ajay     V.     Maker    

    Abstract     For the patient with advanced pancreatic cancer discovered to be unre-
sectable at exploration, treatment revolves around minimizing disease related symp-
toms. The current chapter considers the patient who is found at operation to be 
unresectable and compares single/double bypass to expectant management in 
regards to the outcomes of jaundice, gastric outlet obstruction (GOO), overall sur-
vival, morbidity, mortality, and quality of life. 

 The level I/II data that have evaluated this question are of moderate quality and 
do recommend bypass over surveillance, and in some cases, over endoscopic stent-
ing, especially for patients who have a predicted survival of over 2–6 months. 
Recent retrospective series have not recommended palliative surgical bypass as a 
routine practice, for high-risk patients, or patients with metastatic disease that are 
not obstructed, but defi ne situations where it may be advantageous. These studies 
contain a low to moderate quality of level III data with important sources of selec-
tion bias. 

 Review of published studies of all levels of data, and taking into account that 
cross-sectional imaging, patient selection, and endoscopic techniques, experience, 
and equipment have all markedly improved since early trials; we conclude that pal-
liative bypass is reasonable, certainly not contraindicated, and may provide pro-
longed biliary and gastric luminal patency in the patient found to be unresectable at 
exploration. However, the decision to bypass the patient can be individualized based 
on the surgeon’s assessment of multiple factors including patient condition, an esti-
mation of the pace and biology of the disease, the endoscopic expertise available 
locally, assessment of the level of impending GOO pre-operatively and 
 intra- operatively, and cancer stage/expected OS. It is perhaps reasonable, then, to 
perform a palliative surgical bypass in highly selected patients in good condition, 
with localized or minimal metastatic disease, symptoms of jaundice not already 
stented, or for symptomatic GOO.  
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  Department of Surgery, Division of Surgical Oncology, Department of Microbiology and 
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  Quality of life   •   Bilioenteric by pass   •   Gastrojejunostomy   •   Hepatojejunostomy   • 
  Biliary stent   •   Duodenal stent  

      Introduction 

 For the patient with advanced pancreatic  cancer   discovered to be unresectable at 
exploration, treatment revolves around minimizing disease related symptoms. From 
a procedural perspective, and to enable patients to be acceptable candidates for 
 systemic therapy, palliative maneuvers may include operative biliary or duodenal 
 bypass  , celiac plexus blockade,  endoscopic    stent  ing, or best supportive care ± tube 
decompression. Routine  palliative bypass   has been advocated for palliation of 
patients with periampullary tumors who were explored with curative intent but 
found to be locally advanced or to have metastatic disease. This practice was sup-
ported by a randomized controlled trial (RCT) published in 1999 randomizing 87 
patients at a single institution to undergo a biliary bypass ± a  gastrojejunostomy   
(GJ), and revealed that 19 % of patients that did not receive a GJ required an opera-
tion for gastric outlet obstruction prior to death [ 1 ]. On the other hand, in a contem-
poraneous large retrospective single institution series of patients found to be 
unresectable at  laparoscopy   and not bypassed, only 2 % of patients later required a 
palliative surgical biliary or duodenal bypass [ 2 ]. Since the time of these reports, 
cross-sectional imaging, patient selection, and endoscopic techniques, experience, 
and equipment have all markedly improved, resulting in a decrease in the practice 
of palliative bypass, even at the same institution as the original RCT [ 3 ]. In the 
absence of new randomized controlled trials, we are reliant on recent single institu-
tion retrospective level III data, systematic reviews, and meta-analyses to guide 
patient  management  . The current chapter considers the patient who is found at oper-
ation to be unresectable and compares single/double bypass to expectant manage-
ment in regards to the  outcomes   of  jaundice  , gastric outlet obstruction (GOO), 
 overall survival   (OS),  morbidity  ,  mortality  , and  quality of life   (QOL).  

    Search Strategy 

 A literature search of English language publications from 2000 to 2014 was used to 
identify published data on  palliative bypass   using the  PICO   outline (Table  49.1 ). 
Databases searched were PubMed, Embase, Science Citation Index/Social sciences 
Citation Index, and Cochrane  Evidence Based Medicine  . Terms used in the search 
were “pancreas  cancer   AND  bypass  .” The search strategy within PubMed was fur-
ther enhanced to retrieve citations identifi ed as systematic reviews, meta-analyses, 
reviews of  clinical trials  , evidence-based medicine, consensus development confer-
ences, guidelines, and citations to articles from journals specializing in review 
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studies of value to clinicians. This fi lter was used in a systematic search [sb]: (sys-
tematic review [ti] OR meta-analysis [pt] OR meta-analysis [ti] OR systematic lit-
erature review [ti] OR (systematic review [tiab] AND review [pt]) OR consensus 
development conference [pt] OR practice guideline [pt] OR cochrane database syst 
rev [ta] OR acp journal club [ta] OR health technol assess [ta] OR evid rep technol 
assess summ [ta] OR drug class reviews [ti]) OR (clinical guideline [tw] AND  man-
agement   [tw])OR ((evidence based [ti] OR evidence-based medicine [mh] OR best 
practice* [ti] OR evidence synthesis [tiab]) AND (review [pt] OR diseases 
category[mh] OR behavior and behavior mechanisms [mh] OR therapeutics [mh] 
OR evaluation studies[pt] OR validation studies[pt] OR guideline [pt] OR pmc-
book)) OR ((systematic [tw] OR systematically [tw] OR critical [tiab] OR (study 
selection [tw]) OR (predetermined [tw] OR inclusion [tw] AND criteri* [tw]) OR 
exclusion criteri* [tw] OR main outcome measures [tw] OR standard of care [tw] 
OR standards of care [tw]) AND (survey [tiab] OR surveys [tiab] OR overview* 
[tw] OR review [tiab] OR reviews [tiab] OR search* [tw] OR handsearch [tw] OR 
analysis [ti] OR critique [tiab] OR appraisal [tw] OR (reduction [tw]AND (risk 
[mh] OR risk [tw]) AND (death OR recurrence))) AND (literature [tiab] OR articles 
[tiab] OR publications [tiab] OR publication [tiab] OR bibliography [tiab] OR bib-
liographies [tiab] OR published [tiab] OR unpublished [tw] OR citation [tw] OR 
citations [tw] OR database [tiab] OR internet [tiab] OR textbooks [tiab] OR refer-
ences [tw] OR scales [tw] OR papers [tw] OR datasets [tw] OR trials [tiab] OR 
meta-analy* [tw] OR (clinical [tiab] AND studies [tiab]) OR treatment outcome 
[mh] OR treatment outcome [tw] OR pmcbook)) NOT (letter [pt] OR newspaper 
article [pt] OR comment [pt]). In addition to the articles identifi ed through this strat-
egy, additional studies were hand-picked from the search results in the various data-
bases and references. Studies used in systematic reviews prior to 2000 were included 
in the analysis. The data was classifi ed using the  GRADE   system.

       Results 

    Overall Survival, Morbidity, and Mortality of Palliative Bypass 
Surgery 

 Huser and colleagues performed a systematic review of the literature in 2009 and 
identifi ed three large retrospective studies of over 4,000 patients with unresectable 
pancreatic  cancer  , and determined that the OS of patients undergoing GJ was not 

   Table 49.1     PICO   grid   

 P (patients)  I (intervention)  C (comparator)  O ( outcomes)   

 Patients with locally 
advanced, unresectable 
pancreatic  cancer   

 Single/double 
 bypass   

 Expectant 
 management   

 Jaundice or gastroduodenal 
obstruction,  morbidity/   mortality,   
and  quality of life   (QOL) 
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signifi cantly different from those not bypassed, ranging from 5.8 to 6.7 months 
[ 4 – 7 ]. In these series, the  mortality   of surgical  bypass   was not different than  surveil-
lance   and ranged from 12 to 17 %. In a more recent retrospective analysis of 50 
patients undergoing various  palliative bypass   procedures for unresectable pancre-
atic cancer, patients lived longer that did not receive a bypass (6.6 vs. 15.4 months) 
and experienced signifi cantly lower post-operative  morbidity   (56 % vs. 19 %) [ 8 ]. 
This was similar to the 6 month OS observed retrospectively in 553 patients that 
underwent palliative bypass with a morbidity of 37 % and mortality of 1.6 % at 
Johns Hopkins [ 3 ]. An additional large series of 124 patients evaluated retrospec-
tively at MSKCC experienced a median OS of 11 months after palliative bypass, 
with a morbidity of 12 %, compared to 0 % for laparotomy only patients. Similar to 
the Johns Hopkins series, mortality was 2 % [ 9 ]. 

 Additional prospective studies have also been reported. Overall  survival   of surgi-
cal bilioenteric  bypass   (BEB) from a single institution RCT and a 5 RCT meta- 
analysis comparing BEB to  biliary stent   ing   was 6.5 and 4 months, respectively, with 
a  morbidity   of 29–39 % and  mortality   of ~14 % [ 10 ,  11 ]. The low OS and high 
mortality rate may be a function of the patient population in these studies that pre-
sented with  biliary obstruction  ; however, the trends are similar to the bypass vs. 
 surveillance   studies. Three studies, 2 RCTs and a systematic review, evaluated 
patients undergoing BEB ± GJ [ 1 ,  4 ,  12 – 14 ]. There was no difference in OS (HR 
1.02 (0.84–1.25)), morbidity (OR 1.0, p = 0.99), or mortality (OR2.72 (0.35–14), 
RR2.4 (0.1–58)) between the groups with an OS of ~7–8 months, comparable to the 
retrospective studies, and morbidity of ~30 %. The largest single database study on 
the topic, an analysis of 1,126 patients with pancreatic  cancer   undergoing  palliative 
bypass   and documented in the ACS NSQIP participant user fi le, revealed similar 
morbidity of bypass at 29 % compared to 18 % without bypass, and a mortality of 
6.5 % with bypass compared to 5 % without (Table  49.2 ).

   Taken together, OS of  palliative bypass   ranges from 4 months in prospectively 
randomized biliary obstructed patients to 14.6 months in highly selected patients in 
a modern series evaluated retrospectively. When OS is compared between bypassed 
and non-bypassed patients in a randomized fashion and in meta-analysis, there 
appears to be no difference in  survival  . Therefore, patients that undergo palliative 
 bypass   have a poor prognosis with median OS likely less than a year that is not 
signifi cantly improved with bypass. 

 The  morbidity   of  bypass   in retrospective series ranged from 12 to 56 %, with 
RCTs averaging ~30 %. Though retrospective series with selected patients revealed 
increased morbidity with surgical bypass over laparotomy, level II evidence showed 
no signifi cant increase in complications when evaluating all-comers, e.g., not select-
ing only for obstructed patients at presentation. Mortality is not insignifi cant after 
bypass and appears greater than in the no bypass groups, though meta-analyses and 
the large NSQIP data set support similar  mortality   rates.  

A.V. Maker



557

   Ta
bl

e 
49

.2
  

  Su
rv

iv
al

,  m
or

bi
di

ty
   a

nd
  m

or
ta

lit
y   

of
  p

al
lia

tiv
e 

by
pa

ss
     

 R
ef

er
en

ce
 (

au
th

or
/y

ea
r)

 
 N

 =
  b

yp
as

s   
 N

 =
 n

o 
 by

pa
ss

   
 O

S 
 by

pa
ss

   
 O

S 
 su

rv
ei

lla
nc

e   
 M

or
bi

di
ty

 
w

ith
  b

yp
as

s   
 M

or
bi

di
ty

 
w

ith
ou

t  b
yp

as
s   

 M
or

ta
lit

y 
w

ith
  b

yp
as

s   
 M

or
ta

lit
y 

w
ith

ou
t  b

yp
as

s   

  R
et

ro
sp

ec
ti

ve
 s

er
ie

s 
an

d 
da

ta
ba

se
 a

na
ly

si
s  

 B
ar

tle
tt 

20
14

 
 1,

12
6 

 29
 %

 
 18

 %
 

 6.
50

 %
 

 5 
%

 
 Sp

an
he

im
er

 2
01

4 
 34

 
 16

 
 6.

6 
 15

.4
* 

 56
 %

 
 19

 %
* 

 Ly
on

s 
20

12
 

 12
4 

 33
 

 11
 

 12
 %

 
 0 

%
 

 2 
%

 
 0 

%
 

 A
us

an
ia

 2
01

2 
 50

 
 14

.6
 

 50
 %

 
 4 

%
 

 K
ne

ue
rt

z 
20

11
 

 55
3 

 6 
 37

 %
 

 1.
60

 %
 

  Si
ng

le
 in

st
it

ut
io

n 
ra

nd
om

iz
ed

 c
on

tr
ol

le
d 

tr
ia

l  
 V

an
 H

ee
ck

 2
00

3 
 36

 
 29

 
 7.

2 
 8.

4 
 31

 %
 

 28
 %

 
 9 

%
 

 L
ill

em
oe

 1
99

9 
 44

 
 43

 
 8.

3 
 8.

3 
 32

 %
 

 33
 %

 
 Sm

ith
 1

99
4 

 10
1 

(H
J)

 
 10

0 
(s

te
nt

) 
 6.

5 
 5.

25
 

 29
 %

 
 11

 %
 

 14
 %

 
 3 

%
 

  Sy
st

em
at

ic
 r

ev
ie

w
, m

et
a-

an
al

ys
is

, c
oc

hr
an

e 
re

vi
ew

  
 G

la
ze

r 
20

14
 (

5 
R

C
T

s)
 

 19
1 

(H
J)

 
 18

8 
(s

te
nt

) 
 4 

 4.
3 

 39
 %

 m
aj

or
 

 21
 %

 m
aj

or
 

 15
 %

 
 12

 %
 

 G
ur

us
w

am
y 

20
10

 (
2 

R
C

T
s)

 
 80

 
 72

 
 H

R
 1

.0
2 

(0
.8

4–
1.

25
) 

 N
S 

 R
R

 2
.4

 (
0.

1–
58

) 

 H
us

er
 2

00
9 

 12
4 

 94
 

 O
R

1.
0 

 O
R

 2
.7

2 
(0

.3
5–

14
) 

   O
S  

m
ed

ia
n 

 ov
er

al
l s

ur
vi

va
l   (

m
on

th
s)

, *
p 

<
 0

.0
5  

49 Advanced Pancreatic Cancer Discovered at Operation: The Role of Palliative Bypass



558

    Quality of Life After Bypass Surgery 

 Quality of life was not formally addressed in most of the studies on the subject, 
however, in a RCT comparing double  bypass   to HJ, there was no difference between 
the groups in the early post-operative period or in the month prior to death based on 
the Pan26 and EORTC-C30 QOL questionnaires [ 14 ]. In multiple trials, hospital 
stay was longer after bypass, and retrospective data revealed equivalent numbers of 
post-operative procedures required after bypass [ 4 ,  9 ]. Furthermore, in patients with 
GOO treated with a  duodenal stent   compared to bypass, though there was no 
 difference in QOL, there was quicker return to per oral intake and an improvement 
in physical health with stenting as measured by the short-form 26 questionnaire 
(p < 0.01) [ 15 ,  16 ].  

    Should We Perform a Biliary Bypass? 

 The data on prophylactic biliary  bypass   is diffi cult to determine clearly, as the 
enrollment of patients on these trials varies, and retrospective series include patients 
without obstruction, with impending obstruction, and with acute obstruction. 
Furthermore, some patients were already endoscopically stented prior to  surgery  . 
Most of the RCTs evaluating  palliative bypass   randomized to BEB ± GJ, thereby 
limiting the ability to determine the  morbidity   and  mortality   secondary to the BEB 
alone. The outcome most helpful, in this regard, is evaluation of  jaundice   after BEB 
(Table  49.3 ).

   From retrospective single institution case series, in 34 patients that underwent a 
palliative operation that included a BEB, 14.3 % experienced recurrent  biliary 
obstruction   compared to 4 % in the 124 patient MSKCC experience, and 2.3 % in 
the 553 patient Johns Hopkins series [ 3 ,  8 ,  9 ]. Of the 33 patients not bypassed in the 
MSKCC experience, 36 % eventually encountered biliary obstruction. It is also 
important to note that in the Iowa series, the infectious complications of  bypass   
were 21 % greater compared to laparotomy alone, and not-insignifi cant  morbidity   
was experienced even with the addition of palliative  cholecystectomy   to the 
laparotomy. 

 Systematic reviews and RCTs have addressed groups randomized to BEB or 
 endoscopic    stent  ing. This may be a more useful measure of the success of BEB, 
especially since, in the main, the  morbidity   and  mortality   of stenting was not found 
to be different than  surgery  . The difference, however, lies in durability of the  bypass  . 
Smith et al. found a 7 % incidence of  jaundice   after bypass compared to 17 % with 
stenting, and Glazer et al., in a review of fi ve RCTs, found a 29 % recurrence of 
jaundice with stenting compared to only 3.1 % after BEB (RR 0.14, p = 0.01) [ 10 , 
 11 ]. This was consistent with a systematic review of 24 RCTs, of which three 
focused on biliary bypass compared to plastic stenting [ 17 ]. As expected, there was 
no difference in the technical success of both procedures; however, the relative risk 
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of jaundice after stenting was 18.6 times greater than after surgical bypass. It should 
be noted, though, that in the same review, seven RCTs compared plastic stents to 
metal stents, and found metal stents to have signifi cantly improved patency com-
pared to plastic stents at both 4 months after the procedure and prior to death. 
Therefore, it can be inferred that the modern day risk of recurrent  biliary obstruction   
after stenting with self-expanding metallic stents is less than published in this study. 
Based on contemporary series, it appears that when recurrent biliary obstruction 
does occur, it is treated endoscopically 82 % of the time in previously stented 
patients and 75 % of the time in previously bypassed patients. In bypassed patients, 
repeat surgery is performed <1 % of the time and medical  management   is utilized 
25 % of the time [ 10 ]. This highlights the point that recurrent biliary obstruction is 
likely a symptom of aggressive tumor biology and progressive disease where obvi-
ating biliary obstruction may not impact OS, though this was not addressed in these 
trials. 

 Evidently, surgical BEB appears to be a more robust solution to  biliary obstruc-
tion   and is more durable than stenting without signifi cant addition of  morbidity   to 
laparotomy alone, however, it may not affect the number of post-operative treat-
ments needed for the patient globally, and in the majority of cases, biliary obstruc-
tion can be relieved with rescue or repeat  endoscopy  .  

    Should We Perform a Duodenal Bypass? 

 The landmark RCT addressing this question randomized patients to BEB ± GJ and 
found no recurrent obstruction in the surgical group and 19 % gastric outlet obstruc-
tion (GOO) in the non- bypass   group [ 1 ]. This was supported by a later RCT reveal-
ing 5.5 % GOO in the GJ bypass group compared to 41 % in the non-bypassed 
group [ 14 ]. A Cochrane review of the two trials established a RR of GOO of 0.1 
(p < 0.01) with GJ [ 12 ]. A meta-analysis by Huser et al. included these two RCTs in 
addition to a prospective study by Shyr et al., determining an OR of 0.06 (0.02–
0.21, p < 0.001) for GOO in bypassed patients [ 4 ,  13 ]. More recent retrospective 
analyses have both supported and refuted these fi ndings, showing a 5 % increase in 
procedures required for GOO after bypass compared to laparotomy alone in one 
study, yet a 28 % increase in non-bypassed patients in another (Table  49.3 ) [ 8 ,  9 ]. 

 To directly address this question in the modern era, one can evaluate trials that 
compare surgical  bypass   to  duodenal stent  ing, which is the non-invasive rescue 
strategy for non-bypassed patients that choose bypass over palliative decompression 
or supportive care. Though the total number of patients is small, the SUSTENT 
RCT compared 18 patients undergoing surgical GJ to 21 patients receiving a duode-
nal stent for GOO [ 15 ]. There was no difference in OS, stented patients had a more 
rapid return of per oral intake, and recurrent GOO was over four times more preva-
lent in the stented patients. These fi ndings were recapitulated in another small RCT 
where one of three patients with a GJ experienced recurrent GOO compared to fi ve 
of ten patients in the duodenal stent group [ 16 ].  
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    Should We Perform an R2 Resection as the Bypass? 

 The question of whether an R2  resection  , as opposed to an attempted R0 or R1 
resection for locally advanced  cancer   [ 18 ], may offer advantages over  palliative 
bypass   was addressed by systematic review of four cohort studies consisting of 261 
patients in the  bypass   group and 138 patients in the palliative resection group [ 19 ]. 
This is an interesting group of patients to study since attempted aggressive resec-
tions for locally advanced lesions may impart a  survival   advantage even if an R1 
resection results [ 20 ]. Overall survival was quite heterogeneous, but pooled median 
survival time was 6.7 months in the bypassed patients compared to 8.2 months in 
the resected patients. Morbidity and  mortality   were increased in the R2 resected 
group with pooled risk ratios of 1.75 (1.35–2.26) and 2.98 (1.31–6.75), respectively. 
The authors concluded that purposeful R2 resection was not supported by the data 
available.   

    Recommendations Based on the Data 

 Recent retrospective series have not recommended palliative surgical  bypass   as a 
routine practice [ 8 ,  9 ], for high-risk patients [ 21 ] or patients with metastatic disease 
that are not obstructed [ 3 ], but defi ne situations where it may be advantageous, 
including in asymptomatic patients without access to medical care, with impending 
obstruction [ 9 ], or in specialized medical centers that treat pancreatic diseases [ 22 ]. 
These studies contain a low to moderate quality of level III data with important 
sources of selection bias. The level I/II RCT data that have evaluated this question 
do recommend bypass over  surveillance  , and in some cases, over  endoscopic    stent-
  ing, especially for patients who have a predicted  survival   of over 2–6 months [ 1 ,  4 , 
 10 ,  12 – 15 ,  19 ]. These studies contain a moderate quality of data. Based on the avail-
able data,  palliative bypass   is recommended (weak) in the patient found to be unre-
sectable at exploration.  

    A Personal View of the Data 

 Palliative surgical  bypass   may not signifi cantly improve OS or QOL and offers 
improved luminal patency at the expense of increased hospital stay, complications, 
and in some studies,  mortality  , without decreasing the total number of post- operative 
procedures required, or the ability to perform rescue  endoscopic    stent  ing. 
Furthermore, the majority of the sentinel RCTs used in the systematic reviews were 
performed in an era before advanced endoscopic materials and experience were 
readily utilized, and critically, before high-resolution cross-sectional imaging and 
the widespread use of  neoadjuvant    therapy   for borderline locally advanced 
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pancreatic cancers were employed; both of which have aided in the selection of 
patients for exploration. Additionally, the data on surgical bypass compared to  sur-
veillance   is skewed since there are no randomized trials of surgical intervention 
compared to best available  chemotherapy   ± radiation, palliative or hospice care, nor 
will there ever likely be. Therefore, there is inherent bias the retrospective studies as 
a large number of the patients that underwent intervention were likely already 
obstructed, and even in the prospective studies evaluated, obstructed patients were 
chosen for bypass, perhaps selecting for larger or more aggressive tumors. 

 Most of the studies evaluated the utility of GJ  bypass   and not HJ. Currently, if the 
patient is already signifi cantly jaundiced upon presentation, then they will likely 
receive a preoperative stent. On the other hand, if the patient proceeds directly to 
operation, then it is reasonable to perform a biliary bypass at the time given the 
increased patency rate. The question of how to manage the stented patient at the 
time of  surgery   remains to be addressed in a clinical trial, though one would likely 
exclude patients found to have metastatic disease, and it would be diffi cult to ran-
domize a completely asymptomatic patient to a procedure that carries increased 
 morbidity   and, specifi cally, infectious complications. Part of the concern for  percu-
taneous    drainage   in the past was that it used to be permanent and a continued nidus 
for infection seeding the biliary tree both from the gastrointestinal tract and from the 
skin, however, now these drains are often able to internalized. 

 Surgical  bypass   may be more durable, however, in an era where we have not only 
improved  endoscopic   techniques, but improved systemic and local palliative mea-
sures,  clinical trials   need to be performed evaluating OS in non-obstructed patients 
randomized at laparotomy to bypass or endoscopic treatment when symptomatic, 
especially since there are no robust studies on the role of  palliative bypass   compared 
to  endoscopic stent  ing [ 23 ]. In light of historical data from MSKCC that found that 
only 2 % of all patients who were found to have unresectable pancreatic  cancer   
needed a subsequent bypass operation, universal application of palliative bypass 
may be subjecting patients who will not experience malignant obstruction to unnec-
essary  morbidity   [ 2 ]. 

 What if palliative operative  bypass   delays the time to palliative  chemotherapy  , 
which is the only intervention that may increase OS, and in some cases, improve 
QOL? This is a possibility since bypass patients appear to require additional hospi-
tal days, may have an increased incidence of delayed gastric emptying, and in recent 
retrospective series, experienced increased  morbidity   [ 8 ,  9 ,  14 ,  21 ]. With improved 
chemotherapy regimens, radiation planning, and endoluminal stents, patients may 
succumb to metastatic disease before obstruction. Furthermore, by the time these 
patients obstruct, they may be physically deconditioned and less able to tolerate 
laparotomy and an anastomosis. 

 Based on the available data,  palliative bypass   is reasonable, certainly not contra-
indicated, and may provide prolonged biliary and gastric luminal patency in the 
patient found to be unresectable at exploration. However, the available tools and the 
 management   of these patients has evolved and the decision to  bypass   the patient can 
be individualized based on the surgeon’s assessment of multiple factors including 
patient condition, an estimation of the pace and biology of the disease, the  endo-
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scopic   expertise available locally, assessment of the level of impending GOO pre- 
operatively and intra-operatively, and  cancer   stage/expected OS. It is perhaps 
reasonable, then, to perform a palliative surgical bypass in highly selected patients 
in good condition, with localized or minimal metastatic disease, symptoms of  jaun-
dice   not already stented, or for symptomatic GOO.  

    Recommendations 

     1.    Based on the available data,  palliative bypass   is recommended in the patient 
found to be unresectable at exploration (evidence quality moderate; weak 
recommendation)   

   2.    It is reasonable to perform a palliative surgical  bypass   at exploration in highly 
selected patients in good condition, with localized or minimal metastatic disease, 
symptoms of  jaundice   not already stented, or for symptomatic GOO (evidence 
quality very low, very weak recommendation)         
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    Chapter 50   
 Neoadjuvant Therapy for Borderline 
Resectable Pancreatic Head Cancer                     

       Susan     M.     Sharpe     and     Mark     S.     Talamonti    

    Abstract     Borderline resectable pancreatic head cancer represents a relatively new 
classifi cation for patients with intermediate tumors between those that are well- 
localized with no radiographic evidence of signifi cant mesenteric vascular involve-
ment and those considered to have locally advanced and technically unresectable 
disease based on the inability to safely perform a vascular resection and reconstruc-
tion of the vital blood vessels. These tumors can be removed but are likely to require 
major vascular resection and reconstruction and the incidence of margin-positive 
resections is high. Clinical trials with adjuvant therapy after resection of pancreatic 
head cancers have demonstrated survival benefi ts for multi-modality therapy com-
pared to surgery alone. Because of the high likelihood of a margin-positive resec-
tion, neoadjuvant strategies employing chemotherapy with and without radiation 
therapy have been used in single institution or limited clinical trials. Biologic con-
siderations and clinical justifi cations exist to support this approach, but to date, 
there are no suffi ciently powered randomized clinical trials that demonstrate signifi -
cant improvements in local control rates, disease-free survival and overall survival 
rates compared to a surgery-fi rst approach. Clinical trials employing novel chemo-
therapy combinations and modifi ed radiation approaches are underway and may 
provide more defi nitive evidence in the near future.  
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      Introduction 

 Borderline  resectable   pancreatic head  cancer   represents a relatively new classi-
fi cation for patients with intermediate tumors between those that are well-local-
ized with no radiographic evidence of signifi cant mesenteric vascular 
involvement and those considered to have locally advanced and technically 
unresectable disease based on the inability to safely perform a vascular  resec-
tion   and reconstruction of the vital blood vessels. Traditional clinical and radio-
graphic classifi cations of pancreatic head tumors have consisted of localized 
cancer with no evidence of metastatic disease and no evidence of mesenteric 
venous or arterial involvement, locally advanced disease in which there is no 
evidence of metastatic disease but the extent of vascular involvement was 
thought to preclude a safe and complete resection of local disease, and fi nally, 
patients with clear evidence of peritoneal or visceral metastases. With advances 
in three-dimensional imaging and improved operative techniques resulting in 
decreased  morbidity   and  mortality   of superior mesenteric/portal venous resec-
tions (SMV/PV) and limited arterial resections, the term “ borderline resectable   
pancreatic cancer” has evolved.  Surgical resection   of these tumors is likely to 
require major vascular resection and reconstruction and oftentimes these vascu-
lar resection margins will demonstrate microscopic extension to within a milli-
meter of the transection (R1 resections). Whether the patient with a borderline 
resectable tumor should undergo a  surgery  -fi rst approach, followed by adjuvant 
therapies, versus a  neoadjuvant   course of combined modality therapy preceding 
an attempt at surgical resection is currently one of the most controversial topics 
in pancreatic surgery. Because of the high likelihood of a margin-positive resec-
tion and the potential for early tumor recurrence, neoadjuvant strategies employ-
ing  chemotherapy   with and without radiation therapy have been used in an 
attempt to “down-stage” tumors to margin-negative resections and to biologi-
cally select those patients who develop progressive disease while on  neoadju-
vant therapy   and can then be spared the morbidity of surgery. Furthermore, large 
randomized  clinical trials   in the United States and Europe have demonstrated 
 survival   benefi ts for multi- modality therapy compared to surgery alone for 
resected cancers. While not specifi cally designed to address the issue of treat-
ment sequencing for borderline resectable tumors, combined modality therapy 
for resectable pancreatic cancer has become the current standard of care. The 
theoretical advantages of a neoadjuvant approach to these high-risk borderline 
tumors are rational and logical; however, the potential increase in operative 
complications and the delay in surgical resection and subsequent adjuvant treat-
ments are legitimate concerns and have served to heighten the current contro-
versy. This chapter describes the current radiographic defi nition of borderline 
resectable pancreatic head cancer, outlines the potential benefi ts of a neoadju-
vant strategy for these tumors, and reviews the results of existing series and 
trials employing neoadjuvant therapy relative to post-operative therapy.  
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    Search Strategy 

 A computerized literature search of English language publications from 2000 to 
2014 was done to identify published data on  neoadjuvant    therapy   for  borderline 
resectable   pancreatic head cancers using the  PICO   outline (Table  50.1 ). Databases 
searched were PubMed, Embase, and Cochrane  Evidence Based Medicine  . The 
searches were done using the following terms: “borderline  resectable   pancreatic 
 cancer  ,” “locally advanced pancreatic cancer,” “neoadjuvant therapy,” “neoadjuvant 
 chemotherapy  ,” “neoadjuvant  chemoradiation  ,” “ adjuvant therapy  ,” “pancreatic 
cancer,” “pancreatic ductal adenocarcinoma.” A summary table was crafted and 
each publication was graded by the authors following the Grading Recommendations 
Assessment, Development, and Evaluation guidelines ( GRADE   system).

       Results 

    Radiographic Staging and Defi nition of Borderline Resectable 
Pancreatic Head Cancer 

 It is important to emphasize the  borderline resectable   classifi cation is a radiographic 
determination using precise three-dimensional imaging and applying defi ned crite-
ria to categorize the extent of mesenteric and portal venous and arterial involvement 
[ 1 ]. Early studies on  neoadjuvant    therapy   for  resectable   cancers were fl awed by the 
use of suboptimal scanning technology and limited vascular imaging. More recent 
studies are limited by the lack of a universally accepted defi nition of borderline 
resectable  cancer   [ 1 ]. Two major defi nitions have been proposed. The MD Anderson 
anatomic defi nition differs from that proposed by the American Hepato-Pancreatico- 
Biliary Association (AHPBA), Society of Surgical Oncology (SSO), and Society 
for Surgery of the Alimentary Tract (SSAT) in terms of mesenteric vein involve-
ment [ 2 ]. Minimal abutment without distortion of the SMV or PV is considered 
potentially resectable in the MD Anderson criteria while the AHPBA/SSO/SSAT 
defi nition considers any vein involvement that may require even a small vein  resec-
tion   as borderline resectable. The International Study Group of Pancreatic Surgery 

   Table 50.1     PICO   table   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcome) 

  Pancreatic cancer   
of the head 

 Neoadjuvant 
 chemotherapy   

 Surgery + adjuvant 
 chemotherapy   

 Down-staging 

 Borderline 
 resectable   

 Neoadjuvant 
 chemoradiation   

 Morbidity 
 Mortality 
 Delay to adjuvant  chemotherapy   
 Overall  survival   

50 Neoadjuvant Therapy for Borderline Resectable Pancreatic Head Cancer



570

(ISGPS) recently published a consensus statement to address these differences on 
the defi nition and subsequent treatment recommendations for borderline resectable 
cancers [ 3 ]. In an attempt to reconcile these subtle but important differences and to 
underscore the importance of accurate assessment of arterial involvement, the 
ISGPS has recommended the adoption of the following defi nitions when reporting 
institutional series  outcomes   and when designing future  clinical trials  .

•    Determination of borderline resectability should be done using a specialized 
pancreatic protocol and a multidete ctor CT   with high-resolution, multiplanar 
reconstructions.  

•   The radiographic fi ndings supporting the designation of a borderline tumor in the 
head of the pancreas are: venous distortion of the SMV/portal venous axis even 
including short-segment venous occlusion with proximal and distal suffi cient 
vessel length allowing safe reconstruction; encasement of the gastroduodenal 
artery up to the hepatic artery, with either short-segment encasement or direct 
abutment of the hepatic artery without extension to the celiac axis; and tumor 
abutment of the SMA but with no greater than 180° of the vessel wall 
circumference.    

