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 Severe acute pancreatitis (SAP) is a devastating disease affecting thousands 
of patients annually and resulting in substantial morbidity, mortality, and 
healthcare costs. In fact, acute pancreatitis is currently the most common 
hospital discharge diagnosis for gastrointestinal disease in the United 
States. While most patients have mild pancreatitis and recover, the high 
morbidity and a mortality rate of 20 % make SAP among the most lethal of 
all gastrointestinal diseases. 

 In the last 20 years extensive progress has been made in identifying 
and treating SAP. These advances include more standardized definitions 
of disease, more careful long-term follow-up of patient outcomes, and 
the beginnings of evidence-based therapies to prevent mortality and 
severe complications. Randomized, controlled trials are increasingly 
being performed to evaluate interventions in this disease, and consensus 
about definitions and therapies are being offered by major medical soci-
eties. Given the significant pathologic burden and improved diagnostic 
and therapeutic modalities, it is an important time for a text on severe 
acute pancreatitis. 

 This textbook provides a comprehensive review of the subject and serves 
as an essential resource for practicing gastroenterologists, surgeons, radiolo-
gists, intensivists, hospitalists, pathologists, and trainees. It details the recent 
consensus guidelines updating the defi nition of pancreatitis and its complica-
tions. It summarizes the current prediction models for severe acute pancreati-
tis, including laboratory, clinical, and imaging parameters. Evidence-based 
guidelines of medical and surgical management of both the hospitalized and 
discharged patient are described, with recommendations from expert authors 
pertaining to various clinical situations. Finally, complications of acute pan-
creatitis and their management, including the use of cutting-edge minimally 
invasive therapies, are discussed. 

 We offer our deep gratitude to our colleagues who authored chapters for 
this text. Their devotion to the fi eld of pancreatology and their determination 
to improve the outcomes of patients affl icted with acute pancreatitis are 
inspiring. In editing this work, we were consistently reminded of how fortu-
nate we are to collaborate with such dedicated clinicians and researchers. 

  Pref ace       
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 We would also like to thank our editors at Springer, specifi cally Diane 
Lamsback, whose patience and guidance were critical in completing this book. 

 We hope you fi nd the following text enriching and rewarding as we  continue 
to make progress in the management and treatment of this diffi cult disease.  

    Gainesville, FL, USA Chris     E.     Forsmark   
   Lebanon, NH, USA Timothy     B.     Gardner    
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           Introduction 

 The introduction of the 1992 Atlanta 
Classifi cation was a major milestone in the prac-
tice of pancreatology at that time [ 1 ]. The classi-
fi cation was aimed to defi ne a common 
terminology and defi ne the severity of the disease 
in a globally acceptable uniform manner. Even 
though it generated great enthusiasm initially, it 
was observed over the years that many issues per-
taining to the disease were either not addressed or 
lacked clarity [ 2 ]. It was observed that over the 
past two decades, the terminologies from the 
Atlanta Classifi cation were inappropriately used. 
For example, terms like pancreatic phlegmon and 
infected pseudocyst were still used, even after 
being abandoned in the Atlanta Classifi cation. 
With generation of more data on the natural his-
tory and pathophysiology of the disease, and with 
development in cross-sectional imaging tech-
niques, new terminologies like organized pancre-
atic necrosis, subacute pancreatic necrosis, 
necroma, and pseudocyst associated with necro-

sis came into existence [ 3 ]. These ambiguities 
called for a revision of the 1992 Atlanta 
Classifi cation, which was long awaited in the 
pancreatology community. The process of revi-
sion was initiated in 2007 and after 5 long years 
of efforts that included modifi cations, revisions, 
and acquiring global consensus, the Revised 
Atlanta Classifi cation was fi nally published in 
2013 [ 4 ]. Table  1.1  shows the gross differences 
between the original and revised classifi cation.

       Objectives of Revision 

 The objectives of the revision of the Atlanta 
Classifi cation were to (1) incorporate modern 
concepts of the disease; (2) address areas of con-
fusion; (3) improve clinical assessment of sever-
ity; (4) enable standardized data reporting; (5) 
assist objective evaluation of new treatments; and 
(6) facilitate communication among treating phy-
sicians and different institutions. 

 However, the revision was not meant to be a 
management guideline, even though the defi ni-
tions have potential to guide appropriate manage-
ment strategies.  

    Methodology 

 The Revised Atlanta Classification resulted 
from an international, web-based, multiply 
reiterative process that began in 2007 at the 
Digestive Diseases Week. The process began 

        R.   Talukdar ,  M.D.    
  Department of Gastroenterology ,  Asian Institute 
of Gastroenterology ,   6-3-661, Somajiguda , 
 Hyderabad ,  Andhra Pradesh   500082 ,  India   
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with a  meeting of 40 selected pancreatologists 
and pancreatic surgeons to agree on the pro-
cess and areas of revision. A working group, 
consisting of three pancreatic surgeons, two 
pancreatologists, and one pancreatic radiolo-
gist, prepared an initial draft. This was the first 

 working document that was circulated among 
the 40 participants; the document was revised 
 according to their  suggestions. This working 
draft was then sent electronically to all mem-
bers of 11 national and international organiza-
tions interested in acute pancreatitis. The 
working group prepared a second working 
draft after discussing the modification sug-
gested in the first draft and resent to the mem-
bers. The process was repeated and a third 
draft was generated, which contained minor 
modifications and was submitted to Gut. Based 
on journal reviewers’ comments, a fourth revi-
sion of the document was made in which the 
three-tier classification of severity was 
incorporated.  

    Defi nition of a Diagnosis 
of Acute Pancreatitis 

 According to the Revised Atlanta Classifi cation, 
a diagnosis of acute pancreatitis (AP) can be 
made if two of the following three features are 
present, namely abdominal pain consistent with 
AP (acute onset of a persistent, severe, epigas-
tric pain often radiating to the back); serum 
lipase activity (or amylase activity) at least three 
times greater than the upper limit of normal; and 
characteristic fi ndings of AP on contrast-
enhanced computed tomography (CECT), 
 magnetic resonance imaging (MRI), or transab-
dominal ultrasonography. Acute pancreatitis 
runs a dynamic clinical course and levels of 
serum lipase and amylase tend to fall over time. 
Therefore, in patients presenting after a pro-
longed duration following onset of symptoms, 
serum lipase and amylase may not be greater 
than three times the upper limit of normal in 
spite of typical pancreatitis type abdominal pain. 
These are the patients in which CECT could 
help in making the diagnosis. In situations where 
a diagnosis can be satisfactorily made on the 
basis of pain and serum lipase/amylase, CECT 
should be reserved for potential future use when 
it can diagnose local complications and provide 
important leads for complication-specifi c man-
agement approaches.  

    Table 1.1    Changes made in the Revised Atlanta valida-
tion compared to the 1992 Atlanta Classifi cation   

 1992 Atlanta 
Classifi cation  Revised Atlanta Classifi cation 

 • No defi ned 
threshold of 
amylase/lipase 
levels for the 
diagnosis of AP 

 • Elevation of serum amylase 
and lipase of greater than 
three times the upper limit of 
normal is required to make a 
diagnosis 

 • Inclusion of local 
complications 
and/or organ 
failure under the 
severe category 

 • The presence of local 
complications in the absence 
of persistent organ failure is 
categorized as moderately 
severe acute pancreatitis 

 • No distinction 
between transient 
and persistent 
organ failure 

 • Transient organ failure is 
defi ned as organ failure that 
resolves within 48 h 

 • Persistent organ failure is 
defi ned as organ failure that 
persists beyond 48 h 

 • Nonuniform use 
in the classifi cation 
for organ failure 

 • Organ failure should be 
defi ned according to the 
Modifi ed Marshall scoring 
system 

 • Gastrointestinal bleeding as 
an organ failure has been 
removed 

 • Discrete defi nitions of local 
complications (acute 
peripancreatic fl uid 
collections, pancreatic 
pseudocyst, acute necrotic 
collection, and walled-off 
necrosis) 

 • No distinction of 
peripancreatic 
collections with 
and without 
necrotic debris 

 • Terms like pancreatic 
abscess have been 
abandoned 

 • Local 
complications 
included necrosis, 
abscess, and 
pseudocyst 

 • Terms like “organized 
pancreatic necrosis,” 
“subacute pancreatic 
necrosis,” “necroma,” and 
“pseudocyst associated with 
necrosis,” pancreatic 
sequestration are now 
collectively termed as 
walled-off necrosis 

R. Talukdar and S.S. Vege
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    Phases of Acute Pancreatitis 

 The natural course of AP runs through two over-
lapping but pathophysiologically discrete phases. 
The early phase, which usually runs for 1–2 
weeks, is clinically marked by systemic infl am-
matory response syndrome (SIRS) that is trig-
gered by the cytokine cascade released as result of 
local pancreatic infl ammation [ 5 – 7 ]. Persistent 
and severe SIRS during this phase could lead to 
development of transient or persistent organ fail-
ure [ 8 ,  9 ]. Persistent organ failure, which is defi ned 
as organ failure lasting for greater than 48 h pri-
marily determines the severity of AP in the fi rst 
phase [ 6 ,  9 ,  10 ]. Acute pancreatitis is a dynamic 
disease and local complications do develop during 
this phase; however, they are not proportional to 
the extent of organ dysfunction, thereby negating 
them as the predominant determinant of severity 
during this phase [ 11 ,  12 ]. Therefore, imaging 
with CECT or MRCP is unlikely to be of benefi t 
in assessment and prognostication in this phase. 

 In the second or late phase, which can run a 
protracted course of weeks to months, the addi-
tional determinant of severity besides persistent 
systemic infl ammation is local complications. 
This phase is also marked by a compensatory 
anti-infl ammatory response syndrome (CARS), 
which makes the patient prone to infections that 
in turn can further determine severity by contrib-
uting to organ dysfunction. Therefore, besides 
clinical monitoring a meticulous evaluation of 
the local complications by appropriate imaging 
also becomes essential during this phase. 
Distinguishing between the different types of 
local complications would not only help to prog-
nosticate but will also aid in selecting the appro-
priate treatment modality.  

    Types of Acute Pancreatitis 

 Acute pancreatitis can be divided into two broad 
categories, namely interstitial edematous pancre-
atitis (IEP) and necrotizing pancreatitis (NP); and 
this defi nition is predominantly directed by the 
degree of enhancement of the pancreas on CECT 
imaging (Table  1.2 ).

      Interstitial Edematous Pancreatitis 

 In IEP, which constitutes 80–90 % of AP, CECT 
shows a relatively homogenously enhanced pan-
creas with or without mild peripancreatic stranding 
or peripancreatic fl uid collection (Fig.  1.1a, b ). 
However, it is important to understand that con-
fi rmation of IEP is not an indication for CECT.

       Necrotizing Pancreatitis 

 Necrotizing pancreatitis, on the other hand, is 
characterized by tissue necrosis within the pan-
creatic parenchyma and/or peripancreatic tissues 
(Fig.  1.2a–c ). Necrosis is marked by lack of 
enhancement, which is a function of impaired or 
absent tissue perfusion. Involvement of the pan-
creatic parenchyma alone is exceedingly uncom-
mon and in most of the cases both the pancreatic 
parenchyma and peripancreatic tissues are 
involved. Peripancreatic necrosis alone (which is 
as frequent as pancreatic necrosis) results in a 
less severe disease course compared to involve-
ment of the pancreatic parenchyma, but higher 
morbidity compared to IEP. Pancreatic and peri-
pancreatic necrosis usually evolves over the fi rst 
week of the disease and might not be mature 
enough to be detected early on by imaging. This 
is more so for peripancreatic necrosis, which is 
essentially necrosis of peripancreatic fat, which 
has little radiologically detectable perfusion even 
in health [ 13 – 16 ]. After 1 week, the necrosis will 
gradually liquefy and contain both solid and liq-
uid components, thereby resulting in a more het-
erogeneous appearance that would make 
radiological diagnosis evident. Therefore, a diag-
nosis of NP can be most reliably made after about 
1 week of development of AP.

       Infected Necrosis 

 Infection of necrotic pancreatic and/or peripancre-
atic tissues usually occurs after the fi rst week of 
AP. Most of the current evidence failed to estab-
lish a positive correlation between the extent 
of necrosis and the duration of symptoms with 
development of infected necrosis [ 11 ,  17 – 19 ]. 

1 Revised Atlanta Classifi cation of Acute Pancreatitis
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Since development of infected necrosis has  several 
therapeutic implications, it is essential to recognize 
it early [ 18 ]. The telltale sign of infected necrosis 
is the presence of extraluminal gas in pancreatic or 

peripancreatic tissues on CECT (Fig.  1.3a, b ), 
although gas can be present without infection due 
to a communication with the gut. In such commu-
nications, one could presume infection still exists 

     Table 1.2    Defi nitions and CECT appearance   

 Terminology  Defi nitions  CECT appearance 

 Interstitial edematous 
pancreatitis (IEP) 

 • Acute infl ammation of the pancreatic 
parenchyma and peripancreatic tissues, 
but without recognizable tissue 
necrosis 

 • Pancreatic parenchyma enhancement 
by intravenous contrast agent 

 • No fi ndings of peripancreatic 
necrosis 

 Necrotizing pancreatitis  • Infl ammation associated with 
pancreatic parenchymal necrosis and/or 
peripancreatic necrosis 

 • Lack of pancreatic parenchymal 
enhancement by intravenous contrast 
agent and/or 

 • The presence of fi ndings of 
peripancreatic necrosis 

 APFC (acute peripancreatic 
fl uid collection) 

 • Peripancreatic fl uid associated with IEP 
with no associated peripancreatic 
necrosis. This term applies only to 
areas of peripancreatic fl uid seen within 
the fi rst 4 weeks after onset of IEP and 
without the features of a pseudocyst 

 • Occurs in the setting of IEP 
 • Homogeneous collection with fl uid 

density 
 • Confi ned by normal peripancreatic 

fascial planes 
 • No defi nable wall encapsulating the 

collection 
 • Adjacent to pancreas (no 

intrapancreatic extension) 
 Pancreatic pseudocyst  • An encapsulated collection of fl uid 

with a well- defi ned infl ammatory wall 
usually outside the pancreas with 
minimal or no necrosis. This entity 
usually occurs more than 4 weeks after 
onset of IEP to mature 

 • Well circumscribed, usually round 
or oval homogeneous fl uid density 

 • No nonliquid component 
 • Well-defi ned wall; that is, 

completely encapsulated 
 • Maturation usually requires 

>4 weeks after onset of acute 
pancreatitis; occurs after IEP 

 ANC (acute necrotic 
collection) 

 • A collection containing variable 
amounts of both fl uid and necrosis 
associated with necrotizing 
pancreatitis; the necrosis can involve 
the pancreatic parenchyma and/or the 
peripancreatic tissues 

 • Occurs only in the setting of acute 
necrotizing pancreatitis 

 • Heterogeneous and nonliquid 
density of varying degrees in 
different locations (some appear 
homogeneous early in their course).

• No defi nable wall encapsulating the 
collection 

 • Location—intrapancreatic and/or 
extrapancreatic 

 WON (walled-off 
necrosis) 

 • A mature, encapsulated collection of 
pancreatic, and/or peripancreatic 
necrosis that has developed a well-
defi ned infl ammatory wall. WON 
usually occurs >4 weeks after onset of 
necrotizing pancreatitis 

 • Heterogeneous with liquid and 
nonliquid density with varying 
degrees of loculations (some may 
appear homogeneous) 

 • Well-defi ned wall, that is, 
completely encapsulated 

 • Location—intrapancreatic and/or 
extrapancreatic 

 • Maturation usually requires 4 weeks 
after onset of acute necrotizing 
pancreatitis 

R. Talukdar and S.S. Vege
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  Fig. 1.1    Interstitial edematous pancreatitis with ( a ) peripancreatic fat stranding and ( b ) minimal peripancreatic fl uid       

  Fig. 1.2    Necrotizing pancreatitis showing ( a ) only pancreatic necrosis; and ( b ) only peripancreatic necrosis and 
( c ) both parenchymal and peripancreatic necrosis       

  Fig. 1.3    Infected necrosis showing the presence of air within the necrotic areas       

 

 

 

1 Revised Atlanta Classifi cation of Acute Pancreatitis



8

due to contamination with gut bacteria. 
Confi rmation can be done by the presence of bac-
teria/fungi on gram staining or culture of image-
guided FNA of necrotic tissue. It should, however, 
be borne in mind that FNA might not be always 
positive even in the presence of infection, and thus 
a negative aspirate should be interpreted with cau-
tion. The key to diagnosis of infected necrosis is a 
strong clinical suspicion based on signs of sepsis. 
Thus, FNA of necrosis is not being advocated rou-
tinely now. Infected necrosis can also result from 
interventions (percutaneous, endoscopic, and sur-
gical) and has been shown to have adverse impact 
on morbidity and mortality [ 20 ].

        Complications of Acute Pancreatitis 

 Complications of AP include organ failure, local 
and systemic complications. 