 Failure to apply these defi nitions or the lack of stated inclusion criteria compro-
mise many of the  neoadjuvant   series. Heterogeneous patient groups likely included 
localized tumors and locally advanced, unresectable lesions. Retrospectively ana-
lyzing the groups to fi nd the subset of patients with  borderline resectable   tumors is 
questionable and further diminishes the strength of the evidence. More recent series 
have reported fi ndings for better defi ned and more carefully selected patients and 
should form the basis for comparisons to standard  surgery  -fi rst strategies [ 4 ]. 
Ongoing  clinical trials   now use these defi nitions and patients are deemed borderline 
 resectable   and included in the study group only after central review of the  CT   scans.  

    Rationale and Current Evidence for Neoadjuvant Therapy 
for Borderline Resectable Disease 

 Clinical trials examining combined modality therapy for resected pancreatic  cancer   
were justifi ed given the high risk of systemic and locoregional recurrence following 
 surgery   alone. Early  clinical trials   of  adjuvant therapy   for resected patients were 
limited by their small size, lack of standardized patient entry criteria, and less than 
rigorous quality controls [ 5 ]. Over the past decade, several adjuvant therapy trials 
were completed and have established a  survival   benefi t for combined therapy versus 
surgery alone. The ESPAC-1 study, while criticized for its enrollment criteria, ana-
lytical design, and radiation therapy techniques, concluded that adjuvant  chemo-
therapy   with 5-FU administered for 6 months offered an  overall survival   advantage 
over no post-surgical therapy. Excluding patients who received any radiation, the 
patients receiving adjuvant chemotherapy alone had a median survival of 
21.6 months compared to 16.9 months for the  observation   group [ 6 ]. An important 
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modern adjuvant therapy study, noteworthy for its rigorous trial design, is the 
CONKO-001 trial, which compared six cycles of gemcitabine to observation alone 
after surgery in 354 patients [ 7 ]. Disease-free survival and overall survival were 
6.9 months and 20.5 months for the observation arm and 13.4 months (p < 0.001) 
and 24.2 (p < 0.06) months for the treatment arm. After the initial publication of this 
trial, gemcitabine became an accepted and standard recommendation for adjuvant 
therapy. The Radiation Therapy Oncology Group (RTOG) 97.04 study examined 
the role of adjuvant chemotherapy combined with modern radiation planning and 
stringent treatment quality controls. A 5-year update of the trial reported by Regine 
et al. demonstrated a trend toward improved survival (p = 0.08) for those patients 
receiving adjuvant gemcitabine versus conventional 5-FU [ 8 ]. More importantly, 
and more relevant to the current discussion of borderline tumors, the local failure 
rates were 25 % for the gemcitabine arm and 30 % for the 5-FU arm; both markedly 
improved from earlier studies using lower doses of radiation and without contempo-
rary three-dimensional image planning, and data used to justify the inclusion of 
radiation therapy in most series examining  neoadjuvant    therapy   for borderline 
tumors at high risk for local recurrence. Finally, Johns Hopkins University and 
Mayo Clinic recently reported large series of patients who had undergone surgical 
 resection   for pancreatic cancer and received postoperative 5-FU-based  chemoradia-
tion   with a median dose of 50.4 Gy [ 9 ,  10 ]. Both series found chemoradiation asso-
ciated with improved survival and increased locoregional control compared to 
surgery alone. While these adjuvant trials and large institutional series do not spe-
cifi cally address  borderline resectable   cancers, collectively they provide justifi ca-
tion to employ combined modality therapy for these high-risk tumors and serve as 
high quality standards for comparison purposes. 

 There are several theoretical and potential advantages of  neoadjuvant    therapy   for 
 borderline resectable   disease [ 11 ]. These include the potential to decrease tumor 
volume such that borderline  resectable   disease may become more easily resectable 
and to sterilize the peripheral extent of tumor infi ltration, resulting in fewer R1 
resections and reducing locoregional recurrences. Patients who receive neoadjuvant 
therapy may be more likely to complete the full course of treatments since 20–30 % 
of patients undergoing  resection   may not complete adjuvant treatments due to post-
operative  morbidity   and frailty [ 9 ,  10 ]. Lastly, and perhaps most importantly, 
patients who exhibit disease progression during neoadjuvant therapy self-select 
themselves as poor responders who are least likely to gain benefi t from resection 
and may forgo the morbidity of pancreatic resection. 

 Despite these biologic considerations and clinical justifi cations, to date, there are 
no suffi ciently powered randomized  clinical trials   that demonstrate signifi cant 
improvements in local control rates or disease-free  survival   and  overall survival   
rates for  neoadjuvant    therapy   for  resectable   or  borderline resectable   cancers com-
pared to a  surgery  -fi rst approach. Retrospective single institution series or reviews 
of combined centers’ experiences have similar design issues and statistical limita-
tions that diminish the  GRADE   of their conclusions and recommendations 
(Table  50.2 ). Patients were not randomized to a surgery-fi rst versus neoadjuvant 
strategy, thereby interjecting obvious selection bias in any group comparisons. The 
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determination of borderline resectable status was often done retrospectively using 
poorly defi ned or inconsistent criteria but clearly including patients ranging from 
localized disease to minimal venous distortion to those with signifi cant arterial abut-
ment and partial encasement. Neoadjuvant treatments were variable and not con-
trolled for the use of radiation. Early studies employed 5-FU-based protocols while 
more recent investigations either added or replaced 5-FU with gemcitabine [ 11 ]. 
Surgical techniques for vascular  resection   and reconstruction and the dissection of 
the critical uncinate margin on the right lateral wall of the superior mesenteric artery 
are not reported or not standardized. And the currently recommended guidelines for 
standard pathology handling of the specimens and critical margin determinations 
were not performed or poorly documented [ 3 ,  4 ].

   Prospective trials analyzing only patients with  borderline resectable   pancreas 
 cancer   are rare and limited by extremely small patient numbers, inconsistent inclu-
sion criteria, and short follow-up times. The safest conclusions from these trials are 
that  neoadjuvant    therapy   was relatively safe and associated with acceptable  resec-
tion   rates. Follow-up times are short,  survival   data are inconsistently reported, and 
conclusions regarding the effects on median survival and  overall survival   cannot be 
consistently determined. Marti et al. reported a phase I/II trial of induction gem-
citabine and cisplatin followed by concurrent radiation in borderline  resectable   dis-
ease with 4 of 26 patients (15 %) undergoing resection [ 12 ]. Median survival was 
13 months. A randomized phase II trial comparing two different gemcitabine-based 
protocols in borderline resectable disease was terminated early due to poor accrual, 
but toxicities were considered acceptable and 5 of 21 patients (24 %) underwent 
resection [ 13 ]. Kim et al. reported a recent multi-institutional phase II trial using full 
dose gemcitabine, oxaliplatin, and radiation, and included 39 patients with border-
line resectable disease. The overall resection rate was 63 % and the R0 resection 
rate was 53 % in the borderline resectable group [ 14 ]. Based on the small size of the 
study populations, the variability in treatment schemes and the relatively short fol-
low- up times of the phase II trials for neoadjuvant therapy for borderline resectable 
tumors, the quality of this line of evidence would have to be considered very 
low-to-low. 

 Single institution reports represent by far the largest number of reports examin-
ing  neoadjuvant    therapy   for  borderline resectable   cancers. In the largest, 84 patients 
with anatomically borderline  resectable   tumors were treated at MD Anderson with 
5-FU- or gemcitabine-based  chemoradiation  , typically preceded by systemic  che-
motherapy   prior to planned  resection   [ 15 ]. Of this group, 38 % underwent resection 
and 97 % of these had R0 resections. The median  survival   of all patients was 
21 months: 40 months for resected patients and 15 months for patients who did not 
undergo resection [ 15 ]. Patel et al. prospectively examined 17 patients with border-
line disease treated with gemcitabine-docetaxel-capecitabine induction chemother-
apy and 5-FU-based chemoradiation. Resections were successful in 64 % and 89 % 
had an R0 resection [ 16 ]. Stokes et al. prospectively examined 40 borderline resect-
able cases treated with capecitabine and concurrent radiation. The resection rate 
was 40 %, the R0 resection rate was 88 % and the reported median survival was 
23 months [ 17 ]. McClain et al. reported 26 borderline resectable patients treated at 
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the University of Cincinnati who completed neoadjuvant chemotherapy (gem-
citabine) and then underwent exploration.  Surgical resection  s were completed in 12 
patients (46 %) with 67 % R0 resections and a median survival in the resected 
patients of 23.3 months [ 18 ]. The quality of this line of evidence would also have to 
be graded as very low-to-low with the exception of the tightly controlled MD 
Anderson series, which is graded as moderate quality. 

 Systematic reviews and meta-analyses of  neoadjuvant    therapy   for pancreatic 
 cancer   have been performed but recommendations from these reviews are limited 
by the inconsistencies of the individual studies and the variability of the treatment 
schemes. Assifi  et al. reviewed a total of 14 phase II  clinical trials   including 536 
patients with  resectable   and/or  borderline resectable   disease [ 19 ]. After treatment, 
resectability was 65.8 % (95 % CI, 55.4–75.6 %) in patients with localized, resect-
able tumors compared with 31.6 % in patients with borderline disease (95 % CI, 
14.0–52.5 %). A partial response was observed in patients with borderline/unresect-
able tumors; 31.8 % (95 % CI, 24.2–39.8 %) compared to 9.5 % (95 % CI, 2.9–
19.4 %) in the resectable group (p = .003). Progressive disease was seen in 17.0 % 
(95 % CI, 11.9–22.7) of patients with resectable tumors versus 21.8 % (95 % CI, 
10.1–36.5 %) in the borderline group (p = .006). Median  survival   in resected patients 
was 23 months for the resectable group and 22 months for borderline patients [ 19 ]. 
Laurence et al. reviewed prospective trials and retrospective series with a focus on 
complication rates, surgical  morbidity   and survival [ 20 ]. The meta-analysis found 
that patients with “unresectable” (criteria not well-described) pancreatic cancer 
who underwent neoadjuvant chemoradiotherapy achieved similar survival  outcomes   
to patients with resectable disease, even though only 40 % were ultimately resected. 
Neoadjuvant chemoradiotherapy was not associated with a statistically signifi cant 
increase in the rate of  pancreatic fi stula   formation or total complications. Patients 
receiving neoadjuvant chemoradiotherapy were less likely to have a positive  resec-
tion   margin, although there was an increased risk of peri-operative death [ 20 ]. While 
these meta-analyses and reviews serve to summarize the current approaches and 
reported outcomes for neoadjuvant therapy for pancreatic cancer, the quality of the 
included studies and the limited power of the statistical analysis would qualify the 
strength of these studies as very low to low.   

    Recommendations 

 There have been two expert consensus statements on  borderline resectable   pancreas 
 cancer   crafted in the last 5 years and the 2014 NCCN guidelines for pancreatic can-
cer are now published [ 1 ,  3 ,  21 ]. All acknowledge the limitations of the currently 
available data. All unequivocally emphasize the need for high quality radiographic 
imaging to accurately categorize these cancers and clearly delineated and strin-
gently applied defi nitions of vascular involvement for appropriate treatment recom-
mendations. The NCCN guidelines recommend that patients with borderline 
 resectable   cancer should be treated fi rst with  chemotherapy  , and then consolidated 
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with  chemoradiation   and  surgery   if appropriate. The basis for this recommendation 
was not data driven but rather on the authors’ perspectives that patients with pancre-
atic cancer should be selected for a surgery-fi rst approach based on the likelihood of 
obtaining margin-negative resections. Patients with borderline resectable tumors are 
at high risk for margin-positive resections that are associated with poorer  outcomes   
in most surgical series. The use of  neoadjuvant    therapy   in borderline cases was rec-
ommended because of the potential to increase R0 resections [ 21 ]. Clinical trials 
employing novel chemotherapy combinations found to be active in advanced, meta-
static disease and modifi ed radiation approaches are underway and referral to large 
volume centers participating in these trials is strongly encouraged. In the United 
States, Katz et al. have initiated a multi-institutional feasibility trial with 
FOLFIRINOX (5-FU, leucovorin, oxaliplatin, irinotecan) followed by a 
capecitabine-based chemoradiotherapy protocol (Alliance trial A0201102). A com-
parable study has been initiated by high-volume German centers (NEOPA-Trial; 
1.8 Gy in 28 fractions with concurrent gemcitabine 300 mg/m; registered at EudraCT 
[European Union Drug Regulating Authorities Clinical Trials]   www.eudract.ema.
europa.eu    ), Reg-No. 2012-003669-17). 

 Surgeons operating on patients with  borderline resectable   cancers should antici-
pate portal and mesenteric venous involvement and extension of the  cancer   to arte-
rial margins. Only surgeons experienced with advanced techniques of vascular 
 resection   and reconstruction should therefore undertake these operations [ 4 ,  21 ]. 

    Recommendations 

     1.    Patients with suspected  borderline resectable   pancreatic head cancers should 
have high-quality three-dimensional imaging performed to precisely defi ne the 
extent of mesenteric and portal vein involvement and the degree of arterial abut-
ment and encasement (evidence quality high; strong recommendation).   

   2.    Patients with  borderline resectable   tumors, as defi ned by the ISGPS, will likely 
require PV/SMV  resection   and reconstruction and should be referred to high 
volume centers with surgeons experienced in advanced vascular techniques (evi-
dence quality high; strong recommendation).   

   3.    A  surgery  -fi rst approach versus a  neoadjuvant   strategy should be individualized 
for each patient, and whenever possible, participation in a prospective clinical 
trial is encouraged (evidence quality low; conditional recommendation).       

    A Personal View of the Data 

 In summary, there are no proven protocols for  neoadjuvant    therapy   for  borderline 
resectable   pancreatic head cancers. Reports include both 5-FU-based and 
gemcitabine- based  chemotherapy   protocols and nearly all of the series include 
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concurrent radiation. Complications rates are not markedly increased relative to 
traditional  surgery  -fi rst approaches and median  survival   rates are at best comparable 
to those reported in large primary surgical series. Conversely, there are no large, 
well- controlled, prospective, multi-institutional series or even high-quality single 
institution reports suffi ciently powered to prove that a surgery-fi rst approach results 
in a better outcome than when a neoadjuvant strategy is utilized for this particular 
subset of patients. There are certainly no randomized phase III trials that have com-
pared neoadjuvant therapy for borderline  resectable   disease versus surgery without 
initial therapy. There is simply no data that irrefutably supports one approach over 
the other. Regardless of therapeutic strategy, these are particularly challenging and 
potentially dangerous cases that should be cared for by experienced surgeons at 
high-volume centers.     
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    Chapter 51   
 Neoadjuvant Therapy for Resectable 
Pancreatic Adenocarcinoma                     

       Heather     L.     Lewis      and     Syed     A.     Ahmad    

    Abstract     For the subset of patients with pancreatic cancer who have been deemed 
to have resectable disease at the time of diagnosis, complete surgical resection 
offers the only chance of long-term cure. More recently, the addition of adjuvant 
therapy has been shown to offer a survival advantage over those patients who 
undergo resection alone, and multimodality therapy represents the widely accepted 
treatment paradigm. Neoadjuvant therapy in the setting of a multimodality approach 
to treating resectable pancreatic head adenocarcinoma may allow for: (1) early 
treatment of occult micometastatic disease and testing of the biology of the tumor 
to minimize the risk of unnecessary surgical resection in patients who would not 
benefi t from surgery, (2) increasing the rate of margin negative resections, (3) 
increasing the likelihood of completing adjuvant therapy, and (4) possibly reducing 
surgical morbidity.  

  Keywords     Pancreatic cancer   •   Neoadjuvant   •   Resectable   •   Chemotherapy   • 
  Chemoradiation  

      Introduction 

  Pancreatic adenocarcinoma   is the fourth leading cause of  cancer   related deaths 
amongst both men and women in the United States [ 1 ]. Unlike many other malig-
nancies, the incidence of pancreatic cancer has remained stable over the past decade 
[ 2 ]. The  diagnosis   remains one which is associated with a poor long-term prognosis, 
with an estimated overall 5-year  survival   of 5 %. Because of the insidious nature of 
the disease process, most patients have advanced or unresectable disease at the time 
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of diagnosis. Even in the one fi fth of patients with pancreatic cancer who are deemed 
to have  resectable   disease, roughly 85 % who undergo  resection   will ultimately suf-
fer from recurrence, a fact which points towards what appears to be the systemic 
nature of pancreatic cancer at diagnosis [ 3 ]. 

 The introduction of a multimodality approach to the treatment of pancreatic 
 cancer   allows for a more effective strategy in an effort to treat both local and 
 systemic disease. In patients with resected pancreatic cancer,  adjuvant therapy   
using  chemotherapy   and/or  chemoradiation   have been postulated as a means to 
improve  overall survival  . The ESPAC-1 and CONKO-001 trials established a  sur-
vival   advantage in those patients who underwent administration of adjuvant che-
motherapy [ 4 – 6 ]. The value of radiation therapy continues to be debated and is 
currently being investigated in the current RTOG 0848 study [ 7 ]. However, despite 
the survival advantage associated with the receipt of adjuvant therapy, approxi-
mately one quarter of patients with resected pancreatic cancer do not ultimately 
undergo treatment with adjuvant therapy due to decreased performance status and/
or complications associated with surgical recovery [ 5 ]. As a result, continued study 
into additional strategies for improved  outcomes   has resulted in the evaluation of 
different  neoadjuvant   therapies, including both chemotherapy and chemoradiation 
based regimens. 

 Incorporation of  neoadjuvant    therapy   into the multimodality regimen for the 
treatment of pancreatic  cancer   has been shown to be feasible, with many potential 
advantages. The proposed rationale behind neoadjuvant therapy includes an 
increased probability of margin negative  resection  , increased probability of comple-
tion of a multimodality treatment regimen, allowing for declaration of distant 
metastasis, and possibly improved surgical  outcomes  . However, others have argued 
that using neoadjuvant therapy in patients with  resectable   disease may lead to a loss 
of “the window” for surgical resectability, and the associated diffi culty of obtaining 
a pre-treatment tissue  diagnosis  . The aim of this chapter is to address the data behind 
the use of neoadjuvant therapy in the setting of resectable pancreatic head adenocar-
cinoma, specifi cally assessing  morbidity   and  mortality  ,  overall survival     , and cost 
effectiveness.  

    Search Strategy 

 A literature search of English language publications from 1990 to 2014 was used to 
identity published data on  neoadjuvant    therapy   for  resectable   pancreatic head  can-
cer   using the  PICO   outline (Table  51.1 ). Databases searched were PubMed and 
Cochrane  Evidence Based Medicine  . Terms used in the search were “pancreatic 
adenocarcinoma AND resectable,” “pancreatic adenocarcinoma neoadjuvant 
 chemoradiation  ,” “pancreatic adenocarcinoma  adjuvant therapy  ,” “pancreatic ade-
nocarcinoma neoadjuvant  chemotherapy  ” “pancreatic adenocarcinoma” AND 
(“resectable”) AND (“neoadjuvant chemoradiation” OR “neoadjuvant chemother-
apy”). The data was classifi ed using the  GRADE   system.
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       Results 

    Resectable Pancreatic Cancer 

 Utilization of a standardized defi nition for what is considered  resectable   pancreatic 
head adenocarcinoma allows for treatment strategies to be more uniformly evalu-
ated. Importantly, accurate determination of resectability also saves the  morbidity   
associated with laparotomy and  pancreaticoduodenectomy   in those patients whose 
disease stage would not allow them to derive benefi t from that therapy. A consensus 
statement has been developed in order to establish set criteria for tumors which may 
be considered resectable [ 8 ]. 

 Advancements in imaging have further facilitated accurate pretreatment staging 
of pancreatic adenocarcinoma. Currently, a MRI, or a multidetector 64-slice  CT   
scanner with advanced volumetric processing capacity is considered the optimal 
radiographic imaging modality. For CT imaging, both arterial and portal venous 
phase IV contrast with administration of water as PO contrast should be employed. 
In addition,  endoscopic    ultrasound   may be used as an adjunct for further evaluation 
of major vascular structures, assessment of atypical lesions, and as a means for tis-
sue  diagnosis  . Major criteria for resectability include (1) the absence of distant 
metastasis (2) portal vein and superior mesenteric vein free of any tumor distortion, 
abutment, tumor thrombus, or encasement and (3) no tumor involvement of arterial 
vascular structures, including the hepatic artery, celiac axis and superior mesenteric 
artery.  

    Neoadjuvant Therapy 

    Establishing Feasibility 

 Use of  neoadjuvant    chemoradiation   for  resectable   pancreatic adenocarcinoma was 
fi rst shown to be feasible, and with a low rate of complication and toxicity by Evans 
et al. in 1992. In their study of 28 patients, a regimen of 5-FU and 50.4 Gy radiation 
was given and completed in the preoperative setting by all patients. A total of 17 
patients were then able to undergo  resection  , the remaining excluded due to progres-
sion of disease. Evidence of tumor cell injury was seen in all resected specimens 
[ 9 ]. Yeung et al. subsequently published their results using neoadjuvant chemora-
diation in a phase II trial out of Fox Chase Cancer Center in 1993. In this study, 26 

   Table 51.1     PICO   table   

 (P) Patients  (I) Intervention 
 (C) Comparator 
group  (O) Outcome measured 

 Patients with  resectable   
pancreatic adenocarcinoma 

 Neoadjuvant 
therapy 

 Surgery fi rst with 
 adjuvant therapy   

 Overall  survival,    morbidity/ 
  mortality,   cost effectiveness 
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patients with pancreatic  cancer   were treated with a regimen, which consisted of 
50.4 Gy radiation in combination with 5-FU and Mitomycin C. They demonstrated 
a decreased rate of lymph node positive disease and an R0 resection in all of the 
38 % of patients who ultimately underwent resection [ 10 ]. Shortly thereafter, Spitz 
et al. categorized 142 patients with radiographically resectable pancreatic head ade-
nocarcinoma to receive either preoperative chemoradiation followed by  surgery   or 
surgery fi rst followed by  adjuvant therapy  . While the  overall survival      difference 
between the two groups (19.2 months vs 22 months) did not reach statistical signifi -
cance, they did note a lower rate of locoregional recurrence in the group who 
received preoperative chemoradiation. Additionally, it is important to note that 24 
% of the patients who underwent surgery fi rst did not ultimately receive adjuvant 
therapy [ 11 ]. This subset represents the group spared unnecessary surgery.  

    Historical Review 

 Over the course of the following years after these initial studies, multiple other 
phase II trials and multi-institutional studies of  neoadjuvant    chemoradiation   have 
been completed, utilizing several different modifi cations in treatment regimens 
(Table  51.2 ). Recognizing the increased GI toxicity associated with the 50.4 Gy 
radiation regimen, the group at MD Anderson Cancer Center introduced a 30 Gy 
multi-fractionated radiation therapy regimen given in conjunction with infusional 
5-FU. This regimen was well tolerated, as 35 out of 35 patients completed all 
assigned therapy and underwent successful  surgery  . Median  survival   in this study 
was 25 months [ 12 ]. During this time, additional research was done that demon-
strated the benefi t of gemcitabine in the setting of advanced pancreatic  cancer  , as 
well as, its ability to act as a potent radiosensitizer. Thus, this agent was subse-
quently investigated in conjunction with radiation therapy in the neoadjuvant set-
ting. A small multi-institutional study which evaluated 20 patients with potentially 
 resectable   pancreatic adenocarcinoma who received full dose preoperative 
gemcitabine- based chemoradiation (1000 mg/m2 gemcitabine + 36 Gy fractionated 
radiation therapy) was reported on by Talamonti et al. in 2006. In their study, 85 % 
of patients underwent successful  pancreaticoduodenectomy   with a resultant median 
 overall survival   of 26 months [ 13 ].

   In order to further decrease toxicity and improve delivery of chemotherapeutic 
agents, the group from the MD Anderson Cancer Center enrolled 86 patients to 
receive reduced dose gemcitabine  chemotherapy   (400 mg/m2) in combination with 
30 Gy fractionated radiation therapy in a  neoadjuvant   fashion [ 14 ]. Disease progres-
sion or a decline in performance status excluded 13 patients from  surgery  , but of the 
73 patients who ultimately went to surgery 64 underwent successful  pancreatico-
duodenectomy  . Median  overall survival      in those patients who completed  chemora-
diation   with surgical  resection   was 34 months, and for all patients 22.7 months [ 14 ]. 
Concomitant to that study, investigation of the addition of a gemcitabine-cisplatin 
chemotherapy regimen prior to receipt of gemcitabine-based chemoradiation was 
also undertaken by the researchers at the MD Anderson Cancer Center. Unfortunately, 
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this regimen did not demonstrate any superiority to gemcitabine-based chemoradia-
tion alone [ 15 ]. 

 Another combination regimen that has been utilized was full dose gemcitabine 
(1000 mg/m2) and oxaliplatin (85 mg/m2) with multi fractionated radiation therapy 
(30 Gy total). In this multi institutional study, 68 patients with either  resectable  , 
 borderline resectable  , or unresectable pancreatic adenocarcinoma were evaluated. 
Of the 23 patients with potentially resectable disease, 13 (57 %) ultimately under-
went  resection   and median  overall survival   for all resected patients was 27.1 months 
[ 16 ]. Finally, another alternative regimen that has been studied was the combination 
of docetaxel-based  chemoradiation   along with infusional docetaxel therapy (30 mg/
m2/week) over 5 weeks. The authors reported tumor progression in 32 % of patients 
which precluded resection, however, all 17 patients who underwent successful  pan-
creaticoduodenectomy   were noted to have an R0 resection, and three patients had a 
complete pathological response. Median  survival   in resected patients was 32 months 
[ 17 ]. A smaller subset of studies have been done addressing  neoadjuvant    chemo-
therapy   alone, most utilizing a gemcitabine or gemcitabine + platinum based regi-
men [ 18 ,  19 ]. Recently, a prospective phase II single institution trial out of Memorial 
Sloan Kettering Cancer Center evaluated 38 patients who received gemcitabine 
(1000 mg/m2) and oxaliplatin (80 mg/m2) for four cycles, of which 27 underwent 
successful surgical resection (71 %). At the conclusion of the study, 63 % of patients 
remained alive with a median survival of 27 months [ 20 ]. 

 The collective body of evidence regarding the use of  neoadjuvant    therapy   dem-
onstrates a range of  overall survival   between 26 and 34 months in recent studies 
[ 13 – 17 ,  20 ]. This is compared to a median overall  survival   of 22–23 months in the 
major studies evaluating patients who undergo  surgery   plus  adjuvant therapy   alone 
[ 4 ,  6 ]. It is important to note that the survival data for patients receiving neoadjuvant 
therapy is infl uenced by a strong selection bias as most results do not denote an 
intent to treat analysis. Additionally, comparison of the different neoadjuvant regi-
mens is diffi cult as they have utilized different algorithms, dosing of radiation, and 
dosing of chemotherapeutic regimens. Finally, the patterns of failure following a 
neoadjuvant approach seem to be similar to that seen after an adjuvant approach, 
and an overall analysis of the data would suggest that  outcomes   following neoadju-
vant treatment is at least equivalent to an adjvuant approach. The rational for a 
neoadjuvant approach, therefore, lies with the theoretical advantages that are dis-
cussed in the sections below.   

    Rationale for Administration of Neoadjuvant Therapy 

 As the understanding of the biology of pancreatic  cancer   continues to evolve, new 
research continues to drive the rationale behind of the advantages which may be 
provided through the incorporation of  neoadjuvant    therapy   into the multimodality 
treatment sequence. Through use of DNA sequencing in tissue from patients with 
pancreatic cancer, the presence of metastatic subclones which live within the 
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primary tumor have been identifi ed, and mathematical modeling has been used to 
predict a timeframe of multiple years over which these cells may disseminate and 
eventually cause metastatic disease [ 21 ]. More recently however, evidence has 
emerged which may indicate even earlier metastatic capabilities of neoplastic pan-
creatic cells, even in the setting of pancreatic intraepithelial neoplasia (PanIN) [ 22 ]. 
Further, cells with very high metastatic capacity may be generated during early and 
exponential tumor growth [ 23 ]. Collectively, this data points towards the concept of 
pancreatic adenocarcinoma as a systemic disease process, regardless of the size or 
appearance of the primary tumor or presence of clinically evident metastasis. As 
such, systemic therapy which is initiated in the neoadjuvant setting addresses occult 
micrometastatic disease that could lead to recurrence. 

 In those patients that undergo a  surgery   fi rst approach, margin negative resec-
tions have been associated with an overall improved median  survival  . The margin 
that is most likely to be positive following  pancreaticoduodenectomy   (PD) is the 
superior mesenteric artery/uncinate (SMA/uncinate) margin. The SMA/uncinate 
margin comprises the tissue that connects the uncinate process to the right lateral 
border of the proximal 3–4 cm of the SMA. Because tumors in the pancreatic head 
lie in close proximity to the SMA and because the SMA cannot be removed and 
reconstructed at surgery, the SMA/uncinate margin is the margin that is most often 
positive following PD. Numerous studies have demonstrated inferior survival when 
this margin is positive during a surgery fi rst approach. In a study by Yeo et al. the 
survival of 201 patients undergoing PD were analyzed. A positive margin was 
observed in 29 % of patients, patients with negative margins had a median survival 
of 18 months compared to 10 months for patients with positive margins [ 24 ]. A 
similar result was found by Neoptolemos et al. in analysis of the ESPAC-1 Study 
results. In this study of 541 patients, those with negative  resection   margins had 
superior  overall survival   [ 25 ]. Utilization of a  neoadjuvant   approach may offer the 
advantage of improved negative margin resection. This was highlighted in the study 
by Talamonti et al.[ 13 ] utilizing a full dose Gemcitabine and reduced dose radiation 
strategy. In this study, 94 % of patients underwent a margin negative resection. In 
addition to decreasing overall margin positivity, a neoadjuvant approach may 
decrease the signifi cance of a positive margin. In a study by Raut et al. margin 
analysis was undertaken in 360 patients undergoing PD following a neoadjuvant 
strategy. The resection margins were negative in 83 % of patients. Patients who 
underwent a margin negative resection had a median survival of 28 months com-
pared to 22 months for those with positive margins (p = NS) [ 26 ]. This indicates that 
after  neoadjuvant therapy  , the negative impact of a positive margin may be 
diminished. 

 The ability to downstage pancreatic adenocarcinoma with  neoadjuvant    therapy   
has been evaluated in both the setting of  resectable   as well as locally advanced dis-
ease. Evans et al. [ 14 ] demonstrated that 58 % of patients who underwent neoadju-
vant gemcitabine based  chemoradiation   had a partial response to therapy, with two 
patients noted to have a pathologic complete response, and 89 % of patients noted 
to have an R0  resection  . Response to therapy may also help the surgeon predict long 
term  survival  . In the setting of locally advanced pancreatic adenocarcinoma, despite 
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only 12 % of patients meeting radiographic criteria for downstaging, Katz et al. 
were able to achieve an 80 % margin negative (R0) resection rate in their study of 
122 patients [ 27 ]. Notably, in both of these studies, patients who completed therapy 
and underwent resection were noted to have a median  overall survival   of 34 months 
and 33 months, respectively. In contrast, those patients who had progression of dis-
ease while undergoing neoadjuvant therapy and were not ultimately able to undergo 
resection, had a median overall survival of 7.1 months and 12 months [ 14 ,  27 ]. In 
the French multi-instituional Phase II FFCD 9704-SFRO trial, histopathologic 
response to neoadjuvant chemoradiation was measured in patients receiving a regi-
men of infusional 5-FU and cisplatin along with 50 Gy radiation. In 41 patients with 
potentially resectable pancreatic adenocarcinoma who underwent chemoradiation, 
26 (63 %) completed therapy and went on to  surgery  , with an R0 resection rate of 
80.7 % [ 28 ]. One complete pathologic response was noted in this group, with that 
patient still alive at 64 months following resection, emphasizing the additional sur-
vival advantage that has been noted in the small subset of patients who do achieve a 
pathologic complete response (pCR). In a large, retrospective review of 442 patients 
who underwent neoadjuvant chemoradiation therapy, only 2.5 % of patients were 
noted to have a pCR, however, those patients had a signifi cantly better disease spe-
cifi c survival than their counterparts [ 29 ]. 

 Patients who undergo  neoadjuvant    therapy   are more likely to complete trimodal-
ity therapy, in contrast to the often-poor rates of completion in patients who undergo 
 surgery   fi rst followed by  adjuvant therapy   [ 30 ]. Notably, in the recent ESPAC-3 
study for adjuvant therapy comparing 5-FU and folinic acid with gemcitabine, only 
68 % of patients were able to complete all six cycles of therapy, with a median  over-
all survival      difference of 28 months vs 14.6 months when those who completed 
therapy were compared with those who did not [ 31 ]. In those patients greater than 
70 years old there was a further decreased rate of completion of postoperative ther-
apy, and a higher risk for  morbidity   associated with surgical  resection   [ 32 ]. In con-
trast, a recent study at MD Anderson Cancer Center demonstrated that receipt of 
neoadjuvant therapy in patients who were greater than 70 years of age with  resect-
able   pancreatic head adenocarcinoma resulted in 85 % completion rate of trimodal-
ity therapy [ 33 ]. Neoadjuvant therapy also is able to select out those patients whose 
performance status does not allow them to tolerate that regimen preoperatively, 
therefore excluding them from the morbidity related to  pancreaticoduodenectomy   
[ 34 ,  35 ]. 