    Organ Failure 

 The Revised Atlanta Classifi cation has recom-
mended the use of the Modifi ed Marshall scoring 
system (Table  1.3 ) to assess organ dysfunction 

and failure [ 21 ]. The Modifi ed Marshall system 
assesses three organ systems that are usually 
involved by SIRS, namely respiratory, renal, and 
circulatory. A score of 2 or more in any one of 
these organ systems qualifi es the diagnosis of 
organ failure. If organ failure persists for less 
than 48 h, it is termed as transient organ failure; 
and if at least or more than 48 h, then persistent 
organ failure. Involvement of one organ is defi ned 
as single organ failure while more than one organ 
is called multiorgan failure. The Modifi ed 
Marshall system is simple, universally feasible 
and has an edge over the other commonly used 
system called sequential organ failure assessment 
(SOFA) [ 22 ], which also requires measurement 
of additional parameters like inotrope and respi-
ratory support.

       Local Complication 

 A better understanding of the natural history of 
AP and advancements in imaging have now 
enabled identifi cation of morphological changes 
of AP in a more effi cient manner. Accordingly, 
discrete types of local complications have been 
defi ned in the Revised Atlanta Classifi cation. 

   Table 1.3    Modifi ed Marshall scoring system a    

 Organ system 

 Score 

 0  1  2  3  4 

 Respiratory (PaO 2 /FiO 2 )  >400  301–400  201–300  101–200  ≤101 
 Renal b  
 (serum creatinine, μmol/L)  ≤134  134–169  170–310  311–439  >439 
 (serum creatinine, mg/dL)  <1.4  1.4–1.8  1.9–3.6  3.6–4.9  >4.9 
 Cardiovascular (systolic 
blood pressure, mmHg) c  

 >90  <90, fl uid-responsive  <90, not 
fl uid-responsive 

 <90, pH <7.3  <90, pH <7.2 

 For non-ventilated patients, 
the FiO 2  can be estimated 
from below: 
  Supplemental oxygen  (L/min)   FiO   2   (%) 
 Room air  21 
 2  25 
 4  30 
 6–8  40 
 9–10  50 

   a A score of 2 or more in any system defi ne the presence of organ failure 
  b A score for patients with preexisting chronic renal failure depends on the extent of further deterioration of baseline 
renal function. No formal correction exists for a baseline serum creatinine ≥134 μmol/L or ≥1.4 mg/dL 
  c Off inotropic support  
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These include acute peripancreatic fl uid 
 collection (APFC), pancreatic pseudocysts 
(Fig.  1.4a ), acute necrotic collections (ANCs) 
(Fig.  1.4b ), and walled-off necrosis (Fig.  1.4c ) 
(see Table  1.2 ). Other local complications include 
gastric outlet dysfunction, splenic and portal vein 
thrombosis, and colonic necrosis.

   A major highlight of the revised classifi cation 
is the CECT-based defi nitions of pancreatic and 
peripancreatic collections that distinguish 
between collections that contain only fl uid con-
tent (APFC and pancreatic pseudocyst) and those 
that contain a solid component with or without a 
fl uid component (ANC and WON) (see 
Table  1.2 ). APFCs are associated with IEP and 
often resolve spontaneously without intervention 
[ 16 ,  23 ]. These collections are confi ned to the 
fascial planes in the retroperitoneum and may be 
multiple. If an APFC persists beyond 4 weeks 
and acquires a well-defi ned wall, it is termed as a 
pancreatic pseudocyst. Pseudocysts are very 
uncommon, and specifi cally refer to the encapsu-
lated fl uid collections in the peripancreatic tis-
sues. Even though pseudocysts may rarely 
involve the pancreatic tissue, these kind of col-
lections are more likely to be ANCs; therefore, an 
MRI, EUS, or transabdominal ultrasound might 
be necessary to look for the presence of solid 
material that distinguish between ANC and a 
pseudocyst. The term pseudocyst should not be 
used if there is evidence of solid debris within the 
collection. Pseudocysts usually develop as a 
result of disruption of the main pancreatic duct or 
a side branch in the absence of necrosis. A pseu-

docyst may also result from a disconnected duct 
syndrome resulting from localized necrosis in the 
neck or body of the pancreas [ 24 ]. 

 ANC is characterized by the presence of vari-
able amount of solid and fl uid components within 
the fi rst 4 weeks of illness. ANCs may be pancre-
atic, peripancreatic, or both; and may appear mul-
tiple and loculated on CECT. It is important to 
interpret CECT fi ndings of collections with cau-
tion in the fi rst week of illness since CECT may 
not distinguish between APFC and ANC. MRI, 
EUS, or transabdominal ultrasound can be of help 
in distinguishing the two, if necessary. Otherwise, 
serial imaging can reliably confi rm the diagnosis 
of ANC from the second week and beyond. An 
ANC may be associated with a disrupted pancre-
atic duct within the area of necrosis. The presence 
of a mature reactive wall around ANC defi nes it 
as a WON and this maturation usually occurs 
after 4 weeks from the onset of disease. WON 
may be single or multiple and involve areas even 
distant from the pancreas. ANCs and WONs are 
prone to develop infections. 

 The presence of the following features should 
prompt the caregiver to suspect development of 
local complications: (1) persistence of recurrence 
of abdominal pain; (2) increasing degrees 
of organ dysfunction; and/or (3) development of 
clini cal signs of sepsis. The presence of any 
of these forms a defi nitive indication for a high- 
resolution cross-sectional imaging. Findings of 
cross- sectional imaging of pancreatic and peri-
pancreatic collections should be described as 
shown in Table  1.4 .

  Fig. 1.4    Pictures of different types of fl uid collections. ( a ) Pseudocyst. ( b ) ANC. ( c ) WON       
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       Systemic Complications 

 This is defi ned as exacerbation of preexisting 
conditions like coronary artery disease, 
 congestive cardiac failure, chronic obstructive 

pulmonary disease, diabetes, and chronic liver 
disease, precipitated by acute pancreatitis. It 
should be understood that persistent organ fail-
ure (as defi ned by the Modifi ed Marshall scor-
ing) inherent to the pancreatitis episode should 

    Table 1.4       Format to record morphologic features observed on CECT   

 1. Pancreatic parenchymal necrosis  None  <30 %  30–50 %  >50 % 

 2. Peripancreatic necrosis 
 3. Pancreatic/peripancreatic fl uid or collections 
    (a) Location 
    Intrapancreatic, location __________________________________________ 
    Peripancreatic, location ___________________________________________ 
    (b) Characteristics of fl uid 
    Homogenous    Heterogeneous 
    (c) Well-demarcated wall ( measure thickness in mm ) 
    No    Yes 
    (d) Extraluminal loculated gas bubbles 
    No    Yes 
    (e) Gas/fl uid level 
    No    Yes 
    (f) Shape of collection 
    Round or oval    Irregular 

 4. Related extrapancreatic fi ndings 
    (a) Cholelithiasis 
    (b) Choledocholithiasis 
    (c) Extrahepatic biliary dilation 
    (d) Portal venous thrombosis/obstruction 
    Gastroesophageal varices 
    (e) Superior mesenteric venous thrombosis/obstruction 
    (f) Splenic vein thrombosis/obstruction 
    Gastric varices 
    (g) Arterial pseudoaneurysm 
    Location and size: _____________________________________ 
    (h) Pleural effusions 
    (i) Ascites 
    (j) Infl ammatory involvement of organs 
    Stomach 
    Duodenum 
    Jejunum 
    Colon 
    Appendix 
    Liver 
    Kidney (right/left) 
    Ureter (right/left) 
    (k) Colonic necrosis 
    (l) Signs of chronic pancreatitis—pancreatic calcifi cation 
 5. Unrelated intraabdominal or intrathoracic fi ndings 
      Describe fi ndings _____________________________________________________ 
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be considered as the primary determinant of 
severity and should not be defi ned as a systemic 
complication.   

    Defi nition of Severity of Acute 
Pancreatitis 

 The original Atlanta Classifi cation classifi ed AP 
into two severity types, namely mild and severe 
(presence of local complications and/or organ fail-
ure). However, it was observed over time that the 
group of severe AP was heterogeneous and encom-
passed patients who would have different clinical 
outcomes based on the type of complications. 
Most importantly, patients who had local compli-
cations but no persistent organ failure had low 
mortality but high morbidity. Furthermore, early 
stratifi cation could guide the caregiver to triage the 
patients for early referral to advanced centers; 
ensure focused care to the priority problems; aid 
better communication with relatives; and provide 
homogeneous groups for comparative research. 
With these in mind, the three-tier category of sever-
ity of AP has been introduced, which categorizes 
severity of AP as mild, moderately severe, and 
severe. This defi nition of severity is determined by 
the presence or absence of organ failure, and local 
or systemic complications. It is therefore important 
to assess and record the duration of organ failure 
and also to perform a meticulous morphologic 
evaluation of the local complications. 

    Mild Acute Pancreatitis 

 This category is defi ned as acute pancreatitis 
without organ failure and local/systemic compli-
cations; and usually resolves within the fi rst 
phase, with minimal morbidity and very rare 
mortality [ 25 ]. Patient will usually not require 
advanced pancreatic imaging for morphological 
assessment and can be discharged within a week.  

    Moderately Severe Acute Pancreatitis 

 This is defi ned as AP with transient organ failure 
and/or local complications and/or systemic 

 complications, in the absence of persistent organ 
failure. In patients with moderately severe AP, 
the management strategy is guided by the type of 
local complications, the presence of symptoms 
and development of issues related to the defi ning 
local complications (e.g., infection of pancreatic 
and peripancreatic necrosis or bleeding from a 
pseudoaneurysm). Mortality is signifi cantly less 
among these patients compared to severe acute 
pancreatitis [ 12 ,  26 ]; and many of them can be 
discharged in 2–3 weeks without major interven-
tions. Other patients with symptomatic local 
complications might require prolonged hospital-
ization with or without major radiologic, endo-
scopic, or surgical interventions.  

    Severe Acute Pancreatitis 

 This category is characterized by the presence of 
persistent organ failure, irrespective of the time 
of development in relation to disease onset (i.e., 
early phase or late phase) [ 6 ,  8 ]. Persistent organ 
failure in the early phase of disease usually 
results from severe and persistent SIRS and can 
result in a mortality rate of 36–50 % [ 5 ,  6 ,  8 ]. 
Persistent organ failure that develops in the late 
phase of the disease is usually associated with 
infected necrosis or severe extrapancreatic infec-
tions, in addition to persistent SIRS. Mortality in 
this group of patients (infected necrosis with per-
sistent organ failure) is high (43 %) [ 20 ]. It is 
essential to treat a patient with severe early and 
persistent SIRS even in the absence of organ fail-
ure as potentially severe disease.   

    How to Use the Revised Atlanta 
Classifi cation in Clinical Practice? 

 The Revised Atlanta Classifi cation was devel-
oped based on a web-based consensus process. 
The original drafts by the working group and 
subsequent additions from pancreatologists and 
pancreatic surgeons were based on both evi-
dence from the literature and clinical experience 
and expertise. Since this classifi cation has not 
stemmed out of results from a single focused 
multicenter prospective study, its validity in 
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  Fig. 1.5    Algorithmic approach to the utility of the 
Revised Atlanta Classifi cation. ( a ) At admission. ( b ) 
During the early phase. ( c ) During the late phase . N.B.: 
Risk factors include age, body mass index, and comor-
bidities; clinically feasible severity markers at admission 
(and following 3 days) includes scoring systems like 
APACHE II, Ranson’s, BISAP, HAPS, etc.; hematocrit; 

serial BUN; serum creatinine; pleural effusion or pulmo-
nary opacities; serum CRP; procalcitonin. Serum amylase 
and lipase do not have any correlation with severity of 
acute pancreatitis; therefore, serial measurement should 
not be performed. Their use should be restricted to only 
making a diagnosis of acute pancreatitis         

Onset of AP
(Defined as the time of onset of pain)

Record time interval
between onset of pain
and hospitalization

Record admission
status (direct/transferrred)

Record available
data from previous
admission for
transferred patients

Evaluate for
risk factors and markers
of severity in all patients

Evaluate for
organ failure

Organ failure
present

Potentially
severe AP

Organ failure
resolves within 48hrs

Moderately severe
acute pancreatitis

Severe acute
pancreatitis

Organ failure
persists beyond 48hrs

Continue evaluation for
severity daily through

1st week

Organ failure
absent

(Use Modified Marshall Scoring System)

Day 2 through day 7 of hospitalization
(Day 2 begins at 8AM on the day after admission,

irrespective of the timing of admission)

Document severity
status daily

Document duration between
symptom onset and onset of

persistent organ failure.

Morphological evaluation of local
complication not mandatory.

If deemed necessary besed on clinical
status, CECT may be performed 5-7
days after admission, but not earlier.

Document CECT findings as directed in
Table 4.

Assess for severity daily
(Modified Marshall Scoring System)

a

b

Admission
(To be considered as Day 1 of hospitalization)

 clinical practice needs to be evaluated. The 
application of the revised classifi cation in clini-
cal practice and for research will necessitate pre-
cise use of the proposed defi nitions and 
documentation of the clinical events and test 
results in a meticulous manner. Figure  1.5a–c  
present an algorithmic approach on the use and 
interpretation of the various defi nitions as a 
function of dynamic progression of the illness. 

Table  1.4  depicts the manner in which CECT 
data should be documented.

   Since the fi rst week (early phase) of the disease 
is the phase of SIRS and associated organ failure, 
priority should be given to evaluation of organ 
dysfunction. Clinical and laboratory-based assess-
ment gains importance in this phase. Even though 
local complications evolve during this phase, it is 
not mandatory to document these  during the fi rst 
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week since the extent of necrosis  cannot be clearly 
defi ned during this phase, extent of necrosis does 
not correlate to severity of organ failure [ 11 ,  27 ] 
and no specifi c treatment is required for necrosis 
and collections during this phase. On the other 
hand, it becomes important to perform morpho-
logical evaluation for local complications and also 
assess for infection of the necrotic tissue during 
the late phase of the disease. Mortality in patients 
with organ failure and infected necrosis is much 
higher compared to patients with organ failure 
without infected necrosis [ 20 ].  

    Conclusion 

 The Revised Atlanta Classifi cation of acute pan-
creatitis has addressed several areas of confusion 
and issues unaddressed in the 1992 Atlanta 
Classifi cation. More plausible defi nitions of 
organ failure and local complication (including 
pancreatic and peripancreatic collections) have 
been proposed. Table  1.1  shows the revised 
nomenclatures as opposed to the terminologies 
used in the original Atlanta Classifi cation. The 
severity of the disease has also been classifi ed 
into three clinically relevant categories with 

 discrete clinical outcomes. The new classifi cation 
needs to be validated in large-scale multicenter 
prospective studies, which could possibly 
uncover inadvertently overlooked areas in the 
consensus process and thereby create scope for 
further improvement. It is expected that revised 
classifi cation would soon emerge as the gold 
standard for evaluation of acute pancreatitis for 
decades to come.     
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        Since the beginning of this century, our under-
standing of the relationship between organ failure 
and acute pancreatitis has greatly improved. 
Organ failure is frequently observed in severe 
pancreatitis but it was not recognized that it is 
usually present early in the course of disease, 
often at the time of admission to hospital. We 
now know that this is the case. It has also become 
clear that a proportion of patients with organ 
failure improve rapidly in response to treatment 
and it is only those with persistent organ failure 
who are at risk of serious complications and 
death, and we are able to identify patients at risk 
of organ failure, and grade the severity of organ 
failure using objective scores. 

 We still do not have effective specifi c therapies 
for acute pancreatitis or for organ failure, other 
than general supportive measures. Our under-
standing of the pathophysiology remains limited, 
and we still lack basic and clinical research into 
the mechanisms of infl ammation and how to 
manipulate them. 

    Diagnosis of Organ Failure 

 Acute pancreatitis is one of many conditions 
associated with organ failure. In the early 1990s, 
advances in critical care medicine were 

accompanied by descriptions of threshold values 
to defi ne organ failure and systems for grading 
severity. Organ failure thresholds were incorpo-
rated into the defi nition of severe acute pancre-
atitis in the Atlanta classifi cation [ 1 ], so it is not 
surprising that these thresholds closely match the 
thresholds adopted in critical care medicine. The 
publication by Marshall and colleagues [ 2 ] of a 
simple numerical scoring system to take account 
of the number and severity of organ failures 
offered the potential to categorize patients 
numerically. This system was modifi ed as the 
SOFA score [ 3 ], which is better adapted for use 
in intensive care units. However, the potential 
application of this system to describe grades of 
severity in acute pancreatitis has not been widely 
adopted although the recent revision of the 
Atlanta classifi cation published in 2013 [ 4 ] 
adopted the Marshall score in the defi nition of 
organ failure. See also Chap.   1    . This revision 
does not take account of the severity of organ 
failure, which can be assessed and described 
numerically by the Marshall score (Table  2.1 ).

       Assessment of Organ Failure 
in Acute Pancreatitis 

 Clinical research on the assessment of organ 
failure in acute pancreatitis has been heavily 
infl uenced by the use of a single threshold for 
organ failure in the original Atlanta defi nition. 
Most researchers have focused on the presence 
or absence of organ failure in relation to other 
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outcomes in acute pancreatitis. As the presence 
of organ failure was a defi ning feature of severe 
pancreatitis in the Atlanta defi nition, the demon-
stration of organ failure of any severity, and at 
any time, caused the patient to be allocated to the 
severe category. This has caused some confusion, 
particularly for those who failed to appreciate 
that the Marshall score (and Atlanta criteria) defi -
nition of organ failure included patients with 
lesser degrees of dysfunction, who did not require 
artifi cial ventilation, inotrope support, or renal 
replacement therapy. 