 It is clear that  neoadjuvant    therapy   does not contribute to increased post opera-
tive  morbidity  . Cooper et al. demonstrated in their review of data from the NSQIP 
Pancreatectomy Demonstration Project over 2011–2012, a total of 1562 patients 
with pancreatic adenocarcinoma undergoing neoadjuvant therapy ( chemotherapy   
alone or chemotherapy + radiation) vs  surgery   fi rst, that postoperative morbidity 
and 30-day  mortality   rates were similar between groups [ 36 ]. Similarly, in an insti-
tutional review of 167 patients with  resectable   pancreatic head adenocarcinoma 
who underwent either neoadjuvant therapy or surgery fi rst, the group at MD 
Anderson Cancer Center, demonstrated a similar rate of postoperative major 
 complications when the groups were compared [ 27 ]. While the toxicity profi le for 
neoadjuvant therapy has been demonstrated to be low overall, there have been sev-
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eral factors that critics have cited in order to support a surgery fi rst approach. One 
of those is the need for tissue  diagnosis   prior to initiation of neoadjuvant therapy, 
something that is not requisite for a surgery fi rst approach in resectable pancreatic 
head adenocarcinoma. However, in the current era in which the diagnostic work up 
of pancreatic  cancer   includes  endoscopic    ultrasound   for the vast majority of patients, 
obtaining a biopsy is increasingly less a complicating component. Similarly, the 
need for endobiliary stenting, while some have shown a potentially increased risk of 
post-operative wound infection [ 37 ], was not a factor accounting for increased mor-
bidity and mortality overall, and is associated with an overall low rate of complica-
tions [ 38 ]. In a recent review of 1302 patients undergoing  pancreaticoduodenectomy  , 
endobiliary stenting did not increase risk of 30- or 90-day readmission [ 39 ]. In favor 
of a neoadjuvant approach, many studies have demonstrated a lower leak rate at the 
pancreaticojejunal anastomosis in those patients who received neoadjuvant therapy, 
further enforcing an optimal surgical benefi t for this group of patients [ 14 ,  15 ]. 
While some still argue that the “window of opportunity” for  resection   may be lost 
during the period of time during which neoadjuvant therapy is administered, it is 
signifi cant to note that those patients who do progress during neoadjuvant therapy 
are most often noted to have systemic disease and not local progression. A recent 
retrospective review comparing patients who underwent a surgery fi rst approach 
versus neoadjuvant therapy fi rst noted distant spread of disease in all patients who 
progressed while on therapy [ 30 ]. This again underlines both the biology of pancre-
atic adenocarcinoma as a frequently systemic disease at the time of diagnosis, as 
well as the benefi t that may be derived in identifying those patients who may have 
occult micrometastatic disease at the time of diagnosis. Finally, emerging data also 
suggests that neoadjuvant therapy may in fact be more cost effective as well, with a 
recent review using data from the American College of Surgeons National Cancer 
Database and the National Surgical Quality Improvement Program (NSQIP) dem-
onstrating a cost savings of approximately $10,000 per patient-case compared to 
those who underwent a surgery fi rst approach [ 40 ].  

    Emerging Strategies 

 No prospective, randomized, controlled trials have yet been published in order to 
directly compare  neoadjuvant    therapy   plus  surgery   with surgery and  adjuvant ther-
apy  . However, there are several ongoing trials that seek to address this question. The 
Interdisciplinary Working Group of Gastrointestinal Tumors of the German Cancer 
Aid has undertaken a multicenter randomized phase II trial for patients with  resect-
able   pancreatic adenocarcinoma to be randomized to one of two arms: (A) conven-
tional, fractionated radiation therapy (50.4 Gy) combined with gemcitabine (300 
mg/m2) and cisplatin (30 mg/m2) followed by surgery and adjuvant gemcitabine or 
(B) surgical  resection   alone followed by gemcitabine [ 41 ]. 

 The NEOPA trial (NCT 01900327) is a randomized, two armed, multicenter, 
 open   label, phase III trial whose aim is to investigate low dose (300 mg/m2) 
gemcitabine- based radiation therapy (50.4 Gy) with surgical  resection   alone. 
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Accrual is currently ongoing [ 42 ]. The NEOPAC trial (NCT 01314027) is a pro-
spective randomized phase III trial whose primary study endpoint is progression 
free  survival   between patients with  resectable   pancreatic adenocarcinoma who 
undergo  surgery   fi rst followed by adjuvant full dose gemcitabine (1000 mg/m2) 
versus  neoadjuvant    chemotherapy   with gemcitabine (1000 mg/m2) and oxaliplatin 
(100 mg/m2) followed by surgery and the same adjuvant regimen as the surgery fi rst 
group [ 43 ]. Finally, the NEOPANC trial is a prospective one-armed single center 
phase I/II trial (NCT 01372735) which will evaluate feasibility of neoadjuvant short 
course intensity modulated radiation therapy (5 Gy × 5) in combination with intra-
operative radiation therapy (15 Gy), followed by adjuvant chemotherapy [ 44 ]. One 
year local recurrence rates will also be assessed. 

 Based on the recent literature demonstrating a  survival   advantage for those 
patients with metastatic pancreatic adenocarcinoma using the FOLFIRINOX (oxali-
platin, irinotecan, leucovorin, fl uorouracil) regimen compared to gemcitabine alone 
[ 45 ], studies are additionally underway to assess the role that these agents may play 
in the  neoadjuvant   setting. Although this regimen is not currently being investigated 
for patients with  resectable   pancreatic adenocarcinoma, the Alliance for Clinical 
Trials in Oncology group is evaluating the use of FOLFIRINOX followed by 
50.4 Gy radiation + capecitabine in the neoadjuvant setting for patients with  border-
line resectable   tumors (Alliance A021101). Goals of this study will be to assess 
survival and toxicity of this regimen [ 46 ]. Other agents which have shown antitumor 
activity in the setting of metastatic or locally advanced pancreatic adenocarcinoma 
are also being evaluated in the neoadjuvant setting. The agent S-1, an oral fl uoropy-
rimidine derivative that has previously been used in conjunction with gemcitabine 
in metastatic pancreatic adenocarcinoma, was studied in a group of 36 patients with 
resectable and borderline resectable disease [ 47 ] with a 87 % R0  resection   rate and 
good overall tolerance, indicating potential for continued future study and applica-
tion in the neoadjuvant setting.   

    Recommendations 

  Pancreatic cancer      remains a disease with a dismal long term prognosis, because of 
the formation of early micrometastatic disease. When possible, multimodality ther-
apy incorporating  surgery  , systemic therapy, and radiation therapy can improve  sur-
vival  . Based on the literature to date, we may conclude that utilization of a 
 neoadjuvant   approach to deliver  chemotherapy   and radiation in the setting of poten-
tially  resectable   pancreatic adenocarcinoma is a reasonable and safe alternate to a 
surgery fi rst approach, with similar overall  morbidity   and  mortality  . It allows for 
identifi cation of patients with favorable biology that may benefi t from surgery, it 
may downstage tumors and, therefore, enhances margin negative  resection   rates. 
Finally, it allows for evaluation of treatment response, and improves the rate of 
completion of multimodality therapy.  
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    A Personal View of the Data 

 It is now clear that in the overwhelming majority of patients pancreas  cancer   is a 
systemic disease at  diagnosis  . This has been demonstrated by both pre-clinical and 
clinical data. Historically, our approach in managing pancreas cancer has focused 
on aggressive local regional therapy, and despite increasingly aggressive  surgery   
median  survival   for pancreas cancer has not improved. This is refl ected in the analy-
sis of randomized clinical studies that have been completed. The median survival in 
the treatment arm of the 1995 GITSG study was 21 months, and despite two decades 
of effort, the median survival for the 2010 ESPAC-3 study remained at 23 months. 
Continued progress in pancreas cancer will depend on development of effective 
systemic therapy and early treatment of micrometastic disease. The  neoadjuvant   
approach to pancreas cancer offers theoretical and common sense advantages for 
both the clinician and the patient. For example, it allows clinicians to assess treat-
ment response in order to determine effectiveness of therapy. It also establishes a 
model in which researchers can study the tumor response to therapy at a molecular 
level. For the patients, it allows surgeons to reserve the most morbid part of multi-
modality therapy (i.e. surgery) for the subset of people most likely to benefi t from 
it. It increases the likelihood of complete tumor extirpation, and potentially 
decreased post operative  morbidity  .  

    Recommendations 

•     Neoadjuvant therapy in the setting of pancreatic head adenocarcinoma is a rea-
sonable fi rst line alternate with equivalent  morbidity   and  mortality   rates com-
pared to a  surgery   fi rst approach (Evidence quality high; strong 
recommendation).  

•   Neoadjuvant therapy helps to identify a subset of patients for which surgical 
 resection   would not offer  survival   benefi t (Evidence quality high; strong 
recommendation).  

•   Neoadjuvant therapy is cost effective (Evidence quality moderate; weak 
recommendation).  

•   Neoadjuvant therapy may improve R0  resection   rates and decrease local recur-
rence (Evidence quality moderate; weak recommendation).        
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    Chapter 52   
 Management of Borderline Resectable 
Pancreatic Cancer                     

       Gareth     Morris-Stiff     and     R.     Mathew     Walsh    

    Abstract     Conventional defi nitions of resectability for pancreatic cancer would sug-
gest that approximately 20 % are suitable for resection. Over recent years, the con-
cept of borderline resectable pancreatic cancer (BRPC) has evolved to describe the 
cohort comprising around 25 % of patients with tumors involving either the porto-
venous confl uence or mesenteric arteries in which a curative resection is technically 
feasible. The technical feasibility should correspond with acceptable perioperative 
and oncologic outcomes, both of which may be improved with neoadjuvant therapy. 
It is crucial that high quality cross-sectional imaging be performed during the evalu-
ation, and that patients fi tting internationally accepted criteria for BRPC be dis-
cussed in a multidisciplinary setting where neoadjuvant therapy should be considered. 
In order to comprehensively evaluate outcomes, and allow comparison with other 
contemporary series, an adopted standardized system of intra-operative evaluation 
and vascular resection is required. It is also of great importance that a standardized 
means of pathological assessment of resected specimens be used to allow accurate 
defi nition of curative resections in the technically challenging BRPC cohort.  

  Keywords     Pancreatic cancer   •   Borderline resection   •   Chemotherapy   •   Radiotherapy   
•   Surgery  

      Introduction 

 While surgical  resection   is the only curative option for pancreatic  cancer  , only 
10–20 % of patients have clearly  resectable   disease, and 30–40 % have locally 
advanced disease often deemed ‘inoperable’ due to involvement of surrounding 
major vessels. The remaining 50–60 % have metastatic disease [ 1 ]. Recent improve-
ments in pre-operative assessment and operative technique has challenged the 
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‘inoperability’ of tumors involving the portovenous confl uence or encroaching on 
the superior mesenteric artery/celiac axis, and such tumors are now termed  border-
line resectable   pancreatic cancer (BRPC). 

 At present, there is no uniform agreement as to specifi c defi nitions of BRPC and 
there are two classifi cations systems whose merits are the subject of signifi cant 
debate [ 2 ,  3 ]. To add further confusion, the American Joint Committee on Cancer 
(AJCC) does not currently recognize BRPC and defi nes venous occlusion and arte-
rial encasement as unresectable disease [ 4 ]. 

 The aim of this chapter is to present an overview of current understanding and 
debate and to indicate areas in which further evaluation is required.  

    Search Strategy 

 A comprehensive text-word and MeSH-based electronic search of English language 
literature up until October 2014 was used to identity manuscripts published on the 
topic of BRPC using the  PICO   outline (Table  52.1 ). Databases searched included 
PubMed, Embase, Science Citation Index/Social sciences Citation Index and 
Cochrane  Evidence Based Medicine  . Terms used in the search were “pancreatic  can-
cer  ,” “ borderline resectable  ,” “superior mesenteric vein,” “portal vein,” “celiac axis,” 
“superior mesenteric artery,” “common hepatic artery,” “ neoadjuvant    chemother-
apy  ,” “neoadjuant  radiotherapy  ,” and “neoadjuvant chemoradiotherapy.” Additionally, 
the bibliographies of relevant articles were hand searched for additional material.

   Articles were excluded if they included related to  resectable   or unresectable dis-
ease rather than specifi cally addressing BRPC. After evaluating the manuscripts, 
the data was classifi ed using the  GRADE   system and recommendations are classi-
fi ed using this approach.  

    Results 

    Defi ning BRPC 

 Agreement is required to obtain a uniformly accepted defi nition of BRPC. Although 
numerous classifi cation systems have been proposed over the past decade, there are 
two that are widely referenced: the National Comprehensive Cancer Network 
(NCCN) [ 2 ], and the Alliance for Clinical Trials in Oncology group [ 3 ]. 

    Table 52.1     PICO   table for  borderline resectable   pancreatic  cancer     

 P (Patients)  I (Intervention)  C (Comparator group) 
 O (Outcomes 
measured) 

 Patients with  borderline 
resectable   pancreatic  cancer   

  Surgical 
resection   

 Non-operative therapy including 
 chemotherapy   and  radiotherapy   

 Morbidity 
and  mortality   
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 The origin of the NCCN guidelines was a series of expert statements made on 
behalf of the American Hepato-Pancreato-Biliary Association, the Society of 
Surgical Oncology, and the Society of the Alimentary Tract in 2009 [ 5 – 7 ]. The 
guideline, which subjectively describes the relationship between the tumor and the 
vessels (Table  52.1 ), was adopted by the NCCN, and the guidelines now bear its 
name [ 2 ]. The Alliance criteria [ 3 ], which arose from the MD Anderson defi nition 
[ 8 ], differ from those of the NCCN as they assign degrees of contact between tumor 
and specifi c vessels. The International Study Group of Pancreatic Surgery [ 9 ] also 
recently endorsed the NCCN defi nition of BPRC.  

    Diagnosing BRPC 

 The  diagnosis   and classifi cation of by  computed tomography   cross-sectional imag-
ing is the modality used by NCCN and Alliance criteria [ 2 ,  3 ]. The ISGPS guide-
lines recommend scanning within the 4-week period prior to  resection   using a 
high-resolution multidete ctor CT  , with multiplanar reconstruction capabilities to 
accurately assess the precise relationship between the tumor and the mesenteric ves-
sels (Tables  52.2  and  52.3 ) [ 9 ]. The ISGPS also stipulate that all cases should be 
discussed in a multidisciplinary team (MDT) setting and  management   be carried out 
in high volume centers.

    A second area requiring clarifi cation is the fact that the American Joint Committee 
on Cancer (AJCC) does not currently recognize BRPC and defi nes venous occlu-

    Table 52.2    Defi nition of  borderline resectable   pancreatic  cancer   (BRPC) based on NCCN 2014 
[ 4 ]   

 Localized and 
 resectable    Borderline  resectable    Unresectable* 

 No distant 
metastasis 

 No distant metastasis  Distant metastasis 

 No radiographic 
evidence of SMV or 
PV distortion 

 Venous involvement of the SMV or PV 
with distortion or narrowing of the vein 
or occlusion of the vein with suitable 
vessel proximal and distal, allowing for 
safe  resection   and replacement 

 Unreconstructable SMV/portal 
occlusion or IVC encasement 

 Clear fat planes 
around CA, HA, 
and SMA 

 GDA encasement up to the hepatic 
artery with either short segment 
encasement or direct abutment of the 
HA without extension to the CA 

 CA abutment 
 Greater than 180° SMA 
encasement 
 Aortic invasion or encasement 

 Tumor abutment of the SMA not to 
exceed 180° of the circumference of the 
vessel wall 

   CA  Celiac axis,  GDA  gastroduodenal artery,  HA  hepatic artery,  IVC  inferior vena cava,  NCCN  
National Comprehensive Cancer Network,  PV  portal vein,  SMA  superior mesenteric artery,  SMV  
superior mesenteric vein 
 *Applies to head cancers only  
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sion and arterial encasement as unresectable disease [ 4 ]. This will need addressing 
in the next revision to take account of changes in practice.  

    Venous Involvement 

 There is a large volume of contemporary evidence regarding venous  resection   for 
curative resection. Zhou et al. in a recent meta-analysis examined 2,247 patients 
from 19 non-randomized trials undergoing pancreatic resection during the period 
1994–2010, including 661 in whom a venous resection (VR) was performed [ 10 ]. 
They reported no difference in  morbidity   (OR: 0.95; 95 % CI: 0.74–1.21; P = 0.67), 
peri-operative  mortality   (OR: 1.19; 95 % CI: 0.73–1.96; P = 0.48), or 5-year  overall 
survival   (OR: 0.57; 95 % CI: 0.32–1.02; P = 0.06) between patients undergoing VR 
and those undergoing standard resection. The authors concluded that resection was 
justifi ed in the presence of venous involvement when considering surgical 
 outcomes  . 

 In a second meta-analysis, Yu and co-workers examined 2,890 patients from 22 
series, including 794 undergoing VR [ 11 ]. In this analysis, the  morbidity   (OR: 1.01; 
95 % CI: 0.82–1.24; P = 0.93), and peri-operative  mortality   (OR: 1.49; 95 % CI: 
0.97–2.31; P = 0.07), were comparable for pancreatoduodenectomy (PD) and PD 
VR cohorts. However, they noted that while there was no difference in 1-year (OR: 
1.00; 95 % CI: 0.65–1.53; P = 0.99) or 3-year (OR: 0.78; 95 % CI: 0.54–1.14; 
P = 0.20)  survival   between the groups, the 5-year survival was inferior when vein 
 resection   was required (OR: 0.69; 95 % CI: 0.49–0.97; P = 0.03). An additional fac-
tor noted in this meta-analysis was that the R0 resection rates were signifi cantly 
inferior following PDVR (OR: 0.6; 95 % CI: 0.48–0.74; P < 0.001). 

 The relationship between vascular  resection   and negative microscopic margins is 
not clear. Kelly and colleagues evaluated 492 patients undergoing PD from a single 
center where  neoadjuvant    therapy   was not performed, compared 422 undergoing 
PD alone to 70 undergoing PD VR [ 12 ]. They reported no difference in R0 resection 
(66 % versus 75 %, P = NS), and noted that vein involvement was not predictive of 
disease-free or  overall survival   (OR: 1.00; 95 % CI: 0.91–2.76; P = 0.07). The 
ISGPS guidelines note that the extent of venous resection and the method of recon-
struction are not accurately documented and they propose a classifi cation for com-
parison between series (Table  52.2 ).  

   Table 52.3    ISGPS classifi cation if venous resections [ 11 ]   

 Classifi cation  Nature of  resection/  reconstruction 

 Type 1  Partial venous excision with direct closure (venorraphy) by suture closure 
 Type 2  Partial venous excision using a patch 
 Type 3  Segmental  resection   with primary venovenous anastomosis 
 Type 4  Segmental  resection   with interposed venous conduit and at least two 

anastomoses 
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    Arterial Involvement 

 The evidence for arterial  resection   in BRPC is less compelling. A meta-analysis by 
Mollberg et al. of 26 studies between 1977 and 2010 contained 366 undergoing arte-
rial resection during various types of pancreatic resection [ 13 ]. In contrast to venous 
resection, arterial resection was associated with a signifi cantly increased peri- 
operative  morbidity   (OR: 2.17; 95 % CI: 1.26–3.75; P = 0.006) and  mortality   (OR: 
5.04; 95 % CI: 2.69–9.45; P = 0.002). Furthermore, the 1-year (OR: 0.49; 95 % CI: 
0.31–0.78;  P  = 0.002) and 3 years (OR: 0.39; 95 % CI: 0.17–0.86; P = 0.02) were 
signifi cantly inferior, leading the authors to conclude arterial resection should be 
performed in only highly selected patients.  

    Neoadjuvant Therapy 

 There is good rationale to believe that  neoadjuvant    therapy   (NAT) may be benefi cial 
in patients with BRPC.

    (i)    Progression of disease during NAT may select patients with poor natural his-
tory. It is presumed that tumors that progress on therapy would have done 
poorly with upfront  resection  .   

   (ii)    Systematic treatment is justifi ed based on the high incidence of metastatic dis-
ease at presentation.   

   (iii)    The use of a treatment modality that could increase the R0 margin rate by 
removing the tumor from the major vasculature would appear logical [ 14 ].   

   (iv)    NAT may result in fewer  pancreatic fi stula  e following  radiotherapy  -induced 
fi brosis [ 15 ].    

  The evidence for NAT in BRPC is summarized in Table  52.4 . All studies are 
single center, retrospective series using a variety of NATs. There was a variation in 
the resectability rates, but the negative margin status was generally high, providing 
a median  survival   a little over 20 months in most of the studies.

   The heterogeneity of treatment regimens and mix of defi nitions of BRPC, has 
lead the ISGPS to not recommend BAT as standard of care. The ESPAC 5F study 
that randomizes patients with BRPC to  surgery   versus NAT followed by surgery 
should add to the quality of the evidence [ 25 ].  

    Standardized Radiology 

 The importance of accurate documentation of the radiological appearance of pan-
creatic carcinoma was highlighted in a recent consensus statement behalf of the 
Society of Abdominal Radiology and the American Pancreatic Association [ 26 ] that 
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advocated a dedicated protocol for  CT   evaluation of the  cancer   location, as well as 
the degree of vascular contact of the tumor. Al-Hawary and colleagues also recom-
mended the use of a standardized reporting protocol with the aim of improving 
preoperative staging and surgical decision making, as well as facilitating compari-
son of imaging results between centers for purposes of research and clinical study 
design.  

    Standardized Histopathology 

 The importance of meticulous pathological assessment of  resection   specimen was 
highlighted following the seminal work of Verbeke and colleagues which re-defi ned 
the way in which specimen are processed [ 27 ] Verbeke later published a detailed 
account of the technique that became the basis of the Royal College of Pathologists 
standards for reporting  periampullary cancer  s [ 28 ,  29 ]. This revised approach shows 
a signifi cantly lower R0 resection rate, and a change in frequencies of the origin of 
periampullary cancers. The ISGPS guidelines recommend the use of the protocol to 
allow accurate comparison between sites.   

    A Personal View of The Data 

 The recently published ISPGS guidelines have gone a long way towards setting 
standards against which future data on BRPC may be assessed. A clear, globally 
acceptable defi nition of BRPC needs to be adopted, and the use of other terminol-
ogy should be discontinued. Assessment of operability should be made on the basis 
of high quality imaging in a multi-disciplinary team setting. There are good data to 
support the safety and effi cacy of  resection   of the superior mesenteric and portal 
veins by experienced teams, however, there is no compelling evidence to recom-
mend arterial resection, and this should be considered on a highly selective basis. 
Although there are some encouraging studies indicating the potential value of vari-
ous different NATs in BRPC, there is not yet high-level evidence indicating they 
should be uniformly applied, and data from randomized trials of NAT and  surgery   
versus surgery alone are awaited. For patients undergoing resection, a classifi cation 
of the procedure performed, using a system such as that proposed by the ISPGS will 
allow a more reliable comparison of published series. To-date, the majority of pub-
lished series have not utilized the Royal College of Pathologists guidelines to assess 
resection margins suggesting the majority of series report artifi cially high R0 resec-
tion rates. A reproducible assessment of treatment effect on the primary tumor 
should also be incorporated into the results. Widespread application of these guide-
lines and subsequent long-term follow-up are required in order to better assess the 
true effect of treatment of BRPC.  
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    Recommendations 

•     The defi nition of  borderline resectable   pancreatic head adenocarcinoma 
should be based on the NCCN criteria (evidence quality moderate, strong 
recommendation).  

•   Histopathological reporting should be standardized according to the RCPath 
guidelines (evidence quality moderate, strong recommendation).  

•   Decision planning for  borderline resectable   pancreatic  cancer   should be multi-
disciplinary (evidence quality moderate, strong recommendation).  

•    Surgical resection   should include portal, superior mesenteric, and splenic vein 
reconstruction (according to anatomic circumstances) to achieve an R0 outcome 
(evidence quality moderate, strong recommendation).  

•    Surgical resection   should not be undertaken for locally invasive disease involv-
ing the superior mesenteric and/or hepatic arterial system (evidence quality 
weak, weak recommendation).  

•   Neoadjuvant  chemotherapy   ±  radiotherapy   should be considered prior to surgical 
 resection   for locally invasive disease (evidence quality weak, weak 
recommendation).        
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    Chapter 53   
 Peritoneal Drain Placement 
at Pancreatoduodenectomy                     

       Matthew     T.     McMillan     and     Charles     M.     Vollmer     Jr.    

    Abstract     Routine peritoneal drainage has traditionally accompanied pancreatodu-
odenectomy, yet its effi cacy has been questioned in recent years. The fi rst random-
ized, controlled trial to evaluate this practice reported an association between 
drainage and intra-abdominal abscess, fl uid collection, and fi stula following major 
pancreatic resections. Since that study, several retrospective works have also found 
little to no advantage from routine drainage. Conversely, a recent randomized, con-
trolled trial suggested that eliminating drains increases the frequency and severity of 
complications. A deeper analysis of that trial demonstrated a benefi t to selective 
drainage based on the degree of risk for developing clinically relevant pancreatic 
fi stula, as assessed by the Fistula Risk Score. Drainage appeared to confer no benefi t 
to patients with negligible and low fi stula risk, while drain placement in moderate 
and high fi stula risk patients was associated with signifi cantly lower rates of intra- 
abdominal abscess, clinically relevant pancreatic fi stula, and IR-guided percutane-
ous drainage. The Fistula Risk Score can identify patients who benefi t from 
peritoneal drainage at pancreatoduodenectomy. The highest quality evidence on this 
topic suggests calculating the Fistula Risk Score intraoperatively, at the point of 
reconstruction, and placing drains in only patients with moderate or high clinically 
relevant pancreatic fi stula risk.  

  Keywords     Intraoperative drain   •   Pancreatoduodenectomy   •   Pancreatic fi stula   • 
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      Introduction 

 Routine peritoneal drainage has traditionally accompanied pancreatoduodenectomy 
(PD), with the rationale being to evacuate blood, bile, chyle, or pancreatic juices 
that may collect during the postoperative period. Additionally, proponents of rou-
tine drainage suggest that it may serve as an early warning system for the develop-
ment of clinically relevant postoperative  pancreatic fi stula  s (CR-POPF) and their 
sequelae (e.g., hemorrhage). Despite these purported benefi ts, routine drainage for 
major pancreatic resections has been questioned in recent years; particularly, since 
it had demonstrated no benefi t following other abdominal operations [ 1 – 5 ]. 

 A major concern associated with routine drainage is that it may serve as a path-
way for retrograde infection. Such a process could potentially transform a benign 
fl uid collection into an abscess [ 6 ]. Another common concern is that high-pressure, 
closed-suction drainage may cause trauma to visceral tissues; erosion at the anasto-
motic site could lead to fi stula formation. These points, as well as advances in 
abdominal imaging and image-guided drain placement, have led some surgeons to 
advocate drainage in only the minority of patients who demonstrate clinical 
symptoms. 

 This chapter will comprehensively assess the peer-reviewed literature comparing 
drainage versus no drainage at pancreatoduodenectomy. Each approach will be 
evaluated in terms of  pancreatic fi stula   and/or intra-abdominal abscess formation, 
need for interventional radiology (IR) guided  percutaneous    drainage  , and  mortality  . 
The  quality of evidence   derived from each study will be graded and subsequently 
used to develop recommendations for clinical practice.  

    Search Strategy 

 A search of English language, peer-reviewed literature was conducted to identify 
data on peritoneal drain placement at PD. This approach was carried out in accor-
dance with the  PICO   framework (Table  53.1 ) using the following databases: 
PubMed, EMBASE, Cochrane Library, SUMSearch 2, and Trip. Search terms 
included “drain,” “peritoneal drainage,” “suction,” AND (“postoperative complica-
tions,” OR “fi stula,” OR “clinically relevant fi stula,” OR “clinically relevant postop-
erative  pancreatic fi stula  ,” OR “abscess,” OR “IR-guided drainage,” OR “ mortality  ”), 
“ pancreatectomy  ,” “ pancreaticoduodenectomy  ,” “pancreatoduodenectomy.” Studies 
eligible for inclusion in the analysis had to meet several requirements: (i) patients 

   Table 53.1     PICO   table for peritoneal drain placement at pancreatoduodenectomy   

 P (Patients)  I (Intervention)  C (Comparisons)  O (Outcomes measured) 

 Patients undergoing 
pancreatoduodenectomy 

 Intraoperative 
peritoneal drain 
placement 

 Drainage vs. no 
drainage vs. 
selective drainage 

 Pancreatic fi stula, intra-
abdominal abscess, IR-guided 
drainage,  mortality   
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underwent major pancreatic  resection  , including PD; (ii) reported a high-volume 
series (>75 cases); and (ii) comparisons were made between drain and no drain 
cohorts in terms of postoperative pancreatic fi stula (POPF)/intra- abdominal abscess 
formation, IR-guided  percutaneous    drainage  , or mortality. Application of these cri-
teria identifi ed fi ve observational and two randomized, controlled studies for analy-
sis. The  quality of evidence   was classifi ed using the  GRADE   (Grades of 
Recommendation, Assessment, Development, and Evaluation) system [ 7 ,  8 ].

       Grading the Quality of Evidence 

 The effi cacy of peritoneal drainage at PD has been evaluated in prospective, retro-
spective, and randomized studies. Study design plays a critical role in the  GRADE   
framework. With this approach, reported evidence from observational cohorts is 
initially rated as low quality; conversely, randomized trial evidence is considered 
high quality from the outset. Other factors such as very large reported effects, spe-
cial factors, and serious limitations can increase or decrease the  quality of evidence   
accordingly.  

    Results 

    Observational Studies 

 Heslin and colleagues reported the fi rst retrospective review of prophylactic drain-
age versus no drainage at PD [ 9 ]. Eighty-nine patients underwent PD and drains 
were placed 57 % of the time. There were no signifi cant differences in the frequency 
of POPF, intra-abdominal abscess, or IR drainage (Table  53.2 ). As a result, the 
authors concluded that routine drainage may be unnecessary and should be tested in 
a randomized trial. The  quality of evidence   from Heslin’s study is very low, due to 
several major limitations.

   First, no data was provided regarding the texture of the pancreatic parenchyma 
and main pancreatic duct diameter. Both factors have been strongly associated with 
POPF/abscess formation and the need for IR-guided drainage [ 10 ]. Secondly, cohort 
comparisons of disease pathology were limited to malignancy, node positivity, and 
surgical margin; a more useful comparison would have contrasted the presence of 
high-risk pathologies that are associated with major  morbidity   following PD. In 
fact, high-risk pathologies such as ampullary,  bile duct  , and duodenal cancers 
appeared twice as frequently in the drain cohort (36 vs. 18 %), perhaps indicating 
bias in drain placement. In spite of this disparity, neither a direct comparison nor 
p-value was provided. Another source of bias was the prolonged anesthesia time in 
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the drained patients (386 vs. 292 min, P = 0.0001); extended operative time has been 
correlated with CR-POPF development. 

 Additional concerns with Heslin’s analysis include the use of outdated POPF 
nomenclature and methodological ambiguity. The study defi ned a POPF as ≥30 mL 
of pancreatic fl uid not resolved by POD7, which resembles thresholds used to iden-
tify biochemical POPFs. This defi nition is susceptible to bias as biochemical leaks, 
in the absence of clinical symptoms, cannot be detected without a drain. Conversely, 
modern classifi cations of POPF—using the 2005 International Study Group on 
Pancreatic Fistula (ISGPF) nomenclature—delineate between biochemical and 
clinically relevant fi stulas [ 11 ]. Lastly, the authors did not clarify which specifi c 
complications were compared between cohorts in a multivariable analysis; further-
more, it was not apparent whether the reported p-values were derived from a multi-
variable or univariate analysis. 

 A single-center, prospective study by Fisher et al. in 2011 evaluated routine 
drainage in 226 consecutive patients who underwent either proximal (N = 153) or 
distal (N = 73)  pancreatectomy   [ 6 ]. As expected, the incidence of overall POPFs 
was greater in the drain cohort; however, rates of the more pertinent CR-POPFs 
were nearly identical (drain vs. no drain: 12 vs. 11 %). Notably, IR-guided drainage 
was required more frequently in the no drain cohort (11 vs. 2 %, P = 0.001). Similarly 
to the review by Heslin and colleagues, the study was not without bias; patients with 
drains experienced greater intraoperative blood loss (400 vs. 250 mL, P = 0.006), 
required more operative transfusions (19 vs. 6 %, P = 0.038), and had fewer patients 
with low-risk pathologies (pancreatic adenocarcinoma/pancreatitis). Alternatively, 
patients without drains were more likely hypertensive (55 vs. 26 %, P < 0.0001); a 
condition associated with reduced CR-POPF risk [ 10 ,  12 ]. Although the study 
attempted to ameliorate discrepancies in CR-POPF risk by comparing a subset of 
patients deemed ‘high-risk’ (soft pancreas and/or small duct [<3 mm]), it controlled 
for neither disease pathology nor blood loss. A multivariable analysis would have 
been the optimal approach; nevertheless, differences in CR-POPF occurrence were 
non-signifi cant in the subset analysis. 

 In 2013, Mehta and colleagues reviewed 709 patients to assess the effi cacy of 
drainage at PD [ 13 ]. The reported fi ndings demonstrated higher rates of overall 
POPF and CR-POPF in the presence of drains; in spite of these differences, routine 
drainage was not associated with an increased incidence of IR-guided drainage or 
 mortality  . The authors concluded that routine drainage is unnecessary and may lead 
to excess  morbidity  . Analogous to earlier observational studies, the fi ndings were 
derived from inherently biased data. 

 Patients who were selectively drained (N = 251, 35 %) were often at a higher risk 
for complications in terms of operative and endogenous POPF risk factors. Drain 
placement was associated with longer operative time (294 vs. 201 min, P = 0.021), 
elevated operative blood loss (572 vs. 282 mL), blood transfusions (10 vs. 2 %, 
P < 0.0001), and portal vein resections (14 vs. 9 %, P = 0.022). Additionally, pancre-
atitis (a low-risk pathology) was more prevalent in the no drain group (15 vs. 7 %, 
P = 0.002). This pathological discrepancy also suggests a greater proportion of the 
no drain cohort was characterized by hard pancreatic parenchyma, although gland 
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texture was not reported. While the majority of risk factors for major  morbidity  —
particularly CR-POPFs—were present in the drain cohort, interestingly, patients 
without drains did have a smaller mean pancreatic duct diameter (2.2 vs. 3.8 mm, 
P < 0.0001). 

 One approach to control for a surgeon’s proclivity to drain in high risk patients 
would be to conduct comparisons using a multivariable or propensity score-matched 
analysis. Mehta reported the former approach, but compared cohorts in terms of 
overall POPF, rather than CR-POPF incidence. As mentioned by Fisher [ 6 ] and oth-
ers, biochemical fi stulas are impossible to detect when drain(s) are absent; there-
fore, Mehta’s comparison of overall POPF between cohorts offered skewed results. 
Discrepancies in patient risk and questionable statistical methodology greatly 
weaken the  quality of evidence   from Mehta and colleagues’ study. 