 Very few studies have attempted to explore the 
relationship between the severity of individual 
organ failures and other outcomes such as local 
complications and death. This may have ham-
pered progress in our understanding of the patho-
physiology of organ failure and pancreatitis, and 
it remains a potential research area of consider-
able interest. While it is clear that multiple organ 
failure puts the patient at greater risk of fatal out-
come than a patient with only one organ failure 
[ 5 ,  6 ], I am aware of only six assessments of 
organ failure scores in acute pancreatitis. These 
mostly deal with comparisons of APACHE-II 
and other scores for the prediction of local com-
plications or severe pancreatitis. 

 Glisic and colleagues studied 60 unselected 
patients and found signifi cant correlation 
between the Bernard (Marshall) and the 
APACHE-II scores [ 7 ]. These also correlated 
well with C-reactive protein (CRP) levels. 
Dambrauskas and colleagues [ 8 ] and Mason and 
colleagues [ 9 ] studied 101 and 181 unselected 
patients, respectively. Both groups found that 

the Marshall score [ 2 ] or the logistic organ dys-
function score (LODS) [ 10 ] predicted outcomes 
such as death, pancreatic necrosis, infection, or 
the need for critical care equally as well as the 
APACHE-II score. Two reports from India [ 11 , 
 12 ] describe 50 and 55 patients admitted to 
intensive care units. Both studies demonstrated 
the ability of the SOFA score to predict fatal 
outcome better than other score systems includ-
ing APACHE-II and LODS. 

 All the above reports used organ failure 
scores to fi nd a cutoff between patients with or 
without a particular endpoint. Only one study has 
attempted to relate the severity of organ failure to 
outcomes assessed in more than two categories. 
Mole and colleagues [ 13 ] analyzed data from a 
historic cohort of 276 patients with pancreatitis 
who had undergone early computed tomography 
(CT). They showed correlation between Marshall 
score and the modifi ed CT Severity Index as well 
as with the number and extent of local complica-
tions. However, they noted a lack of association 
between organ failure score and the presence of 
necrosis >30 % of the pancreas. It seems likely 
there is a complex interaction between organ fail-
ure and the causes of necrosis, which may vary 
between individuals.  

    Dynamic Nature of Early 
Organ Failure 

 While application of the Atlanta classifi cation 
confi rmed that organ failure often occurred 
in patients with severe acute pancreatitis, the 

   Table 2.1    Modifi ed Marshall Scoring System [ 2 ,  4 ] for organ dysfunction a    

 Organ system 

 Score 

 0  1  2  3  4 

 Respiratory (PaO 2 /FiO 2 )  >400  301–400  201–300  101–200  ≤101 
 Renal 

 Serum creatinine, μmol/L  ≤134  134–169  170–310  311–439  >439 
 Serum creatinine, mg/dL  <1.4  1.4–1.8  1.9–3.6  3.6–4.9  >4.9 

 Cardiovascular (systolic blood 
pressure, mmHg) b  

 >90  <90, fl uid 
responsive 

 <90, not fl uid 
responsive 

 <90, pH <7.3  <90, pH <7.2 

   a A score of 2 or more in any system defi nes the presence of organ failure 
  b Off inotropic support  
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mindset of clinical researchers before 2000 was 
heavily infl uenced by the desire to identify early 
signs of severity, and to predict patients likely to 
have severe acute pancreatitis. A variety of scor-
ing systems was used for this purpose [ 14 – 16 ]. 
See also Chap.   7    . In fact, these systems all mea-
sured physiological disturbance, and they owed 
their effectiveness to  detection  of patients with organ 
dysfunction, rather than  prediction  of those likely to 
develop organ failure or other complications. 

 Publication in 2001 of a large multicentre 
study conducted in the United Kingdom to inves-
tigate the effect of Lexipafant in “predicted 
severe” acute pancreatitis [ 17 ] revealed a number 
of important lessons. This study included patients 
within 72 h of onset, with APACHE-II score >6. 
The proportion of patients with organ failure was 
the primary endpoint. However, over 40 % of 
patients had organ failure at the time of entry to 
the study, and only a further 7 % developed new 
organ failure during the fi rst week. It was not pos-
sible therefore to signifi cantly infl uence the pri-
mary endpoint in that trial. Until this time, it had 
not been appreciated that organ failure during the 
fi rst week of acute pancreatitis was usually 
already established shortly after admission to 
hospital. More importantly, this trial yielded suf-
fi cient data to enable the characterization of 
 features of organ failure associated with a high 
risk of death. 

 Using data from a similar cohort, Buter and 
colleagues [ 18 ] had identifi ed the persistence of 
organ failure at the end of the fi rst week as a sub-
stantial adverse prognostic factor. More than half 
of their patients in that category had a fatal out-
come whereas patients whose organ failure had 
resolved by that time were unlikely to die. In our 
analysis [ 19 ] of 290 patients with admission 
APACHE-II score of >6, we found that 44 % of 
patients had organ failure at the time of admis-
sion. Overall just over half the patients developed 
organ failure during the fi rst week. Patients with 
organ failure that persisted for more than 48 h, 
that is, it was present on 3 consecutive days, had 
a mortality rate of 35 %. This was true both for 
those with organ failure at the time of admission 
or organ failure which developed later during the 
fi rst week (Table  2.2 ). Patients who had no organ 

failure during the fi rst week had a very low mor-
tality rate. Since that observation, the association 
between persistent organ failure during the fi rst 
week of pancreatitis and at least a 1 in 3 risk of 
death has been confi rmed by others [ 20 – 22 ] 
(Table  2.3  and Fig.  2.1 ) and persistent organ fail-
ure has been adopted as the primary defi nition of 
severe acute pancreatitis in the recent revision of 
the Atlanta classifi cation of acute pancreatitis [ 4 ].

     The observation that persistent organ failure 
identifi es a group of patients at high risk of death 
has had two consequences. First, it shifted the 
emphasis from attempts to predict which patients 
would subsequently be judged to have severe 
pancreatitis onto the identifi cation of patients 
with organ failure, and the understanding that 
when this persisted for more than 48 h the patient 
already has severe acute pancreatitis. Second, 
some authors have sought to identify markers 
already present very early after admission, which 
identify patients who subsequently have persis-
tent organ failure.  

   Table 2.3    Fatal outcome in patients with persistent 
organ failure during the fi rst week of acute pancreatitis   

 Author  Patients 

 Persistent 
organ 
failure (%) 

 Died after 
persistent 
organ 
failure (%) 

 Johnson 
2004 [ 19 ] 

 290  103 (36)  36 (35) 

 Mofi di 
2006 [ 20 ] 

 759   89 (11)  37 (42) 

 Singh 
2009 [ 21 ] 

 252   13 (5)   9 (69) 

 Thandassery 
[ 22 ] 

 114   43 (38)  18 (42) 

   Table 2.2    Relationship between presence and persistence 
of organ failure during the fi rst week of acute pancreatitis 
and death [ 19 ]   

 Survived  Died  Total 

 No organ failure  113   3  116 
 Of at entry 

 Transient   59   1   60 
 Persistent   56  32   88 

 New of within 7 days 
 Transient   11   0   11 
 Persistent   11   4   15 
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  Fig. 2.1    Numbers at risk, and survival in patients with 
no, transient, or persistent SIRS ( a ) or organ failure ( b ). 
Reprinted with permission from Mofi di R., Duff MD, 
Wigmore SJ, Madhavan KK, Garden OJ, Parks RW. 
Association between early systemic infl ammatory 

response, severity of multiorgan dysfunction and death in 
acute pancreatitis. Br J Surg 2006; 93(6): 738–744. 
Copyright 2006 British Journal of Surgery Society Ltd. 
Published by John Wiley & Sons, Ltd.       
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    Signifi cance of Persistent 
Organ Failure 

 Until 2004, early assessment of acute pancreatitis 
used multiple factor scoring systems during the 
48 h after admission to hospital, in an effort to 
 identify patients at high risk of complications and 
death. These “predicted severe” acute pancreatitis 
patients were in fact often already in established 
organ failure, and the delay of up to 48 h required 
to complete some of the scoring systems meant 
that by the time they were “predicted” to have 
severe acute pancreatitis they had in fact already 
fulfi lled the criteria for severe pancreatitis that 
were adopted in 2012. Persistent organ failure 
defi nes severe  pancreatitis immediately, often on 
the third day in hospital, which is a similar time 
scale to that required for the “prediction” given by 
the Ranson and Glasgow scores. The presence of 
organ failure based on routinely available clinical 
and biochemical fi ndings immediately identifi es 
patients at risk of severe outcome, but if the organ 
failure resolves within 48 h, severe pancreatitis 
has been avoided [ 4 ,  19 ]. Thus the emphasis has 
shifted from  prediction  of severe cases to the  iden-
tifi cation  of those at high risk. 

 Currently it is not known whether treatment 
intervention during the 48-h window, with the aim 
of reducing the severity or resolving the organ fail-
ure, will have a consequential benefi cial effect on 
mortality rates. Common sense would say that it 
should, but it may be that some patients recover 
from early organ failure because of some differ-
ence in their physiological response, rather than 
because of treatment given. Nevertheless, diagno-
sis of organ failure in any patient should of course 
prompt appropriate treatment to encourage resolu-
tion. At the time of writing, there is no evidence to 
confi rm that supportive treatment can lead to reso-
lution of organ failure and consequently reduced 
risk of death, mainly because treatments for pan-
creatitis and for organ failure are entirely support-
ive and it would be inappropriate to offer anything 
other than best supportive care. There is no spe-
cifi c agent that can reverse the physiological 
responses driving organ failure. 

 The physician dealing with patients with acute 
pancreatitis who have evidence of organ failure in 

the early days of the attack, must rely on basic sup-
portive measures. These include provision of ade-
quate inspired oxygen to maintain arterial oxygen 
tension, and adequate fl uid infusion to maintain 
normovolemia, and hence normal tissue perfusion. 
It seems logical that this strategy should protect the 
respiratory, cardiovascular, and renal systems.  

    Early Warning, Systemic Response, 
and Organ Failure 

 The physiological response to acute injury is 
immediately manifest by change in parameters 
usually recorded as nursing observations (pulse 
rate, respiratory rate, blood pressure, temperature). 
These observations have been used in a variety of 
early warning scores (EWS) sometimes referred 
to as modifi ed early warning scores (MEWS) 
[ 23 – 27 ]. Abnormal scores using these systems 
identify patients at the earliest phase of the physi-
ological response, and therefore offer an opportu-
nity to begin treatment before more severe 
irreversible changes have occurred. The value of 
such scores in acute pancreatitis has been investi-
gated [ 28 – 30 ], and they do appear to provide an 
early screening tool to identify patients who ulti-
mately develop organ failure. However this 
screening is relatively nonspecifi c, as it includes 
patients with minor abnormalities whose condi-
tion settles rapidly, either spontaneously or in 
response to initial supportive therapy. 

 More severe disturbance of these basic observa-
tions, with the addition of the white blood cell 
count as an acute marker of infl ammation, has been 
identifi ed in the defi nition of the systemic infl am-
matory response syndrome (SIRS) [ 31 ] (Table  2.4 ).

   Patients who are progressing towards organ 
failure will fi rst inevitably demonstrate at least 

   Table 2.4    Features of the systemic infl ammatory 
response syndrome (SIRS) [ 31 ]   

 Core body temperature  >38 or <36 °C 
 Heart rate  >90 beats/min 
 Respiratory rate  >20/min or PaCO 2  <32 mmHg 
 White blood cell 
count (WBC) 

 >12,000 or <4,000 cells/mm 3  

  If SIRS is present for >48 h, the patient is likely to have 
severe pancreatitis  

2 Organ Failure and Acute Pancreatitis
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two features diagnostic of SIRS. However, 
patients who respond to initial treatment may not 
progress to organ failure and a SIRS response is 
less specifi c than the observed presence of organ 
failure. Mofi di and colleagues [ 20 ] have shown 
that an early SIRS response is predictive of sub-
sequent organ failure in acute pancreatitis, and 
that if the SIRS response is present for more than 
48 h, this identifi es a high-risk group in the same 
way as persistent organ failure. In their study 
25 % of patients with persistent SIRS eventually 
died, compared with 40 % of patients with persis-
tent organ failure during the fi rst week (see 
Fig.  2.1 ). We can conclude that an SIRS response, 
particularly if it is persistent, or if it fails to 
respond to initial aggressive supportive therapy, 
could be a useful marker for patients who will go 
on to persistent organ failure and who will there-
fore be at high risk of death. 

 This has important implications for the plan-
ning of therapeutic randomized trials. Most inter-
ventions designed to combat the physiological 
responses leading to organ failure would work 
better if given earlier, to prevent progression, 
rather than to reverse established organ failure. 
Depending on the proposed mechanism of action, 
and the anticipated effect of a new agent, it is now 
possible to select patients for study at a variety of 
time points, which will yield patient groups at dif-
ferent risk of organ failure and death. For exam-
ple, selecting patients with SIRS, before any 
treatment, will include a substantial proportion 
that will respond to simple supportive measures 
and who have a relatively low mortality rate. Such 
criteria might be useful to select patients for a trial 
of an initial resuscitation strategy designed to pre-
vent onset of organ failure. Patients who have 
SIRS that has persisted despite aggressive therapy 
represent a more selected group with a high risk 
of organ failure. This group might be suitable to 
investigate a specifi c agent designed to block pro-
gression towards organ failure. The percentage of 
patients developing persistent organ failure in 
each treatment group would be a suitable primary 
endpoint, as it is a surrogate marker for poten-
tially fatal pancreatitis. Finally, if the agent being 
tested is thought to act by promoting a compensa-
tory anti- infl ammatory response, or by some other 

mechanism that can switch off persistent organ 
failure and thereby reduce the high mortality rate, 
it might be best to test that agent only in patients 
with persistent organ failure after 48 h of inten-
sive supportive therapy.  

    Early Management to Minimize 
Organ Failure 

 The commonest organ failure seen in severe 
acute pancreatitis is respiratory, secondary to 
accumulation of fl uid between the alveolar 
 membrane and the capillaries in the lung. This 
leads to reduced gas transfer and low arterial 
oxygen tensions. For this reason, clinical practice 
is to provide oxygen supplements to patients 
from the time of admission until it is clear that 
they have mild resolving pancre atitis without evi-
dence of organ failure. This approach is sup-
ported by expert consensus  opinion [ 32 ].  

    Fluid Replacement 

 There is little good evidence to guide the admin-
istration of fl uid during the fi rst 24–48 h in hospi-
tal in patients with pancreatitis, especially those 
who do not have organ failure. See Chap.   8    . It is 
sensible to ensure adequate volume replacement. 
Patients with severe pancreatitis may well have a 
fl uid defi cit, with loss of fl uid from the circula-
tion into the extracellular space leading to hemo-
concentration. Baillargeon and colleagues [ 33 ] 
found that an admission hematocrit ≥47 % or 
failure of admission hematocrit to decrease at 
24 h were risk factors for the development of 
pancreatic necrosis. However, these hematocrit 
values were not predictive of organ failure. 
Although the data are somewhat confl icting, oth-
ers have reported similar data, with a stronger 
association between hemoconcentration and 
necrosis, than with organ failure [ 34 – 38 ]. Perhaps 
the weak association between hemoconcentra-
tion and organ failure may be due to variability 
in the fl uid resuscitation provided to different 
patients. 
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 The diffi culty in evaluating descriptive cohort 
studies is that in the absence of a comparison 
group, it is impossible to know whether patients 
with a high volume infusion in the fi rst 48 h have 
a poor outcome because they are ill and require 
high volume in fusion, or because the high vol-
ume infusion has been harmful. On the one hand, 
the most sick patients with early hypovolemia 
will require large volumes of fl uid to restore cir-
culatory parameters. Despite the effort to replace 
fl uid into the circulation, these patients remain 
unwell and have poor outcomes. On the other 
hand, it may be that patients with less severe 
pancreatitis who receive large volumes of fl uid 
are actively harmed by the addition of pulmo-
nary edema to the existing tendency for fl uid 
accumulation in the lungs. A small number of 
studies have tried to address this problem. For 
example, a study by Kuwabara and colleagues 
[ 39 ] in nearly 9,500 patients showed an associa-
tion between higher fl uid volumes in the fi rst 
48 h in hospital and fatal outcome and for the 
need for respiratory or renal support. The same 
study, however, showed that when fl uid given in 
the fi rst 48 h was expressed as a ratio to the total 
fl uid given during hospitalization, a high ratio 
was associated with a reduced mortality. The 
authors concluded that either too much or too 
little fl uid in the fi rst 48 h can be harmful to the 
patient. 

 Warndorf and colleagues [ 40 ] in 2011 
 calculated the fl uid volume infused on day one as 
a percentage of the volume infused over the fi rst 
3 days and divided their patients into three 
groups: those with more than 33 % infused on 
day 1 were designated early resuscitation and 
those with less than one-third on day 1 as late 
resuscitation. SIRS and organ failure were sig-
nifi cantly lower in the early resuscitation group 
compared with the late resuscitation group, dur-
ing the fi rst 72 h in hospital. 

 There is evidence that too much fl uid may be 
harmful. Mao and colleagues [ 41 ] found signifi -
cantly worse outcomes in 36 patients with high 
volume replacement compared with 40 patients 
with lower volumes. However, the overall vol-
umes infused in these groups were relatively 

high, and the low-volume group may in fact have 
been optimally replaced (Table  2.5 ).