 Another retrospective review of routine drainage was reported by Adham et al. 
[ 14 ]. That study evaluated 242 patients (148 PDs) who underwent a major pancre-
atic  resection  , excluding total  pancreatectomy  . The authors did not fi nd signifi cant 
differences between drain and no drain cohorts in terms of overall POPF, CR-POPF, 
intra-abdominal abscess, IR-guided drainage, or 90-day  mortality  . Comparable  out-
comes   between cohorts reinforced the authors’ conclusion, which favored a no- 
drainage approach; however, confounding factors were clearly present that may 
have acted as a source of bias. First, the use of drains positively correlated with 
central pancreatectomy and enucleations; these forms of pancreatic resection have 
been associated with higher rates of fi stula compared to proximal resections [ 15 ]. 
Secondly, operative time was longer in drained patients (P = 0.016). Inconsistencies 
in surgical practice could have also infl uenced outcomes; one surgeon always used 
a drain, while the other changed from practicing as a routine drainer to no-drainer 
after gaining surgical expertise later in the study period. These confounding factors 
obfuscate Adham’s fi ndings, particularly when multivariable analyses were not con-
ducted for the comparisons of outcomes such as fi stula, abscess, IR-guided drain-
age, and mortality. 

 The most recent retrospective evaluation of routine drainage was carried out by 
Correa-Gallego et al. [ 16 ]. The single-center experience evaluated 739 PDs, of 
which 386 (52 %) were routinely drained. Patients with prophylactic drainage expe-
rienced elevated rates of overall POPF (27 vs. 17 %, P = 0.001), yet differences in 
the occurrence of clinically signifi cant fi stula (19 vs. 15 %, P = 0.1) were non- 
signifi cant. IR-guided drainage was employed more frequently in drained patients 
(P = 0.2), but  mortality   rates were higher in the absence of drains (3 vs. 1 %, P = 0.02). 
Despite higher mortality rates in the absence of prophylactic drainage, Correa- 
Gallego and colleagues concluded that routine drainage could be safely 
abandoned. 

 The univariate fi ndings of Correa-Gallego should be minimized since risk factors 
for CR-POPF and other major morbidities were more prevalent in patients with 
prophylactic drainage. The imbalance of risk factors encompassed soft pancreatic 
parenchyma, elevated operative blood loss, extended operative time, high-risk 
pathology, and small pancreatic duct diameter; however, in contrast to other obser-
vational studies, Correa-Gallego compared cohorts using a regression analysis, 
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which comprehensively compared cohorts while only focusing on fi stulas with 
clinical relevance. The risk-adjusted analysis reported no correlation between drain-
age and CR-POPF occurrence (P = 0.8). Although the work by Correa-Gallego and 
colleagues reported several forms of unbiased regression analyses, the results 
described in the manuscript’s conclusion focus on univariate fi ndings. Therefore, 
the quality of the multivariable fi ndings should be considered low/moderate as it 
was a well designed observational analysis. Conversely, the quality of the focused 
conclusion is very low as biased univariate fi ndings were emphasized.  

    Randomized Controlled Studies 

 The fi rst randomized, controlled trial to assess routine drainage was a single-center 
study by Conlon et al. in 2001 [ 17 ]. One hundred seventy-nine patients underwent 
either proximal (N = 139) or distal (N = 40)  pancreatectomy  , with drains placed 49 
% of the time. No differences were noted in terms of  mortality  , IR-guided drainage, 
overall POPF, or abscess formation; however, clustering overall POPF and abscess 
formation revealed a signifi cantly greater incidence in the drained cohort (P < 0.02). 
Since biochemical fi stulas cannot be detected in the absence of a drain, the value of 
this categorization is questionable. In light of these  outcomes  , the authors declared 
that drains should not be considered mandatory after standard pancreatic 
resections. 

 The  quality of evidence   derived from Conlon’s study is low/moderate. The ran-
domization process eliminated much of the selection bias that is characteristic of 
many observational studies, but the study had other limitations. First, the single- 
center nature of the study makes it diffi cult to generalize the fi ndings. Secondly, two 
major risk factors for the development of CR-POPF—soft pancreatic parenchyma 
and small duct diameter—were not described in the manuscript. Substratifi cation 
based on approximated gland texture would have been preferable. Furthermore, dis-
tal pancreatectomies were performed more often in the drain cohort; this form of 
pancreatic  resection   has been associated with elevated rates of CR-POPF compared 
with proximal  pancreatectomy  . Lastly, though no fault of the authors, the study 
predated the advent of the ISGPF nomenclature, which importantly delineated 
between innocuous biochemical fi stulas and those with clinical relevance. The defi -
nition used by Conlon most closely resembles that of a biochemical fi stula. Despite 
these shortcomings, this study laid the groundwork for future multicenter, random-
ized studies on routine drainage. 

 The fi rst multicenter, randomized study to evaluate routine drainage was con-
ducted with two primary endpoints: (1) report associations between routine drain-
age and the frequency and severity of complications; (2) ascertain the effi cacy of 
selective drainage based on calculated  Fistula Risk Score (FRS)   CR-POPF risk [ 18 , 
 19 ]. The fi ndings of the fi rst endpoint were recently reported by Van Buren et al. 
[ 18 ]. Comparing randomizations in the overall patient population (N = 137) revealed 
non-signifi cant differences in the occurrence of overall POPF and CR-POPF; how-
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ever, patients without routine drainage experienced a greater incidence of intra- 
abdominal abscess (26 vs. 12 %, P = 0.033) and required IR-guided drainage more 
frequently (23 vs. 9 %, P = 0.022). The study, with an accrual of 137 patients, was 
pre-maturely stopped by the Data Safety Monitoring Board since no drainage 
trended towards greater  mortality   (12 vs. 3 %, P = 0.097). 

 The second endpoint of the randomized study was addressed by McMillan and 
colleagues [ 19 ]. This analysis assessed the value of selective drainage based on FRS 
CR-POPF risk. The FRS (0–10) is predicated on the weighted infl uence of four risk 
factors for the development of CR-POPF: soft pancreatic parenchyma, small pan-
creatic duct diameter, operative blood loss, and high risk pathology (anything other 
than pancreatic adenocarcinoma or pancreatitis) (Table  53.3 ) [ 20 ,  21 ]. After assign-
ing FRS values to each patient, scores were then discretized into negligible/low 
(FRS: 0–2) and moderate/high (FRS: 3–10) risk groups. Next, randomizations were 
compared within each cohort to determine whether drains were benefi cial or harm-
ful in various scenarios of risk.

   Among negligible/low patients, there were no signifi cant differences in the rates 
of overall POPF, CR-POPF, intra-abdominal abscess, IR-guided drainage, or  mor-
tality  . Though non-signifi cant, the rates of CR-POPF and mortality were 10 % and 
4 % higher in the drain cohort. While routine drainage did not minimize major 
 morbidity   in negligible/low risk patients, drainage appeared to be benefi cial in 
 moderate/high risk patients. Drained patients matching this risk profi le had signifi -
cantly fewer CR-POPFs, intra-abdominal abscesses, and IR-guided  percutaneous   
drain placement procedures (P ≤ 0.05 for each). Mortality differences also trended 
towards signifi cance. 

   Table 53.3    Fistula risk score for the prediction of clinically-relevant pancreatic fi stula (CR-POPF) 
after pancreatoduodenectomy   

 Risk factor  Parameter  Points 

 Gland texture  Firm  0 
 Soft  2 

 Pathology   Pancreatic adenocarcinoma   or pancreatitis  0 
 Ampullary, duodenal, cystic, islet cell, etc.…  1 

 Pancreatic duct diameter  ≥5 mm  0 
 4 mm  1 
 3 mm  2 
 2 mm  3 
 ≤1 mm  4 

 Intraoperative blood loss  ≤400 ml  0 
 401–700 ml  1 
 701–1,000 ml  2 
 >1,000 ml  3 

 Total 0–10 points 

  Callery et al. [ 20 ], with permission from Elsevier  
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 The works by Van Buren and McMillan had several notable limitations. First, the 
protocol for the postoperative day of drain removal was not standardized. Secondly, 
the study was underpowered due to early stoppage by the Data Safety Monitoring 
Board. Despite these shortcomings, the quality of the study’s evidence is high. It 
was the fi rst multi-center (nine institutions and 15 surgeons) randomized trial to 
evaluate routine drainage, and its multivariable analyses of POPF only focused on 
those with clinical signifi cance—per the current ISGPF standards. Furthermore, 
patients were substratifi ed based on expected gland texture during the randomiza-
tion process. Though the study was terminated early, it was because patients without 
drains, largely those with moderate/high CR-POPF risk, experienced much higher 
 morbidity   and  mortality  .   

    Recommendations 

 The only multicenter, level I evidence to date has demonstrated a benefi t to routine 
drainage for patients with moderate or high (Fistula Risk Score 3–10) clinically 
relevant pancreatic fi stula risk. Additionally, that study reported that drains confer 
no benefi t to negligible and low fi stula risk patients (Fistula Risk Score 0–2). 
Therefore, we recommend calculating the Fistula Risk Score operatively, at the 
point of reconstruction, and only placing drains in patients with moderate or high 
CR-POPF risk.  

    A Personal View of the Data 

 Most of the reported evidence on the value of routine drainage is very low to low in 
quality due to numerous shortcomings. These biases typically manifest in retrospec-
tive studies where drains are intuitively placed in higher risk patients; most of those 
studies do not control for this disparity in risk when comparing complications such 
as intra-abdominal abscess formation, IR-guided drainage, and  mortality  . 
Additionally, multivariable analyses of fi stula incidence often include biochemical 
fi stulas, which can only be detected with a drain present and confer little to no bur-
den on the patient. 

 An oft-cited fear surrounding routine drainage involves the risk of fi stula through 
suction-induced erosion of the anastomotic connection [ 17 ,  22 ]; this claim was 
recently discredited in a randomized trial comparing closed-suction versus gravity 
drainage [ 23 ]. That study found no signifi cant differences between randomizations 
in terms of CR-POPF, intra-abdominal abscess,  mortality  , overall complications, 
and duration of stay. In fact, each complication occurred less frequently with closed- 
suction drainage, even though differences were non-signifi cant. Another common 
source of angst is the fear that drains may act as a portal of entry for bacteria; [ 6 ,  16 ] 
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however, this retrograde infection theory was recently disproven in a study by 
Nagakawa et al. [ 24 ]. 

 An important component that was missing in all of the observational and ran-
domized studies comparing prophylactic drainage was a standardized protocol for 
early drain removal (POD3). Randomized studies by Bassi and Kawai showed early 
drain removal to be associated with reduced  morbidity   [ 22 ,  25 ]. Furthermore, POD1 
drain fl uid amylase cut-offs have been shown to reliably rule-out subsets of patients 
who will not develop a fi stula; these cut-offs have been used to identify patients who 
qualify for early drain removal. Given the  quality of evidence   presented in this 
review, future prospective studies should evaluate the practice of early drain removal 
in moderate and high CR-POPF risk patients. 

 Drains may not mitigate the physical process of fi stula formation, but they might 
dampen the severity of a fi stula by allowing for earlier detection and evacuation of 
degradative fl uids. This may serve to not only minimize the complication burden 
experienced by patients, but also reduce healthcare costs associated with reopera-
tion, IR-guided drainage, and readmission. Given the current level I evidence, we 
believe the  surveillance   benefi t offered by placing drains in patients with moderate 
and high fi stula risk outweighs any purported disadvantages.  

    Recommendations 

•     We recommend routine drainage for patients with moderate and high (Fistula 
Risk Score 3–10) clinically relevant pancreatic fi stula risk (evidence quality 
high; strong recommendation).  

•   We do not recommend routine drainage at PD for patients with negligible and 
low (Fistula Risk Score 0–2) clinically relevant pancreatic fi stula risk (evidence 
quality high; weak recommendation).        
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    Chapter 54   
 Management of Villous Adenoma 
of the Ampulla of Vater                     

       Ashley     N.     Hardy     ,     David     J.     Bentrem     , and     Jeffrey     D.     Wayne    

    Abstract     Adenomas are the most common benign tumor of the ampulla of Vater 
and are thought to follow a similar adenoma-carcinoma sequence as seen in colonic 
adenocarcinomas. This is particularly the case for the villous subtype. Because of 
this potential for malignant degeneration, when identifi ed, ampullary adenomas 
should be considered for resection. There is controversy however, on how to best 
treat these lesions with options including endoscopic or open ampullectomy or pan-
creaticoduodenectomy. Although there is increased morbidity and mortality with a 
pancreaticoduodenectomy procedure, the rates of incomplete resection and recur-
rence are higher with endoscopic and open ampullectomy. Lesion characteristics 
that support a full oncologic resection with a pancreaticoduodenectomy as opposed 
to the other procedures include ones that are >3 cm in size; fi rm, ulcerated, or fria-
ble; with intraductal extension; and with evidence of high-grade dysplasia, carci-
noma in situ, or invasion.  

  Keywords     Villous adenoma   •   Ampulla of Vater   •   Pancreaticoduodenectomy   • 
  Transduodenal ampullectomy   •   Endoscopic ampullectomy  

      Introduction 

 Adenomas are the most common benign tumor of the  ampulla of Vater   (Fig.  54.1 ), 
with an incidence ranging from 0.04 to 0.12 % in autopsy series [ 1 ]. Ampullary 
adenomas, which may occur sporadically or more commonly, in association with 
familial polyposis syndromes, are classifi ed histologically as tubular, villous, or 
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tubulovillous. As they are thought to follow a similar adenoma-carcinoma sequence 
well-established in colonic adenocarcinomas [ 2 ], when identifi ed, ampullary adeno-
mas should be considered for  resection  . This is particularly the case for the villous 
subtype, which tend to be more aggressive and more prone to malignant degenera-
tion with a reported incidence of such ranging between 22 and 56 % [ 1 ].

   Although  pancreaticoduodenectomy   is considered standard treatment for 
ampullary carcinomas, controversy exists regarding the most appropriate method 
for treating ampullary adenomas, with several studies suggesting that many of 
these tumors may be successfully treated with  open   transduodenal or  endoscopic   
excision. 

 Studies in support of  pancreaticoduodenectomy   cite the risk of occult malig-
nancy and the risks of recurrence as two major reasons to pursue a more radical 
 resection   [ 3 ]. In addition to decreased  morbidity   and  mortality   compared with pan-
creaticoduodenectomy, proponents of transduodenal ampullectomy and in particu-
lar  endoscopic   resection insist that the risks of recurrence is relatively low and that 
in the event of recurrence or the presence of occult malignancy, that the majority of 
these lesions can subsequently be treated with  open   or endoscopic re-excision or 
pancreaticoduodenectomy [ 4 – 6 ]. 

 Therefore, the aim of this chapter is to compare the  morbidity   and  mortality   and 
risk of recurrence between  pancreaticoduodenectomy  , transduodenal  resection  , and 
 endoscopic    ampullectomy   in the treatment of villous adenomas of the  ampulla of 
Vater  . This chapter will focus on sporadic ampullary adenomas and attempts will be 

  Fig. 54.1    Diagrammatic 
illustration of the papilla of 
Vater. Different primary 
sites of neoplastic lesions 
are shown: ampullo-biliary 
segment ( Ab ), ampullo- 
pancreatic segment ( Ap ), 
ampullo-pancreatico- 
biliary segment of the 
common channel ( Ac ), 
ampulloduodenum ( Ad ). 
Neighboring structures are 
the choledochal duct ( Dc ), 
pancreatic duct ( Pd ), 
pancreatic head ( Ph ), and 
duodenum ( D ) 
(Reproduced with the 
permission of Springer 
Science + Business Media. 
Zhou et al. J Hepatobiliary 
Pancreat Surg. 
2004;11:301–309)       

 

A.N. Hardy et al.



623

made to identify those factors that may assist in determining which method of treat-
ment would provide the most benefi t for each individual patient.  

    Search Strategy 

 A literature search of English language publications from 1994 to 2014 was used to 
identify published data on the  management   of villous adenomas of the  ampulla of 
Vater   with either  pancreaticoduodenectomy   or  open   or  endoscopic    ampullectomy  . 
This was accomplished using the  PICO   outline (Table  54.1 ). Databases searched 
were PubMed, Embase, and Web of Science. Terms used individually and in com-
bination in the search were “ampullary villous adenoma,” “ampulla of Vater ade-
noma,” “pancreaticoduodenectomy,” “transduodenal ampullectomy,” and 
“endoscopic ampullectomy.” Articles that addressed the differences in  morbidity   
and  mortality  , risk of recurrence, and factors that infl uence the success of each treat-
ment modality were of particular interest. Case reports, publications written in lan-
guages other than English, and those that fell out of the aforementioned date range 
were excluded. Fourteen retrospective cohort studies, two prospective cohort stud-
ies, and one systematic review were included in our analysis. The data was classi-
fi ed using the  GRADE   system.

       Morbidity and Mortality 

 Although historically  pancreaticoduodenectomy   was the mainstay of treatment for 
ampullary adenomas, there has been a push towards using transduodenal or  endo-
scopic    resection   as a primary means of treating these benign lesions. This shift in 
treatment paradigm was infl uenced by the increased  morbidity   and  mortality   associ-
ated with pancreaticoduodenectomy. Although perioperative mortality associated 
with pancreaticoduodenectomies in experienced hands at high-volume centers is 
less than 2 %, the procedure continues to have an operative morbidity ranging from 
30 to 50 %. Furthermore, these complications, which include delayed gastric emp-
tying,  pancreatic fi stula  s, and biliary leak, tend to be more severe and of longer 
duration in comparison to those encountered with  open   or  endoscopic ampullec-
tomy   [ 7 ]. 

   Table 54.1     PICO   table for  management   of villous adenomas of the  ampulla of Vater     

 P (Patients)  I (Intervention) 
 C (Comparator 
group) 

 O (Outcomes 
measured) 

 Patients with villous 
adenomas undergoing 
 resection   

 Pancreaticoduodenectomy  Transduodenal 
or  endoscopic   
 ampullectomy   

 Differences in 
 morbidity/   mortality,   
and recurrence 
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 A number of studies have shown that transduodenal ampullectomy is associated 
with lower rates of  morbidity   compared to pancreaticoduodenectomies (Table  54.2 ). 
In a study by de Castro et al. which compared the short-term  outcomes   and  long- term 
 survival   in 145 patients undergoing either local or transduodenal (LR)  resection   
versus  pancreaticoduodenectomy   (PD) for ampullary neoplasms, the mean opera-
tive time (LR 141 min ± 34.7 vs. PD 278 min ± 81.9, p < 0.001) and hospital length 
of stay (LR 13 days ± 6.7 vs. PD 23 days ± 21.8, p = 0.032) were signifi cantly shorter 
for those undergoing local resection. Furthermore, although  mortality   was nearly 
equal for both modalities, perioperative morbidity was found to be signifi cantly 
lower in the local resection group (LR 27 % vs. PD 52 %, p = 0.035) [ 4 ].

   These fi ndings were similar to a retrospective review by Clary and colleagues, 
for which mean operative times (LR 169 min vs. PD 268 min, p = 0.04), estimated 
blood loss (LR 192 mL vs. PD 727 mL), average length of stay (LR 10 days vs. 
25 days, p < 0.01), and overall complication rates (LR 29 % vs. PD 78 %, p < 0.01) 
were lower for those patients undergoing transduodenal  resection   for ampullary 
neoplasms [ 5 ]. 

 Endoscopic mucosal  resection   (EMR) and the use of ablative therapies like argon 
plasma coagulation, laser, and bipolar electrocautery, are among the techniques 
employed for the  endoscopic   removal of ampullary adenomas. Even when per-
formed by the most experienced endoscopists, the complications seen after endo-
scopic papillectomy are higher compared to other endoscopic procedures and 
include  acute pancreatitis  , bleeding and less commonly  cholangitis  , papillary steno-
sis, and perforation [ 6 ]. In an effort to reduce some of these complications, pancre-
atic or biliary  sphincterotomy   is often performed after papillectomy along with 
placement of a pancreatic stent. In a prospective randomized study of prophylactic 
stent placement following papillectomy, there was a statistically signifi cant decrease 
in the rate of pancreatitis in patients who received a stent (unstented 33 % vs. 0 % 
stented, p = 0.02) [ 8 ]. 

    Table 54.2    Overview of the  morbidity  ,  mortality  , and risk of recurrence with transduodenal 
 resection   of ampullary adenomas   

 Author (year)  No. 
 Morbidity 
(%) 

 Mortality 
(%) 

 Follow-up 
(years) 

 Recurrence 
(%) 

 Study type ( quality 
of evidence)   

 de Castro 
(2004) [ 4 ] 

 25  27  4  5.6  8  Retrospective cohort 
(low) 

 Clary (2000) 
[ 5 ] 

 16  29  0  4.2  0  Retrospective cohort 
(low) 

 Onkendi 
(2014) [ 9 ] 

 9  58 *   0  4.4  33  Retrospective cohort 
(moderate) 

 Farnell 
(2004) [ 12 ] 

 53  21  0  5.6  34  Retrospective cohort 
(low) 

 Rattner 
(2001) [ 14 ] 

 14  14  0  1.3  0  Retrospective cohort 
(low) 

   * Includes  morbidity   rate for patients undergoing  pancreaticoduodenectomy   and pancreas-sparing 
total duodenectomy  
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 Studies comparing  endoscopic   excision to operative  resection   with either trans-
duodenal resection or pancreaticoduodenoctomy consistently show that  endoscopy   
is associated with lower rates of  morbidity   and  mortality   (Table  54.3 ). Furthermore, 
although not without risk, the periprocedural complications of endoscopy are typi-
cally mild and short-lived.

   In a study by Onkendi and colleagues, there was a 58 % complication rate in 
those undergoing  open    resection   with either transduodenal ampullectomy or  pan-
creaticoduodenectomy   compared to only 29 % in those undergoing  endoscopic   
excision (p < 0.001). In addition, these complications were less severe with the most 
common being that of gastrointestinal bleeding for which all were managed conser-
vatively. Of the 130 patients treated endoscopically, only 2 sustained more signifi -
cant complications of ampullary obstruction or perforation, both of which were 
successfully managed nonoperatively as well [ 9 ].  

    Recurrence 

 Despite a mean success rate of 82.2 % [ 10 ] and lower  morbidity  , systematic reviews 
of  endoscopic    ampullectomy   continue to demonstrate higher rates of recurrence, 
ranging from 0 % to 30 % [ 11 ]. These fi ndings are summarized in Table  54.3 . The 
same holds true for transduodenal excisions as illustrated in Table  54.2 . In this study, 
among the 50 patients with benign adenomas managed by transduodenal excision, 17 
(32 %) experienced a recurrence at 5 years and 43 % at 10 years compared to none of 
the patients in the  pancreaticoduodenectomy   group. Although the majority of the 
recurrences were benign and amendable to endoscopic  resection  , 4 of the 17 were 
characterized by invasion, requiring subsequent pancreaticoduodenectomy [ 12 ]. 

    Table 54.3    Overview of the  morbidity  ,  mortality  , and risk of recurrence with  endoscopic    resection   
of ampullary adenomas   

 Author 
(year)  No. 

 Morbidity 
(%) 

 Mortality 
(%) 

 Follow-up 
(years) 

 Complete 
 resection   
(%) 

 Recurrence 
(%) 

 Study type ( quality 
of evidence)   

 Onkendi 
(2014) [ 9 ] 

 130  29  0  4.4  93  32  Retrospective 
cohort (moderate) 

 Laleman 
(2013) [ 10 ] 

 79  22.8  0  5  78.4  14.5  Retrospective 
cohort (moderate) 

 Ridtitid 
(2014) [ 13 ] 

 151  18.7  0  5  70.8  15  Retrospective 
cohort (low) 

 Cheng 
(2004) [ 15 ] 

 45  14.3  0  2.5  74  33  Retrospective 
cohort (low) 

 Desilets 
(2001) [ 16 ] 

 13  8  0  1.6  92  0  Retrospective 
cohort (low) 

 Catalano 
(2004) [ 17 ] 

 72  9.7  0  3  86  4  Retrospective 
cohort (low) 
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 Onkendi et al. found a fi vefold greater risk of recurrence after  endoscopic    resec-
tion   compared to operative resection with either approach (32 vs. 6 %, p = 0.006) but 
when comparisons were only made between those patients undergoing  open   versus 
 endoscopic ampullectomy  , there was no difference in the rate of recurrence (33 vs. 
32 %, p = 0.49). Furthermore, the majority of recurrences occurred in adenomas 
greater than 3.6 cm in size, ones containing foci of high-grade dysplasia, carcinoma 
in situ, and those cases in which more than one endoscopic procedure was required 
to obtain a complete excision [ 9 ]. 

 These fi ndings emphasize the necessity for repeat  endoscopic   examinations although 
the exact frequency and duration of  surveillance    endoscopy   has yet to be established.  

    Risk Factors 

 As previously eluded to, certain factors may decrease the likelihood of achieving a 
complete excision and increase the incidence of recurrence in those undergoing less 
invasive means of  resection  . 

 Ridtitid and colleagues discovered that for those patients undergoing  endoscopic   
ampullectomies between 1995 and 2012 at a large tertiary medical center, that the 
presence of  jaundice   (27.7 % vs. 4.5 %, p < 0.0001) and intraductal extension were 
associated with higher rates of incomplete  resection   (31.3 % vs. 9 %, p = 0.0002). In 
addition, tumors that were able to be removed en bloc as opposed to piecemeal had 
a signifi cantly higher probability of being completely excised (57.5 % vs. 22.9 %, 
p < 0.001) [ 13 ]. Although there was no signifi cant difference in this study with 
regards to tumor size, this may have been affected by the piecemeal fashion in 
which many of the tumors were removed. 

 There are no defi nitive guidelines as to the size above which an attempt at  endo-
scopic   excision should be avoided. Although it has been advised by many that  open   
or endoscopic excision should not be attempted for lesions greater than 3 cm [ 9 ,  14 ] 
there have been reports of endoscopic success for tumors greater than 4–5 cm and 
up to 7.5 cm with transduodenal  resection   [ 15 ,  16 ]. However, the majority of tumors 
presenting with pancreaticobiliary symptoms, intraductal extension, and ones not 
amendable to en bloc resection, tend to be large in size [ 13 ]. Furthermore, size is an 
important predictor of endoscopic success with the highest rates achieved for lesions 
less than 24 mm in a large, multicenter study by Catalano et al. [ 17 ]. 

 These characteristics, along with adenomas that are fi rm, ulcerated, and friable 
are more commonly seen in tumors harboring high-grade dysplasia, carcinoma in 
situ, and foci of invasive malignancy. These fi ndings therefore suggest that the most 
appropriate treatment for such ampullary tumors may be that of a full oncologic 
 resection   with a  pancreaticoduodenectomy   [ 9 ]. 

 Although a few, small series have reported technical success in the  endoscopic   
removal of adenomas with high-grade dysplasia and foci of well-differentiated T1 
adenocarcinoma [ 18 – 21 ], the reality remains that such lesions have higher rates of 
incomplete  resection   and recurrence when managed endoscopically. 

 This notion is supported by a study by Kim et al. which demonstrated a co- 
existence of  cancer   in 50 % of patients with pre-procedural high-grade dysplasia 
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undergoing  endoscopic    ampullectomy  , compared to only 15.7 % in those with low- 
grade dysplasia. Likewise, the rates of recurrence in the high versus low-grade dys-
plasia groups were 80 % and 5.2 % respectively [ 22 ]. 

 The same argument can be made for invasive malignancies treated with trans-
duodenal  resection  . In fact, Roggin et al. showed a 0 % recurrence-free  survival   
after 2 years in the  open   ampullectomy group versus 48 % in those undergoing  pan-
creaticoduodenectomy   (95 % CI 37–60 %). In addition, the 2-year estimated dis-
ease free survival was 58 % versus 78 % (95 % CI 22–95 %) in the open ampullectomy 
and pancreaticoduodenectomy groups respectively [ 23 ]. This is likely due to the 
presence of lymphovascular invasion and intraductal infi ltration observed in 
20–40 % of T1 tumors [ 21 ].  

    Recommendations 

 Adenomas of the  ampulla of Vater   are rare tumors with tremendous potential for 
malignant degeneration into ampullary carcinomas. Therefore, when encountered, 
effort should be made to excise these lesions prior to the development of dysplasia 
or invasive  cancer  . Despite the three available treatment options available, the fact 
that we lack a clear consensus on how to approach ampullary adenomas was the 
inspiration for this chapter. 

 Based on a thorough review of current literature available on this topic, we rec-
ommend surgical excision rather than  endoscopic   excision for the following:

    1.    Lesions >3 cm in size (evidence quality moderate; weak recommendation).   
   2.    Evidence of high-grade dysplasia, carcinoma in situ, or foci of invasion (evi-

dence quality moderate; strong recommendation).   
   3.    Lesions that are fi rm, ulcerated, or friable on  endoscopic   evaluation (evidence 

quality moderate; strong recommendation).   
   4.    Presence of intraductal extension (evidence quality low; weak 

recommendation).   
   5.    Lesions accompanied by pre-procedural  jaundice   or pancreatitis (evidence qual-

ity low; weak recommendation).    

  Furthermore, in the absence of endoscopists skilled in performing ampullecto-
mies and in which there is failure of complete  resection   with  endoscopic   attempts, 
surgical excision is advised. Although there is signifi cantly less  morbidity   associ-
ated with transduodenal resection, we favor surgical resection with  pancreaticoduo-
denectomy   as a result of the high recurrence rate observed with  open   ampullectomy. 
Endoscopic resection should be attempted therefore, in smaller lesions including 
those with evidence of low-grade dysplasia and which lack the aforementioned 
high-risk characteristics. Limiting endoscopic excision to adenomas 3 cm or less 
will ensure successful removal with a decreased risk of recurrence. Open or endo-
scopic ampullectomies may prove to be better options, however for patients whose 
underlying health and comorbidities render them incapable of tolerating more 
extensive  surgery  . If either approach is taken, patients should be followed closely 
for recurrence with  surveillance    endoscopy   (Fig.  54.2 ).
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  Fig. 54.2    Algorithm for the  management   of ampullary adenomas.  EGD  
Esophagogastroduodenoscopy,   ERCP    Endoscopic Retrograde Cholangiopancreatography,  EUS  
Endoscopic Ultrasound,  HGD  High-grade dysplasia,  LGD  Low-grade dysplasia,  Tis  Carcinoma in 
situ       
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   While there are no established guidelines on the frequency and duration of  endo-
scopic    surveillance  , we support the recommendations made by the Standards of 
Practice Committee of the American Society for Gastrointestinal Endoscopy. The 
committee suggests an initial surveillance exam 1–6 months following the initial 
ampullectomy followed by repeat endoscopies every 3–12 months for at least 
2 years with periodic exams thereafter based on symptoms [ 24 ]. If feasible, it may 
be of benefi t to extend this surveillance period beyond 2 years in consideration of 
the fi ndings by Farnell et al. who observed recurrences 5–10 years after initial treat-
ment [ 12 ]. 

 Finally, if the lesion appears amendable to  endoscopic   excision, consideration 
should be made towards the placement of prophylactic pancreatic stents to decrease 
the incidence of post-procedural pancreatitis [ 8 ].     
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    Chapter 55   
 Splenic Preservation at Distal Pancreatectomy                     

       Benjamin     D.     Ferguson     and     Jeffrey     B.     Matthews    

    Abstract     There is currently debate as to whether splenic preservation should be 
attempted during distal pancreatectomy, as splenectomy brings with it the risk of 
overwhelming post-splenectomy sepsis as well as hematologic aberrations such as 
thrombocytosis and leukocytosis. Little clarity has been established in understand-
ing the differential benefi ts and disadvantages of spleen preservation at distal pan-
createctomy as compared to those of splenectomy. After review, there are few 
differences between the two techniques regarding outcomes and postoperative com-
plications. Splenic preservation should be attempted when it is technically feasible 
and not otherwise contraindicated.  

  Keywords     Distal pancreatectomy   •   Splenectomy   •   Splenic preservation  

      Introduction 

 Splenectomy is often performed in conjunction with  distal pancreatectomy   for a 
variety of reasons. First, the close anatomical relationship of the splenic vessels to 
the dorsal aspect of the pancreas often makes for diffi cult dissection of the pancreas 
off of these structures, especially in the event of pancreatic infl ammation such as 
pancreatitis or of neoplasms in the pancreatic body or tail involving adjacent struc-
tures. This is compounded by the variable anatomy of the splenic vessels them-
selves, particularly the splenic artery [ 1 ], and their branches and confl uences. 
Furthermore, the anatomical relationship between the pancreatic tail and the splenic 
hilum is often such that dissecting these from each other is technically challenging 
and often prone to risk of intraoperative and/or postoperative complications. 
Splenectomy is commonly performed in operations for left-sided pancreatic  cancer   
in order to clear lymph nodes in the splenic hilum that may be sites of early nodal 
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metastasis from the pancreas. Additionally, the spleen is not a vital organ in the 
sense that living without one is not typically life-threatening. 

 However,  splenectomy   at  distal pancreatectomy   does predispose patients to the 
typical risks of asplenia, particularly hematologic abnormalities, such as thrombo-
cytosis, leukocytosis, and thrombotic events, and infectious complications includ-
ing overwhelming postsplenectomy infection (OPSI) and signifi cantly increased 
risk for infections involving encapsulated or intraerythrocytic organisms. While 
OPSI is a major concern following splenectomy given its potentially devastating 
 outcomes  , its incidence is exceedingly low even over long periods of follow-up 
[ 2 – 4 ], probably owing at least in part to scrupulous peri- and postoperative 
immunization. 

 Mallet-Guy and Vachon fi rst described spleen-preserving  distal pancreatectomy   
in 1943. Warshaw in 1988 was the fi rst to rigorously demonstrate the feasibility and 
safety of  splenic preservation   in patients undergoing distal  pancreatectomy   through 
ligation of the splenic vessels beyond the pancreatic tail, leaving the spleen to be 
supplied by the left gastroepiploic and short gastric vessels [ 5 ]. The so-called 
Warshaw technique and its associated modifi cations (most frequently division of the 
splenic artery and vein at the origin from the celiac trunk and at the confl uence with 
the superior mesenteric vein, respectively) have become the most common method 
of splenic salvage during distal pancreatectomy, though preservation of the splenic 
vessels is another widely used operative technique [ 6 ,  7 ]. Soper et al. later demon-
strated in a porcine model the feasibility of  laparoscopic   distal pancreatectomy [ 8 ], 
which since its inception has become an increasingly common and oft-preferred 
technique for distal pancreatectomy both with and without  splenectomy  . 

 Attempts have been made to clarify the benefi ts and disadvantages of spleen 
preservation at  distal pancreatectomy   as compared to those of  splenectomy   during 
these procedures in situations allowing for such a nuanced decision. We review the 
available data here.  

    Search Strategy 

 A Medline search was performed using the following search strings based on  PICO   
elements (Table  55.1 ): “( distal pancreatectomy   OR left  pancreatectomy  ) AND 
( splenectomy   OR splenic OR spleen)”. The search was limited to studies on human 
subjects written in the English language and those that specifi cally addressed 

   Table 55.1     PICO   table for  splenic preservation   at  distal pancreatectomy     

 P (patients)  I (intervention) 
 C (comparator 
group)  O ( outcomes   measured) 

 Patients 
undergoing  distal 
pancreatectomy   
for any indication 

 Splenic 
preservation 

 Splenectomy  Splenic function/perfusion, OPSS, 
hemorrhage/transfusion requirement, 
other complications, postoperative  pain,   
oncological effi cacy 
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 outcomes   of interest, particularly feasibility, postoperative complications, risk for 
infection, and oncologic effi cacy. All results were read and reviewed, and irrelevant 
results were excluded from the analysis. Single-case reports, systematic and other 
reviews, and editorials and commentaries were also excluded.

       Results 

 We identifi ed a number of prospective observational and other non-randomized 
studies, large retrospective case reviews, and meta-analyses with our search. The 
vast majority have been published within the past 5 years, underscoring the recent 
intensity of the debate. These are discussed below based on the focus of their fi nd-
ings. We did not fi nd any prospective randomized controlled trials comparing  sple-
nectomy   and  splenic preservation   at  distal pancreatectomy  , unfortunately. 

    Physiologic Considerations 

 A retrospective case series review of 180 patients undergoing  distal pancreatectomy   
with or without  splenectomy   at a single institution over an 11-year period was 
reported by Lee et al. [ 9 ]. This group found that there were no statistically signifi -
cant differences between groups in intraoperative blood loss or need for intraopera-
tive transfusion, operative time, or postoperative complications. However, the 
authors did fi nd that white blood cell and platelet counts were signifi cantly higher 
on postoperative day 7 (p = 0.008 and p < 0.001, respectively) and at 6 months of 
follow-up (p < 0.001 and p = 0.002, respectively) in patients who underwent splenec-
tomy compared to those with  splenic preservation  . One patient who had splenic 
salvage was noted to have splenic infarction but has not suffered symptoms of 
hyposplenism. One patient who underwent splenectomy developed symptoms con-
sistent with OPSI on postoperative day 9. It is worth noting that this group did not 
routinely pre- or perioperatively vaccinate patients against  Pneumococcus , menin-
gococcus, or  Haemophilus , though these commonly are administered later in the 
postoperative course than the point at which this patient developed sepsis, and none 
of these organisms were found to be causative in this patient’s sepsis. 

 Tezuka et al. [ 10 ] reviewed 53 patients who underwent  distal pancreatectomy   
with or without  splenectomy   over a 12-year period at a single institution and exam-
ined early postoperative changes in hematologic function, among other  outcomes  . 
As expected, patients undergoing concomitant splenectomy had signifi cantly 
higher platelet count and leukocyte count than patients with  splenic preservation  ; 
these peaked at 2 weeks and 2 days postoperatively, respectively, and later normal-
ized, though the differential effect between groups remained signifi cant at 3 months 
following  surgery  . Hemoglobin, CRP, and albumin levels generally followed iden-
tical trends between groups and were largely statistically indistinct from one 
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another, differing signifi cantly only at single time points over 3 months of follow-
up assessments. There were no statistical differences between groups in postopera-
tive  pancreatic fi stula  e or infections, and there were no splenic vein thromboses, 
splenic thromboses or torsion (among those with splenic salvage), or deaths in 
either group. 

 A similar review of 78 patients undergoing  distal pancreatectomy   with either 
 splenic preservation   using the Warshaw technique or  splenectomy   over a 14-year 
period at a single institution was published by Tsiouris et al. [ 11 ]. Spleen-preserving 
operations were performed laparoscopically more often than those with concomi-
tant splenectomy (33.3 % versus 6.3 %, p = 0.004) and required signifi cantly shorter 
operative time (154 versus 204 min, p = 0.003). Neither infectious nor non- infectious 
complications were signifi cantly different between groups. However, advanced 
patient age and length of stay were independently associated with non-infectious 
complications, while intraoperative transfusion (but not operative blood loss) was 
associated with infectious and non-infectious complications. Leukocyte and plate-
let counts were higher in the splenectomy group at postoperative day 7 and postop-
erative month 6, and this effect persisted at postoperative day 7 after controlling for 
postoperative infections. There was no  mortality   or incidence of OPSI in either 
group. 

 Kohan et al. [ 12 ] conducted a prospective study to examine changes in gastro-
splenic circulation and other measures of splenic function following spleen- 
preserving  distal pancreatectomy   with splenic vessel ligation. A total of 35 patients 
undergoing spleen-preserving distal  pancreatectomy   were studied. Each patient 
had a preoperative  CT   with IV contrast to defi ne celiac, superior mesenteric, and 
splenic vascular anatomy and identify the presence of splenic vein thrombosis. No 
patients had preoperative splenic vein thrombosis or portal hypertension. 
Postoperatively, 26 % of patients developed  pancreatic fi stula  . On the seventh post-
operative day, all patients again underwent CT with IV contrast, and only 37 % 
were found to have normal splenic perfusion without evidence of infarction; 46 % 
had grade 1 and 17 % had grade 2 perfusion defects. At 6 months postoperatively, 
81 % of those with early grade 1 and 50 % of those with early grade 2 perfusion 
defects had no remaining evidence of hypoperfusion, and the other 50 % of those 
with early grade 2 defects improved to grade 1 defects. CT at 6 months also revealed 
that 74 % of patients had perigastric  varices  . A subset of these patients underwent 
upper  endoscopy  ; 73 % had gastric varices that were radiographically apparent on 
CT. There were two patients with variceal bleeding complications at 3 and 4 years 
of follow-up that were managed endoscopically. Postoperative splenic dysfunction 
was noted in 59 % of patients at 6 months postoperatively, with 19 % of these dem-
onstrating functional asplenia (greater than 15 % of erythrocytes with pitted mem-
brane morphology on peripheral smear). No patients developed OPSI over a mean 
follow-up time of 3.7 years. These data suggest that splenic function and perfusion 
is impaired following spleen-preserving distal pancreatectomy with splenic vessel 
ligation (Warshaw technique), though the clinical consequences of these fi ndings 
are not entirely clear.  
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    Complications and Postoperative Course 

 A number of retrospective studies have examined differential complications and 
 outcomes   following  distal pancreatectomy   with or without  splenectomy  . Among 11 
relevant studies, none reported any instances of overwhelming post-splenectomy 
infection or splenic infarction or necrosis following  splenic preservation  . Most 
found no differences in the rates of  pancreatic fi stula  . Only two studies found that 
overall complications were signifi cantly different between groups, which in these 
studies were more common in patients undergoing splenectomy (Table  55.2 ).

       Technical Considerations 

 In a retrospective study of 43 patients undergoing  laparoscopic    distal pancreatec-
tomy   and  splenectomy   with or without splenic vessel preservation at a single insti-
tution over an 8-year period, Butturini et al. [ 24 ] found that among 36 patients with 
preservation of the splenic vessels (84 % of study cohort) and 7 patients who under-
went a Warshaw-type distal  pancreatectomy   with splenic salvage (16 % of study 
cohort), there were no signifi cant differences in operative time, any perioperative 
complication studied, need for reoperation, or hospital length of stay. One patient in 
each group developed splenic infarction and required subsequent splenectomy. 
There were also no differences in rates of hematologic aberrations, splenic vascular 
patency, or the development of gastric or perigastric  varices   at long-term 
follow-up. 

 Beane et al. [ 25 ] compared splenic-preserving  distal pancreatectomy   with and 
without splenic vessel salvage in a retrospective study of 86 patients at a single 
institution over a 7-year period; these patients were also compared to a matched 
group of 86 patients who underwent distal  pancreatectomy   with  splenectomy  . 
Intraoperative blood loss was signifi cantly less in the vessel-preserving group com-
pared to both the vessel-ligating group and the splenectomy group (224 mL, 507 mL, 
and 646 mL, respectively; p < 0.05 for each). There were no other statistically sig-

Splenectomy Splenic preservation

Study
Total 

N N Fistula
Abscess/
infec�on OPSI

Overall
complica�ons LOS (days) N Fistula

Abscess/
infec�on

Splenic 
infarct/
necrosis

Overall
complica�ons LOS (days)

Richardson (1989) 21 10 20 % 10 % NR 40 % 18.8 11 9 % 9 % 9 % 36 % 17.5
Aldridge (1991) 77 42 12 % NR 0 % 24 % NR 35 11 % NR NR 20 % NR
Benoist (1999) 40 25 12 % 4 % 0 % 20 % 12.5 15 24 % 16 % 4 % 40 % 19
Lillemoe (1999) 235 198 NR NR NR 30 % 13 37 NR NR NR 30 % 21
Shoup (2002) 125 79 8 % 28 % NR 49 % 9 46 7 % 9 % NR 39 % 7
Rodriguez (2006) 259 185 33 % 14 % NR 58 % 7 74 36 % 8 % 1 % 54 % 6
Kleeff (2007) 302 231 11 % 5 % NR 34 % 11 71 5 % 0 % NR 27 % 10
Nau (2009) 24 17 12 % 0 % 0 % 41 % 7.0 7 29 % 0 % 0 % 71 % 7.1
Choi (2012) 72 32 56 % 16 % NR 59 % 12.5 40 25 % 5 % NR 28 % 7.1
Tang (2014) 160 82 21 % 7 % NR 41 % 13.5 78 9 % 3 % NR 26 % 12.4
Dumitrascu (2014) 66 33 24 % 6 % NR 33 % 8 33 33 % 12 % 3 % 36 % 9

   Table 55.2    Studies primarily reporting on complications and postoperative course following  dis-
tal pancreatectomy   with  splenectomy   or  splenic preservation  . Statistically signifi cant differences 
in  outcomes   (p < 0.05) are highlighted in bold/gray       

  References for table in order: [ 13 – 23 ]  
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nifi cant differences in the operative characteristics studied. Patients with vessel 
preservation experienced signifi cantly fewer splenic infarctions, postoperative 
drainage procedures, and total complications and had signifi cantly shorter lengths 
of stay compared to the vessel-ligating and splenectomy groups. These fi ndings 
suggest that while  outcomes   for distal pancreatectomy with splenectomy or  splenic 
preservation   with ligation of the splenic vessels are comparable, distal pancreatec-
tomy with spleen and splenic vessel preservation has superior outcomes with respect 
to intraoperative blood loss and postoperative considerations. 

 Adam et al. [ 26 ] compared splenic vessel preservation to ligation at  laparoscopic   
spleen-preserving  distal pancreatectomy   in a retrospective study of 140 patients 
over a 14-year period across two institutions. All patients had benign or low-grade 
malignant pancreatic tumors. There were no statistical differences between the two 
groups in operative time, intraoperative blood loss, conversion to laparotomy, or 
intraoperative complications. No signifi cant differences were noted in postoperative 
fi stulae or in the number of patients with any complication. However, length of stay 
was signifi cantly shorter (8.2 versus 10.5 days) and there were signifi cantly fewer 
spleen-related complications (none versus 10.5 %) in the splenic vessel preservation 
group as compared to the Warshaw technique group. Among patients with spleen- 
related complications, all had symptomatic splenic infarctions, and 44 % of these 
required subsequent  splenectomy  . An additional seven patients across both groups 
(5 % of total) were found to have splenic infarction on imaging that was asymptom-
atic. Reoperation was required in 5 % of the splenic vessel preservation group and 
in 6 % of the Warshaw technique group (four aforementioned patients undergoing 
splenectomy with one additional patient developing hemorrhagic shock related to 
 pancreatic fi stula  ). These data suggest that splenic vessel preservation in laparo-
scopic spleen-preserving distal  pancreatectomy   is associated with less frequent 
splenic infarction and shorter hospital length of stay than the Warshaw technique. 

 Outcomes following  robotic    distal pancreatectomy   with or without  splenic pres-
ervation   were described by Suman et al. [ 27 ]. In a retrospective review of 40 patients 
successfully undergoing robotic  resection   at a single institution over a 4-year- 
period, this group found no statistical differences between splenic preservation and 
 splenectomy   groups in postoperative complication rates or length of stay. In this 
series, 30 % of distal pancreatectomies were accomplished with splenic preserva-
tion, and in 92 % of these, the splenic vessels were also preserved. Of 49 total 
patients who underwent attempted robotic distal  pancreatectomy  , 81.6 % of cases 
were completed robotically, while 18.4 % required  open   conversion, most com-
monly due to technically diffi cult vascular dissections and bleeding complications.  

    Oncologic Considerations 

 Kim et al. [ 28 ] employed a multicenter retrospective review of 85 patients undergo-
ing radical antegrade modular  distal pancreatectomy   (that is, an “extended” 
Warshaw procedure involving division of the pancreas and splenic vessels near the 
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confl uence of the superior mesenteric vein and splenic vein and including regional 
dissection of common hepatic, celiac, and superior mesenteric artery lymph nodes) 
for pancreatic body or tail adenocarcinomas without clinical evidence of invasion 
into the spleen or splenic hilum. This group also performed en bloc  splenectomy   
and specifi cally dissected perihilar soft tissue and lymph nodes for pathologic anal-
ysis, which would ordinarily be left in place during a spleen-preserving Warshaw 
procedure. In a pilot study involving 12 patients, none were found to have splenic 
hilar lymph node metastasis on microscopic examination. It should be noted that 7 
out of 12 patients had T3 tumors, 6 out of 12 had N1 disease (with spread to sites 
other than the splenic hilum, 4 out of 12 had undergone preoperative  chemoradia-
tion  , and 10 out of 12 had tumors located in the pancreatic body, with one in the 
body and tail, and one in the tail. In a subsequent validation study in which 85 
patients from three additional centers were retrospectively reviewed, 4.7 % (4/85) 
were found to have splenic hilar lymph node metastasis on microscopic examina-
tion. Each of these patients had tumors located in the pancreatic tail or in the body 
and tail within 1.5 cm of the splenic hilum. Splenic hilar metastasis was signifi -
cantly more frequent in patients with primary tumors greater than 3 cm (p = 0.032). 
This group concluded that spleen preservation for oncologic  pancreatectomy   is rea-
sonable in selected patients with tumors located in the pancreatic neck or body and 
spanning less than 3 cm.   

    Recommendations 

     1.    For patients in which  splenic preservation   is technically feasible and is not oth-
erwise contraindicated, spleen-preserving  distal pancreatectomy   is recom-
mended (evidence quality moderate, weak recommendation).   

   2.    Splenic vessel preservation is the preferred method of spleen-preserving  distal 
pancreatectomy   when technically feasible (evidence quality low, weak 
recommendation).   

   3.    Spleen preservation should be attempted during  laparoscopic   and  robotic    distal 
pancreatectomy   when technically feasible (evidence quality low, weak 
recommendation).      

    A Personal View of the Data 

 Upon review, there seem to be few differences between  splenectomy   and  splenic 
preservation   at  distal pancreatectomy   regarding  outcomes   and postoperative com-
plications. Splenic preservation should be attempted when it is technically feasible, 
and in these cases, splenic vessel preservation should be attempted when it is techni-
cally easy, though there should be a low threshold to convert to Warshaw technique. 
During entrance into the lesser sac and exposure of the pancreas, care should be 
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taken to avoid division of the most caudal short gastric vessels. Situations that 
should preclude consideration of splenic preservation include disease involving the 
splenic hilum and tenuous vascular anatomy or other structural challenges that 
would necessitate technically diffi cult dissection. Careful inspection of the lower tip 
of the spleen following distal  pancreatectomy   is often useful to estimate the likeli-
hood of partial or early splenic infarction. If more than a minimal amount of the 
spleen tip appears dusky, then there should be a low threshold for splenectomy and 
appropriate postoperative immunization.     
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    Chapter 56   
 Management of Small Nonfunctional 
Pancreatic Neuroendocrine Tumors                     

       Gabriella     Grisotti     and     Sajid     A.     Khan    

    Abstract     Pancreatic neuroendocrine tumors (PNETs) are rare, accounting for only 
2 % of pancreatic tumors. Traditional dogma dictates that nonfunctional PNETs are 
static in size and a correlation between size and malignant potential exists. However, 
improvements in radiographic technology have pointed to the contrary. Modern 
imaging is responsible for a rising incidence of PNET diagnoses and for observa-
tions that even small tumors may grow. With a steep rise in the diagnosis of small 
PNETs, the controversial question in modern hepatopancreaticobiliary surgery of 
appropriate management for small nonfunctional PNETs has never been more 
important, and this chapter explores the role of surgery. 

 The small size of incidental, nonfunctional PNETs may belie metastatic poten-
tial. Review of the data does not guarantee that small size precludes metastasis and 
clear predictors of malignant potential are not consistently defi ned. There is moder-
ate evidence that supports that surgical resection, as opposed to observation, should 
remain the standard of care. Future prospective studies, a constellation of biomark-
ers, or genetic fi ndings may improve prognostication to supplement histopathology 
and better aid in a selective treatment approach. Special consideration to a nonsurgi-
cal approach should be afforded to patients with poor lifetime expectancy or those 
with cancer susceptibility syndromes that include Multiple Endocrine Neoplasia 
Type 1, von Hippel-Lindau disease, neurofi bromatosis Type 1, and tuberous 
sclerosis.  

  Keywords     Small nonfunctional pancreatic neuroendocrine tumor   •   Pancreatic 
tumors   •   Pancreatic surgery   •   Surgical resection   •   Observation  

        G.   Grisotti    
  Department of Surgery ,  Yale University School of Medicine ,   New Haven ,  CT ,  USA     

    S.  A.   Khan      (*) 
  Department of Surgery, Section of Surgical Oncology ,  Yale University School of Medicine , 
  PO Box 208062 ,  New Haven ,  CT   06520-8062 ,  USA   
 e-mail: Sajid.khan@yale.edu  

mailto:Sajid.khan@yale.edu


642

      Introduction 

 Pancreatic neuroendocrine tumors (PNETs) are rare clinical entities. They are diag-
nosed in approximately 1 in 100,000 people and comprise 2 % of pancreatic tumors 
[ 1 ]. They are notably found with relatively high frequency in individuals with the 
hereditary  cancer   syndromes of Multiple Endocrine Neoplasia Type 1 ( MEN-1  ) [ 2 ], 
von Hippel-Lindau disease (vHL), neurofi bromatosis Type 1 (NF-1), and tuberous 
sclerosis (TS). PNETs are either functional or nonfunctional. Functional tumors 
synthesize a hormone (e.g. insulin, gastrin, vasoactive intestinal peptide, glucagon, 
somatostatin) that elicits a sign or symptom related to the hormone; this clinical 
response relates to an individual’s tumor burden in addition to the secretory hor-
mone status. Nonfunctional tumors do not cause a clinical syndrome though they 
may secrete proteins, such as pancreatic polypeptide or chromogranins [ 3 ]. The 
presentation of these less common, nonfunctional PNETs is often incidental discov-
ery on cross-sectional imaging. Mass effect of primary or metastatic tumors may 
also cause biliary or gastric obstruction,  pain   secondary to celiac plexus involve-
ment, and hepatomegaly from liver metastases [ 4 ]. 

 Traditional dogma has been that nonfunctional PNETs are static in size and a 
correlation between size and malignancy exists. However, improvements in radio-
graphic technology have pointed to the contrary [ 5 ]. Modern imaging is responsible 
for a rising incidence of PNET diagnoses and has suggested that small PNETs grow 
in size. As a corollary, a controversial question in modern hepatopancreaticobiliary 
 surgery   is how best to manage small pancreatic neuroendocrine tumors. The 
National Comprehensive Cancer Network’s (NCCN) guideline for  management   of 
nonfunctional PNETs is that surgical  resection   is indicated, except in cases <10 mm 
where  observation   may be appropriate [ 6 ]. The North American NeuroEndocrine 
Tumor Society (NANETS), while acknowledging controversy, recommends resec-
tion of all sporadic, nonfunctional tumors, unless in the setting of prohibitive surgi-
cal risk from comorbidity. In a background of vHL and  MEN-1  , indications for 
surgical resection are based on tumor size with a threshold of 3 cm and 2 cm, 
respectively [ 7 ]. A consensus on management and indications for surgery of these 
small, sporadic tumors remains elusive [ 8 ]. 

 With a steep rise in the  diagnosis   of small PNETs, the question of the appropriate 
 management   for small nonfunctional PNETs has never been more important [ 9 ]. A 
recent retrospective analysis of the Surveillance, Epidemiology, and End Results 
(SEER) database found that the diagnosis of individuals with PNETs ≤2 cm had 
increased 710 % from 1988 to 2009 [ 10 ], likely an underestimate given that this 
database omits benign disease. A common postulate is that widespread use of abdom-
inal axial imaging (i.e.,  computed tomography   ( CT  ),  magnetic resonance imaging   
(MRI), somatostatin receptor scintigraphy) is responsible for increased detection, yet 
 endoscopic    ultrasound   (EUS) is also partly responsible for this trend [ 11 ]. 

 Central to the work up and evaluation of PNETs, is a high-quality triple phase 
 CT   of the pancreas to determine tumor resectability. MRI should be considered with 
contraindications to CT. EUS is an excellent study because it affords the opportu-
nity for a tissue  diagnosis   (i.e., fi ne needle aspiration (FNA)) and is the most 
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 sensitive modality for tumors ≤1 cm [ 11 ]. For those with genetic syndromes, it 
affords for preoperative localization for multifocal disease and for  surveillance   of 
patients predisposed to developing nonfunctional PNETs. Somatostatin receptor 
scintography can be considered (except for insulinomas) but is not always indicated 
in preoperative evaluation [ 12 ]. Serum tumor markers such as chromogranin A 
(CgA), neuron specifi c enolase (NSE), and pancreatic polypeptide (PP) can be con-
sidered for future surveillance. 

 Different organizations, such as the American Joint Committee on Cancer 
(AJCC) and the World Health Organization (WHO) have compiled varying classifi -
cation systems for PNETs. The AJCC staging system (Table  56.1 ) relies on tumor 
size and nodal or distant spread. The WHO grading system divides tumors into 
well-differentiated (Grades 1–2) or poorly differentiated (Grade 3) based on mitotic 
count and Ki-67 proliferation index (Table  56.2 ) [ 13 ].

     Surgical resection   is considered the basis of treatment for nonfunctional PNETs. 
Tumor encasement (greater than 180°) of the superior mesenteric artery or celiac 
axis, or occlusion of the portal vein-superior mesenteric vein (PV-SMV) confl uence 
without ability for venous reconstruction, indicate unresectability. For small tumors 
that are completely  resectable  , surgical approaches include  enucleation  , subtotal 
 pancreatectomy  , or  pancreaticoduodenectomy  . We believe loco-regional 
 lymphadenectomy is indicated for prognostic and potential therapeutic purposes. 
There is no standardized number of lymph nodes advised for  resection  , but it has 
been noted that procedures reliant on enucleation often suffer from minimal lymph 
node sampling [ 14 ]. 

    Table 56.1    AJCC PNET staging [ 40 ]   

 Stage 0   Tis    N0    M0  
 Carcinoma in situ  No regional 

lymph node 
metastasis 

 No distant 
metastasis  Stage Ia   T1  

 Tumor limited to the pancreas, ≤2 cm 
 Stage Ib   T2  

 Tumor limited to the pancreas, >2 cm 
 Stage IIa   T3  

 Tumor extends beyond the pancreas, without involvement 
of the celiac axis or the superior mesenteric artery 

 Stage IIb   T1, T2, or T3    N1  
 Regional lymph 
node metastasis 

 Stage III   T4    Any N  
 Tumor involves the celiac axis or the superior 
mesenteric artery 

 Stage IV   Any T    M1  
 Distant 
metastasis 

  Used with permission of the American Joint Committee on Cancer (AJCC), Chicago, Illinois. The 
original and primary source for this information is the AJCC Cancer Staging Manual, 7th Edition 
(2010) published by Springer Science + Business Media  
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 Five-year and 10-year  overall survival  s for all nonfunctional PNETs are 55 % 
and 30 %, respectively. Five-year  survival   in one study of 274 patients, when strati-
fi ed by TNM staging (Table  56.1 ) revealed 100 % survival for stage I, 93 % for stage 
II, 65 % for stage III, and 35 % for stage IV [ 15 ]. Adverse prognostic indicators 
include poor differentiation of the tumor, lack of  resection   of the primary tumor, and 
liver metastases, especially if not treated aggressively. Surgery is recommended for 
locally advanced disease where the nonfunctional PNET has spread beyond the 
pancreas to the surrounding tissues or local lymph nodes. The value of surgical 
resection for small, nonfunctional PNETs is controversial [ 16 ,  17 ].  

    Search Strategy 

 A literature search of English language publications from 2007 to 2014 was used to 
identity published data on surgical  resection   for small nonfunctional neuroendo-
crine tumors of the pancreas using the  PICO   outline (Table  56.3 ). Databases 
searched were Pubmed, SUMSearch, Cochrane Library, OVID, Web of Science, 
SCOPUS, and EMBASE.

   The literature search relied on the terms: “nonfunctional pancreatic neuroendo-
crine tumors”, “nonfunctioning pancreatic neuroendocrine tumors”, “nonfunctional 
pancreatic endocrine tumors”, “nonfunctioning pancreatic endocrine tumors”, 
“ surgery  / resection  / observation   AND small nonfunctional pancreatic neuroendo-
crine tumors”, “surgery/resection/observation AND nonfunctioning pancreatic neu-
roendocrine tumors”, “surgery/resection/observation AND nonfunctional pancreatic 
endocrine tumors”, “surgery/resection/observation AND nonfunctioning pancreatic 
endocrine tumors”. 

 Papers were excluded if they were solely focused on metastases of pancreatic 
neuroendocrine tumors, published prior to 2007, or published in a non-English 
language. 

   Table 56.2    WHO grading system for PNET   

 Grade  Differentiation 
 Mitotic Count (per 
2 mm 2 ) 

 Ki-67 index 
(%) 

 Grade 1 (low grade)  Well differentiated  <2  ≤2 
 Grade 2 (intermediate grade)  Well differentiated  2–20  3–20 
 Grade 3 (high grade)  Poorly differentiated  >20  >20 

   Table 56.3     PICO   table for surgical intervention for small nonfunctional pancreatic neuroendocrine 
tumors   

 P (Patients)  I (Intervention) 
 C (Comparator 
group)  O (Outcomes measured) 

  Small nonfunctional 
pancreatic 
neuroendocrine tumors   

 Resection  Observation  Morbidity,  mortality,    cancer   risk, 
risk of progression,  overall survival   
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 There were no randomized control trials published. Eighteen cohort studies, four 
database studies, and one systematic review were included in our analysis. The data 
was classifi ed using the  GRADE   system.  

    Results 

    Predictors of Survival 

 One observational study of 41 patients with small (<2 cm), nonfunctional PNETs 
found no loco-regional spread or distant metastasis over a 34-month median follow-
 up [ 18 ]. Average tumor growth was 0.12 mm per year, only one tumor grew beyond 
2 cm, and of eight patients that underwent  resection  , all had low grade, lymph node 
negative disease. Statistical analysis was unable to identify any statistically signifi -
cant patient or tumor characteristics that predicted growth rate. The short clinical 
follow-up and the lack of statistically signifi cant variables to forecast tumor pro-
gression are obvious criticisms of this study. 

 A retrospective study of 151 patients who underwent  resection   of nonfunctional 
PNETs with a 2.6 cm median diameter evaluated prognostic factors for  survival   
[ 19 ]. The 10-year  overall survival  ,  disease-specifi c survival  , and disease-free sur-
vival rates were 72.6 %, 85.1 %, and 57.2 % respectively. Based on the WHO clas-
sifi cation schema, survival was inversely related to tumor grade. Further validating 
the WHO classifi cation, on multivariate analysis, Ki-67 index, mitotic count, and 
lymph node metastasis were all indicators of poor prognosis. This study did not 
provide data stratifi ed based on tumor size, and as the range in size was 2–15 cm, it 
is hard to infer the natural history of truly small tumors, but it does provide insight 
into predictive clinical variables for PNETs in general. 

 Tumor size alone does not predict its biology and there is data to support the 
presence of loco-regional and distant spread in small PNETs. In a recent review of 
the National Cancer Database (NCDB) from 1998 to 2011, Gratian et al. reported 
interesting data on 1,854 patients with PNETs ≤2 cm [ 20 ]. Among tumors ≤0.5 cm, 
one-third of patients presented with loco-regional lymph node disease and 11 % had 
distant disease. Furthermore the 5-year  overall survival   in patients with small non-
functional PNETs who did not undergo  surgery   was markedly decreased compared 
to those who did have surgery (27.6 % vs 72.0–86.0 %, P < 0.01). This was after 
excluding those patients with distant metastases, prohibitive comorbidities, or death 
before reaching surgery. The type of surgery, ranging from  enucleation   to  pancreati-
coduodenectomy  , was not found to have a signifi cant impact on  survival  , leading the 
authors to recommend that the type of surgery be left to the surgeon’s discretion. 
Lymphadenectomy also did not affect overall survival, but this may be colored by a 
lack of standards for extent of lymphadenectomy. Other limitations, based on the 
nature of the database, include that all PNETs included were coded as malignant, 
some functional PNETs may have been included, and as with all databases, the 
results may have been tainted by miscoding. 
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 Nodal involvement has been used as a surrogate marker for  survival   in some 
studies. Several studies found that tumor size is predictive of nodal metastasis and 
 overall survival   [ 21 ]. A large retrospective study (Curran et al.), of PNETs in the 
SEER database, from 1988 to 2010, which did not differentiate functional from 
nonfunctional tumors, found that tumor size ≥2 cm and increased grade signifi -
cantly increased the chances of nodal involvement [ 22 ]. They further substratifi ed 
lesions, again, both functional and not, and those ≤2 cm had a 22 % chance of nodal 
metastasis and those ≤1 cm had a 17 % chance of nodal metastasis in the absence 
of grade data. With grade data, not yet regularly recorded for every patient, the 
authors hypothesize that these small PNETs, both functional and nonfunctional, 
may be able to be risk-stratifi ed for nodal metastasis with greater accuracy. 

 A study that looked at nonfunctional PNETs in both the SEER database from 
1988 to 2009 and an institutional database from 1996 to 2012, with 1,371 and 79 
cases each (Kuo et al.), found two interesting, signifi cant predictors of  survival   for 
tumors ≤2 cm [ 10 ]. Minority race (black or Asian, compared to white (Asian, HR 
30.2, 95 % CI 3.1–291.7; black, HR 60.1, 95 % CI 2.1–1,027.9)) and tumor grades 
of moderate (HR 37.2, 95 % CI 2.7–518.8) and poor (HR 94.2, 95 % CI 4.9–1,794.4) 
differentiation were associated with decreased  disease-specifi c survival  . Disease- 
specifi c survival was not related to nodal involvement. Nodal involvement was neg-
atively associated with small tumor size. However, in those tumors ≤2 cm which did 
have nodal involvement, it was associated with extra-pancreatic spread and was less 
likely in patients 65 years of age, or older, compared to those younger than 45 years 
of age. It is unclear if the relationship between race and survival is due to genetics 
or to other socio-economic factors. The caveat remains, as with other SEER studies, 
that benign disease is excluded, thus skewing results and requiring caution in 
generalizing. 

 A single institution retrospective study (Toste et al.) from 1989 to 2012 found a 
different relationship between tumor size, dichotomizing at 2 cm, and nodal involve-
ment, but not  survival   [ 21 ]. Again, a small minority of tumors ≤2 cm did have nodal 
metastasis. Acknowledging the limitations of the study size and retrospective nature, 
they concluded that in certain high risk patients,  observation   of tumors ≤2 cm may 
be appropriate. These fi ndings were echoed in another small case series with less 
than 20 patients [ 23 ].  

    Resection of Tumors ≤ 2 cm 

 A strong multi-institutional study supporting  resection   was reported by Cherefant 
et al. in 2013 [ 24 ]. This study included 128 patients who had undergone resection 
for nonfunctional PNET. Three patients with tumors ≤2 cm developed distant 
metastasis and two of those patients died of disease, prompting the authors to argue 
that it was unsafe to differentiate based on tumor size. 

 A single institution retrospective study (Haynes et al.) from 1977 to 2009 of 139 
patients with a nonfunctional PNET, found that of the 39 tumors ≤2 cm which were 
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resected, 7.7 % of patients had late metastasis or recurrence [ 25 ]. Disease progres-
sion or recurrence was even found to develop in a patient classifi ed as “benign” 
tumor. Without a prospective randomized trial, deemed unfeasible due to lack of 
clinical equipoise by the authors, they recommend  resection   for all surgically fi t 
patients with nonfunctional PNETs without distinction based on size. 