       Planning Fluid Therapy 

 Although the evidence reviewed above is 
 diffi cult to interpret, there are some pointers to 
best practice in planning fl uid replacement. 
There are three questions to answer in comparisons 
of different fl uid therapies. What is the most 
 appropriate fl uid to use? What is the ideal rate 
of infusion and what targets should dictate 
 infusion rate? 

    Choice of Fluid 

 Wu and colleagues [ 42 ] compared Ringer’s lactate 
with normal saline for crystalloid infusion from 
the time of admission in 40 patients who received 
mean volume 4.3–4.5 L in the fi rst 24 h. The group 
that received Ringer’s lactate had signifi cantly 
more patients (84 %) with reduction in SIRS and a 
lower mean CRP (51.4 mg/dL) compared with the 
saline group (0 and 104 mg/dL, respectively), but 
there was no difference in clinical outcomes. In 
another study, Du and colleagues [ 40 ] gave all 
patients Ringer’s lactate with or without hydroxy-
ethyl starch. There was no difference in clinical 
outcomes in these two groups. 

 Zhao and colleagues [ 40 ] used crystalloid fl uid 
replacement with normal saline and compared 

   Table 2.5    Outcomes in study by Mao and colleagues 
[ 41 ] comparing higher and lower volumes of fl uid 
resuscitation   

 Higher 
volume 
( n  = 36) 

 Lower 
volume 
( n  = 40) 

 Mean time to achieve 
hemodilution (h) 

 13.5  24 

 Mechanical ventilation  34 (94)  26 (65) 
 Abdominal compartment 
syndrome 

 26 (72)  13 (32) 

 Sepsis within 2 weeks  23 (64)  15 (37) 
 Death  11 (69)   4 (10) 

2 Organ Failure and Acute Pancreatitis
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crystalloid only to a regime with additional 
hydroxyethyl starch. They found less intra- 
abdominal hypertension and improved circulatory 
parameters with the addition of colloid. However, 
general ITU experience with hydroxyethyl starch 
is that this fl uid can increase mortality and it is not 
currently recommended for use in pancreatitis. 
Consensus recommendations at present are that 
fl uid resuscitation early in the course of acute pan-
creatitis should be with Ringer’s lactate [ 32 ].  

    How Much Fluid to Give 

 Because the evidence from observational studies 
is diffi cult to interpret, a causal relationship 
between high volume replacement and death can-
not be assumed. Suffi cient fl uid should be given 
to reverse the abnormalities of circulation. In 
order to determine what is suffi cient fl uid vol-
ume, goal-directed therapy may be used. In this 
approach, the rate of infusion is determined by 
the degree of abnormality of circulatory parame-
ters, in an attempt to restore normality as rapidly 
as possible. 

 Wang and colleagues [ 43 ] in 2013 conducted 
a randomized trial in patients admitted to ITU 
within 24 h of onset of symptoms. They allocated 
patients to receive Ringer’s lactate and 
 hydroxyethyl starch according to a volume 
replacement protocol in the control group 
( n  = 68), and two treatment groups that had infu-
sion rate determined by early goal-directed ther-
apy (64 patients had the same fl uids as controls, 
68 patients received control fl uids plus fresh fro-
zen plasma). The patients in the early goal-
directed therapy groups were monitored and 
treated aggressively to achieve within 6 h a CVP 
of 8–10 mmHg, a mean arterial pressure 
>65 mmHg, urine output >0.5 mL/kg/h, and cen-
tral venous oxygen saturation >70 %. Early goal-
directed therapy was associated with signifi cant 
reductions in number of days ventilated, number 
of days in ITU, and with lower numbers of 
patients with organ failure or fatal outcome 
(Table  2.6 ).

   The critical factor to consider in circulatory 
resuscitation is probably to achieve adequate 

 tissue perfusion. The circulatory parameters used 
to direct therapy in the above study are reason-
able markers for good tissue perfusion, but this 
can be measured directly. Several studies have 
shown intestinal ischemia to be associated with 
poor outcome in severe acute pancreatitis. In the 
research setting, intestinal ischemia can be reli-
ably identifi ed by measurement of intestinal fatty 
acid-binding protein (IFABP). We have prelimi-
nary data that support a link between inadequate 
fl uid replacement, severe pancreatitis, and higher 
levels of IFABP [ 44 ], and we conclude from 
those studies that adequate early fl uid resuscita-
tion is important. This must be carefully con-
trolled because it is also necessary to avoid over 
infusion of fl uid. 

 Ischemia of the gastrointestinal mucosa can be 
measured directly using gastric tonometry [ 45 ,  46 ]. 
There is little evidence to support its use in acute 
pancreatitis but this area deserves further investiga-
tion. Intestinal ischemia probably permits absorp-
tion of endotoxin, which contributes to excessive 
stimulation of the immune response, leading to 
SIRS and organ failure. If the intestinal mucosa can 
be restored to normal function by provision of ade-
quate fl uid and restoration of the circulation, then 
this has the potential to interrupt the cycle of pro-
gression towards organ failure. Gastric tonometry 
may therefore be a useful functional marker to 
guide the rate of fl uid resuscitation.   

    Pain Relief 

 Pain relief is often neglected in discussions of the 
treatment of acute pancreatitis. Failure to relieve 
pain will have harmful effects in addition to the 
suffering of the patient, because abdominal pain 

   Table 2.6    Outcomes in a randomized trial [ 41 ] of early 
goal-directed therapy (EGDT) in patients who received 
Ringer’s lactate and hydroxyethyl starch   

 Control  EGDT 1  EGDT 2 

 Ventilated (days)  13  12.3  10.3 
 ITU (days)  20.6  18.6  15.4 
 ACS  18 (26)  14 (22)  12 (18) 
 MODS  20 (29)  18 (26)  16 (23) 
 Death  16 (23)  14 (22)  12 (18) 
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causes restriction of thoracic and diaphragmatic 
movement, with consequent impaired ventila-
tion. This may hamper attempts to restore normal 
tissue oxygenation. The initial management of 
any patient with pancreatitis should include ade-
quate analgesia. 

 With severe pain, opioid analgesia may be 
required. It is well established that morphine can 
cause increased pressure in the sphincter of Oddi. 
This has the theoretical risk of exacerbating the 
pancreatitis [ 47 ]. Many clinicians therefore 
choose synthetic opioids which have not been 
shown to stimulate contraction of the sphincter; 
pethidine causes less contraction, and may be 
safer [ 48 ]. One randomized pilot study showed 
better pain relief with the nonsteroidal anti- 
infl ammatory drug, metamizole, than with regu-
lar subcuticular injection of morphine [ 49 ]. In 
practice at most hospitals in the United States, 
hydromorhpine is used, often in a patient- 
controlled anesthesia (PCA) approach. Ensuring 
adequate pain relief is the paramount concern, 
and it is advisable to consider the best route to 
deliver reliable plasma levels of analgesic agents. 
In patients who are nauseated or vomiting, or 
who have circulatory collapse, controlled intra-
venous infusion may be appropriate. Care should 
be taken to avoid respiratory depression, which 
could negate the benefi t of good analgesia on 
respiratory function.  

    Computed Tomography 
and Renal Function 

 Current guidelines recommend avoiding early 
CT unless there is a positive indication. It is 
certainly not necessary to perform CT in all 
cases of pancreatitis. Indeed even in severe 
cases, most patients do not require CT during 
the fi rst week [ 32 ]. CT may be required if there 
is an atypical presentation (raised amylase 
without pain) or delay in presentation (abdomi-
nal pain but amylase levels returning to nor-
mal). In addition, in a patient with an acute 
abdomen in whom there is diagnostic doubt, or 
when other abdominal catastrophes must be 
excluded, CT may be helpful. However, the 

intravenous contrast that may be used during 
CT can impair renal function, and indiscrimi-
nate use of CT increases the rate of renal failure 
and may prolong mean hospital stay [ 50 ]. For 
this reason, CT should be used with caution 
during the fi rst week of admission and only for 
properly justifi ed indications.  

    Specifi c Therapies 

    Pro-infl ammatory Pathways 

 The pro-infl ammatory pathways involved in the 
pathogenesis of SIRS, and its progression to 
organ failure, are complex. Some of the early 
signaling is mediated by interleukin 8 (IL-8), 
IL-1β, and IL-6 and the anti-infl ammatory cyto-
kines IL-2 and IL-10 [ 51 ]. These cytokine levels 
increase before rises in other markers of infl am-
mation such as CRP. Platelet-activating factor 
(PAF) is well known as a mediator of the infl am-
matory response, leading to activation of plate-
lets and neutrophils, and increasing endothelial 
permeability [ 17 ]. See Chap.   11    . 

 Complement activation is involved in a variety 
of infl ammatory diseases such as sepsis, and 
burns, which like acute pancreatitis have a vascu-
lar/capillary leak component. In these conditions 
activation of the complement and contact infl am-
matory cascades causes vascular leakage, tissue 
edema formation, and leads to hemoconcentra-
tion and hypovolemia. The activation of kalli-
krein plays a signifi cant role in SIRS, and in 
severe cases, organ failure. Kallikrein is physio-
logically inactivated by complex formation with 
C1 inhibitor (C1INH) [ 52 ], which also inhibits 
activation of the complement and contact cas-
cades at several points.  

    Anti-infl ammatory Treatments 

 Development of specifi c treatments has been 
hampered by a lack of effective agents for clini-
cal trials. To date there have been no clinical 
studies of blockade or antagonists of the interleu-
kins known to be involved in SIRS in acute 
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 pancreatitis. This is true not only in pancreatitis 
but in the sepsis fi eld in general. 

 Even when inhibitors of infl ammatory media-
tors have been identifi ed, it has proven diffi cult to 
demonstrate effectiveness in clinical trials. The 
most promising agent last evaluated in acute 
pancreatitis was the PAF antagonist, Lexipafant. 
This showed well in phase II studies, but a phase III 
study in the United Kingdom [ 17 ] failed to demon-
strate effectiveness in patients recruited within 72 h 
of onset of symptoms. That trial showed some 
encouraging data with reduction in IL-8 levels in 
patients receiving active treatment and a reduction 
in mortality in a post hoc analysis of patients treated 
within 48 h of symptoms. However, for a variety of 
reasons a large multinational study of this agent 
failed to reach a conclusion, and further investiga-
tion has been abandoned. 

 It seems likely that in the complex physiologi-
cal disturbances of severe acute pancreatitis, it 
will prove diffi cult to demonstrate effectiveness 
of single agent anti-infl ammatory treatment. The 
multiple pathways involved in the infl ammatory 
response suggest that blocking a single pathway 
may not be enough to prevent stimulation of the 
response via alternate routes (Fig.  2.2 ). This leads 
to the conclusion that combined therapies may be 
required, although such research is  diffi cult to set 
up because of the many confl icting scientifi c and 
commercial interests that have to be reconciled.

   However, as noted above, complement acti-
vation occurs in the SIRS response, and the 
inhibitor C1INH can block multiple sites in 
these complex pro-infl ammatory pathways. The 
use of C1INH in other infl ammatory conditions 
has been encouraging, without signifi cant 
adverse effects [ 53 ], but there is only sparse 
uncontrolled evidence that this agent might 
affect the course of severe acute pancreatitis. In 
a pig model of experimental pancreatitis, 
C1INH improved hemodynamics and increased 
survival in treated animals compared to 
untreated controls [ 54 – 56 ]. Four clinical case 
reports describe resolution of severe acute pan-
creatitis within a few hours of treatment with 
C1INH [ 57 – 59 ]. 

 In the only randomized evidence available, 
consecutive patients undergoing endoscopic 
sphincterotomy for common bile duct stones or 
benign papillary stenosis were randomly allo-
cated to receive either C1INH (20 cases) or pla-
cebo (20 cases) 30 min before the procedure. The 
C1INH group had signifi cantly lower serum 
amylase levels during the fi rst 8 h after sphincter-
otomy [ 60 ]. A phase II study is now in progress 
to investigate the possibility that C1INH could 
ameliorate the infl ammatory response and pre-
vent progression from SIRS to organ failure in 
patients with pancreatitis who fail to respond to 
initial treatment.   

  Fig. 2.2    Schematic representation of complex pathways 
in infl ammation. The infl ammatory stimulus ( blue    ) acti-
vates a number of pathways. Blockade of one pathway 

( red ) will have minimal effect. An agent with multiple 
sites of action ( green ) may be more effective. Combination 
of both agents will produce maximal effect       
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    Conclusion 

 The identifi cation of organ failure is now central 
to the defi nition of severe acute pancreatitis. We 
know that some patients with organ failure 
improve rapidly in response to initial treatment, 
and these patients have a low mortality rate. 
Transient organ failure is a marker of moderately 
severe disease. If organ failure persists for more 
than 48 h, the patient has severe pancreatitis, and 
is at high risk (at least 35 %) of a fatal outcome. 

 Organ failure is preceded by a period of illness 
with a marked infl ammatory response. If the cri-
teria for SIRS are present, the patient is at risk of 
progression to organ failure, and every attempt 
should be made to restore normality as soon as 
possible. Unfortunately, there are no specifi c 
anti-infl ammatory treatments currently available, 
and management relies entirely on supportive 
measures. 

 Development of effective treatments for SIRS 
and early organ failure will require targeting of 
multiple pathways, either with a versatile agent 
which can block multiple receptors, or by combi-
nations of agents active at different sites.     
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        Acute pancreatitis has become the most common 
reason to be hospitalized for a gastrointestinal 
disease in the USA, with nearly 275,000 admis-
sions reported in 2009 resulting in a total cost of 
$2.6 billion [ 1 ]. While the majority of admissions 
are for mild acute interstitial pancreatitis, approx-
imately 5–10 % of patients have acute necrotiz-
ing pancreatitis [ 2 – 6 ], with rates of 27–42 % 
reported in other studies [ 7 ,  8 ]. The discrepancy 
between rates of necrotizing pancreatitis across 
studies is likely due to the inclusion of transfer 
patients. Acute necrotizing pancreatitis is associ-
ated with signifi cant mortality, ranging from 
10–15 % in sterile pancreatic necrosis and 
approximately 20–30 % in those with infected 
pancreatic necrosis [ 9 ,  10 ]. However, mortality 
can be as high as 40 % in patients with concurrent 
multi-organ failure [ 6 ]. The incidence of infected 
necrosis in patients with necrotizing pancreatitis 
is approximately 30–45 % but has been decreas-
ing for unclear reasons, which might include 
more widespread use and earlier  administration 
of enteral nutrition, improved supportive care for 
patients with concurrent organ failure, and antibi-

otic treatment for extrapancreatic infections, 
which may reduce bacterial seeding of pancreatic 
necrosis [ 9 ,  11 – 13 ]. 

 The 1992 Atlanta classifi cation defi ned 
 necrotizing pancreatitis as a diffuse or focal area 
of nonviable pancreatic tissue on contrast-
enhanced imaging, typically associated with 
extrapancreatic fat necrosis, with non- enhancing 
pancreatic parenchyma > 3 cm in length or involv-
ing > 30 % of the pancreas [ 14 ]. However, over 
the years, small case series have reported on 
patients with extensive extrapancreatic necrosis 
but with preserved pancreatic parenchyma [ 15 – 17 ]. 
Pancreatic necrosis can involve both the pancre-
atic parenchyma and extrapancreatic tissues 
(most common), pancreatic parenchyma alone, 
or extrapancreatic tissue alone (least common). 
It is important to recognize that extrapancreatic 
necrosis alone has a lower mortality compared to 
parenchymal necrosis [ 17 – 19 ] unless the extra-
pancreatic necrosis becomes infected [ 18 ]. 

 Given the defi ciencies of the original Atlanta 
classifi cation in 1992, particularly with regard to 
the characterization of pancreatic fl uid collections, a 
revision of the Atlanta classifi cation was under-
taken in 2007 through the efforts of several expert 
pancreatologists and pancreatic societies. (See also 
Chap.   1    .) The revised Atlanta classifi  cation was 
published in 2013 [ 20 ]. The revised criteria char-
acterize the pancreatic and extrapancreatic collec-
tions that can form in necrotizing pancreatitis. In the 
fi rst 4 weeks from the onset of symptoms, an acute 
necrotic collection (ANC) can form. This is defi ned 
as a non- organized  collection that contains variable 
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quantities of fl uid and necrotic debris involving the 
pancreatic parenchyma and/or extrapancreatic tis-
sues. However, solid debris may not be  discernable 
on a CT scan and this can lead to an incorrect diag-
nosis of an acute fl uid collection (AFC), which 
forms in the context of acute interstitial pancreati-
tis. Walled-off pancreatic necrosis (WOPN) is a 
mature, encapsulated collection consisting of vari-
able quantities of solid necrotic tissue. 
Approximately 1–9 % of patients with acute necro-
tizing pancreatitis will develop WOPN in 4–6 
weeks after the onset of symptoms [ 20 ]. On 
 contrast-enhanced CT (CECT), WOPN is defi ned 
as a heterogeneous collection with liquid and non-
liquid densities, and varying degrees of loculations, 
some of which can appear homogenous (Fig.  3.1 ). 
Both ANC and WOPN can become infected.