 A retrospective study of the NCDB database, with 380 patients identifi ed to have 
nonmetastatic, nonfunctional PNETs ≤2 cm from 1998 to 2006 evaluated the effect 
of  observation   on  survival   [ 26 ]. Nineteen percent of those patients were observed, 
but the reasoning behind the nonoperative approach was not available. Seventy-fi ve 
percent of the observed patients did not undergo any other therapy (e.g.  chemo-
therapy   or radiation). On a multivariate analysis of the overall 5-year survival rates 
(82.2 % for  resection   and 34.3 % for observation, P < 0.0001) resection conferred an 
 overall survival   advantage independent of the patient’s health status or the tumor’s 
pathology, reinforcing the fi ndings of Gratian et al. [ 22 ], as described above, who 
also used the NCDB database. 

 A different retrospective study of PNETs in the SEER database (Hill et al.) did 
not stratify patients based on the size of the tumor but also found that  resection   
improved  survival   across all stages in patients who were advised to undergo  surgery   
[ 27 ]. They evaluated 728 patients from 1988 to 2002, 84 % of whom had nonfunc-
tional tumors. Patients who underwent resection had signifi cantly increased  overall 
survival   compared to those who were advised to undergo resection, but did not (114 
months vs 35 months, P < 0.0001). Although functional PNETs were included in 
this study, on a subgroup analysis of functional status, adjusted Cox model showed 
no effect of functional status.  

    Observation of Tumors ≤ 2 cm 

 A two center study in Italy (Crippa et al.) was done with 355 patients with nonfunc-
tional PNETs who underwent  resection   and 12 patients with nonfunctional PNETs 
who were observed [ 28 ]. In the latter group, median tumor size was 14 mm, and 
none of the tumors enlarged or progressed over a median follow up of 3 years. 
Albeit with a small  observation   population and relatively short term follow up, the 
authors conclude that observation of tumors ≤2 cm is safe when operative risks are 
prohibitive, for example in an older population with more comorbidities. The same 
Italian group also published on a retrospective study from 1990 to 2008 (Bettini 
et al.) of resected nonfunctional PNETs [ 29 ]. While they saw an inverse relationship 
between tumor size and malignancy, and went so far as to say that tumors ≤2 cm 
might be safely observed, they admitted that only 60 % of their tumors ≤2 cm were 
benign. 

 In Japan, another single institution study (Kishi et al.) from 1981 to 2013, fol-
lowed 90 patients with nonfunctional PNETs [ 30 ]. Seventy-fi ve patients underwent 
 resection   and 19 patients, with a median tumor size of 12 mm, were followed by 
serial imaging. The institutional guidelines were to observe tumors ≤10 mm, and 
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any patients with larger tumors who were in the  observation   arm, were patients who 
had refused  surgery  . Five-year progression-free  survival   for the observed patients 
was 83 %. Of the patients who underwent resection, no patients with tumors 
≤15 mm had recurrence or late metastasis. With a less than 4-year median follow-
 up, this study advised that patients with tumors ≤10 mm could be observed, but 
once the tumor was ≥15 mm, resection was indicated. 

 A single institution, retrospective study with a much larger proportion of 
observed patients was reported by Lee et al. [ 31 ]. Seventy-seven patients with non-
functional PNETs (median size 1 cm, range 0.3–3.2 cm) diagnosed with or without 
a tissue  diagnosis   were observed for a mean  radiologic   follow up of only 35 months 
without increase in tumor size, disease progression, or disease related  mortality  . 
Fifty-six patients (with a median tumor size of 1.8 cm) underwent  resection   with 
pathology revealing that all patients were AJCC Stage I, except for fi ve patients 
with lymph node involvement and four patients who did not have a PNET. Using the 
WHO criteria, 73 % were low grade, 21 % were intermediate grade, there were no 
high grade cases, and 6 % did not have this data available. This study recommended 
 observation   and serial imaging for patients with tumors ≤2 cm. This recommenda-
tion did not restrict nonoperative  management   to those patients with prohibitive 
risks for  surgery  , as other studies had. The short term follow-up and lack of confi r-
matory tissue for diagnosis of the nonoperative group calls into question the gener-
alizability of these fi ndings. 

 Another case series of 108 patients who underwent  resection   of a nonfunctional 
PNET from 1994 to 2010 (Birnbaum et al.) discriminated based on whether the 
nonfunctional PNET was discovered incidentally or based on patient symptoms 
[ 32 ]. Signifi cant fi ndings included that incidental tumors were more likely to be 
≤2 cm (65 % compared to 42 %), T1 stage (62 % vs 33 %, P = 0.0001), node nega-
tive (85 % vs 60 %; P = 0.005), and grade 1 (66 % vs 33 %, P = 0.0001). Five-year 
disease-free  survival   was 92 % in the incidentally discovered group and 82 % in the 
symptomatic group. They also reported no signifi cant difference in disease-free sur-
vival between those with incidentally discovered (N = 36) and symptomatic (N = 16) 
tumors <2 cm. This led the authors to cautiously agree that  observation   may be suit-
able for patients with tumors ≤2 cm.  

    Tumors in the Background of vHL or MEN I 

 Individuals with hereditary  cancer   syndromes present a distinct patient population 
with more frequent occurrence of nonfunctional PNETs. A unique prospective 
study by Blansfi eld et al. examined 633 patients with vHL from 1988 to 2006 and 
found that 108 patients had a nonfunctional PNET [ 33 ]. This rate coincides with the 
occurrence of PNET in 12–17 % of patients with vHL. The tumors were resected (in 
39 patients) if >3 cm without evidence of metastatic disease, or if laparotomy was 
performed for another reason and tumor  resection   was considered feasible with 
minimal  morbidity  . The rest of the patients were followed with serial imaging. The 
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recommendations were that patients with vHL should be evaluated by three criteria: 
size ≥3 cm, presence of a specifi c mutation in exon 3, and tumor size doubling time 
less than 500 days. With no criteria fulfi lled, a patient can be managed nonopera-
tively with serial imaging every 2–3 years. With one criterion, the frequency of 
imaging is increased to every 6 months. With two or three criteria, the patient should 
be evaluated for  surgery  . 

 Nonfunctional PNETs are diagnosed in 70–80 % of individuals with MEN 1, 
with almost all patients demonstrating pancreatic hyperplasia on autopsy. PNETs 
are a signifi cant cause of  mortality   in patients with MEN I, as compared to parathy-
roid or pituitary lesions [ 34 ,  35 ]. Nonfunctional PNETs may even present as early 
as the second decade [ 36 ] and disease is often multicentric [ 37 ]. In a study of 11 
patients with MEN 1 (D’Souza et al.), 18 tumors were found ranging in size from 
5 mm to 2.4 cm with a mean of 10.3 mm [ 38 ]. Over a mean follow up period of 79 
months, the initial tumors grew an average of 1.32 mm per year. However, 12 new 
lesions were found with an accelerated rate of growth of 3 mm per year. This led the 
authors and an editorial related to this study [ 39 ], to support  surveillance   of non-
functional PNETs in the setting of  MEN-1  , until growth beyond 2 cm, in conjunc-
tion with a slow rate of growth per year (≤15 % initial diameter).   

    Recommendations 

 There has been a sharp rise in the proportion of patients presenting with small, non-
functional PNETs. While advanced tumor grade, mitotic rate, and Ki-67 indices 
portend a poorer prognosis for all diagnosed PNETs, size does not necessarily pre-
dict tumor biology. For small tumors, the incidence of loco-regional lymphatic and 
distant metastasis is not trivial and malignant potential may still exist (evidence 
quality moderate). Until prospective studies provide clarity to predicted clinical out-
come, surgical  resection   must remain the standard of care. Individuals in whom 
 surgery   presents a prohibitive risk may be observed with serial imaging with the 
understanding that the possibility to develop metastasis is possible. Those with a 
limited life expectancy and low tumor grade may also be considered for  observation   
because data suggests a slow progression of disease. Though recommendations for 
 management   in a background of vHL and  MEN-1   are not clear, surgical resection 
should be considered for tumor sizes of 3 cm and 2 cm, respectively.  

    Personal View 

 Improvements to radiographic imaging, in addition to their overutilization, have 
increased the incidence of incidentalomas for various solid tumors. This is of criti-
cal relevance to the hepatopancreatobiliary surgeon because of the surge of newly 
discovered small PNETs. There are no large, prospective, high quality studies that 
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support  observation   over  resection   in the treatment of this disease. However, mul-
tiple retrospective studies have shown that loco-regional lymphatic and distant 
metastasis is possible in small tumors ≤2 cm. An incidental fi nding on abdominal 
imaging of a small nonfunctional PNET should prompt referral to a surgeon. A 
recent patient treated by our surgical oncology service reinforces the concept that 
small tumors are capable of spread. An asymptomatic 75 year-old woman with an 
excellent performance status presented with a 1 cm, hypervascular, pancreatic tail 
lesion on  CT  . This was radiographically stable in size for 4 years, not amenable to 
biopsy, and she underwent a  laparoscopic   distal subtotal  pancreatectomy  . Pathologic 
examination revealed that while the tumor was only 1.1 cm in largest dimension, 
well differentiated, and had a Ki-67 index <2 %, it had already metastasized to two 
of seven resected lymph nodes (Fig.  56.1 ). Until better data point to the contrary, 
pancreatectomy is superior to observation for small, nonfunctional PNETs.

  Fig. 56.1    Imaging and pathology from a case of a small, nonfunctional PNET. ( a ) A transverse 
image from a  computed tomography   ( CT  ) scan with intravenous contrast. White arrow points to 
the 1 cm enhancing lesion in the tail of the pancreas. On comparison to CT scans over the past 4 
years (not shown), the size of the lesion was stable. No evidence of liver metastasis or lymphade-
nopathy in the rest of the scan (not shown). ( b ) Gross specimen of the same 1 cm pancreatic lesion 
seen in  a , removed during a  laparoscopic   distal  pancreatectomy  . It was noted to be a 1.1 × 1.0 × 1.0 
cm, tan-white, and slightly granular tumor ( white arrow ) with negative margins. The remainder of 
the pancreas was unremarkable. Tumor was present in two of seven lymph nodes (not shown). ( c ) 
Hematoxylin and eosin stain of a section of the same pancreatic lesion, under high power resolu-
tion. Cells are in a festooning, trabecular pattern, with round nuclei with granular chromatin. 
Mitotic fi gures are less than 2 per 10 high power fi elds. Ki-67 index <2 %. ( d ) Chromogranin stain 
of a section of the same pancreatic lesion, under high power resolution. Cells were positive for both 
chromogranin and synaptophysin (not shown)       
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       Recommendations 

•     For medically fi t patients with sporadic, small, nonfunctional PNETs, we recom-
mend surgical  resection   over  observation   (evidence quality moderate; weak 
recommendation).  

•   We favor  resection   over  enucleation   partly because the latter often suffers from 
minimal lymph node sampling (evidence quality moderate; weak 
recommendation).  

•   In a background of vHL and  MEN-1  , indications for surgical  resection   are tumor 
size greater than 3 cm and 2 cm, respectively (evidence quality low; weak 
recommendation).        
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    Chapter 57   
 Management of Pancreatic Gastrinoma                     

       Shady     F.     Gad     and     Jason     K.     Sicklick    

    Abstract     Pancreatic gastrinoma is a functional pancreatic neuroendocrine tumor 
that secretes gastrin and leads to Zollinger-Ellison Syndrome (ZES), a disorder 
characterized by hypergastrinemia and gastric acid hypersecretion. These tumors 
may be either sporadic or part of multiple endocrine neoplasia type 1 (MEN-1) 
syndrome. At present, surgical management remains the fi rst-line treatment for 
cases of sporadic or hereditary gastrinomas while medical therapy is utilized to 
ameliorate the effects of hypergastrinemia and resultant gastric acid hypersecretion. 
Together, these approaches improve survival and reduce disease-related complica-
tions in these patients. As such, multi-disciplinary, personalized care is critical for 
optimizing outcomes in these patients.  

  Keywords     Zollinger-Ellison syndrome   •   MEN-1   •   Gastrinoma   •   Pancreatic surgery   
•   Morbidity  

      Introduction 

 Pancreatic  gastrinoma   is a functional pancreatic neuroendocrine tumor that secretes 
gastrin and leads to Zollinger-Ellison Syndrome (ZES) characterized by hypergas-
trinemia and gastric acid hypersecretion. Patients with gastrinomas can develop 
ulcers in the stomach, duodenum, and small bowel. Gastrinomas most commonly 
arise within the “gastrinoma triangle” bordered by the junction of the cystic- 
common  bile duct  , the junction of the second-third portions of the duodenum, and 
the junction of the neck-body of the pancreas. They may also arise within the pan-
creatic body/tail, esophagus, stomach, jejunum, omentum, liver, ovaries, and kid-
neys [ 1 ]. The reported incidence of all gastrinomas is 1–3 per 1,000,000 [ 2 ]. These 
tumors may be either sporadic or part of multiple endocrine neoplasia type 1 
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( MEN-1  ) syndrome. At present, surgical  management   remains the fi rst line treat-
ment for cases of sporadic or hereditary gastrinomas while medical therapy remains 
an indispensable part of the treatment algorithm in order to abrogate the effects of 
hypergastrinemia and resultant gastric acid hypersecretion. As such, medical ther-
apy should be utilized in patients with sporadic disease following failure to localize 
a tumor, when disease is unresectable, or when disease recurs. On the other hand, 
lifelong medical management is warranted in all cases of MEN-1 syndrome- 
associated gastrinomas because of the high risk of multifocal disease. This chapter 
addresses the management and  outcomes   of both sporadic and familial pancreatic 
gastrinoma.  

    Search Strategy 

 A literature search of English language publications ending in September 2014 was 
used to identity published data on pancreatic  gastrinoma    management   and  out-
comes  . The PubMed, Scopus, and Embase databases were searched. Terms used in 
the searches were “gastrinoma,” “pancreatic gastrinoma,” “ Zollinger-Ellison syn-
drome  ,” “ MEN-1  ,” “MEN 1,” “metastatic gastrinoma,” “surgical treatment of gas-
trinoma,” “ pancreaticoduodenectomy   and gastrinoma,” and “medical treatment of 
gastrinoma.” Case reports, case series, review articles, and  clinical trials   were 
included in our literature review.  

    Presentation of Pancreatic Gastrinoma 

 Gastrinoma is the second most common functional pancreatic neuroendocrine 
tumor (PNET) and the most common functional NET in  MEN-1   patients [ 2 ]. 
Patients may present with gastroesophageal refl ux, dyspepsia, dysphagia, esopha-
gitis, esophageal strictures, recurrent or multiple gastric/duodenal/jejunal ulcer-
ations, or secretory diarrhea [ 3 – 6 ]. In turn, this is the underlying cause of peptic 
ulcer disease (PUD) in approximately 0.1–1 % of all PUD patients [ 7 ]. The mean 
age of presentation has been reported around 50 years old [ 8 – 10 ]. However, the 
disease probably occurs earlier in life since the mean time from symptoms to  diag-
nosis   has been reported to be as long as 8 years [ 11 ]. The delay to diagnosis may 
be further exacerbated in cases of sporadic gastrinomas by the increased availabil-
ity of medications to control gastric acid hypersecretion (e.g., proton pump inhibi-
tors, histamine H2 receptor antagonists, and antacids) [ 12 ]. In contrast, patients 
with a personal or family history of MEN-1, hypercalcemia, recurrent nephroli-
thiasis, parathyroid adenomas, recurrent peptic ulcers at a young age, and/or pitu-
itary tumors should raise suspicion for a  gastrinoma   in the setting of MEN-1 
syndrome [ 2 ]. 
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 The  diagnosis   of ZES associated with pancreatic and non-pancreatic  gastri-
noma   is defi ned by several factors, including elevated gastrin levels and elevated 
basal gastric acid levels. More specifi cally, patients must have a fasting serum 
gastrin greater than 100 pg/mL and basal acid output greater than 15 mEq/h [ 4 ]. 
Furthermore, an increase of 200 pg/mL of gastrin after secretin injection con-
fi rms the diagnosis of ZES. It is important to note that patients should cease 
taking anti-secretory medications for at least 3 days prior to measurement of 
hormone levels.  

     Tumor Localization 

 Pancreatic gastrinomas may occur anywhere within the pancreas, including the tail 
(48 %), head (30 %), and body (22 %) [ 2 ,  13 ]. In order to defi ne the tumor location(s) 
and evaluate for metastatic disease, non-invasive imaging studies should be utilized. 
These include abdominal ultrasonography (20–30 % sensitivity to detect any  gastri-
noma  ), abdominal/pelvic  computed tomography   ( CT  ) scan (80–100 % sensitivity) 
and  magnetic resonance imaging   (MRI, 83 % sensitivity to detect liver metastases) 
[ 2 ,  14 ]. Additionally, functional nuclear studies, including 68Ga-DOTA-Tyr3- 
octreotide positron emission tomography (PET) scan and 111In-DTPA-octreotide 
scintigraphy can be utilized for localization based upon tumor expression of the 
somatostatin receptor [ 15 ]. The combined use of PET and CT has the highest over-
all accuracy. In addition to these non-invasive imaging modalities, more invasive 
options exist, including  endoscopic   ultrasonography (75–100 % sensitivity), intra-
operative pancreatic ultrasonography and intraoperative hepatic ultrasonography. 
The latter approaches may be necessary in cases where preoperative imaging fails 
to localize disease [ 16 ].  

    Prognostic Factors 

 There are several unfavorable prognostic factors in patients with pancreatic  gas-
trinoma  . These include: female sex; rapid progression of symptoms; markedly 
elevated fasting gastrin levels; persistent gastric acid hypersecretion despite 
optimal medical  management  ; primary tumor size; advanced tumor stage (i.e., 
lymph node and liver metastases); molecular features including HER2/neu over-
expression; and histopathologic features including lymphovascular invasion, 
perineural invasion, and higher mitotic index (i.e., >2 mitoses per 20 high power 
fi elds) [ 9 ,  17 ]. With these factors in mind, there are two main strategies for 
improving symptom and disease control [e.g., disease-free  survival   (DFS), pro-
gression-free survival (PFS),  disease-specifi c survival   (DSS) and  overall sur-
vival   (OS)].  
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    Surgical Management 

 Treatment options for pancreatic  gastrinoma   include operative and non-operative 
approaches. In deciding between these, decision-making is based upon the extent 
and location of disease, as well as the patient’s underlying performance status and 
medical comorbidities. In determining the optimal approach, treatment  outcomes  , 
as well as  morbidity   and  mortality   associated with each approach should be consid-
ered. However, because of the rarity of pancreatic gastrinoma, the  management   of 
this disease is mostly based upon case reports, case series, and expert opinion. As a 
result, the evidence quality can be considered very low to moderate, but many of the 
recommendations are moderate to strong. 

 Reported  operative management   options include  enucleation   and  resection   (e.g., 
 pancreaticoduodenectomy   and  distal pancreatectomy  ) [ 18 ,  19 ]. Additionally, it is 
important to evaluate the liver, because hepatic metastases may be present and 
therefore warrant treatments such as partial  hepatectomy   and/or ablation [ 20 – 22 ]. 
In one of the larger series reported, Norton and colleagues reported that surgical 
 management   improved  survival   in patients with pancreatic and non-pancreatic gas-
trinomas as compared to  non-operative management   [ 20 ]. More specifi cally, they 
compared  outcomes   in 160 ZES patients who underwent surgical exploration versus 
35 ZES patients who did not. Twenty-seven (17 %) of these patients had pancreatic 
gastrinomas. Overall, the groups were similar in regards to demographics, labora-
tory values, and imaging fi ndings. At the time of operation, 94 % of patients had a 
tumor removed, while 51 % had immediate normalization of gastrin levels consis-
tent with biochemical cure. At last follow up (range: 11.8–12 years), 41 % of 
patients remained disease-free. In this study, the DSS at 15 years was superior in the 
surgical group (98 %) as compared to the non-surgical group (74 %). Over time, 
29 % of the non-operative cohort developed liver metastases as compared to 5 % of 
the operative cohort. While historically there was controversy regarding the role of 
surgical management in the treatment of ZES patients, this study suggested that 
operative treatment increases DSS in patients with ZES while decreasing the devel-
opment of metastatic disease. 

    Enucleation 

 Enucleation of PNET is a well-accepted approach in the  management   of localized 
tumors [ 18 ]. In one study by Atema and colleagues, 5 of 11 patients (45.5 %) under-
went  enucleation   for pancreatic gastrinomas [ 8 ]. One of these fi ve patients (20 %) 
subsequently underwent completion pylorus-preserving  pancreaticoduodenectomy   
(PPPD) for unresected disease. Another patient had a post-operative course compli-
cated by the development of a chyle leak, which was treated by  percutaneous    drain-
age   and a medium-chain triglyceride diet. The long-term results in this series were 
notable for a DFS range from 1 to 13 years with one patient succumbing to 
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metastatic disease, one patient developing a suspected recurrence, and three patients 
remaining disease-free. While no postoperative  pancreatic fi stula   (POPF) were 
reported in this small series, it is a well known complication following enucleation 
of pancreatic tumors. Another study of 60 patients with ≤3.0 cm potentially benign 
pancreatic tumors were analyzed for POPF rates after enucleation [ 23 ]. This study 
included fi ve pancreatic  gastrinoma   patients. The authors distinguished deep enu-
cleation [i.e., distance ≤3 mm from the main pancreatic duct (MPD)] from standard 
enucleation (i.e., distance >3 mm from the MPD). The deep enucleation group 
(N = 30), which included two gastrinomas, had a signifi cantly higher rate (i.e., 70 %) 
of clinically relevant POPF types B and C versus the standard enucleation (N = 30), 
which included three gastrinomas, and had a lower rate (i.e., 23 %). On multivariate 
analysis, distance from the MPD independently predicted the incidence of clinically 
relevant POPF. Beyond the immediate complications of the operation, two patients 
(40 %) who underwent enucleation of 25-mm and 23-mm sized gastrinomas devel-
oped metastatic disease without local recurrence. They succumbed to disease after 
10.3 and 16.9 years, respectively. No other patients developed recurrent or meta-
static disease. Therefore, based upon the high incidence of POPF, enucleation 
should be considered with caution, especially in gastrinoma patients.  

    Resection 

 In addition to  enucleation  , surgical  resection   is a viable option for treating pancre-
atic gastrinomas. As previously noted, pancreatic gastrinomas may occur anywhere 
within the pancreas, including the tail (48 %), head (30 %), and body (22 %) [ 2 ,  13 ]. 
While small, superfi cial lesions distant (i.e., >3 mm) from the MPD can be consid-
ered for enucleation, larger, deeper lesions that are closer to the MPD should be 
considered for resection. For pancreatic head and uncinate process gastrinomas, 
 pancreaticoduodenectomy   (PD) may be performed while for body and tail lesions, 
 distal pancreatectomy   (DP) should be utilized. In instances of neck/body tumors, 
central  pancreatectomy   is another option. Herein, we discuss pancreatic operations 
and complications in the setting of  gastrinoma  . 

 In a report by Norton and colleagues [ 24 ], they studied 81 patients with sporadic 
and familial gastrinomas. The ZES and  MEN-1   patients were divided into four 
cohorts depending upon the results of preoperative imaging. Group 1 (N = 17, 
tumors <2.5 cm) and group 3 (N = 8, diffuse liver metastases) did not undergo oper-
ations. All patients in group 2A [N = 17; single tumor, 2.5–6 cm (i.e., limited dis-
ease)] and group 2B (N = 31; ≥2 tumors, ≥2.5 cm, or single tumor >6 cm) underwent 
laparotomy. Of the patients in these latter two groups, 24 %/58 % had DPs, 0 %/13 % 
had  hepatic resection  s, 0 %/6 % had PDs, and 53 %/68 % had duodenal resections, 
respectively. The overall perioperative  morbidity   rate was 29 %. Complications 
included pancreatitis (N = 2, 2.5 %), POPF (2.5 %), abscess (N = 4, 5.0 %), deep 
venous thrombosis (N = 1, 1.2 %), postoperative hemorrhage (1.2 %), and ileus 
(1.2 %). Long-term complications included small bowel obstructions (N = 3, 3.7 %), 
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abscesses (2.5 %) and  biliary stricture   (1.2 %). During follow-up (mean 6.9 ± 0.8 
years), hepatic metastases developed in 6 % of patients in group 2A and 2B. Despite 
optimal surgical  management  , no patient was cured at 5 years. In comparison, group 
1 patients had a similar 15-year OS rate as group 2A/2B patients (89–100 %). But, 
the group 3 patients with diffusely metastatic disease that were treated medically 
had a signifi cantly worse 15-year OS rate (52 %). Taken together, this study demon-
strates that: (1) almost 40 % of patients with sporadic and familial gastrinomas have 
advanced disease without diffuse distant metastases; (2) despite multiple primary 
gastrinomas and a 70 % incidence of lymph node metastases, tumors can be removed 
with limited morbidity and  mortality  ; (3) patients with advanced disease who under-
went aggressive surgical  resection   had a 15-year OS rate similar to patients with 
limited disease who were treated medically. Overall, this suggests that surgical 
resection plays a role in the management of patients with both ZES and MEN-1 who 
have advanced disease without diffuse liver metastases. 

 In a smaller study of 13 patients with ZES and  gastrinoma  , similar fi ndings were 
corroborated in patients with pancreatic lesions (N = 7). In this series, 6 (46.2 %) 
patients underwent PD and 3 (23.1 %) underwent DP. The remainder of patients 
underwent gastrectomy, lymphadenectomy, or duodenal-jejunal  resection   [ 25 ]. In 
this study, there were no perioperative deaths. However, three (23.1 %) patients had 
major postoperative complications including anastomotic dehiscence, intra- 
abdominal abscess and bowel obstruction. Six patients (46.2 %) had developed 
long-term morbidities, including anemia, bilious emesis, diabetes and failure to 
thrive. But, irrespective of histology, nodal status or hepatic metastases, 12 of 13 
patients (92.3 %) had biochemical cure for an average of 5.2 years (range: 1–6 
years). The longest survivor with  MEN-1   remained alive and well for 19 years after 
PD. In this series, the 5-year OS rate was 75 % and the 10-year OS rate was 65 %. 
Despite the risks, there are clear benefi ts from surgical  management   in the treatment 
of gastrinoma.  

    Pancreatecoduodenectomy (Whipple Procedure) 

 Each type of pancreatic  resection   serves a specifi c role in the  management   of 
patients with multiple or large gastrinomas. In the pancreatic head and uncinate 
process, lesions, which are not removable by  enucleation  , should be resected via a 
PD (Whipple procedure) [ 26 ]. This operation can be considered in both sporadic 
and  MEN-1   patients that fulfi ll the following criteria: (1) large pancreatic head 
tumor; (2) multiple lymph nodes with fi ndings concerning for lymph node involve-
ment; or (3) following an intra-operative secretin test that fails to show biochemical 
cure after enucleation of a pancreatic head  gastrinoma  . Long-term morbidities fol-
lowing PD may include weight loss, diabetes, exocrine pancreatic insuffi ciency 
with malabsorption, a diffi cult reoperative fi eld on upon recurrence (especially in 
MEN-1 patients with multifocal disease) and increased risk of hepatic abscesses in 
patients with liver metastases who are treated with chemoembolization [ 27 ].  
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    Lymphadenectomy 

 Pancreatic gastrinomas have a 40 % incidence of lymph node metastases as com-
pared with 70 % for duodenal tumors [ 28 ]. A study by Bartash and colleagues 
evaluated 48 sporadic  gastrinoma   patients, including 18 patients with pancreatic 
gastrinomas [ 9 ]. After a median postoperative follow-up of 83 months (range: 
3–296), 20 patients (41.6 %) had no evidence of disease, 13 patients (27.1 %) were 
alive with disease, 11 patients (22.9 %) had died from disease, and 4 patients (8.3 %) 
had died from unrelated causes. In the 41 patients who underwent potentially cura-
tive  resection  , systematic lymphadenectomy with excision of more than ten lymph 
nodes (N = 13) resulted in a higher rate of postoperative biochemical cure (100 %) 
than no or selective lymphadenectomy (N = 28, 62.2 %; P = 0.017). Furthermore, 
there were statistical trends towards prolonged DSS (P = 0.062) and DFS (P = 0.12). 
Negative prognostic factors for DSS were pancreatic location (P = 0.029), tumor 
size ≥2.5 cm (P = 0.003), preoperative gastrin level ≥3000 pg/mL (P = 0.003), and 
hepatic metastases (P < 0.001). Taken together, these data would suggest that sys-
tematic lymphadenectomy should be performed, even if no primary tumor is found 
because it can improve rates of biochemical cure, as well as may improve DSS and 
DFS in patients with sporadic gastrinoma.  

    Hepatic Metastases 

 As previously discussed, Norton and colleagues demonstrated that eight patients with 
diffuse liver metastases had a signifi cantly worse 15-year OS than patients with lim-
ited disease that underwent  resection   [ 24 ]. However, published data would suggest 
that aggressive cytoreductive  surgery   with curative intent should still be attempted in 
patients with liver metastases. In one study of fi ve patients with extensive hepatic 
metastatic disease who underwent surgical resection, 80 % had all disease removed 
[ 29 ]. In this study, the one patient in whom all gross disease could not be resected 
continued to have disease progression and died 19 months postoperatively. On the 
other hand, three patients (60 %) remained disease-free on follow-up at a median of 
24-months while two patients (40 %) had biochemical cures at 14 and 32 months. 
Aggressive surgical  management   is warranted in patients with liver metastases in 
order to control disease and achieve symptom relief. However, even when patients 
undergo curative resection, biochemical cure does not correlate with OS [ 30 ,  31 ]. 

 Thermal ablation techniques have also been applied to the treatment of the 
hepatic metastases. Although data is limited specifi cally in  gastrinoma   patients [ 32 ], 
radiofrequency and microwave ablation have been reported to be effective in the 
treatment of primary and metastatic PNET lesions in the liver [ 33 ]. Thus, ablation 
is a reasonable option if a lesion is deemed unresectable, but technically ablatable. 

 Finally,  liver transplant   ation   for  gastrinoma   has been reported in case reports 
[ 34 ] and case series [ 35 ]. In the latter series, among 87,280 liver transplantations 
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(LT) recorded in the United Network for Organ Sharing (UNOS) database from 
October 1988 through January 2008, 150 LTs (0.17 %) were performed for NETs 
metastatic to the liver. Eleven (7.3 %) of the 150 patients had gastrinomas. This 
represents 0.12 % of all LTs during that time period. In this study, 1, 3, and 5-years 
OS rates were 81 %, 65 %, and 49 %, respectively, in patients undergoing isolated 
LT for metastatic NETs. Across the United States, the median wait time for patients 
undergoing LT for metastatic NETs was 67 days. Interestingly, the 5-year OS rate 
was improved with longer (i.e., >2 months) rather than shorter wait times (63 % vs. 
36 %, P = 0.005), suggesting that waiting for confi rmed disease stability before con-
sidering a patient for LT may be appropriate. In another study of 12 patients who 
underwent LT for unresectable hepatic NET metastases, 9 of 12 (75 %) patients 
were alive with a median  survival   of 55 months [ 36 ]. In this series published in 
1997, the operative  mortality   was 8.33 %. The 11 surviving patients had good 
symptomatic relief following LT. In long-term follow up, two patients died from 
septic complications or disease recurrences at 6.5 and 68 months, postoperatively. 
Four of the remaining nine patients (44 %) were alive and without evidence of dis-
ease at follow-up of 2.0–103.5 months. Taken together, in highly selected patients 
at an experienced center, this approach may yield excellent results in patients with 
stable, but unresectable, liver metastases without evidence of extrahepatic disease.  

    Vascular Resection and Aggressive Surgical Management 

 In corroboration with the notion that aggressive hepatic cytoreduction is a critical 
component of treating gastrinomas, a separate study evaluated 273 patients with 
PNETs, including 30 patients with gastrinomas (10.9 %) [ 37 ]. In this study, 46 
patients had major vascular involvement of the portal vein (N = 20), superior mesen-
teric vein/artery (N = 16), inferior vena cava (N = 4), splenic vein (N = 4), or heart 
(N = 2). Forty-two of 46 patients had a PNETs removed, including 9 patients 
(19.5 %) with vascular reconstructions. While there were no deaths, 12 patients 
(26 %) had complications. However, 18 patients (41 %) were immediately disease-
free, while 5 patients (10.8 %) had disease recurrence during follow-up. Therefore, 
13 patients (30 %) remained disease-free in long-term follow-up. The 10-year OS 
was 60 % in this cohort. Taken together, this study would suggest that surgical 
 resection   of PNETs with vascular abutment/invasion and nodal or hepatic metasta-
ses is indicated.  

    Laparoscopic Surgery 

 The role for  laparoscopic    surgery   for  gastrinoma   resections appears to be limited for 
several reasons. First, pancreatic gastrinomas are frequently small (<1.0 cm), mak-
ing localization diffi cult. Second, and as expected, laparoscopic  resection   of PNETs 
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is generally more successful when the tumors are localized on preoperative imaging 
and less successful when they are not. On the other hand, when gastrinomas can be 
localized in the body and tail, laparoscopic DP is a reasonable option for therapy 
[ 38 ,  39 ]. Based upon a recent population-based study, application of this approach 
has tripled in practice in the United States from 1998 to 2009 and has evolved into 
a safe option in the treatment of both benign and malignant pancreatic lesions [ 40 ]. 
On the other hand, laparoscopic resection of tumors in the pancreatic head has been 
less widely utilized because of the adjacent major vascular structures, including the 
superior mesenteric vessels. But, laparoscopic or robotically-assisted laparoscopic 
PD have evolved into technically feasible and safe procedures in experiences cen-
ters [ 41 ,  42 ]. Futures studies are needed to clarify the role of these approaches in the 
 management   of ZES patients.   