      Diagnosis 

    Imaging 

 Cross-sectional imaging with CECT, or magnetic 
resonance imaging (MRI), is the imaging modal-
ity of choice for diagnosing necrotizing pancre-
atitis. (See also Chap.   6    .) These imaging studies 
not only determine the presence and extent of 
necrosis but also local complications, including 
pseudoaneurysm, duodenal or biliary obstruc-
tion, presence of air bubbles indicating infection, 
and splanchnic thrombosis. CECT remains the 
gold standard for the diagnosis of pancreatic 
necrosis (Fig.  3.2 ). However, it can take several 

days for pancreatic necrosis to appear on imaging 
since the pancreas can often appear heteroge-
neous early in the course of disease. Over the fi rst 
week, the area(s) of impaired perfusion become 
more demarcated on CECT. Dynamic CECT is 
currently recommended after 72–96 h of symp-
toms if a complication is suspected. Perfusion CT 
is another imaging modality used to diagnose 
necrotizing pancreatitis. However, unlike 
dynamic CTs, smaller amounts of contrast mate-
rial (40–50 mL) are injected at a higher rate 
(4–10 mL/s) and at higher concentrations (350–
370 mg/kg). Images of the pancreas are then 
obtained at multiple times. Perfusion CT soft-
ware is used to calculate perfusion parameters 
and arterial input function. Perfusion CT has 
been shown to have a sensitivity of 100 % and 
specifi city of 95.3 % for demonstrating pancre-
atic necrosis within 72 h of symptom onset but is 
not in widespread clinical use [ 21 ]. The advan-
tage to using CECT includes its widespread 
availability, rapid scanning, and the ability to 
detect pancreatic necrosis. Disadvantages include 
exposure to ionizing radiation, contrast-induced 
nephrotoxicity, and inability to reliably detect 
necrotic debris in an ANC or WOPN [ 22 ].

   MRI can also be used to diagnose pancreatic 
necrosis. Advantages to MRI include lack of 
 ionizing radiation exposure and the ability to 
 distinguish pancreatic necrosis without the admin-
istration of gadolinium using fat-suppressed 

  Fig. 3.1    CT image of walled-off pancreatic necrosis in 
the head of the pancreas with a completely encapsulated 
collection that is noted ( arrows )         Fig. 3.2    Contrast-enhanced computed tomography images 

showing pancreas with lack of contrast enhancement. This 
CT was obtained on Day 3 in a 26-year-old male presenting 
with alcohol-induced acute pancreatitis       
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T1-weighted images, which can be useful in 
patients with renal insuffi ciency. In addition, 
T2-weighted MRI is superior to CT for the evalu-
ation of necrotic debris within pancreatic collec-
tions and extrapancreatic fat necrosis. Figure  3.3  
shows T2- and T1-weighted MRI images of pan-
creatic necrosis. Figure  3.4  compares CT and  
MRI image of WOPN. MRCP also has the ability 
to delineate a pancreatic ductal disruption and 
evaluate for bile duct stones. Disadvantages 
include cost, lack of widespread availability, lon-
ger acquisition times, poor patient tolerance, and 
the contraindication of metallic foreign bodies, 
which includes coils and pacemakers [ 22 – 25 ].

        Development of Infection 

 Infection of pancreatic necrosis most commonly 
occurs 2–4 weeks after the onset of acute pancre-

atitis, or at any point after the development of 
necrotizing pancreatitis [ 26 ,  27 ]. Pancreatic 
infection in patients with necrotizing pancreatitis 
is due to increased intestinal permeability and 
decreased immunity that occurs during severe 
acute pancreatitis, termed “gut barrier dysfunc-
tion,” which results in the translocation of bacte-
ria. Besselink et al. found that 72 (46.8 %) out of 
154 patients with pancreatic parenchymal 
 necrosis developed infected necrosis over a 
median of 26 days after admission [ 26 ]. This 
high rate of infected necrosis; however, may be 
partially explained by contamination after fi ne-
needle aspiration (FNA), since all patients with 
suspected infected necrosis underwent FNA. 
Bacteremia was shown to be a risk factor in the 
development of infected necrosis (65 % versus 
37.9 %,  p  = 0.002). In 21 out of 51 patients, who 
had both bacteremia and infected necrosis, the 
same pathogen was isolated from both cultures of 

  Fig. 3.3    MRI images of pancreatic necrosis in body and tail. ( a ) T2-weighted image. ( b ) T1-weighted image. 
( c ) T1-weighted post-contrast image       
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the blood and pancreatic necrosis. They also 
reported that patients with extensive necrosis 
(>30 %) had a higher risk of developing infected 
necrosis [ 26 ]. Other studies have also shown a 
correlation between the presence and extent of 
pancreatic necrosis and infection [ 8 ,  12 ,  28 ].  

    Diagnosis of Infection 

 Infected pancreatic necrosis should be sus-
pected if there is progressive clinical deteriora-
tion as evidenced by persistent systemic 
infl ammatory response syndrome (SIRS) and/or 
worsening organ failure [ 29 ,  30 ]. According to 
the most recent American College of 
Gastroenterology guidelines on management of 
acute pancreatitis, infected necrosis should be 
considered in patients with pancreatic or extra-
pancreatic necrosis who clinically decline or 
fail to improve after 7–10 days of hospitaliza-
tion [ 31 ]. In a subset of patients, CT imaging 
will reveal air bubbles within a collection, 
which suggests the presence of gas forming 
organisms or the development of a fi stulous 
tract between a pancreatic collection and the 
stomach, small bowel, or colon [ 29 ]. However, 
the presence of gas within pancreatic tissue 
occurs in a minority of patients (Fig.  3.5 ).

   Approximately 25 % of patients presenting 
with acute pancreatitis develop extrapancreatic 
infections [ 26 ,  32 ]. Clinical studies have shown 
that infection of the pancreatic bed is the result of 

seeding from extrapancreatic infections, most 
commonly from the bloodstream [ 26 ,  33 ]. These 
extrapancreatic infections are more often polymi-
crobial compared to pancreatic infections that are 
monomicrobial [ 34 ]. Gram-negative bacteria are 
the predominant cultured organisms in pancreatic 
necrosis. However, the incidence of gram- positive 
organisms and yeast has been increasing, which is 
potentially due to the widespread use of broad 
spectrum antibiotics [ 33 ,  35 – 37 ].  Candida  species 
are the most common isolated fungus in patients 
with necrotizing pancreatitis, followed by 
 Torulopsis  [ 38 ]. Studies have also revealed 
increased mortality in patients with pancreatic 
necrosis who develop fungal infection with 
 Candida  [ 37 ,  39 ]. 

 There has been controversy with the routine 
use of FNA for diagnosing infected pancreatic 
necrosis [ 40 ,  41 ]. CT- or ultrasound-guided FNA 
has been shown to be a safe, effective, and accu-
rate technique for diagnosing infected necrosis 
[ 42 – 44 ]. While the detection of infected necrosis 
can guide therapy and the appropriate use of anti-
biotics based on a sensitivity profi le of 
organism(s) cultured from the aspirate, some 
argue that even if the aspirate is positive, the 
patient should not undergo intervention until 3–4 
weeks after onset of disease, as debridement is 
then preferably delayed. The only widely 
accepted indication for early debridement is clin-
ical deterioration. In addition, aspiration is not 
very accurate, with a reported sensitivity of 88 % 
and specifi city of 90 % [ 43 ]. If the aspirate is 

  Fig. 3.4    ( a ) CT image of walled-off pancreatic necrosis. ( b ) MRI T2-weighted image of pancreatic necrosis. There is 
a encapsulated wall surrounding collection, which contains hypodense material ( arrow )       
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negative for infection but the patient experiences 
clinical deterioration, then debridement is still 
indicated.   

    Management of Sterile 
and Infected Necrosis 

 The treatment of necrotizing pancreatitis has 
changed over the last two decades. Historically, 
patients with sterile and infected necrosis under-
went open surgical necrosectomy at early stages 
of disease [ 45 ]. In recent years, the indication, 
timing, and approaches towards intervention 
have changed. With the advent of minimally 
invasive techniques, the mortality of patients 
with necrotizing pancreatitis has further 
decreased [ 9 ]. Figure  3.6  displays an algorithm 
summarizing the approach to intervention in nec-
rotizing pancreatitis based on current evidence.

   Aggressive but conservative supportive ther-
apy is the mainstay treatment for patients with 
acute necrotizing pancreatitis. Aggressive intra-
venous fl uid resuscitation is required to maintain 
adequate intravascular volume and end-organ 
perfusion. (See also Chap.   8    .) The controversy 
lies in what is considered “aggressive” resuscita-
tion. Despite the fact that this is recommended 
universally in the guidelines of experts and pro-
fessional societies, there are few randomized tri-
als to guide clinical decision making. One trial 
utilized a 2 × 2 factorial design where 40 patients 

were equally randomized to type of fl uid admin-
istered as well as rate of infusion. The authors 
demonstrated signifi cantly reduced C-reactive 
protein levels and prevalence of SIRS at 24 h in 
those randomized to lactated Ringer’s compared 
to normal saline but found no difference in the 
rates of infusion due to a possible crossover 
effect [ 46 ]. Two retrospective studies demon-
strated that early aggressive fl uid resuscitation is 
associated with lower rates of SIRS, organ fail-
ure, and length of stay [ 47 ]. The primary criti-
cism of retrospective studies is the concept of 
“reverse causation,” where increased fl uid was 
administered to patients with a greater severity of 
illness [ 48 ]. However, caution must be observed 
since aggressive resuscitation is associated with 
adverse outcomes due to third spacing of fl uid. 
One study demonstrated that rapid hemodilution 
can increase the incidence of sepsis within 28 
days and inhospital mortality in patients with 
severe acute pancreatitis [ 49 ]. There have not 
been any studies to date demonstrating that 
aggressive fl uid resuscitation results in a reduced 
incidence of pancreatic necrosis. Supportive care 
for the treatment of organ failure should ideally 
be provided in intensive care units. Early nutri-
tional support with enteral feeding is critical for 
providing suffi cient caloric intake and to main-
tain the gut barrier, which reduces septic compli-
cations, including infected pancreatic necrosis, 
thereby reducing mortality, multi-organ failure, 
and the need for surgical intervention [ 50 – 52 ]. 

  Fig. 3.5    CT exam revealing multiple foci of gas ( arrows ) within collection       
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    Sterile Necrosis 

 There has been a paradigm shift in the treat-
ment of sterile necrosis. In patients with sterile 
necrosis and organ failure, surgical debridement 
was associated with increased mortality [ 53 ]. 
According to a recent consensus conference on 
necrotizing pancreatitis, sterile ANC do not 
necessitate early intervention [ 54 ]. Sterile asy-
mptomatic WOPN also does not require inter-

vention, as these collections can resolve 
spontaneously, although the rate of spontaneous 
resolution is not known. However, the presence 
of symptoms, including persistent abdominal 
pain and/or mechanical obstruction, e.g., gastric 
outlet obstruction or biliary obstruction, devel-
opment of infection as well as increase in size 
of WOPN necessitates drainage and the methods 
used for drainage are similar to those used for 
infected necrosis.  

  Fig. 3.6    Algorithm for the management of necrotizing pancreatitis       
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    Use of Prophylactic Antibiotics 

 The use of prophylactic antibiotics has been con-
troversial. (See also Chap.   9    .) Clinical trials in the 
1970s did not show improvement in mortality with 
the use of prophylactic antibiotic use in patients 
with acute pancreatitis. However, these studies 
were criticized for the inclusion of patients with 
mild disease. In the 1990s, the use of prophylactic 
antibiotics was revisited with the advent of new 
antibiotics against enteric organisms. Studies 
showed an improvement in mortality in those pre-
senting with acute necrotizing pancreatitis with the 
use of prophylactic antibiotics [ 55 ,  56 ]. However, 
in 2009, a large randomized multicenter trial of 
prophylactic antibiotics in 276 patients with pan-
creatic necrosis revealed no difference in the rates 
of infected necrosis, mortality, and operative 
necrosectomy [ 57 ]. Prior smaller randomized con-
trolled trials revealed similar fi ndings [ 27 ,  58 ]. De 
Vries et al. [ 59 ] evaluated the methodologic qual-
ity of randomized controlled trials of antibiotic 
prophylaxis in patients with severe acute pancre-
atitis in relation to their outcome. They showed an 
inverse relationship between the methodological 
quality and the impact of antibiotic prophylaxis 
[ 59 ]. A Cochrane review of the literature evaluated 
seven randomized controlled studies consisting of 
404 patients found no benefi t of antibiotics in pre-
venting infected necrotizing pancreatitis or mortal-
ity. However, they reported that there was less 
mortality and less infected pancreatic necrosis in 
those receiving beta-lactams antibiotic prophy-
laxis, although this was not statistically signifi cant 
[ 60 ]. Studies have also revealed that the use of pro-
phylactic antibiotics, which include beta- lactams, 
have been associated with secondary fungal infec-
tions, as well as the selection of multiresistant 
organisms [ 35 ,  36 ,  61 ]. In these studies, the preva-
lence of secondary fungal infection ranged from 
11–32 % [ 37 ,  61 ]. Based on the current literature, 
the use of prophylactic antibiotics in patients with 
pancreatic necrosis is not  recommended. In clini-
cal practice, if infection is suspected, it is reason-
able to initiate antibiotics after obtaining blood and 
urine cultures as well as radiographs and when the 
results of these investigations become available, 
the decision to continue or discontinue antibiotics 
can be made accordingly.  

    Infected Necrosis 

 Prior to 1998, surgical management using open 
necrosectomy was the standard of care for man-
aging infected pancreatic necrosis. In 1998, 
Freeny et al. [ 62 ] reported resolution of sepsis in 
47 % of patients with infected necrosis after 
aggressive percutaneous drainage using multiple 
catheter(s) and lavage. However, the remaining 
53 % of patients required an open necrosectomy 
and mortality was reported to be 12 % in the total 
cohort. In the last decade, data have suggested 
that patients with infected necrosis can be treated 
conservatively without compromising prognosis 
[ 63 ]. Early management of infected necrosis is 
similar to conservative approach of sterile necro-
sis in addition to antibiotics that penetrate the 
pancreas, e.g., carbapenems, quinolone, metroni-
dazole, and high dose cephalosporins [ 12 ,  28 ]. 
Amphotericin B and fl uconazole are appropriate 
antifungal agents, although amphotericin is con-
sidered fi rst-line.  

    Open Necrosectomy 

 Open surgical necrosectomy, which was rou-
tinely performed early in the course of disease in 
order to remove infected pancreatic necrosis, has 
been associated with high morbidity and mortal-
ity as well as long-term pancreatic exocrine and 
endocrine insuffi ciency [ 64 ,  65 ]. (See also Chap. 
  16    .) Throughout the years, the management of 
infected necrosis has been modifi ed in several 
ways. First, it is now known that waiting 3–4 
weeks after the onset of disease is associated with 
decreased complications as this allows for the 
encapsulation of ANCs into WOPN, which will 
improve conditions for intervention [ 66 ,  67 ]. 
Second, taking the “less is more approach” has 
been supported by several studies. A recent 
study by Garg and colleagues [ 68 ] compared 
conservative therapy to surgical therapy in 80 
patients with infected necrotizing pancreatitis. 
Conservative therapy was defi ned as the use of 
antibiotics, enteral nutrition, support of organ 
failure, and percutaneous drainage of organized 
or walled-off collections if needed. Surgical ther-
apy was defi ned as those who were treated with 
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surgical necrosectomy, lavage, and drainage. 
Patients underwent surgical intervention if they 
deteriorated despite aggressive conservative ther-
apy. The mortality rates in patients who went to 
surgery immediately was 43 %, compared to a 
mortality rate of 28 % in patients whom were 
treated with conservative approach ( p  = 0.22) A 
recent meta-analysis of eight studies comprising 
324 patients revealed that 64 % of patients treated 
with the conservative approach had successful 
outcomes and a mortality of 12 % [ 69 ]. Third, as 
an alternative to open necrosectomy, minimally 
invasive approaches have become more accepted. 
These include percutaneous catheter drainage, 
minimally invasive retroperitoneal necrosecto-
mies, including video-assisted retroperitoneal 
debridement (VARD), and endoscopic translumi-
nal necrosectomy.  

    Percutaneous Drainage 

 The goal of percutaneous drainage is to drain 
infected fl uid from an ANC or WOPN. 
Percutaneous drainage of pancreatic and extra-
pancreatic necrosis involves placement of single 
or multiple catheters that are typically upsized, 
irrigated, and manipulated. Freeny et al. [ 62 ] were 
the fi rst to describe the treatment of acute necro-
tizing pancreatitis in 34 patients with image-
guided percutaneous drainage as an alternative to 
surgical intervention. They used multiple large-
bore catheters with vigorous irrigation to achieve 
successful percutaneous necrosectomy. The 
authors found that this approach resulted in post-
poning surgical intervention by median of 4 
weeks, and prevented the need for surgery alto-
gether in 47 % of patients. However, their 
approach required multiple procedures over time 
to achieve these outcomes. A recent  systematic 
review of 11 studies with 384 patients evaluating 
percutaneous drainage for treatment of sterile and 
infected necrotizing pancreatitis found that 56 % 
of cases were successfully treated with percutane-
ous drainage and did not require surgical necro-
sectomy [ 70 ]. The size of the percutaneous drains 
inserted varied from 8 to 28 Fr. Recent prospec-
tive studies have confi rmed these fi ndings [ 9 ]. 