    Surgery for Occult Disease 

 Pancreatic  gastrinoma   localization is not always straightforward, but the ability to 
localize a tumor correlates with  outcomes  . In another study by Norton et al., 58 
patients with negative imaging and long histories of ZES were compared with 117 
patients with positive imaging results [ 16 ]. At the time of exploration by an experi-
enced surgeon, tumors were found in 57 of 58 (98.3 %) patients. In this cohort, 
17 % had pancreatic primaries and 10 % had lymph node primaries. Including duo-
denal primaries (64 %), 50 % had a primary-only, 41 % had primary plus lymph 
node, and 7 % had liver metastases. Similar to cases of positive imaging, 60 % of 
patients were cured immediately postoperatively and at a mean follow up of 9.4 
years, 46 % remained cured. Only three patients died of disease and all of them had 
liver metastases, attributed to a long delay to surgical intervention. Taken together, 
negative imaging studies are not rare in ZES patients. However, surgical interven-
tion is advised in these cases because most lesions can be found at operation and 
nearly half of patients can be cured.  

    Surgery in Patients with  MEN-1   

 As has been previously discussed, achieving biochemical cure for patients with 
 MEN-1   associated gastrinomas is diffi cult due to persistent or recurrent gastric acid 
hypersecretion from multifocal disease. This fact has been published in several 
studies. One report from Ellison indicated that in 22 MEN-1 patients treated surgi-
cally, only one patient achieved eugastrinemia postoperatively. However, despite a 
low biochemical cure rate (5 %),  resection   resulted in an 80 %  survival   rate at 20 
years as compared to 40 % in those who patients that did not undergo resection [ 31 ]. 
In another study of patients with MEN-1 associated pancreatic tumors, patients 
were classifi ed as asymptomatic (N = 8) or symptomatic (N = 12) [ 43 ]. Following 
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surgical intervention, all patients remained asymptomatic for a mean of 6 years 
despite the fact that 83 % of the symptomatic patients did not have biochemical 
cure. This data would suggest surgical intervention is warranted in all MEN-1 
patients with ZES, irrespective of symptoms or potential to achieve biochemical 
cure. 

 Consistent with these fi ndings, another study evaluated the surgical cure rate 
reported in 15 series of 242 patients with  MEN-1   and ZES treated with local  resec-
tion   without PD from 1990 to 2001 [ 44 ]. The surgical cure was very low at 14 %. 
They then looked at the surgical cure rate reported in 22 series of 17 patients with 
MEN-1 and ZES treated with PD from 1968 to 2000. The surgical cure was higher 
at 88 %. This study suggested that the inability to cure patients may be explained by 
either incomplete resection of multiple small duodenal primary gastrinomas and/or 
lymph node metastases when only pancreatic lesions are removed. On the other 
hand, PD removes the entire  gastrinoma   triangle, including the pancreatic head, 
duodenum, and draining nodes. Therefore, a more aggressive surgical approach is 
warranted in MEN-1 patients with ZES in order to achieve biochemical cure, as 
well as potentially improve  survival  .  

    Medical Therapy 

 Pharmacotherapy can be involved in all aspects of  management   of patients with 
ZES. These include: (1) localization of tumors (see section titled “ Tumor 
Localization ”), (2) management of gastric acid hypersecretion, and (3) management 
of malignant disease. As opposed to patients with sporadic, solitary gastrinomas, 
the gastrinomas in most  MEN-1   patients with ZES are multiple, frequently small 
(<0.5 cm), and associated with lymph node metastases (40–70 % cases) [ 45 ]. As a 
result, MEN-1 patients are rarely cured without aggressive surgical resections, such 
as PD, as compared to sporadic ZES patients that may be cured with more limited 
resections. Therefore, life-long medical therapy is necessary for managing gastric 
acid hypersecretion in almost all MEN-1 patients with ZES, while it is not neces-
sary in patients with sporadic disease who achieve biochemical cure [ 44 ,  46 – 53 ].  

    Control of Gastric Acid Hypersecretion Secondary 
to Gastrinoma 

 Normal physiologic regulation of the gastric phase of acid secretion includes gas-
trin, histamine, and cholinergic stimuli. As a result, drugs have been developed in 
order modulate these targets. Histamine H 2 -receptor antagonists (e.g., cimetidine, 
ranitidine and famotidine) have all been used to control the gastric acid hypersecre-
tion in patients with GERD, PUD and ZES. However, their utility is limited by their 
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lack of adequate control of all three inputs for gastric acid secretion. In addition to 
their inadequate effi cacy in ZES patients, there are multiple drawbacks to these 
drugs, which include histamine H 1 -receptor antagonism, frequent dosing schedules 
and anti-androgen side effects from cimetidine [ 45 ]. In contrast, proton pump inhib-
itors (PPIs), (e.g., omeprazole, lansoperazole, dexlansoperazole, esomeperazole, 
pantoprazole, rabeprazole, and llaprazole) control the output of gastric acid secre-
tion irrespective of the degree of gastrin, histamine, and cholinergic stimuli. 
Furthermore, their advantages include a longer duration of action (i.e., once a day 
dosing in most patients) and increased potency, making these the drugs of choice for 
treating gastric acid hypersecretion in ZES patients with or without  MEN-1   [ 45 ]. 
Despite the benefi ts of PPIs, the long-term effects of PPI-induced achlorhydria 
include possible malabsorption of nutrients requiring gastric acid (e.g., vitamin B 12 , 
iron and calcium), as well as induction of hypergastrinemia that may result in 
increased risk for developing gastric carcinoid tumors derived from mucosal 
enterochromaffi n- like (ECL) cells. Consistent with this fact, more than 90 % of 
patients with ZES treated with PPIs have ECL cell proliferation, and this especially 
the case in patients with MEN-1 and ZES [ 54 – 58 ]. Additionally, PPIs are also asso-
ciated with increased risk of  Clostridium diffi cile  diarrhea, which contributes to 
signifi cant increased  morbidity  , length of stay and  mortality   in postoperative patients 
[ 59 ]. 

 Another downside to the increased availability of PPIs is its contribution to a 
delay in  diagnosis   of ZES [ 12 ], because long-term pharmacotherapy can readily 
control gastric acid hypersecretion. In one prospective study of 72 ZES patients 
with negative cross-sectional imaging studies, the median duration of symptoms 
before diagnosis was 9 years [ 60 ]. While all patients had control of gastric acid 
hypersecretion with the PPI, lansoprazole (median dose 60 mg/day, range 15–480 
mg/day), 2 of 19 deaths (10.5 %) were due to metastatic  gastrinoma   and the median 
 survival   from the time of diagnosis was 6.6 years. Taken together, this study justifi es 
the use of PPI for symptoms control, but not for cure of disease, even in patients 
with negative imaging. Finally, in the current era of highly effective gastric acid 
secretion with PPIs, there is little need for parietal cell (i.e., highly selective) vagot-
omy or gastrectomy in patients with persistent gastric acid hypersecretion [ 19 ,  61 ].  

    Primary Control of Gastrinoma 

 The role of  surgery   in patients with diffuse, unresectable liver metastases is limited 
with the exception of highly selected patients undergoing LT. In these patients, 
pharmacotherapy can be utilized in  management   of malignant disease. 

 Somatostatin analogues (e.g., octreotide; Sandostatin, Novartis Pharmaceuticals) 
have well-known anti-secretory effects in the gastrointestinal tract, as well as in the 
control of ectopically secreted hormones, including those from PNETs. The most 
common side-effects include discomfort from drug injections, development of glu-
cose intolerance or hyperglycemia, steatorrhea and cholelithiasis. In a review of 15 
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studies, including 481 patients, it was clear that the slow-release formulations, 
including Sandostatin long-acting release (LAR) depot and Somatuline SR/Autogel, 
achieved symptomatic relief in 74.2 % and 67.5 %, biochemical response in 51.4 % 
and 39.0 %, and tumor response in 69.8 % and 64.4 % of cases, respectively [ 62 ] 
Newer compounds like the somatostatin analogues SOM230 (pasireotide, Novartis 
Pharmaceuticals) with pan-somatostatin receptor inhibition needs further investiga-
tion to determine its role in the treatment of advanced  gastrinoma  . 

 In addition to single agent treatment, combination therapies have been studied. 
In a small, retrospective report, 11 metastatic  gastrinoma   patients were treated with 
both a PPI, as well as 9 of 11 patients received monthly injections of a somatostatin 
analogue [ 63 ]. They then received peptide receptor radioligand therapy [PRRT, (90) 
Yttrium- or (177) Lutetium-DOTATOC)] for progressive disease. Patients were fol-
lowed for 6 years by measuring serum gastrin levels and radiological assessment 
every 3–6 months. There was symptomatic improvement in all patients, as well as a 
signifi cant improvement in mean serum gastrin levels. The objective response rate 
was 54 % with disease stabilization in 45 % of patients. The effect of PRRT was 
maintained after a median of 14 months. With a median time-to-progression of 11 
months and means  survival   time of 14 months, four patients (36 %) died from dis-
ease. Mild and transient bone marrow suppression was found in two-thirds of 
patients from treatment, while one patient (9 %) had transient renal insuffi ciency. 
This study suggests that PRRT may be a novel and potentially promising adjunct in 
the  management   of inoperable or progressive metastatic gastrinoma. 

 Sunitinib (Sutent, Pfi zer) is FDA-approved for use in patients with unresectable, 
metastatic, well-differentiated PNETs. It is an orally bioavailable tyrosine kinase 
inhibitor, which targets PDGFRs, VEGFR-1/2, c-KIT and FLT-3, and has tumor 
inhibitory effects in patients with advanced PNETs. The most frequent side effects 
include diarrhea, nausea, vomiting, asthenia, and fatigue [ 64 ]. In a study of 171 
patients with progressive, advanced PNETs treated with sunitinib (N = 86, 37.5 mg/
day) or placebo (N = 85), sunitinib increased the median PFS (11.4 vs. 5.5 months, 
P < 0.001) and objective response rate (ORR, 9.3 % vs. 0 %, P = 0.007) [ 64 ]. Among 
the patients enrolled, nine (10 %) in the sunitinib group and ten (12 %) in the pla-
cebo group had gastrinomas. 

 In addition to sunitinib, everolimus (Afi nitor, Novartis Pharmaceuticals), an 
inhibitor of mTOR (mammalian target of rapamycin), has growth inhibitory activity 
in combination with octreotide in PNET patients [ 57 ]. In a phase II study of 160 
patients with metastatic PNETs that failed treatment with cytotoxic  chemotherapy  , 
everolimus (N = 115, 10 mg/day) or everolimus (10 mg/day) plus octreotide LAR 
(N = 45) were investigated. The latter combination resulted in a median PFS of 16.7 
months versus 9.7 months and ORR of 4.4 % versus 9.6 %, respectively [ 65 ]. 
Among the patients enrolled, nine patients (7.8 %) in the everolimus group and six 
patients (13.3 %) in the everolimus plus octreotide group had gastrinomas. The 
most frequent side effects of everolimus included stomatitis, rash, diarrhea, fatigue, 
and nausea [ 65 ,  66 ]. Taken together, this study suggests that everolimus, with or 
without concomitant octreotide LAR, demonstrates anti-tumor activity as measured 
by ORR and PFS, as well as demonstrates that alone or in combination, it is toler-
ated in patients with advanced PNETs. 
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 In patients with symptomatic, inoperable hepatic metastases and/or progressive 
liver disease, hepatic artery  embolization   (HAE) may be utilized because PNETs 
are hypervascular lesions that derive 70–80 % of their blood supply from the hepatic 
artery [ 45 ]. Radiological interventions have evolved in the treatment of patients 
with advanced PNETs. These approaches include bland embolization, chemoembo-
lization, radio-embolization, and peptide receptor radioligand therapy using a soma-
tostatin analogue. HAE has been performed with chemotherapeutic agents like 
doxorubicin, 5-fl uorouracil, cisplatin, mitomycin C and streptozotocin. However, 
HAE can be associated with serious side-effects including: abdominal  pain  , fever, 
nausea, vomiting, and  liver abscess  es [ 46 ,  57 ,  58 ,  67 ]. In a review of 15 studies with 
896 NET patients with metastatic disease to the liver, patients underwent a total of 
979 HAE procedures [ 68 ]. Median  survival   ranged from 10 to 80 months and PFS 
ranged from 0 to 60 months. The average ORR was 50 % (range: 2–100 %). Overall, 
the average clinical response rate was 56 % (range: 9–100 %). It is noteworthy that 
HAE should be avoided in patients with massive tumor burden and severely com-
promised liver function, poor performance status, sepsis, and other risk factors for 
treatment-related  mortality   [ 68 ].  

    A Personal View of the Data 

 Pancreatic  gastrinoma   is a rare NET that is responsible for signifi cant  morbidity   and 
 mortality  . The  management   of this disease depends upon both clinical and patho-
logical factors, as well as the underlying disease etiology (i.e., sporadic or familial). 
Both medical and surgical therapies are often required in combination or sequen-
tially in order to optimize disease treatment. While surgical  resection   increases  sur-
vival   in pancreatic gastrinoma patients, those with sporadic disease have a higher 
chance of biochemical cure than those with familial disease. It is imperative that 
every patient, including those with metastatic or occult disease, should be evaluated 
for potentially curative or palliative surgical treatments. In contrast, medical therapy 
with PPIs can control gastric acid hypersecretion in ZES patients, while anti-tumor 
therapies play a role in controlling disease progression in the setting of metastatic or 
unresectable disease.  

    Recommendations 

•     For localized, sporadic ZES patients with pancreatic  gastrinoma  (s),  enucleation   
or  resection   is the standard  management   (evidence quality low; strong 
recommendation).  

•   For  MEN-1   patients with ZES, aggressive surgical  management   should be uti-
lized, including  pancreaticoduodenectomy  . (evidence quality low; strong 
recommendation).  
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•   Systematic lymphadenectomy is associated with increased  survival   in patients 
with  gastrinoma  . (evidence quality low; strong recommendation).  

•   Patients with metastatic  gastrinoma   to the liver should undergo surgical  resection   
and/or thermal ablations with curative intent when technically feasible. (evi-
dence quality low; strong recommendation).  

•   Vascular involvement should not preclude operative approaches involving vascu-
lar reconstruction(s) in patients with  gastrinoma  . (evidence quality low; strong 
recommendation).  

•   Symptomatic ZES patients with negative imaging should undergo surgical explo-
ration in order to identify and remove gastrinomas as this affords a high rare of 
cure. (evidence quality low; moderate recommendation).  

•   Sporadic ZES patients with hypergastrinemia, despite attempted surgical cure, 
should be treated with a proton pump inhibitor. (evidence quality low; moderate 
recommendation).  

•    MEN-1   patients with ZES should be treated with life-long proton pump inhibi-
tion. (evidence quality low; strong recommendation).  

•   Gastrinoma metastases to the liver can be medically managed with anti-tumor 
therapies, including somatostatin analogues, sunitinib, and/or everolimus (evi-
dence quality moderate; moderate recommendation).  

•   Unresectable  gastrinoma   metastases to the liver may be treated with trans- arterial 
 embolization   approaches or  liver transplant   ation   in highly selected patients. (evi-
dence quality very low; moderate recommendation).        

   References 

    1.    Gibril F, Jensen RT. Advances in evaluation and management of gastrinoma in patients with 
Zollinger-Ellison syndrome. Curr Gastroenterol Rep. 2005;7(2):114–21.  

         2.    Krampitz GW, Norton JA. Pancreatic neuroendocrine tumors. Curr Probl Surg. 
2013;50(11):509–45.  

    3.    Epelboym I, Mazeh H. Zollinger-Ellison syndrome: classical considerations and current con-
troversies. Oncologist. 2014;19(1):44–50.  

    4.    Ito T, Igarashi H, Jensen RT. Zollinger-Ellison syndrome: recent advances and controversies. 
Curr Opin Gastroenterol. 2013;29(6):650–61.  

   5.    Kos-Kudla B, et al. Diagnostic and therapeutic guidelines for gastro-entero-pancreatic neuro-
endocrine neoplasms (recommended by the Polish Network of Neuroendocrine Tumours). 
Endokrynol Pol. 2013;64(6):418–43.  

    6.    Tonelli F, et al. Biliary tree gastrinomas in multiple endocrine neoplasia type 1 syndrome. 
World J Gastroenterol. 2013;19(45):8312–20.  

    7.    Eriksson B, Oberg K, Skogseid B. Neuroendocrine pancreatic tumors. Clinical fi ndings in a 
prospective study of 84 patients. Acta Oncol. 1989;28(3):373–7.  

     8.    Atema JJ, et al. Surgical treatment of gastrinomas: a single-centre experience. HPB (Oxf). 
2012;14(12):833–8.  

     9.    Bartsch DK, et al. Impact of lymphadenectomy on survival after surgery for sporadic gastri-
noma. Br J Surg. 2012;99(9):1234–40.  

    10.    Varas M, et al. Pancreatic endocrine tumors or apudomas. Rev Esp Enferm Dig. 
2011;103:184–90.  

S.F. Gad and J.K. Sicklick



669

    11.    Gibril F, Jensen RT. Zollinger-Ellison syndrome revisited: diagnosis, biologic markers, associ-
ated inherited disorders, and acid hypersecretion. Curr Gastroenterol Rep. 2004;6(6):454–63.  

     12.    Norton JA, et al. Surgery to cure the Zollinger-Ellison syndrome. N Engl J Med. 
1999;341(9):635–44.  

     13.    Cisco RM, Norton JA. Surgery for gastrinoma. Adv Surg. 2007;41:165–76.  
    14.    Fendrich V, et al. Management of sporadic and multiple endocrine neoplasia type 1 gastrino-

mas. Br J Surg. 2007;94(11):1331–41.  
    15.    Gabriel M, et al. 68Ga-DOTA-Tyr3-octreotide PET in neuroendocrine tumors: comparison 

with somatostatin receptor scintigraphy and CT. J Nucl Med. 2007;48(4):508–18.  
     16.    Norton JA, et al. Value of surgery in patients with negative imaging and sporadic Zollinger- 

Ellison syndrome. Ann Surg. 2012;256(3):509–17.  
    17.    Yu F, et al. Prospective study of the clinical course, prognostic factors, causes of death, and 

survival in patients with long-standing Zollinger-Ellison syndrome. J Clin Oncol. 
1999;17(2):615–30.  

     18.    Norton JA, Jensen RT. Current surgical management of Zollinger-Ellison syndrome (ZES) in 
patients without multiple endocrine neoplasia-type 1 (MEN1). Surg Oncol. 
2003;12(2):145–51.  

     19.    Norton JA, Jensen RT. Resolved and unresolved controversies in the surgical management of 
patients with Zollinger-Ellison syndrome. Ann Surg. 2004;240(5):757–73.  

     20.    Norton JA, et al. Surgery increases survival in patients with gastrinoma. Ann Surg. 
2006;244(3):410–9.  

   21.    McArthur KE, et al. Laparotomy and proximal gastric vagotomy in Zollinger-Ellison syn-
drome: results of a 16-year prospective study. Am J Gastroenterol. 1996;91(6):1104–11.  

    22.    Norton JA, et al. Does the use of routine duodenotomy (DUODX) affect rate of cure, develop-
ment of liver metastases, or survival in patients with Zollinger-Ellison syndrome? Ann Surg. 
2004;239(5):617–25; discussion 626.  

    23.    Heeger K, et al. Increased rate of clinically relevant pancreatic fi stula after deep enucleation of 
small pancreatic tumors. Langenbecks Arch Surg. 2014;399(3):315–21.  

     24.    Norton JA, et al. Comparison of surgical results in patients with advanced and limited disease 
with multiple endocrine neoplasia type 1 and Zollinger-Ellison syndrome. Ann Surg. 
2001;234(4):495–505; discussion 505–6.  

    25.    Thodiyil PA, El-Masry NS, Williamson RC. Achieving eugastrinaemia in Zollinger-Ellison 
syndrome: resection or enucleation? Dig Surg. 2001;18(2):118–23.  

    26.    Plockinger U, Wiedenmann B. Endocrine tumours of the gastrointestinal tract. Management of 
metastatic endocrine tumours. Best Pract Res Clin Gastroenterol. 2005;19(4):553–76.  

    27.    Norton JA. Surgical treatment and prognosis of gastrinoma. Best Pract Res Clin Gastroenterol. 
2005;19(5):799–805.  

    28.    Sutliff VE, et al. Growth of newly diagnosed, untreated metastatic gastrinomas and predictors 
of growth patterns. J Clin Oncol. 1997;15(6):2420–31.  

    29.    Norton JA, et al. Aggressive resection of metastatic disease in selected patients with malignant 
gastrinoma. Ann Surg. 1986;203(4):352–9.  

    30.    Grobmyer SR, et al. Reoperative surgery in sporadic Zollinger-Ellison syndrome: longterm 
results. J Am Coll Surg. 2009;208(5):718–22.  

     31.    Ellison EC. Zollinger-Ellison syndrome: a personal perspective. Am Surg. 
2008;74(7):563–71.  

    32.    Frezza EE, et al. The role of radiofrequency ablation in multiple liver metastases to debulk the 
tumor: a pilot study before alternative therapies. J Laparoendosc Adv Surg Tech A. 
2007;17(3):282–4.  

    33.    Glazer ES, et al. Long-term survival after surgical management of neuroendocrine hepatic 
metastases. HPB (Oxf). 2010;12(6):427–33.  

    34.    Massaro SA, Emre SH. Metastatic gastrinoma in a pediatric patient with Zollinger-Ellison 
syndrome. J Pediatr Hematol Oncol. 2014;36(1):e13–5.  

57 Management of Pancreatic Gastrinoma



670

    35.    Gedaly R, et al. Liver transplantation for the treatment of liver metastases from neuroendocrine 
tumors: an analysis of the UNOS database. Arch Surg. 2011;146(8):953–8.  

    36.    Lang H, et al. Liver transplantation for metastatic neuroendocrine tumors. Ann Surg. 
1997;225(4):347–54.  

    37.    Norton JA, et al. Pancreatic endocrine tumors with major vascular abutment, involvement, or 
encasement and indication for resection. Arch Surg. 2011;146(6):724–32.  

    38.    Gagner M, Pomp A, Herrera MF. Early experience with laparoscopic resections of islet cell 
tumors. Surgery. 1996;120(6):1051–4.  

    39.    Pierce RA, et al. Outcomes analysis of laparoscopic resection of pancreatic neoplasms. Surg 
Endosc. 2007;21(4):579–86.  

    40.    Tran Cao HS, et al. Improved perioperative outcomes with minimally invasive distal pancre-
atectomy: results from a population-based analysis. JAMA Surg. 2014;149:237–43.  

    41.    Winer J, et al. The current state of robotic-assisted pancreatic surgery. Nat Rev Gastroenterol 
Hepatol. 2012;9(8):468–76.  

    42.    Kendrick ML. Laparoscopic and robotic resection for pancreatic cancer. Cancer 
J. 2012;18(6):571–6.  

    43.    Skogseid B, et al. Surgery for asymptomatic pancreatic lesion in multiple endocrine neoplasia 
type I. World J Surg. 1996;20(7):872–6; discussion 877.  

     44.    Norton JA, Fang TD, Jensen RT. Surgery for gastrinoma and insulinoma in multiple endocrine 
neoplasia type 1. J Natl Compr Canc Netw. 2006;4(2):148–53.  

       45.    Ito T, et al. Pharmacotherapy of Zollinger-Ellison syndrome. Expert Opin Pharmacother. 
2013;14(3):307–21.  

     46.    Metz DC, Jensen RT. Gastrointestinal neuroendocrine tumors: pancreatic endocrine tumors. 
Gastroenterology. 2008;135(5):1469–92.  

   47.    Jensen RT, et al. ENETS Consensus Guidelines for the management of patients with digestive 
neuroendocrine neoplasms: functional pancreatic endocrine tumor syndromes. 
Neuroendocrinology. 2012;95(2):98–119.  

   48.    Jensen RT, et al. Gastrinoma (duodenal and pancreatic). Neuroendocrinology. 
2006;84(3):173–82.  

   49.    Jensen RT, et al. Inherited pancreatic endocrine tumor syndromes: advances in molecular 
pathogenesis, diagnosis, management, and controversies. Cancer. 2008;113(7 
Suppl):1807–43.  

   50.    Jensen RT. Management of the Zollinger-Ellison syndrome in patients with multiple endocrine 
neoplasia type 1. J Intern Med. 1998;243(6):477–88.  

   51.    Maton PN, Gardner JD, Jensen RT. Cushing’s syndrome in patients with the Zollinger-Ellison 
syndrome. N Engl J Med. 1986;315(1):1–5.  

   52.    Bonaccorsi-Riani E, et al. Liver transplantation and neuroendocrine tumors: lessons from a 
single centre experience and from the literature review. Transpl Int. 2010;23(7):668–78.  

    53.    Imamura M, et al. Biochemically curative surgery for gastrinoma in multiple endocrine neo-
plasia type 1 patients. World J Gastroenterol. 2011;17(10):1343–53.  

    54.    Peghini PL, et al. Effect of chronic hypergastrinemia on human enterochromaffi n-like cells: 
insights from patients with sporadic gastrinomas. Gastroenterology. 2002;123(1):68–85.  

   55.    Maton PN, et al. The effect of Zollinger-Ellison syndrome and omeprazole therapy on gastric 
oxyntic endocrine cells. Gastroenterology. 1990;99(4):943–50.  

   56.    Berna MJ, et al. A prospective study of gastric carcinoids and enterochromaffi n-like cell 
changes in multiple endocrine neoplasia type 1 and Zollinger-Ellison syndrome: identifi cation 
of risk factors. J Clin Endocrinol Metab. 2008;93(5):1582–91.  

     57.    Pavel M, et al. ENETS Consensus Guidelines for the management of patients with liver and 
other distant metastases from neuroendocrine neoplasms of foregut, midgut, hindgut, and 
unknown primary. Neuroendocrinology. 2012;95(2):157–76.  

     58.    Nazario J, Gupta S. Transarterial liver-directed therapies of neuroendocrine hepatic metasta-
ses. Semin Oncol. 2010;37(2):118–26.  

S.F. Gad and J.K. Sicklick



671

    59.    Biswal S. Proton pump inhibitors and risk for Clostridium diffi cile associated diarrhea. Biomed 
J. 2014;37(4):178–83.  

    60.    Wilcox CM, et al. Zollinger–Ellison syndrome: presentation, response to therapy, and out-
come. Dig Liver Dis. 2011;43(6):439–43.  

    61.    Metz DC, et al. Use of omeprazole in Zollinger-Ellison syndrome: a prospective nine-year 
study of effi cacy and safety. Aliment Pharmacol Ther. 1993;7(6):597–610.  

    62.    Modlin IM, et al. Review article: somatostatin analogues in the treatment of gastroenteropan-
creatic neuroendocrine (carcinoid) tumours. Aliment Pharmacol Ther. 2010;31(2):169–88.  

    63.    Grozinsky-Glasberg S, et al. Peptide receptor radioligand therapy is an effective treatment for 
the long-term stabilization of malignant gastrinomas. Cancer. 2011;117(7):1377–85.  

     64.    Raymond E, et al. Sunitinib malate for the treatment of pancreatic neuroendocrine tumors. N 
Engl J Med. 2011;364(6):501–13.  

     65.    Yao JC, et al. Daily oral everolimus activity in patients with metastatic pancreatic neuroendo-
crine tumors after failure of cytotoxic chemotherapy: a phase II trial. J Clin Oncol. 
2010;28(1):69–76.  

    66.    Yao JC, et al. Everolimus for advanced pancreatic neuroendocrine tumors. N Engl J Med. 
2011;364(6):514–23.  

    67.    Toumpanakis C, Meyer T, Caplin ME. Cytotoxic treatment including embolization/chemoem-
bolization for neuroendocrine tumours. Best Pract Res Clin Endocrinol Metab. 
2007;21(1):131–44.  

     68.    Del Prete M, et al. Hepatic arterial embolization in patients with neuroendocrine tumors. J Exp 
Clin Cancer Res. 2014;33:43.    

57 Management of Pancreatic Gastrinoma



673© Springer International Publishing Switzerland 2016 
J.M. Millis, J.B. Matthews (eds.), Diffi cult Decisions in Hepatobiliary 
and Pancreatic Surgery, Diffi cult Decisions in Surgery: An Evidence-Based 
Approach, DOI 10.1007/978-3-319-27365-5_58

    Chapter 58   
 Management of Pancreatic Cancer 
in the Elderly                     

       Francesca     M.     Dimou     and     Taylor     S.     Riall    

    Abstract     As the United States population ages, an increasing number of elderly 
patients are presenting to primary care physicians, oncologists, and surgeons with 
pancreatic cancer. Even with aggressive therapy, the prognosis in patients with pan-
creatic cancer is poor and there many potential complications associated with treat-
ment. In addition, in older patients multiple associated chronic illnesses, decreased 
functional reserve, and decreased baseline life expectancy make treatment decisions 
diffi cult. In population-based studies the majority of older patients with pancreatic 
cancer do not receive stage-appropriate treatment. The reasons remain unclear but 
likely include physician nihilism, appropriate patient selection, or patient choice. 
Older patients need to clearly understand the risks and benefi ts of treatment in the 
context of their overall medical condition and cancer characteristics. This will facilitate 
the shared decision making process and allow for patients to make decisions aligned 
with their personal preferences. Chronological age alone should not be a contrain-
dication to stage-appropriate aggressive treatment for pancreatic cancer.  
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       Introduction 

  Pancreatic cancer   remains a lethal malignancy. In 2014, there will be an estimated 
46,420 incident cases and 39,590 deaths from pancreatic  cancer   [ 1 ] with an overall 
5-year  survival   of <7 % [ 2 ]. The median age at  diagnosis   is 71 years and the incidence 
increases with age. Thirteen percent of newly diagnosed cases and 16 % of deaths 
from pancreatic cancer occur in people >84 years of age [ 2 ]. As the United States 
population ages, an increasing number of  elderly   patients are presenting to primary 
care physicians, oncologists, and surgeons with pancreatic cancer. 

 The treatment for pancreatic  cancer   depends on the stage at presentation and 
pancreatic  resection   offers the only hope for long-term  survival  . However, even with 
aggressive therapy, the prognosis remains poor. In addition, there are signifi cant 
complications and toxicities associated with the treatment of pancreatic cancer, 
which can negatively impact the quality of remaining life. In older patients, multiple 
associated chronic illnesses and decreased functional reserve are associated with 
higher treatment-’related  morbidity   and  mortality  . In addition, decreased baseline 
life expectancy and varying personal preferences make treatment decisions diffi cult 
in this vulnerable population. As such, treatment decisions in older patients with 
pancreatic cancer are diffi cult. 

 Our systematic review was designed to answer the following key questions 
(Table  58.1 ): Comparing patients 80 years and older to patients <80 years, what are 
the short-term  outcomes   after pancreatic  resection   ( mortality  , complications, 
discharge home)? What is the long-term  survival   following pancreatic resection for 

    Table 58.1     PICO   table for treatment of pancreatic  cancer   in  elderly   patients   

 P (Patients)  I (Intervention)  C (Comparator)  O (Outcome) 

 Question 1 
 Patients with pancreatic 
disease requiring 
pancreatic  resection   

 Pancreatic  resection    <80 vs. 80 and 
older 

 Morbidity 
 Mortality 
 Specifi c complications 
 Discharge home 

 Question 2 
 Patients with pancreatic 
 cancer   undergoing 
pancreatic  resection   

 Pancreatic  resection    <80 vs. 80 and 
older 

 Long-term  survival   

 Question 3 
 Patients >70 years old 
with locoregional 
pancreatic head  cancer   
(non-metastatic) 

 Multimodality therapy 
( surgery   with 
 neoadjuvant   or adjuvant 
chemo +/− radiation) 

 Neoadjuvant vs. 
 adjuvant therapy   

 % patients completing 
multimodality therapy 

 Question 4 
 Patients with metastatic 
pancreatic  cancer   

 Chemotherapy  <70 or 70 and 
older 

 Toxicity 
 Survival 
 Agents 

F.M. Dimou and T.S. Riall



675

pancreatic  cancer   in patients? In  elderly   patients, does a  neoadjuvant   or adjuvant 
approach to  chemotherapy   in  resectable   disease provide the best opportunity for 
completion of multimodality therapy? What are the short- and long-term outcomes 
of chemotherapy for metastatic disease in older vs. younger patients?

       Search Strategy 

 A literature search of English language publications from 2000 to the present was 
used to identify published data on pancreatic  cancer   in the  elderly   population. Ovid 
MedLine, PubMed, and the Cochrane databases were searched. Terms used in the 
search were ([“pancreatic” and “cancer”] OR [“pancreatic” and “adenocarcinoma”] 
OR [“pancreatic” and “ductal carcinoma”]) AND [“elderly” or “older” or “ octoge-
narian  ” or “geriatric”]. For the fi rst two questions, articles were excluded if they did 
not specifi cally compare  outcomes   after pancreatic  resection   in patients ≥80 years 
and younger patients (Table  58.1 ); in key question 2, patients had to have been 
treated for pancreatic malignancies. For the third and fourth key questions, there 
were no articles specifi cally addressing patients 80 and older, so our search was 
expanded to include studies with varying age cutoffs starting at 65 years and older. 
The references of all included articles were reviewed and cross-referenced to ensure 
all articles were identifi ed that addressed this subset of patients. We identifi ed 22 
retrospective, observational studies addressing the key questions (Fig.  58.1 ); ten 
addressed key question 1, nine addressed key question 2 (not mutually exclusive 
with key question 1), fi ve addressed key question 3, and seven addressed key ques-
tion 4. The data was classifi ed using the  GRADE   system.

       Results 

   Short-Term Outcomes After Pancreatic Resection 

 Based on national data, fewer than 30 % of patients with locoregional pancreatic 
 cancer   undergo surgical  resection   [ 3 ,  4 ]. In an analysis of the Surveillance, 
Epidemiology, and End Results (SEER)-Medicare linked data, surgical resection 
rates in patients with no comorbidities decreased from 39 % in patients 66–70 years 
old to 5 % in patients 85 and older [ 5 ]. However, the reasons for the low observed 
surgical resection in this population are not clear and may include physician nihilism, 
appropriate patient selection, or patient choice. 

 Information regarding surgical  outcomes   in patients 80 years and older is critical 
to informing the shared decision making process. Since 2000, seven single- institution 
retrospective cohort studies and three large, retrospective population- based studies 
directly compared short-term outcomes after pancreatic  resection   in patients 
≥80 years and <80 years [ 6 – 15 ]. While all studies include patients undergoing 
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 pancreatectomy   for  periampullary cancer  s, the indications vary across studies with 
many including pancreatectomy for benign disease. 

  Mortality     Regardless of age,  mortality   rates varied widely across studies, from 0 to 
15.5 % (Table  58.2 ). Six of the ten of studies reported higher unadjusted mortality 
rates in older patients [ 7 ,  9 ,  11 – 14 ], though many studies were underpowered and 
this difference did not achieve statistical signifi cance.

    The three population-based studies uniformly reported a signifi cant increase in 
in-hospital or 30-day operative  mortality   with increasing age (Table  58.2 ). In an 
analysis using the Nationwide Inpatient Sample (NIS), Finlayson et al. [ 7 ] demon-
strated increasing unadjusted mortality rates with increasing age; in-hospital 
 mortality was 6.7 % in patients 65–69 years, 9.3 % in patients 70–79 years, and 

Articles addressing short-term
outcomes & survival

in ≥80yo
N=10**

Articles addressing adjuvant or
neoadjuvant therapy

in ≥65yo
N=5

Articles addressing chemotherapy
for unresectable disease

in ≥65yo
N=7

Short-term
outcomes

N=10

Survival
N=9

Abstracts Reviewed,Articles Excluded N=34

Articles addressing
pancreatic resection

N=32

Articles not addressing PICO
questions excluded

N=575

Articles addressing pancreatic
cancer in elderly patients

N=630

Articles addressing
multimodality therapy

N=11

Articles addressing chemotherapy
in unresectable disease

N=12

N=19 Elderly group not ≥80yo

N=1 Did not compare patients
with those ≥80yo

N=5 Did not address multimodality
therapy,only chemotherapy    N=1 Review of literature

N=1 Review of literature

N=1 Did not identify patients who
completed multimodality therapy

N=5 Did not identify outcomes and
toxicity/tolerability

N=2 Did not specify patients with
pancreatic cancer

  Fig. 58.1    The preferred reporting items for systematic reviews and meta-analyses (PRISMA) 
fl owchart detailing the selection of studies for systematic review.  ** One study was not obtained 
from original search strategy and found via cross-reference       
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      Table 58.2    Short-term  outcomes   following pancreatic  resection   in patients <80 years and 
≥80 years   

 Author and 
year 

 Age 
group  N 

 Study type 
(Quality of 
evidence)  Mortality  Morbidity 

 Length of 
stay 
(median 
days) 

 Discharge 
home 

 Chen et al. 
2003 [ 6 ] 

 70–79  82  Retrospective 
cohort (low 
quality) 

 12 %  56 %  29  NR 

 80–89  16  13 %  51 %  25  NR 

 Makary 
et al. 2006 
[ 11 ] 

 <80  2,491  Retrospective 
cohort (low 
quality) 

 1.7 %  42 %  10  NR 

 80–89  197  4.1% b   53 %  11  NR 

 ≥90  10  0.0 %  50 %  12  NR 

 Finlayson 
et al. 2007 
[ 7 ] 

 65–69  7,125 a   Retrospective 
cohort/population 
based (moderate 
quality) 

 6.7% c   NR  17.4 
(mean) c  

 89.4% c  

 70–79  13,478 a   9.3 %  NR  18.2 
(mean) 

 80.8 % 

 ≥80  2,915 a   15.5 %  NR  20.4 
(mean) 

 63.3 % 

 Riall et al. 
2008 [ 14 ] 

 <60  1,780  Retrospective 
cohort/population 
based (moderate 
quality) 

 2.4% c   NR  11 c   96.5% c  

 60–69  887  5.8 %  NR  13  93.8 % 

 70–79  855  7.4 %  NR  14  79.8 % 

 ≥80  214  11.4 %  NR  15  61.8 % 

 Khan et al. 
2010 [ 15 ] 

 <80  53  Retrospective 
cohort (low 
quality) 

 1 %  37% c   NR  NR 

 ≥80  564  2 %  51 %  NR  NR 

 Lee et al. 
2010 [ 10 ] 

 <80  703  Retrospective 
cohort (low 
quality) 

 5 %  47 %  10.5  NR 

 ≥80  74  4 %  51 %  11.0  NR 

 Hatzaras 
et al. 2011 
[ 8 ] 

 <80  490  Retrospective 
cohort (low 
quality) 

 3.7 %  59 %  11  NR 

 ≥80  27  3.7 %  52 %  12  NR 

 Melis et al. 
2012 [ 12 ] 

 <80  175  Retrospective 
cohort (low 
quality) 

 0.6 %  44 %  13.7  NR 

 ≥80  25  4.0 %  68% a   20.0  NR 

 Ogura et al. 
2013 [ 13 ] 

 <80  539  Retrospective 
cohort (low 
quality) 

 0.9 %  9.6% a, e   26.0  NR 

 ≥80  22  4.5 %  27.3% a, e   31.5  NR 

 Lee et al. 
2014 [ 9 ] 

 <80  4,102  Retrospective 
cohort/population 
based (moderate 
quality) 

 2 %  OR 1.3 
(95 % CI 
1.0–1.6) f, g  

 12.0 
(mean) 

 NR 

 ≥80  475  6 %  13.9 
(mean) 

 NR 

 OR 2.0 
(95 % CI 
1.3–3.1) d  

   NR  not reported 
  a Based on a random sample so numbers are weighted to refl ect total population numbers 
  b p < 0.05 patients ≥80 years compared to patients <80 years 
  c p < 0.05 for chi-square across all groups 
  d Odds of 30-day  mortality   in patients ≥80 years compared to patients <80 years 
  e Major complications classifi ed as Clavien-Dindo Grade ≥III 
  f Odds of 30-day major  morbidity   in patients ≥80 years compared to patients <80 years 
  g Major complications defi ned as organ-space infection, pneumonia, unplanned intubation, pulmonary 
embolism, ventilator requirement >48 h, progressive renal insuffi ciency, acute renal failure, 
cerebrovascular accident, coma, cardiac arrest, myocardial infarction, deep venous thrombosis, 
sepsis, septic shock, and/or return to the operating room  
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11.4 % in patients 80 years and older (p < 0.0001). Likewise, in a study using Texas 
state discharge data, unadjusted in-hospital mortality rates increased from 2.4 % to 
5.8 % to 7.4 %, to 11.4 % in patients <60, 60–69, 70–79, and ≥80 years (p < 0.001), 
respectively [ 14 ]. In the American College of Surgeons National Surgical Quality 
Improvement Program (ACS-NSQIP) [ 9 ], 30-day mortality was 2 % in patients <80 
and 6 % in patients ≥80 years (p < 0.05). In both the NSQIP (OR 2.0, 95 % CI 
1.3–3.1, ≥80 vs. <80 years) [ 9 ] and Texas study (OR 4.45, 95 % CI 2.3–8.6, ≥80 vs. 
<60) [ 14 ], the observed increase in mortality in octogenarians remained signifi cant 
after adjusting for patient characteristics including comorbidity. 

 The increased  mortality   in older patients was accentuated at low-volume hospi-
tals (defi ned as fewer than ten pancreatic resections per year). For patients <60 years, 
mortality was 2.0 % at high-volume hospitals and 3.0 % at low-volume hospitals. 
However, for patients ≥80, mortality was 8.7 % at low-volume hospitals and 14.5 % 
at high-volume hospitals [ 14 ]. 

  Complications     Overall complication rates following  pancreatectomy   were high, 
ranging from 42 to 68 % across studies. Five single-institution studies reported 
overall  morbidity   rates and none demonstrated a signifi cant difference between 
older and younger patients (Table  58.2 ) [ 6 ,  8 ,  10 – 12 ]. Two studies evaluated major 
complication rates [ 9 ,  13 ]. Oguro et al. defi ned complications as major if they were 
classifi ed as Clavien-Dindo III or higher [ 13 ]. The 22 patients ≥80 years had a 
major complication rate of 27.3 % compared to 9.6 % in patients <80 years 
(p = 0.008). From the ACS-NSQIP data, Lee et al. defi ned major complications as 
organ-space infection, pneumonia, unplanned intubation, pulmonary embolism, 
ventilator requirement >48 h, progressive renal insuffi ciency, acute renal failure, 
cerebrovascular accident, coma, cardiac arrest, myocardial infarction, deep venous 
thrombosis, sepsis, septic shock, and/or return to the operating room. The 475 
patients ≥80 had a 30 % increased risk of major complications (OR 1.3, 95 % CI 
1.0–1.6) after adjusting for potential measurable confounders.  

  Length of Stay and Discharge Home     Length of stay varied signifi cantly across 
studies. Consistent with the increase in major complications and  mortality  , length of 
stay was consistently higher in patients 80 and older (Table  58.2 ). In addition, 
octogenarians were less likely to be discharged home. In the Nationwide Inpatient 
Sample, 89.4 % of patients 65–69, 80.8 % of patients 70–79, and 63.3 % of patients 
80 and older were discharged home (p < 0.0001) [ 7 ]. Likewise, in the Texas dis-
charge data, 96.5 % of patients <60, 93.8 % of patients 60–69, 79.8 % of patients 
70–79, and 61.8 % of patients 80 and older were discharged home (p < 0.0001) [ 14 ]. 
In patients who were discharged home, increasing age was associated with increased 
need for home health services. Home health services were required in 13.8 % of 
patients 66–69 and 31.3 % of patients ≥80 (p < 0.001).   
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    Long-Term Survival After Resection for Pancreatic Cancer 

 Since 2000, seven single-institution studies [ 6 ,  8 ,  10 – 13 ,  15 ] and two population- 
based studies [ 5 ,  7 ] directly compare  survival   after pancreatic  resection   for pancre-
atic adenocarcinoma in octogenarians compared to younger patients (Table  58.3 ). 
The single institution studies have several limitations: (1) small sample sizes, rang-
ing from only 8 to 102 octogenarians, which limits confi dence in the estimates and 
the ability to adjust for variables that differ between the two groups, (2) signifi cant 
selection bias and confounding by indication, as treatment is not randomly assigned, 
and (3) signifi cant heterogeneity, with survival rates varying signifi cantly across 
studies.

   Outcomes are mixed across studies with only two studies [ 5 ,  11 ] demonstrating 
worse unadjusted  survival   in octogenarians compared to younger patients. In the 
Makary study, the statistically signifi cant difference in survival was largely due to a 
decrease in median survival (11 vs. 18 months, p < 0.05) likely associated with 
increased operative  morbidity   and  mortality  , but 5-year survival was clinically similar 
between the two groups (37.7 % vs. 33.05, Table  58.3 ). Finlayson et al. [ 7 ] compared 
survival in a small subset of Medicare patients ≥80 years, 70–79 years, and 
65–69 years. Five-year survival was 11.3 % in octogenarians, 15.6 % in patients 
70–79, and 16.4 % in patients 65–69 (Table  58.3 , p = 0.28). Of note, this paper 
 further stratifi ed the octogenarians into patients with <2 or ≥2 comorbidities. 
Patients with <2 comorbidities had similar survival to the 65–69 year old group; 
5-year survival was 10 % with >=2 comorbidities compared to 14 % for those with 
less than two comorbidities (P = NS). One would expect worse in the  elderly   given 
their decreased baseline life expectancy, increased comorbidity, decreased func-
tional reserve, and observed higher operative morbidity and mortality with  surgery  . 
The similar survival in many single-institution studies suggests signifi cant selection 
bias, with only the best surgical candidates being selected for  resection  . 

 Our group used SEER-Medicare data to evaluate 1,229 patients undergoing pan-
creatic  resection   for locoregional pancreatic  cancer  . This study evaluated the inter-
action between age and surgical resection comparing resected patients in each age 
group (<70, 70–79, ≥80 years) to unresected patients 66–70 years old. Unadjusted 
long-term  survival   decreased with age (Table  58.3 ). However, in adjusted models, 
surgical resection improved survival compared to unresected patients in all age 
groups despite the increased  morbidity   and  mortality   after pancreatic resection in 
the  elderly  . Compared to unresected patients 66–70 years of age, resected patients 
66–70 years had a hazard ratio (HR) of 0.43 (95 % CI 0.36–0.52); resected patients 
70–79 year old group had a HR of 0.47 (95 % CI 0.41–0.53) and resected 
patients ≥80 and older group had a HR of 0.36 (95 % CI, 0.28–0.45) [ 5 ]. Overall 
the data suggest that carefully selected octogenarians can benefi t from surgical 
resection and enjoy similar long-term survival to their younger counterparts.   

58 Management of Pancreatic Cancer in the Elderly



680

    Neoadjuvant and Adjuvant Chemotherapy for Older 
Patients with Resectable Disease 

 While surgical  resection   is the only potentially curative treatment option for pancre-
atic  cancer  , two thirds to three quarters of patients have positive lymph nodes on 
fi nal pathology and most patients experience distant, extrapancreatic recurrence 
even after a margin negative (R0) resection [ 16 – 18 ]. Therefore, in patients with 
 resectable  , locoregional disease, a multimodality approach with surgical resection 
and  chemotherapy   (with or without radiation) is considered the standard of care. 

      Table 58.3    Survival after pancreatic  resection   for pancreatic or  periampullary cancer   (<80 vs. 
≥80 years)   

 Author and year 
 Age 
Group  N 

 Study type ( quality 
of evidence)   

 Median 
Survival 
(months) 

 5-year 
Survival 

 Chen et al. 2003 [ 6 ]  70–79  82  Retrospective cohort 
(low quality) 

 16.0  NR 
 80–89  16  17.6  NR 

 Makary et al. 2006 [ 11 ]  <80  1,022  Retrospective cohort 
(low quality) 

 18 a   37.7% a  
 80–89  102  11  33.0 % 

 Finlayson et al. 2007 [ 7 ]  65–69  49  Retrospective cohort/
population based 
(moderate quality) 

 NR  16.4 % 
 70–79  91  NR  15.6 % 
 ≥80  12  NR  11.3 % 

 Khan et al. 2010 [ 15 ]  <80  567  Retrospective cohort 
(low quality) 

 18.9  NR 
 ≥80  53  13.5  NR 

 Lee at al. 2010 [ 10 ]  <80  346  Retrospective cohort 
(low quality) 

 18.1 a   14% a  
 ≥80  45  11.6  <5 % 

 Riall et al. 2011 [ 5 ]  66–69  589  Retrospective cohort/
population based 
(moderate quality) 

 16.1 a   38% a,b  
 70–74  779  15.8  35 % 
 75–79  655  14.9  33 % 
 80–84  309  12.5  31 % 
 ≥85  61  12.3  33 % 

(2-year 
 survival)   

 Hatzaras et al. 2011 [ 8 ]  <80  490  Retrospective cohort 
(low quality) 

 21.9 c   34.8% c  
 ≥80  27  33.3  33.1 % 

 Melis et al. 2012 [ 12 ]  <80  175  Retrospective cohort 
(low quality) 

 13.1  5.8 % 
 ≥80  25  17.3  4.5 % 

 Ogura et al. 2013 [ 13 ]  <80  316  Retrospective cohort 
(low quality) 

 13  NR d  
 ≥80  8  35  38 % 

   NR  not reported 
  a p < 0.05 between reported groups 
  b Study reports 2-year  survival   only 
  c Includes neuroendocrine tumors and pancreatic adenocarcinoma 
  d No patients alive and followed 5 years  
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Studies clearly demonstrate a  survival   advantage in patients who complete multi-
modality therapy, but controversy exists regarding delivery of chemotherapy in the 
adjuvant vs.  neoadjuvant   setting. In the debate, it has been suggested that patients 
are more likely to complete multimodality therapy with a neoadjuvant approach, as 
postoperative complications and failure to thrive following  surgery   may limit receipt 
of  adjuvant therapy  . In addition, a neoadjuvant approach allows for selection of 
patients with better tumor biology for surgical resection and avoids unnecessary 
treatment in patients who progress during neoadjuvant treatment. 

 No studies specifi cally address the completion of multimodality therapy in 
octogenarians. We identifi ed fi ve retrospective cohort studies that evaluated comple-
tion of multimodality therapy in patients older than 65 years (Table  58.4 ) [ 19 – 23 ]. 
These studies were extremely heterogeneous, thereby limiting conclusions. Four 
single- institution, large retrospective studies addressed receipt of adjuvant  chemo-
therapy   after surgical  resection  ; two studies compared patients <75 and ≥75 years 

     Table 58.4    Completion of multimodality therapy in  elderly   patients   

 Author and 
year 

 Age 
group 

 Timing of 
 chemotherapy    N 

 % of patients 
who received 
multimodality 
treatment 

 Survival 
(months) 

 Study type 
( quality of 
evidence)   

 Davila et al. 
2009 [ 20 ] 

 <75  Adjuvant a   811  56.5 %  NR  Retrospective 
cohort study 
(low) 

 ≥75  572  37.7 % 

 Horowitz 
et al. 2010 
[ 21 ] 

 <75  Adjuvant  489  54 %  22.7 b   Prospective 
cohort study 
(low) 

 ≥75  166  29.5 %  22.6 b  

 Nagrial et al. 
2014 [ 22 ] 

 <70  Adjuvant  261  51.5 %  22.5 b   Retrospective 
cohort study 
(low) 

 ≥70  178  29.8 %  21.8 b  

 Cooper et al. 
2014 [ 19 ] 

 ≥70  Neoadjuvant 
or adjuvant 

 179 c   47.5 % overall  16.1 d   Retrospective 
cohort study 
(low) 

 153  neoad
juvant/   

 74/153 (48.3 %) 
 neoadjuvant   

 15.1 e  

 26 adjuvant 
intent 

 11/26 (42.3 %) 
adjuvant 

 Parmar et al. 
2014 [ 23 ] 

 ≥65  Neoadjuvant or 
adjuvant 

 10,505 f   11.1% g   21 b   Retrospective 
cohort study 
(low) 

   NR  not reported 
  a Adjuvant therapy was either  surgery   +  chemotherapy  , surgery + radiation, or surgery +  chemoradiation   
  b Survival in patients who received multimodality therapy ( surgery   and  chemotherapy  ) 
  c Number of patients treated with curative intent ( chemotherapy   given with  neoadjuvant   intent or 
 surgery   with intent to give  adjuvant therapy  ) 
  d Survival of patients who underwent  chemotherapy   with  neoadjuvant   intent (with or without  resec-
tion  , N = 153) 
  e Survival of patients who underwent surgical  resection   (with or without  adjuvant therapy  , N = 26) 
  f All patients presenting with locoregional pancreatic  cancer   without vascular invasion 
  g % of patients with locoregional disease who received multimodality therapy (surgical  resection   + 
 chemotherapy  )  
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[ 20 ,  21 ] and one compared patients <70 and ≥70 years. Consistently across studies, 
older patients were less likely to receive  adjuvant therapy   (29.5–37.7 %) than 
younger patients (51.5–56.5 %, p < 0.05 across studies).

   Cooper et al. [ 19 ] performed the only retrospective study that evaluated receipt 
of multimodality therapy on an intent-to-treat basis. One hundred seventy-nine 
patients ≥70 years with pancreatic  cancer   were treated with curative intent; 153 
(85 %) of these patients were treated with  neoadjuvant    chemoradiation   with the 
intent to resect and 26 (15 %) underwent  surgery   fi rst with intent to deliver  adjuvant 
therapy  . In the neoadjuvant group, 48 % of patients completed multimodality 
 therapy compared to 42 % in the adjuvant group (Table  58.4 ). 

 Parmar et al. [ 23 ] utilized SEER-Medicare data to identify 10,505 patients aged 
66 years and older with locoregional pancreatic adenocarcinoma. Only 5,358 (51 %) 
underwent treatment with  chemotherapy   and/or surgical  resection  . Only 11.1 % of 
the overall cohort (21.7 % of the 5,385 patients who received treatment) received 
multimodality therapy, of which 7 % was  neoadjuvant   and 93 % adjuvant. In patients 
who received surgical resection as the initial treatment modality, 51.6 % went on to 
receive  adjuvant therapy  . In patients who received chemotherapy as the initial treat-
ment modality, only 2.6 % went on to surgical resection. Given the observational, 
administrative nature of the dataset, the intent of chemotherapy in this group is 
unclear and it is likely that many did not receive chemotherapy with curative intent. 
Regardless, the data suggests that in the time period of the study (patients diagnosed 
from 1992 to 2007) an adjuvant approach to chemotherapy was preferred. It is also 
striking that so few patients go on to receive resection after chemotherapy, suggesting 
that outside of specialized centers chemotherapy is not delivered with neoadjuvant, 
curative intent, or that the rates of completion of multimodality therapy in patients 
65 and older are less than those observed at specialized centers. 

 Across studies,  survival   was improved with multimodality therapy (Table  58.4 ). 
When both  surgery   and  chemotherapy   received, survival was similar with  neoadjuvant   
and adjuvant approaches.  

    Chemotherapy for Advanced and Metastatic Disease 

 Systemic  chemotherapy   is standard of care for those with unresectable pancreatic 
 cancer  ; however, treatment in this setting prolongs  survival   on the order of weeks to 
months. There are limited data on  outcomes   with systemic chemotherapy in 
the  elderly   population. We identifi ed seven studies evaluating gemcitabine-based 
chemotherapy for unresectable pancreatic cancer, including locally advanced and 
metastatic disease [ 24 – 27 ]. Nakai and colleagues [ 26 ] compared patients <75 
(N = 114) and ≥75 (N = 69) years with locally advanced and metastatic disease. Side 
effects of gemcitabine-therapy such nausea, anorexia, vomiting, and diarrhea were 
not signifi cantly different between age groups. Likewise, Yukisawa et al. demon-
strated no difference in grade 3 or 4 hematologic (39 % vs. 42 %, p = 0.61) or non-
hematologic (16 % vs. 21 %, p = 0.77) adverse events in patients <75 and ≥75 years 

F.M. Dimou and T.S. Riall



683

receiving full-dose gemcitabine therapy. These fi ndings were similar to the toxicities 
reported by Locher et al. in a cohort of 39 patients age 70 and over, where 38 % of 
patents experienced neutropenia, 28 % experienced thrombocytopenia, and 18 % 
anemia (grade 3 or 4) [ 28 ]. 

 Performance status and not chronological age predicted tolerability of  chemo-
therapy   in older patients [ 24 ,  25 ]. Berger et al. [ 24 ] evaluated the  outcomes   of 
chemotherapy in 53 patients 70 years and older. Patients with an Eastern Cooperative 
Oncology Group (ECOG) performance status ≥2 tolerated treatment for longer 
(median duration of therapy 59 days vs. 105 days ECOG <2; p = 0.009) and had a 
greater probability of receiving combination therapy. Across studies, older patients 
experienced similar benefi ts with chemotherapy. In a group of 66 patients with unre-
sectable pancreatic  cancer   receiving gemcitabine, 23 % patients ≥70 and 16 % 
patients <70 obtained partial responses. Median  survival   times were 311 days in 
patients ≥70, 292 days in patients <70, and 127 days in patients who did not receive 
gemcitabine [ 29 ]. Likewise, tumor growth control (66.6 % vs. 59.6 %), time to 
progression (119 vs. 104 days), and  overall survival   (240 vs. 220 days) were 
comparable for patients <70 (N = 57) and ≥70 years (N = 42) receiving gemcitabine-
based chemotherapy, respectively [ 30 ].  

    Recommendations 

 Despite increased operative  morbidity   and  mortality   in older patients, with aggres-
sive therapy, carefully selected octogenarians can enjoy similar long-term  survival   
when compared to their younger counterparts across various disease stages. 
Chronological age alone should not be a contraindication to surgical  resection  . 
Older patients considering pancreatic resection for pancreatic  cancer   should be 
informed of their operative risk in the context of their overall medical condition. 
In addition, they need to understand the long-term prognosis with and without 
aggressive therapy, allowing patients to make decisions aligned with their personal 
preferences. When performed in this age group, surgical resection should be done at 
high-volume centers. 

 When aggressive therapy is chosen for locoregional disease, a multimodality 
approach with both surgical  resection   and  chemotherapy   (with or without radiation) 
is recommended. The data demonstrate that  outcomes   are better in carefully selected 
older patients (>65) who receive multimodality therapy compared to  surgery   alone. 
However, data are insuffi cient to recommend a  neoadjuvant   or adjuvant approach. 
When both modalities are received,  survival   is similar in the neoadjuvant or adjuvant 
groups. The only study addressing receipt of multimodality therapy on an intent-to-
treat basis with both approaches shows a slight increase in receipt of multimodality 
therapy with a neoadjuvant approach. 

 In older patients with unresectable disease (>70), gemcitabine-based  chemother-
apy   in carefully selected patients is well tolerated and  survival   benefi ts are similar 
to those observed in younger patients, and such treatment should be offered to older 
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patients. There are not data regarding toxicity or survival of newer chemotherapeu-
tic regimens (i.e. FULFIRINOX – 5-fl ourouracil, leucovorin, irinotecan, and 
oxaliplatin, and others) in older patients with advanced disease.  

    A Personal View of the Data 

 Even with aggressive therapy, the prognosis for patients with pancreatic  cancer   
remains poor. After potentially curative  resection  , only 70–80 % of patients survive 
5 years [ 3 ,  31 – 33 ]. When metastatic disease is present, patients rarely survive more 
than 6 months [ 34 ] and  chemotherapy   in this setting improves  survival   on the order 
of weeks. In addition, there are signifi cant complications and toxicities associated 
with the treatment of pancreatic cancer, which can negatively impact the quality of 
remaining life. Even at high-volume, specialized centers, pancreatic resection has a 
30–40 % incidence of surgical complications [ 35 ], prolonged hospital stay [ 14 ,  36 , 
 37 ], a 2–5 % operative  mortality   [ 35 ,  38 ,  39 ], and readmission rates in excess of 
30 % [ 36 ]. Many patients require skilled nursing care after  surgery   and are unable 
to be at home with their families [ 7 ,  14 ]. Chemotherapy can cause nausea, vomiting, 
diarrhea, dehydration, neutropenia, thrombocytopenia, anemia, liver damage, and 
other adverse symptoms. Abdominal radiation can lead to diarrhea, radiation enteritis, 
and bowel obstruction. 

 Given the poor prognosis of pancreatic  cancer   and the signifi cant toxicity associ-
ated with treatment, patients face complex treatment decisions that are extremely 
preference sensitive. These decisions are even more diffi cult in older patients, whose 
associated chronic illness and decreased functional reserve increase their probability 
postoperative complications which has a potential negative impact on the quality of 
their remaining life. In the age of personalized medicine, clinicians should not take a 
one-size-fi ts-all approach. It may be the observed “underutilization” of pancreatic 
 resection   in part refl ects good patient selection and patient preference. 

 Older patients must evaluate the trade offs between quantity and  quality of life   in 
the context of their  cancer   characteristics, overall medical condition, and their treatment 
goals. Given all the information, two patients with the same cancer and personal 
characteristics may have markedly different treatment goals and choose different 
treatment options. Chronological age alone should not be a contraindication to 
stage-appropriate aggressive treatment for pancreatic cancer.  

    Recommendations 

•     Age alone should not be a contraindication to surgical  resection  . The decision 
regarding surgical resection in octogenarians should be made context of their 
 cancer   characteristics, overall medical condition, and their treatment goals 
(evidence quality moderate; strong recommendation).  
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•   When aggressive therapy for locoregional disease is chosen, a multimodality 
approach with  chemotherapy   and  surgery   (+/− radiation) is recommended (evidence 
quality moderate; strong recommendation).  

•    Surgical resection   in older patients is best performed at high-volume centers 
(evidence quality moderate; strong recommendation).  

•   A  neoadjuvant   approach should be considered in older patients with  borderline 
resectable   and  resectable   pancreatic  cancer   as it may increase rates of comple-
tion of multimodality therapy and avoid  resection   in patients who will not benefi t 
(evidence quality low; weak recommendation).  

•   In older patients with unresectable disease who desire aggressive treatment, 
gemcitabine-based  chemotherapy   should be offered. Further studies are neces-
sary to assess the toxicity and  survival   of newer regimens in older patients (evi-
dence quality moderate; strong recommendation).        
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  A 
  Acute cholecystitis  ,   202   ,   203   ,   205   ,   206   ,   220   , 

  223   ,   292   ,   345     
  Acute pancreatitis  ,   303   ,   400   ,   404   ,   412–418   , 

  434–436   ,   438–439   ,   445   ,   446   ,   452   , 
  455   ,   467   ,   478   ,   499   ,   624                                   

  Acute variceal bleeding  ,   375   
  Adjuvant therapy  ,   151   ,   152   ,   156   ,   158   ,   160   , 

  285   ,   542   ,   569   ,   570   ,   584–586   ,   588   , 
  590   ,   591   ,   674   ,   681   ,   682           

  Alpha-feto protein (AFP)  ,   95–101   , 
  105   ,   108   ,   173   

  Ampulla of Vater  ,   329   ,   621–623   ,   627      
  Angioembolization  ,   64   ,   67   
  Arterioportal fi stula  ,   344   ,   392    
  Arteriovenous fi stula  ,   391–397   
  Ascites  ,   166   ,   167   ,   171   ,   174   ,   190–192   ,   194   , 

  195   ,   274   ,   371   ,   373   ,   379   ,   380   , 
  383–386   ,   414   ,   416   ,   418                   

 B 
  Beger procedure  ,   494   
  Benign liver lesions  
  Bile duct 

 exploration  ,   209–217   ,   232   ,   263   , 
  264   ,   316   ,   317  

 injury  ,   202–206   ,   219   ,   233   ,   235   ,   242   ,   
243   ,   253–260   ,   264   ,   267   ,   
303   ,   311–318  

 stricture  ,   233   ,   241–249   ,   297–307   ,   322  
 surgery  ,   214   

  Bile leak  ,   20   ,   26   ,   65   ,   68   ,   70   ,   214   ,   216   ,   242   , 
  243   ,   247   ,   248   ,   254   ,   265   ,   267      

  Biliary hamartoma  ,   49–51   
  Biliary obstruction  ,   16   ,   210   ,   214   ,   227   ,   232   , 

  233   ,   235   ,   301   ,   306   ,   331   ,   333   ,   335   , 
  336   ,   374   ,   556   ,   558   ,   561      

  Biliary pancreatitis  ,   402   ,   404   ,   406   ,   407   
  Biliary stent  ,   242   ,   246   ,   302   ,   307   ,   323   , 

  342   ,   345   ,   346   ,   556        
  Biliary stenting  ,   246   ,   342   ,   346   ,   556     
  Biliary stricture  ,   135   ,   212   ,   215   ,   216   ,   

228   ,   229   ,   233   ,   235   ,   242   , 
  243   ,   254   ,   267   ,   298   ,   299   ,   301   , 
  303–307   ,   322   ,   330–332   ,   334   , 
  335   ,   363   ,   660                 

  Bilioenteric bypass (BEB)  ,   229   ,   556   ,
   558   ,   561   

  Blunt pancreatic injury  ,   509–516   
  Borderline resectable  ,   568–578   ,   588   ,   592   , 

  600   ,   601   ,   606   ,   685                        
  Bouveret syndrome  ,   292   ,   294   
  Bypass  ,   216   ,   229   ,   233   ,   279   ,   298   ,   300   ,   301   , 

  306   ,   322–324   ,   326   ,   372   ,   374   , 
  512   ,   554–564                                           

 C 
  Cancer  ,   75   ,   94   ,   124   ,   133   ,   139   ,   144   ,   150   ,   151   , 

  158–161   ,   183   ,   194   ,   238   ,   243   ,   274   , 
  275   ,   281   ,   283–286   ,   325   ,   333   ,   352   , 
  500   ,   504   ,   505   ,   520–523   ,   530   ,   531   , 
  534   ,   537   ,   545   ,   547   ,   550   ,   554–556   , 
  562–564   ,   568–570   ,   572–578   ,   583   , 
  584   ,   586   ,   588   ,   591–593   ,   599–601   , 
  604–606   ,   626   ,   627   ,   631   ,   642   ,   
644   ,   648   ,   674   ,   675   ,   679–685                                                                       

             Index 
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  Cavernous hemangioma  ,   29   ,   40   
  Chemoradiation  ,   159–161   ,   275   ,   569   ,   571   , 

  572   ,   576   ,   578   ,   584–586   ,   588   ,   
589   ,   637   ,   681   ,   682          

  Chemotherapy  ,   26   ,   87–89   ,   140   ,   141   ,   
149–161   ,   275   ,   285   ,   286   ,   335   ,   
392   ,   543   ,   546   ,   547   ,   563   ,   568–570   , 
  572   ,   576–578   ,   584   ,   586   ,   588   ,   
590   ,   592   ,   600   ,   606   ,   647   ,   666   ,   
675   ,   680–685                                                                       

  Child-Pugh score  ,   166–169   ,   189–197   ,   373   , 
  375   ,   377   ,   386   

  Cholangiocarcinoma  ,   229   ,   232   ,   241   ,   
285   ,   322   ,   324–326   ,   
329–336   ,   351–354          

  Cholangiography  ,   206   ,   242   ,   246   , 
  264–269   ,   312–319   ,   322   ,   
325   ,   330   ,   342   ,   354                       

  Cholangitis  ,   58   ,   130   ,   227–229   ,   232   , 
  233   ,   235   ,   237   ,   241–246   ,   298   ,   
300   ,   306   ,   323   ,   324   ,   330   ,   331   ,   
333   ,   345   ,   406   ,   624                    

  Cholecystectomy  ,   2   ,   56   ,   59   ,   201–203   ,   206   , 
  207   ,   210   ,   211   ,   219   ,   220   ,   222   ,   
223   ,   233   ,   241   ,   242   ,   245   ,   254   , 
  256–257   ,   263   ,   265   ,   274   ,   276–285   , 
  293   ,   311   ,   316   ,   343   ,   400–402   ,   404   , 
  406   ,   407   ,   550   ,   558                                                              

  Cholecystoduodenal fi stula  ,   292   ,   294   
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