 Percutaneous drainage is a simple procedure. 
It can be used in situations where a collection or 
a portion of a collection cannot be accessed endo-
scopically (e.g., left paracolic gutter extension). 
It can be used in critically ill patients as a bridge 
to surgery. It can also be used as a bridge to 
other minimally invasive surgical procedures. 
Disadvantages include limited access to the head 
collections, the necessity for multiple drain 
exchanges due to drain occlusion and/or reposi-
tioning, limited ability to remove necrotic mate-
rial, and the development of fi stulas between the 
collection and the drain tract exit site [ 38 ].  

    Minimally Invasive 
Retroperitoneal Necrosectomy 

 Minimally invasive retroperitoneal necrosectomy 
includes sinus tract endoscopy, laparoscopic 
transabdominal necrosectomy, and VARD. (See 
also Chap.   15    .) 

 Sinus tract endoscopy involves serial dilations 
of tracts that have formed from previously placed 
percutaneous catheters under fl uoroscopy in the 
operating room, followed by jet irrigation and 
lavage using an endoscope or nephroscope. Solid 
necrotic material is removed with an endoscope. 
This technique was initially reported by Carter 
et al. [ 71 ] and later by Connor et al. [ 72 ]. 
Mortality has been reported to range from 0 % to 
25 % with a median of four procedures performed 
on each patient with infected necrosis [ 72 ]. 

 VARD was initially described by van Santvoort 
et al. [ 73 ]. A percutaneous drain is initially placed 
in the (peri-) pancreatic collection through the 
left retroperitoneum. If there is no clinical 
improvement, then a 5-cm subcostal  incision is 
made near the exit point of the  percutaneous 
drain. The percutaneous drain is followed deeper 
into the necrotic collection. Under direct video-
scopic visualization, further debridement is per-
formed using a laparoscopic forceps. Advantages 
include the use of both the endoscopic and open 
approach, as well as removal of larger quantities 
of necrotic material when compared to the sinus 
tract endoscopy, thus reducing repeat procedures. 
However,  disadvantages include the exposure to 
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ionizing radiation in the operating room as well 
as increased costs [ 73 ]. A recent prospective mul-
ticenter study evaluating the safety and effi cacy 
of VARD reported bleeding and enteric fi stulas in 
7.5 % and 17.5 %, respectively, and a 30-day 
mortality of 2.5 % [ 74 ]. Since VARD utilizes per-
cutaneous drainage, it carries the potential com-
plication of an external pancreatic fi stula. In 
addition, its use is limited in those with necrosis 
involving the head of the pancreas, where the 
application of percutaneous drainage is not ame-
nable through the retroperitoneal approach.  

    Endoscopic Necrosectomy 

 In the 1996, Baron et al. [ 75 ] described an endo-
scopic method for draining WOPN employing a 
transmural approach through the posterior gastric 
wall or the medial wall of the duodenum. See 
also Chap.   14    . A needle knife sphincterotome 
was utilized to gain access to the collection. The 
tract was then dilated using a hydrostatic balloon 
followed by the insertion of two 10-Fr, 3-cm dou-
ble pigtail stents into the collection. Saline irriga-
tion was performed in patients who developed 
infected necrosis using a nasobiliary tube. Over 
the years, the approach has been modifi ed. 
Subsequently in 2000, Seifert et al. [ 76 ] pub-
lished a case report of three patients using the 
direct retroperitoneal endoscopic approach to 
debride the necrotic pancreas. In the series of the 
three patients, transmural puncture created a fen-
etration, which was then dilated with 16-mm 
 balloon, allowing for the advancement of the 
therapeutic gastroscope into the cavity. 
Endoscopic debridement was achieved using 
lavage and electrocautery [ 76 ]. The approach of 
direct entry into the necrotic cavity is known as 
direct endoscopic necrosectomy [ 77 – 79 ]. When 
compared to the conventional transmural endo-
scopic drainage for the treatment of WOPN, 
direct endoscopic necrosectomy achieved high 
rates of resolution, shorter length of hospitaliza-
tion, and reduced rate of cavity recurrence [ 78 ]. 

 With the advent of newer endoscopic tech-
niques and modalities [ 74 ], the EUS-guided 
approach has been adopted to localize a site from 

the posterior gastric wall or medial wall of the 
duodenum to reduce the risk of complications 
and improve success rates [ 80 ,  81 ]. Endoscopic 
placement of transmural stents have been used to 
create a temporary fi stula for drainage of pancre-
atic collections. Over the years, these stents have 
been modifi ed. Prior studies used plastic stents 
for drainage of WOPN [ 78 ]. However, these 
stents are susceptible to obstruction, migration 
[ 82 ], and ineffective drainage, particularly for 
WOPN [ 83 ]. Belle et al. [ 84 ] reported a case 
report on their experience of using a partially 
covered self-expanding metal stent (SEMS) in 
patients with WOPN. The SEMS creates a wide 
diameter outfl ow tract for the drainage of solid 
debris and provides a port of access for further 
endoscopic interventions. Since then, several 
case reports detailing the use of fully covered 
SEMS in patients with WOPN have been pro-
mulgated [ 85 ,  86 ]. A novel fully-covered metal 
stent, named AXIOS, with bilateral fl anges and a 
wider diameter, has been developed [ 87 ]. It has 
been reported to have easy deployment, and its 
large diameter permits faster drainage and allows 
for therapeutic interventions [ 88 ], which may 
include direct endoscopic necrosectomies. 

 The GEPARD study [ 81 ] was the fi rst study to 
report the long-term outcomes of patients who 
undergo direct endoscopic necrosectomy. This 
retrospective study included 93 patients in six cen-
ters in Germany with mean follow-up of 6 years. 
These patients had infected WOPN and under-
went endoscopic transmural necrosectomy every 
1–4 days until the removal of all necrotic material. 
The authors reported an initial clinical success in 
80 % of patients, and of these patients, 84 % 
had sustained clinical improvement after mean 
follow-up period of 43 months, and 10 % needing 
further endoscopic intervention. Major complica-
tions were seen in 26 % of cases, which included 
bleeding in 14 %, perforation in 6 %, air embo-
lism in 2 %, and mortality in 7.5 % at 30 days. 
Gardner et al. [ 79 ] reported the results of the larg-
est multicenter study evaluating direct endoscopic 
necrosectomy. A total of 104 patients underwent 
direct endoscopic necrosectomy for WOPN with 
the insertion of an endoscope across the cystgas-
trostomy or cystduodenostomy tract and removal 
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of the necrotic debris. The overall success was 
reported to be 91.3 % in resolution of the WON 
and the mean duration to cavity resolution after 
initial resolution was 4.1 months. Complications 
included bacteremia/ infection (27 %), bleeding 
(20 %), perforation (13 %), and pneumoperito-
neum (20 %). This large study showed that direct 
endoscopic necrosectomy is a successful alterna-
tive to surgical or percutaneous debridement for 
the management of WOPN. The disadvantages of 
this approach include the need for several 
 procedures for successful debridement, the time-
consuming nature of the procedure, and the need 
for specialized endoscopic expertise. Figure  3.7  
demonstrates endoscopic drainage and necrosec-
tomy. Figure  3.8  demonstrates endoscopic resolu-
tion of the necrotic collection.

    The PENGUIN (Pancreatitis, Endoscopic 
Transgastric vs Primary Necrosectomy in Patients 
with Infected Necrosis) trial was a prospective, 
randomized trial evaluating 22 patients with 

infected WOPN who underwent percutaneous 
catheter drainage. If this failed, patients were ran-
domized to endoscopic transgastric or surgical 
necrosectomy. The surgical necrosectomy con-
sisted of VARD, or if not feasible, then laparot-
omy. They found that endoscopic transgastric 
necrosectomy was associated with signifi cantly 
reduced IL6 levels, multi-organ failure, and 
external pancreatic fi stulas when compared to the 
surgical necrosectomy [ 89 ]. 

 Combined percutaneous and endoscopic 
drainage of WOPN was described by Ross et al. 
[ 90 ]. Patients in this study initially underwent a 
CT-guided placement of a percutaneous drainage 
catheter into the WOPN to remove necrotic 
debris. The catheters were irrigated three times a 
day. The patients were immediately transferred 
to the endoscopic suite where an endoscopic 
transmural drainage was performed with the 
utilization of two transenteric double-pigtail 
stents. The cystgastrostomy fi stula redirects the 

  Fig. 3.7    Endoscopic drainage and necrosectomy. ( a ) 
Transmural puncture is performed under EUS guidance 
and a guidewire is advanced into the pancreatic cavity 
with the use of fl uoroscopy. ( b ) Fluoroscopic evaluation 
of the guidewire into the fl uid collection. ( c ,  d ) Balloon 
dilation of the tract with a 12- to 15-mm CRE balloon 
advanced over guidewire under fl uoroscopic guidance in a 

54-year-old male with acute necrotizing pancreatitis of 
unclear etiology. The waist of the balloon ( arrows ) defi nes 
the site of the cystgastrostomy. ( e ) Fully covered 22-mm 
diameter × 60-mm long esophageal metal (Tae Woong 
Medical) stent placed across the cystgastrostomy into the 
necrotic collection       
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pancreatic secretions into the small bowel. 
The combined drainage technique avoids the uti-
lization of large- diameter balloon dilation of the 
cystenterostomy, thereby reducing the risk of 
hemorrhage and free perforation into the perito-
neum. The authors also reported a low rate of 
endoscopic reintervention with this approach, as 
well as absence of chronic pancreaticocutaneous 
fi stula formation, which has been shown in 
patients with central gland necrosis and percuta-
neous drains [ 90 ]. This approach is associated 
with reduced length of hospitalization, radiologi-
cal procedures, and number of ERCPs when 
compared to those who underwent percutaneous 
drainage only [ 91 ,  92 ]. However this approach 

may be limited to only a few centers nationwide, 
given that the coordination of percutaneous 
drainage through interventional radiology and 
endoscopic drainage immediately after may be 
diffi cult to arrange.  

    Step-up Approach 

 A landmark RCT performed by the Dutch Acute 
Pancreatitis Study Group [ 93 ] compared a mini-
mally invasive technique with open necrosec-
tomy. The inclusion criteria for this study were 
stringent. After screening 378 patients, 88 
patients with confi rmed or suspected infected 

  Fig. 3.8    Endoscopic resolution of the necrotic collection seen above       
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pancreatic necrosis were randomized to percuta-
neous drainage versus open necrosectomy. For 
those randomized to PD, if there was no clinical 
improvement in 72 h and if the position of the 
drains were inadequate, then a second drainage 
procedure would take place. If there was no clini-
cal improvement in 72 h, then a “step-up” 
approach would include VARD with postopera-
tive lavage or endoscopic drainage. The patients 
randomized to the step-up approach had lower 
rates of multisystem organ failure, major compli-
cations such as diabetes and need for pancreatic 
enzyme supplementation when compared to the 
open necrosectomy group. Mortality was not dif-
ferent between the two groups; however, the 
study was not powered to demonstrate a differ-
ence in mortality rates. This study has shifted the 
treatment paradigm away from invasive surgery 
and towards a minimally invasive approach for 
patients with infected ANCs [ 93 ].   

    Conclusion 

 There have been great advances in the diagnosis 
and management of necrotizing pancreatitis over 
the last decade. The fi rst was the revised Atlanta 
classifi cation, which refi nes the characterization 
of ANCs and WOPN. The second are the various 
modalities for the diagnosis of infected and ster-
ile necrosis, which include dynamic CECT and 
MR imaging. The third is the shift in the manage-
ment paradigm from surgical to conservative and 
minimally invasive approaches with the goal of 
delaying intervention until a collection becomes 
organized. Conservative management with intra-
venous fl uids and enteral feedings continue to be 
the mainstay of therapy for patients with sterile 
and infected necrosis. Prophylactic antibiotics 
are not recommended in patients with pancreatic 
necrosis. In patients with sterile necrosis who 
remain asymptomatic, no intervention is required. 
However, patients who develop symptoms or 
infection, warrant intervention. The decision as 
to which approach to intervention to pursue 
should be guided by the presence of the adequate 
surgical, endoscopic, and/or radiological exper-
tise. The optimal management of an infected 

ANC requires the minimally invasive step-up 
approach, which consists of percutaneous drain-
age initially followed by endoscopy and/or mini-
mally invasive retroperitoneal necrosectomy if 
necessary. This has been associated with reduced 
rates of complications. Endoscopic therapy alone 
using direct necrosectomy or large-bore transmu-
ral metal stents has largely become the mainstay 
of therapy for patients with symptomatic and/or 
infected WOPN. 
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           Introduction 

 Acute pancreatitis (AP) is a protean infl ammatory 
disease with a wide range of severity and a highly 
variable course [ 1 ]. Patients with more severe 
disease still have an appreciable morbidity and 
mortality and are a signifi cant clinical and eco-
nomic challenge. Although the overall outcomes 
have improved over the last few decades, there 
remains no specifi c treatment targeting the out-
come determining pathophysiology. This failure 
to develop specifi c treatments is in part due to 
misclassifi cation error in clinical trials. The 
accuracy of most approaches to predicting the 
severity of AP is around 70 % [ 2 ], which means 
that 30 % of patients are not allocated correctly. 
There has also been a failure to understand the 
different types of defi nitions that exist in general, 
the fallacies that can befall defi nitions, and in 
particular the different ways that defi nitions are 
used in the AP literature. The aim of this chapter 
is to review some of the issues with the use of 
defi nitions and the evolution of defi nitions of AP 
severity and to indicate the future directions as a 
series of research priorities. Note that this  chapter 

will address the defi nition of actual (present 
tense) severity, which can also be termed classifi -
cation or staging, rather than the predicted (future 
tense) severity, which is the subject of Part II in 
this text.  

    Defi nitions: Types, Fallacies, 
and Attributes 

 Without delving too deeply into the semantics 
and philosophy of defi nitions, when considering 
how to defi ne the severity of AP it is helpful to 
consider the type of defi nition that is most appli-
cable. Aristotle made the distinction between a 
 nominal  defi nition, which explains what severe 
AP is, from a  real  defi nition, which would explain 
the essential nature (“essence”) of severe AP. 
These are different from a  descriptive  defi nition 
that gives features of severe AP. A recent exam-
ple of descriptive defi nitions is shown in 
Table  4.1 , relating to the local complications of 
acute pancreatitis [ 3 ]. It is appreciated that these 
morphological and temporal defi nitions, particu-
larly useful for reporting radiological imaging of 
acute pancreatitis, do not necessarily have a 
direct relationship with the severity of AP and 
may just be a consequence or epiphenomenon of 
the disease. Of more use in clinical practice, in 
defi ning the severity of AP, is an  intensional  type 
of defi nition, which specifi es the necessary and 
suffi cient conditions required to state that a 
patient has severe AP. This is in contrast to an 
 extensional  defi nition, which simply lists patients 
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with severe AP. Examples of both nominal and 
intensional defi nitions of severe AP include the 
classifi cation of severity in the original [ 4 ] and 
revised Atlanta [ 5 ] classifi cations and the 
determinant- based classifi cation [ 6 ].

   Defi nitions can fail to have merit when they 
do not obey the accepted rules of defi nitions. In 
defi ning the severity of AP, published classifi ca-
tion systems have fallen short in several typical 
ways, including the incorporation of non- 
essential attributes (e.g., the moderately severe 
category in the revised Atlanta classifi cation 
includes patients who have an exacerbation of a 
pre-existing chronic illness); being overly broad 
or narrow (e.g., further clinical evidence has 
demonstrated that the severe category of the orig-
inal Atlanta criteria includes subgroups of vary-
ing severity); not always being stated in positive 
terms (e.g., mild AP being defi ned as the absence 
of severity determinants); and by being obscure 
or ambiguous (e.g., necrosis including both pan-
creatic and peripancreatic tissue). 

 To be clinically useful the defi nition of AP 
severity should accurately distinguish the subset 
of patients, and ideally individual patients, for 
whom clinical benefi t will derive by doing so. 
The more accurate the identifi cation and defi ni-
tion of the patients with severe AP, the better will 
be the clinical decisions about treatment and 
research decisions about recruitment for trials. A 
sound defi nition of AP has important attributes 
which include being easily measured, having 
high clinical utility, being specifi c to AP, and are 
indexed to time and scientifi cally sound. The 
iterative nature of science means that the defi ni-
tion of severity should evolve with new scientifi c 
knowledge and for this reason defi nitions should 
always be considered “working” defi nitions. 

 The time dimension of defi nitions is also 
worth noting, since in any population of patients 
with AP and at any one time there will be a range 
of severities and over time the proportion of 
patients with severe AP will change. While defi -
nitions that yield the prevalence and incidence in 
populations are of value in clinical research, the 
clinician who is faced with management deci-
sions about the individual patient in their care 
requires a responsive and accurate way to defi ne 
disease severity, which also changes over time. 
Thus, the repeated defi nitions of the severity of 
AP in an individual patient are necessary, as this 
dynamic disease unfolds, to describe the severity 
of disease course.  

    Dimensions of Severity 

 Severity can be defi ned in different dimensions, 
dictating different defi nitions. These dimensions 
include defi ning severity in biochemical (e.g., 
greater proinfl ammatory response), clinical 
(e.g., more severe organ failure), pathological 
(e.g., extent of necrosis), outcome (e.g., longer 
hospital stay), or economic (e.g., cost of treat-
ment) terms. Although not customary to do so, it 
is suggested that when defi ning the severity of 
acute pancreatitis the dimension(s) relevant to the 
requirements of the classifi cation should be 
considered.  

    Previous Classifi cations of Severity 

 The fi rst published classifi cation of AP severity 
dates back to 1983 when an international meeting 
on classifi cation of pancreatitis was held in 

   Table 4.1    Defi nitions of local complications of acute pancreatitis, based on morphological characteristics and time a    

 Content  Acute (<4 weeks, with no defi ned wall)  Chronic (≥4 weeks, with defi ned wall) 

 No infection  Infection  No infection  Infection 

 Fluid only  Acute peripancreatic 
fl uid collection (APFC) 

 Infected APFC b   Pseudocyst  Infected pseudocyst b  

 Solid ± fl uid  Acute necrotic 
collection (ANC) 

 Infected ANC  Walled-off necrosis (WON)  Infected WON 

   a Modifi ed from the revised Atlanta classifi cation [ 3 ] 
  b Infected acute pancreatic fl uid collection and infected pseudocyst are not included in the revised Atlanta Classifi cation [ 5 ]  
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Cambridge [ 7 ]. See also Chap.   1    . At that meeting 
it was agreed that acute and chronic pancreatitis 
are essentially distinct entities. Further, the 
Cambridge classifi cation addressed the issue of 
severity by distinguishing “mild” and “severe” 
AP. The latter was defi ned as “multisystem fail-
ure and/or early or late local complications” and 
“mild” AP was defi ned as “no multisystem fail-
ure with uncomplicated recovery.” The recog-
nized local complications were pancreatic 
phlegmon, pseudocyst, and abscess. 

 One year later, a meeting in Marseilles gave 
special emphasis to the morphological features of 
AP [ 8 ]. “Severe” AP was defi ned as “extensive 
peri- and intra-pancreatic necrosis, parenchymal 
necrosis and hemorrhage, localized or diffuse” 
and “scarring and pseudocysts may persist.” 
“Mild” AP was defi ned as “peripancreatic fat 
necrosis and interstitial edema, absence of pan-
creatic necrosis.” Possible impairment of exo-
crine and endocrine function was also mentioned 
in the classifi cation. 

 More details were added to the Marseilles 
classifi cation at the meeting in Rome in 1988 
[ 9 ]. These mainly related to pancreatic and peri-
pancreatic collections in AP. As a result, the defi -
nition of “mild” AP remained unchanged, while 
the defi nition of “severe” AP was extended to 
“extensive peri and intra-pancreatic necrosis, 
parenchymal necrosis and hemorrhage, localized 
or diffuse, peripancreatic fl uid collections, infec-
tion of necrosis, formation of pseudocysts or 
abscesses.” 

 In 1992, the Atlanta symposium focused 
exclusively on AP and attempted to devise a clas-
sifi cation of severity that would be suitable for 
both routine clinical practice and comparison of 
inter-institutional data [ 4 ]. The Atlanta classifi ca-
tion adopted the same two categories for classify-
ing AP severity and added some special 
defi nitions regarding acute fl uid collection, pan-
creatic necrosis, pancreatic pseudocyst, and pan-
creatic abscess. It also recommended the use of 
predictive tools, such as Acute Physiology and 
Chronic Health Evaluation (APACHE) II and 
Ranson criteria. As a result, “severe” AP was 
defi ned as being “associated with organ failure 
(OF) and/or local complications, such as  necrosis, 

abscess, or pseudocyst and characterized by three 
or more Ranson criteria, or eight or more 
APACHE II criteria” and “mild” AP as “associ-
ated with minimal organ dysfunction and an 
uneventful recovery, and it lacks the features of 
severe AP.” This reveals a common mistake in 
equating classifying severity and predicting 
severity. Table  4.2  summarizes the entities that 
have been included in the defi nitions of “severe” 
AP in previous classifi cations of AP severity.

   The original Atlanta classifi cation was pub-
lished in 1993 and the revised Atlanta defi nition 
was published in 2013. The revision of the 
Atlanta was a protracted process over 7 years and 
was not based on a systematic review of the evi-
dence but relied primarily on a Web-based con-
sensus building approach. This meant that the 
publishing journal had to do an unusually “exten-
sive and diligent review process” [ 10 ]. And while 
the editorial committee acknowledged that many 
aspects of the manuscript remain debatable, par-
ticularly in areas where published data were 
scarce, the revised Atlanta manuscript is an 
advance in the fi eld [ 10 ]. 

 The major impetus to revising the original 
Atlanta classifi cation has been the many advances 
in understanding the pathophysiology of AP, and, 
in particular, the role of systemic complications. 
While the original Atlanta defi nitions of “severe” 
AP included only the presence or absence of OF, 
it is increasingly recognized that the number of 
organs that fail, timing of onset, and duration of 
OF all relate to mortality. In particular, it has 
been shown that OF persisting beyond 48 h is 
associated with signifi cantly increased mortality 
in patients with AP. The revised Atlanta classifi -
cation states that only patients with persistent OF 
should be defi ned as having “severe” AP (see 
Table  4.2 ). This means that patients with local 
pancreatic complications, even infected pancre-
atic necrosis, which is an independent determi-
nant of severe disease [ 11 ], are excluded from the 
defi nition of “severe” AP. From the fi rst descrip-
tion of the severity of AP by Fitz in 1889 up until 
the original Atlanta classifi cation of severity in 
1993, a morphological component has always 
been included. While Fitz believed that the 
 morphological features of severe disease were 

4 Evolving Defi nitions of Severe Acute Pancreatitis

http://dx.doi.org/10.1007/978-1-4939-0971-1_1


48

evidence of pancreatic hemorrhage and 
 disseminated fat necrosis, the morphological fea-
tures of severe disease in the original Atlanta 
classifi cation were pancreatic necrosis, abscess, 
and pseudocyst. Since then, a number of studies 
have demonstrated that infection of pancreatic 
necrosis rather than presence of necrosis per se is 
associated with high morbidity and mortality in 
patients with AP [ 12 ,  13 ]. These patients have 
signifi cantly worse outcomes than patients with 
“mild” or “moderate” AP. Taking these argu-
ments into account, it seems reasonable to con-
sider infectious pancreatic complications in the 
defi nition of “severe” AP. 

 There is also concern about the category 
termed “moderately severe” in the revised Atlanta 
classifi cation since it draws in a “mixed 
 population of patients,” including the full range 
of local complications (some of which are not 
determinants of severity), those with transient 
organ failure (which has not been shown to be an 

important determinant of severity) and all 
 exacerbations of preexisting comorbidities (none 
of which are determinants of acute pancreatitis 
severity). This is in contrast to the “moderate” 
category of severity, which is derived from the 
coherent use of local and systemic determinants 
of severity and that provides an epidemiologi-
cally sound framework for the determinants-
based classifi cation (see below). 

 In addition to overlooking infected pancreatic 
necrosis as a determinant of severe disease, 
another important shortcoming of the revised 
Atlanta classifi cation [ 5 ] is that it is strongly 
based on the notion of a biphasic disease course. 
As a result it recommends that clinicians use a 
different method of classifi cation for the early 
phase and the late phase of AP. In the early phase 
of the disease, the classifi cation of severity is to 
be based on the presence or absence of persistent 
OF. In the late phase, the classifi cation of severity 
is to be based on the need for “active intervention 

    Table 4.2    Entities included in the defi nition of “severe” acute pancreatitis in classifi cations of severity   

 Classifi cation 
 Year 
(reference)  Local entities  Systemic entities  Other entities 

 Cambridge  1983 [ 7 ]  Pancreatic phlegmon  and/or  Multisystem failure  – 
 Pancreatic pseudocyst 
 Pancreatic abscess 

 Marseilles  1984 [ 8 ]  Peripancreatic necrosis  –  – 
 Parenchymal necrosis 
 Pancreatic hemorrhage 
 Pancreatic scarring 
 Pancreatic pseudocyst 

 Marseilles- 
Rome  

 1988 [ 9 ]  Peripancreatic necrosis  –  – 
 Parenchymal necrosis 
 Pancreatic hemorrhage 
 Peripancreatic fl uid 
collections 
 Infection of necrosis 
 Pancreatic abscess 
 Pancreatic pseudocyst 

 Atlanta  1993 [ 4 ]  Pancreatic necrosis  and/or  Respiratory failure  and/or  APACHE II ≥ 8 
 Ranson ≥ 3  Pancreatic abscess  Renal failure 

 Pancreatic pseudocyst  Shock 
 Gastrointestinal 
bleeding 
 Hypocalcemia 
 Coagulopathy 

 Revised 
Atlanta 

 2013 [ 5 ]  –  Persistent organ 
failure 

 and/or  Active intervention 
(late phase only) 
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(operative, endoscopic, laparoscopic, or percuta-
neous) or other supportive measures (such as 
need for respiratory ventilation, renal dialysis, or 
nasojejunal feeding)” as well as the presence or 
absence of persistent OF. There are a number of 
potential drawbacks with this approach to defi n-
ing severity:
    1.    The two-phase concept, which describes 

sequential phases and a bimodal mortality 
distribution [ 14 ], is simplistic and belies the 
complexity of AP pathophysiology. Recent 
evidence from other diseases, including 
severe trauma and septic shock, suggests that 
the two phases (proinfl ammatory and anti- 
infl ammatory) can occur concurrently. There 
are also studies that demonstrate pancreatic 
infection can occur within the fi rst week and 
that persistent organ failure can occur later, 
even in the absence of infection [ 15 ,  16 ]. 
Further, there is a lack of precision in the 
defi nition of these phases and a commentator 
has highlighted that there is also an interme-
diate [ 1 ]. The imprecision of the duration of 
the early phase as “within the fi rst 1 to 2 
weeks of onset” refl ects the lack of consen-
sus in the literature. A recent study of all 
deaths due to AP in Scotland over a 6-year 
period did not reveal a bimodal distribution 
of mortality [ 17 ].   

   2.    The approach is not applicable to all patients 
with AP. Particularly, patients who only 
develop OF in the late phase and those who 
only develop pancreatic complications in the 
early phase are not taken into account by the 
revised Atlanta classifi cation and are likely to 
be misclassifi ed. The proportion of these 
patients is not negligible. A study from India 
of 59 patients with persistent OF found that 27 
(46 %) developed it after 7 days of onset of AP 
[ 17 ], and an earlier study from Germany 
found infected pancreatic necrosis was pres-

ent in 27 of 114 (24 %) patients during the 
fi rst week of disease [ 15 ].   

   3.    Using the need for intervention or supportive 
care as part of the defi nition creates signifi cant 
variation since it is dependent on subjective 
clinical judement since there is a lack of inter-
national standardization of management, 
including the indications for endoscopic 
 procedures, enteral nutrition, and criteria for 
admission to an intensive care unit (ICU) [ 18 ].   

   4.    In order for the new radiological terms (e.g., 
“acute peripancreatic fl uid collection,” “acute 
post-necrotic collection,” “walled-off necro-
sis”) to gain clinical utility will require 
clinico- radiological correlation and agree-
ment, and there will need to be consensus 
among radiologists for the adoption of them. 
Further revision is expected, illustrated by the 
proposal for a classifi cation based on retro-
peritoneal extension [ 19 ].    

      Determinants-Based 
Classifi cation of Severity 

 This classifi cation system is based on factors that 
are causally associated with severity. These fac-
tors are called “determinants,” and include both 
local and systemic determinants. The local deter-
minant of severity is necrosis of the pancreas and/
or peripancreatic tissue. This is covered by the 
term (peri)pancreatic necrosis. The systemic 
determinant of severity is OF due to AP. The defi -
nitions used for the categories of severity are 
based on attributes of the local determinants 
(absent, sterile, or infected [peri]pancreatic 
necrosis) and the systemic determinants (absent, 
transient, or persistent OF) as well as the possi-
bility of their interaction (Table  4.3 ). These items 
have also been carefully defi ned by consensus 
and published [ 6 ].

   Table 4.3    The four severity categories (mild, moderate, severe, and critical) of the determinants-based classifi cation [ 6 ]   

 Determinants  No local complications  Sterile local complications  Infected local complications 

 No organ failure  Mild  Moderate  Severe 
 Transient organ failure  Moderate  Moderate  Severe 
 Persistent organ failure  Severe  Severe  Critical 
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   The determinants-based classifi cation has 
been presented, discussed, and debated in a 
number of international forums, including a 
global online survey [ 20 ] and a dedicated sym-
posium at the 2011 International Association of 
Pancreatology meeting. It has also been indepen-
dently validated in a prospective study from 
India [ 21 ]. For mortality, this study demonstrated 
that the four categories are signifi cantly differ-
ent: mild (0 %), moderate (3.6 %), severe 
(33.8 %), and critical (87.5 %). The study also 
highlighted the interaction of determinants by 
confi rming that mortality more than doubles in 
the critical category of severity. Further, the 
study showed an accurate and incremental dis-
crimination between all the four categories for 
other important clinical endpoints, including 
computed tomography severity index, need for 
percutaneous catheter drainage, need for surgi-
cal interventions, prevalence of blood infection, 
the Acute Physiology and Chronic Health 
Evaluation (APACHE) II score, admissions 
and duration of stay in ICU, and total length of 
hospital stay.  

    Optimal Number of Categories 
in a Severity Classifi cation 

 A question arises about the number of severity 
categories that are most useful in the clinical and 
research settings [ 22 ]. It can be argued that in 
the community setting a dichotomous (mild/
severe) classifi cation is suffi cient as the priority 
is to identify patients for early transfer from 
those patients that can be managed in the local 
district hospital. In the teaching hospital, and in 
clinical research, setting two categories is 
 inadequate since there is a need for greater dis-
crimination. Patients with severe pancreatitis 
represent a heterogeneous population, with a 
wide spectrum of severity, and it was partitioned 
into three categories as a result of the approach 
taken to development rather than as an a priori 
decision. And it must be remembered that sever-
ity is by nature a continuum and not fundamen-
tally categorical.  

    Comparison of Severity 
Classifi cations 

 A key question that arises is whether the 
 performance of the determinant-based classifi ca-
tion and the revised Atlanta classifi cation is supe-
rior to the original Atlanta classifi cation. In the 
fi rst direct comparison of these classifi cations, 
the Pittsburgh group has demonstrated that this is 
so, and the original Atlanta can now be retired 
[ 23 ]. The retrospective study used collected data 
of three cohorts of patients from before the publi-
cation of the two new classifi cation systems and 
examined fi ve different outcomes, concluding 
that the two approaches are “comparable” and 
“complementary.” However, they advised caution 
because of inherent biases, the low patient num-
bers in some categories, and because they are a 
specialized tertiary center with half of the cases 
being transferred from other hospitals and an 
overall mortality of a strikingly low 4 %. Further 
studies are required. 

 The novel metric to compare different 
approaches to classifi cation is the “net reclassifi -
cation improvement” (NRI) [ 24 ]. This defi nes 
the relative improvement in discriminating the 
event of interest after introducing a new classifi -
cation scheme. The method requires construct-
ing a reclassifi cation table separately for patients 
with and without the nominated event (e.g., mor-
tality or no mortality). It then quantifi es the cor-
rect movement between the categories: upwards 
for event (i.e., mortality) and downwards for 
non- event (i.e., no mortality) (Table  4.4 ). Using 
the data on mortality presented by the authors of 
the Indian study [ 21 ], 31.0 % (9/29) of patients 
who died and 50.1 % (62/122) of patients who 
did not die were reclassifi ed to either moderate 
or critical category (correctly or not) by employ-
ing the determinant-based classifi cation (see 
Table  4.4 ). Applying the NRI formula that con-
siders both those correctly reclassifi ed as well as 
those incorrectly reclassifi ed, a net 87.2 % 
(7/8 – 2/63) of the patients who died were reclas-
sifi ed appropriately with the use of the determi-
nant-based classifi cation in comparison with the 
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original Atlanta  classifi cation and a net 84.3 % 
(61/63 – 1/8) of the patients who did not die were 
reclassifi ed appropriately with the use of the 
determinant-based classifi cation in comparison 
with the original Atlanta classifi cation (see 
Table  4.4 ). The NRI of the determinant-based 
classifi cation calculated by adding 0.872 to 
0.843 (0.872 + 0.843 = 1.715). Given that the 
possible range of NRI is −2.0 to +2.0, the NRI of 
1.715 indicates excellent discriminative ability 
of the determinant-based classifi cation over the 
original Atlanta classifi cation. When the revised 
Atlanta classifi cation was compared with the 
original Atlanta classifi cation, a net 40.2 % 
(27/67 – 2/63) of the patients who died were 
reclassifi ed appropriately with the use of the 
revised Atlanta classifi cation in comparison with 
the original Atlanta classifi cation and a net 
37.1 % (61/63 – 40/67) of the patients who did 
not die were reclassifi ed appropriately with the 
use of the revised Atlanta classifi cation in com-
parison with the original Atlanta classifi cation. 
The NRI of the three category revised Atlanta 
classifi cation calculated by adding 0.402 to 
0.371 (0.402 + 0.371 = 0.773). The data pre-
sented above indicate that, while the revised 
Atlanta classifi cation offers some improvement 
in comparison with the original Atlanta classifi -
cation, the discriminative ability of the determi-
nant-based classifi cation appears to be superior 
to the one offered by the revised Atlanta 
classifi cation.

       Future Directions 

 The defi nition of severity should be based on 
 factors that determine severity and so further 
improvements in the defi nition of severe AP will 
require a greater understanding on determinants 
of severity. These improvements will come from 
a clear identifi cation of clinical research priori-
ties, examples of which follow.
    1.    While pancreatic necrosis is accepted as a 

determinant of severity, there is no agreement 
as to the extent of hypoperfusion on CT scan-
ning that is required to diagnose necrosis. One 
third of the global survey of pancreatologists 
considered that the diagnosis of necrosis on 
initial (early) CT required detection of  any  
hypoperfusion and another one third consid-
ered that it needed hypoperfusion of more 
than 30 % of the pancreas [ 20 ]. Further radio-
logical studies should defi ne the protocol and 
criteria for the diagnosis of pancreatic necro-
sis on CT scan. This is important for deter-
mining the real prevalence of pancreatic 
necrosis and standardized reporting of clinical 
studies in AP.   

   2.    Given that the development of pancreatic 
necrosis occurs over the fi rst few days of 
admission to hospital [ 25 ], further research is 
required to determine the optimal timing of 
CT scanning to delineate the extent of pancre-
atic necrosis.   

 Mortality  No mortality  Total 

 Severity category  Mild  0  21  21 
 Moderate  2  61  63 
 Severe  20  39  59 
 Critical  7  1  8 

 Total number  29  122  151 
 Reclassifi ed (%)  31.0  50.1  81.1 
 Net correct classifi cation (%)  87.2  84.3 
 NRI a   1.715 

   a NRI = (Prob [being correctly reclassifi ed to a higher-risk category/event] − Prob [being 
incorrectly reclassifi ed to a lower-risk category/event]) + (Prob [being correctly reclas-
sifi ed to a lower-risk category/non-event] − Prob [being incorrectly classifi ed to a 
higher-risk category/nonevent])  

    Table 4.4    Calculation 
of the net reclassifi cation 
improvement (NRI) [ 24 ] 
for mortality in acute 
pancreatitis using the 
determinant-based 
classifi cation of acute 
pancreatitis severity 
compared with the original 
Atlanta classifi cation  
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   3.    Given that MR is preferable for the estimation 
of the amount of solid necrosis within post- 
necrotic fl uid collections, and that open MR 
scanners (three-sided and more useful in criti-
cally ill patients) are becoming more avail-
able, it is going to be necessary to determine 
whether MR scanning should be used as the 
imaging modality of choice. In that case we 
are going to need to determine whether con-
trast MR is as good or better than CT in deter-
mining hypoperfusion.   

   4.    The presence of (peri)pancreatic necrosis is a 
signifi cant determinant of severity, especially 
when infected. This presents a challenge for 
its diagnosis since CT scanning and fi ne nee-
dle aspiration for bacteriological culture are 
less frequently performed [ 1 ]. CT scanning is 
rarely required for the diagnosis of AP and it 
confers no advantage in predicting the sever-
ity of AP [ 26 ]. Fine-needle aspiration to diag-
nose infected pancreatic necrosis is rarely 
required as the decision for intervention is 
based primarily on the patient’s clinical trajec-
tory and not on the result of a bacteriological 
culture. These trends mean that another 
research priority is the identifi cation of reli-
able and accurate surrogate markers of 
infected pancreatic necrosis.   

   5.    There is no agreement about    the relative 
importance of pancreatic necrosis and peri-
pancreatic necrosis as determinants of sever-
ity. While the majority of patients with 
necrotising pancreatitis develop both pancre-
atic necrosis and peripancreatic necrosis, it is 
known that some patients develop pancreatic 
necrosis alone and others peripancreatic 
necrosis alone. There is a growing body of 
evidence that peripancreatic necrosis alone 
contributes to severity, but no study has 
directly compared it with pancreatic necrosis 
alone. Therefore, a clinical study is warranted 
to compare the outcomes of patients with peri-
pancreatic necrosis alone versus those with 
pancreatic necrosis alone.   

   6.    While the importance of OF in patients with 
AP has been well recognized since the 
Marseilles classifi cation of severity in 1984, 
recent studies have demonstrated that the 

duration of OF rather than its mere presence 
or absence is of importance. However, those 
studies used an arbitrary threshold of 48 h or 
three consecutive days or more to defi ne per-
sistent OF. Further research is needed to 
establish a minimal clinically meaningful 
duration of OF. In particular, it is worth estab-
lishing the risk of mortality in patients with 
AP who have OF for two consecutive days or 
more, and whether it is signifi cantly lower in 
comparison with those who have it for three 
consecutive days or more.   

   7.    The contribution of the failure of individual 
organs to severity has not been determined, or 
whether the sequence of organ failure is 
important in determining severity. Further 
research is required in this area, as well.   

   8.    There is also no agreement as to the best 
method for diagnosing OF. Half of the respon-
dents to the global survey prefer to diagnose 
individual OFs separately using a certain 
threshold and half of them prefer to use a 
composite score (e.g., SOFA or Marshall) 
[ 20 ]. The use of a composite organ dysfunc-
tion score appears favorable from a research 
perspective, but further studies have to inves-
tigate whether it presents any advantages in 
routine clinical practice.   

   9.    Further studies are also warranted to investi-
gate the effect of timing of OF on outcomes in 
AP, in particular whether “early” OF is more 
ominous in comparison with “late” OF. The 
three single-center studies available in the lit-
erature are inconclusive and suffer from sev-
eral important fl aws. Further studies, 
preferably prospective studies from multiple 
international centers, are warranted to answer 
this important question.      

    Conclusion 

 Signifi cant progress has been made in defi ning 
the severity of AP, and this will no doubt continue. 
Differences between current classifi cations are 
expected as they are derived by different method-
ologies and based on different concepts of the dis-
ease. Sound prospective validation and utility 
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studies are now required to provide confi dence in 
both clinical and research settings that the defi ni-
tions of AP severity have the necessary accuracy 
to improve decision making. In the words of a 
doyen of pancreatology, Charlie Frey, “the fi nal 
test of the value of a particular classifi cation sys-
tem of pancreatitis will be whether it improves 
communication and advances our understanding 
of the disease and its management” [ 27 ].     
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           Introduction 

 Acute pancreatitis is currently the leading cause 
of gastrointestinal-related hospital admissions 
[ 1 ]. Approximately 80 % of patients who develop 
acute pancreatitis, regardless of etiology, have 
mild disease. The remaining patients develop 
severe disease characterized by end organ failure 
and/or necrosis of the pancreatic parenchyma or 
peripancreatic fat [ 2 – 4 ]. In mild interstitial dis-
ease mortality is about 3 % and reaches 17 % in 
patients who develop gland necrosis [ 4 ]. Organ 
failure, a consequence of the systemic infl amma-
tory response incited by an insult to the pancreas, 
is an integral part of the defi nition of severe disease. 
Patients who develop multisystem organ failure 

have signifi cantly increased mortality rates 
 sometimes surpassing 60 % [ 5 – 8 ]. 

 Predicting disease severity in acute pancreati-
tis has been an area of increasing interest over the 
past few decades. This has been driven by the fact 
that acute pancreatitis is a highly variable physi-
ologic process that can lead to a broad range of 
clinical outcomes. These outcomes range from 
mild, self-limited disease to a systemic infl am-
matory process that can progress to organ failure 
and mortality. Moreover, local complications can 
develop, including acute fl uid collections, gland 
and peripancreatic necrosis, and portosplenomes-
enteric venous thrombosis. Infection of necrosed 
tissue, which can occur later in the disease course, 
contributes signifi cantly to mortality [ 4 ,  7 ,  9 ]. 
Identifying patients at risk for these severe com-
plications is therefore crucial for modifying 
clinical outcomes. The early recognition of disease 
severity enables clinicians to tailor medical man-
agement and transition patients to the appropriate 
level of care [ 4 ].  

    Risk Factors 

 A thorough clinical assessment plays a key role 
in the overall risk stratifi cation of patients with 
acute pancreatitis as pre-existing clinical comor-
bidities serve as risk factors for the development 
of organ failure and mortality.  Obesity  is a 
comorbid condition that has been extensively 
studied as a risk factor for the development of 
both local and systemic disease complications 
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[ 10 – 12 ]. Patients with a body mass index (BMI) 
>=30 have been shown to be at a signifi cantly 
increased risk for organ failure, pancreatic 
necrosis, and mortality [ 10 ]. These observations 
have been supported by histological studies 
demonstrating that patients with a higher BMI, 
and therefore a higher percentage of intra-
pancreatic fat, develop more severe disease. 
Additionally in vitro studies utilizing pancreatic 
acinar cells have demonstrated that unsaturated 
fatty acids induce the generation of infl amma-
tory mediators that can ultimately lead to cell 
death. These fi ndings suggest a role for lipotox-
icity in propagating systemic infl ammation [ 13 ]. 

 Other risk factors that have been evaluated as 
clinical predictors of disease severity include 
age, sex, and medical comorbidities. In a large 
retrospective study, male sex, increased age 
(>65 years), and the number of chronic medical 
comorbidities were shown to be signifi cantly 
associated with early mortality. The medical con-
ditions found to predispose patients to early mor-
tality included malignancy, heart failure, chronic 
kidney disease, and liver disease [ 14 ]. Increased 
age (>=70 years) was shown to be a signifi cant 
risk factor for the development of organ failure 
and mortality in another retrospective study [ 15 ]. 
Moreover, patients who consume more than two 
alcoholic drinks per day are at an increased risk 
for developing pancreatic necrosis [ 16 ]. Although 
genetic testing is still not utilized in daily clinical 
practice, pilot studies have assessed several sin-
gle nucleotide polymorphisms as risk factors for 
severe acute pancreatitis. A common polymor-
phism in the promoter of the monocyte chemo-
tactic protein-1 (MCP-1) gene, namely the 
MCP-1-2518 G allele, has been shown to increase 
the risk for organ failure [ 17 ]. 

 Clinical risk factors should thus be identifi ed 
by means of a detailed history taking and physi-
cal examination. This provides the initial assess-
ment and preliminary risk stratifi cation in patients 
presenting with acute pancreatitis. Studies evalu-
ating the ability of clinical assessment alone in 
predicting severe disease, found clinical judg-
ment to have a high specifi city with sensitivities, 
however, below 50 % [ 18 ,  19 ].  

    Clinical Scoring Systems 

 Following the initial clinical assessment, further 
risk stratifi cation can then be implemented by 
utilizing clinical scoring systems for the predic-
tion of disease severity. Over the past three 
decades, a myriad of such clinical scores have 
been developed and validated in different cohorts 
of patients with acute pancreatitis. Several of 
these scoring systems have been utilized to triage 
patients in clinical practice. Moreover, they have 
been used extensively in research to identify 
patients at risk for severe disease. Here we dis-
cuss the main clinical scoring systems available 
to date and review their performance characteris-
tics (Table  5.1 ).

   The fi rst clinical scoring system for the predic-
tion of disease severity in acute pancreatitis was 
developed by Ranson and colleagues in 1974. See 
also Chap.   7    . This scoring system represented a 
landmark in the fi eld as prior assessment of 
patients with acute pancreatitis was based solely 
on clinical judgment. The Ranson score incorpo-
rated objective laboratory and clinical data col-
lected upon initial presentation and within the 
following 48 h [ 20 ,  21 ]. The 11 prognostic param-
eters utilized in the Ranson score were selected, 
based on a statistical analysis, from among 43 
variables in a retrospective cohort of 450 patients.  
When evaluated in a study of 386 patients who 
presented with an initial attack of acute pancreati-
tis, a Ranson score of >=3 was found to be asso-
ciated with a mortality of 15 %. A score of >=6 
was associated with 40 % mortality [ 22 ]. A meta-
analysis evaluating 110 clinical trials that utilized 
the Ranson score for predicting disease severity 
showed it to be a moderately accurate predictor 
with performance characteristics similar to those 
of clinical judgment [ 23 ]. The 48 h needed to 
complete the score also posed a signifi cant limita-
tion in that this time interval during the early 
stages of the disease course is critical for optimiz-
ing medical intervention and allocating patients to 
the appropriate level of care [ 4 ]. 

 A more rigorous scoring system, the Acute 
Physiology and Chronic Health Evaluation II 
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(APACHE-II), was subsequently developed in 
1989 and has been utilized extensively in assess-
ing disease severity in acute pancreatitis. In addi-
tion to encompassing a broad range of clinical 
data including vital signs, blood studies, and a 
neurologic assessment, the APACHE-II score 
also took into account chronic illness [ 18 ]. In 
contrast to the Ranson score, it can be calculated 
on admission and updated daily during the hospi-
talization, thus allowing for closer monitoring of 
the clinical course and response to therapy. The 
main drawbacks of the APACHE-II score are its 
complexity and the fact that it is not pancreatitis- 
specifi c, as it was designed for patients requiring 
critical care. Moreover, it is cumbersome to cal-
culate on a daily basis and some of the variables 
incorporated into the score are not routinely 
recorded outside of the intensive care unit. 

 Another pancreatitis-specifi c score, similar to 
the Ranson score in that it requires 48 h to be 

calculated, is the Glasgow score [ 24 ]. In well- 
designed, prospective studies performed 
approximately 20 years ago, the Ranson, 
Glasgow, and APACHE II scoring systems were 
found to have similar accuracies in predicting 
severity in acute pancreatitis [ 18 ,  25 ,  26 ]. 
Following these studies, research on clinical 
scoring systems subsided for about a decade. 

 Scoring systems, however, have regained sig-
nifi cant attention in recent years with a focus on 
the development of simple scores that are easy to 
calculate and apply clinically. The systemic 
infl ammatory response syndrome (SIRS), based 
on four clinical parameters, has been long estab-
lished as a physiologic clinical response that is 
induced by nonspecifi c insults to the body [ 27 ]. 
The four parameters include: temperature (<36 or 
>38 °C), heart rate (>90 beats/min), respiratory 
rate (>20 respirations/min or PaCO 2  < 32 mmHg), 
and white blood cell count (<4,000/mm 3 , 

   Table 5.1    Clinical scoring systems, year of initial report, and associated parameters a    

 Scoring system  Year  Parameters 

 APACHE-II b   1989   Admission & 48 h : temperature, MAP, heart rate, respiratory rate, PaO 2 , arterial pH, 
HCO 3 , sodium, potassium, creatinine, hematocrit, WBC, Glasgow Coma Score, age, 
chronic health points 

 BISAP  2008   Admission & 48 h : BUN (>25 mg/dL), impaired mental status (Glasgow Coma 
Score < 15), SIRS (>=2), age (>60 years), pleural effusion 

 Glasgow  1984   Admission & 48 h : age (>55 years), WBC (>15,000/mL), glucose (>180 mg/dL), 
BUN (>45 mg/dL), PaO 2  (<60 mmHg), calcium (<8 g/dL), albumin (<3.2 g/dL), 
LDH (>600 IU/L) 

 HAPS  2009   Admission & 48 h : abdominal tenderness, hematocrit (>43 mg/dL for men or 
>39.6 mg/dL for women), creatinine (>2 mg/dL) 

 JSS  2009   Admission & 48 h : base excess (<=3 mEq/L), PaO 2  (<=60 mmHg or respiratory 
failure), BUN (>=40 mg/dL) or Cr (>=2 mg/dL), LDH (>=2x upper limit of 
normal), platelet (<=100,000/mm 3 ), calcium (<=7.5 mg/dL), CRP (>=15 mg/dL), 
SIRS (>=3), age (>=70 years) 

 Panc3  2007   Admission & 48 h : hematocrit (>44 mg/dL), BMI (>30 kg/m 2 ), pleural effusion 
 POP b   2007   Admission & 48 h : age, MAP, PaO 2 :FiO 2 , arterial pH, BUN, calcium 
 Ranson  1974   Admission : age (>55 years), WBC (>16,000/mL), glucose (>200 mg/dL), LDH 

(>350 IU/mL), AST (>250 IU/mL) 
  48 h : hematocrit (decrease > 10 %), BUN (increase > 5 mg/dL), calcium (<8 mg/dL), 
PaO 2  (<60 mmHg), base defi cit (>4 mEq/L), fl uid sequestration (>6 L) 

 SIRS  2006   Admission & 48 h : temperature (<36 or >38 °C), heart rate (>90/min), respiratory 
rate (>20/min or PaCO 2  < 32 mmHg), WBC (<4,000/mm 3 , >12,000/mm 3  or >10 % 
bands) 

   BMI  body mass index,  WBC  white blood cell count,  BUN  blood urea nitrogen,  MAP  mean arterial pressure,  PaO   2   partial 
pressure of oxygen,  FiO   2   fraction of inspired oxygen,  LDH  lactate dehydrogenase,  CRP  C-reactive protein 
  a Scores are presented in alphabetical order. Reprinted from [ 40 ], with permission from Elsevier 
  b Parameter cut-offs were not indicated for the APACHE-II and POP scores due to the fact that these scores utilize 
value ranges  

5 Clinical Predictors



60

>12,000/mm 3  or >10% bands). In recent years 
SIRS, which precedes the development of organ 
failure, has been further investigated as a prog-
nostic clinical score in acute pancreatitis. In a pro-
spective study of 121 patients with acute 
pancreatitis predicted to have a severe course of 
disease based on an APACHE-II score >=6, early 
organ dysfunction was found to be signifi cantly 
associated with mortality. Moreover, the presence 
of SIRS (score of >=2) on admission, at 24 h, 
48 h, and persistent SIRS (SIRS present through-
out the initial 48 h), were also signifi cantly associ-
ated with mortality [ 28 ]. A subsequent large 
retrospective study reaffi rmed persistent SIRS to 
be strongly associated with mortality [ 29 ]. Given 
the readily available parameters used for calculat-
ing the SIRS score, its simplicity, ability to be cal-
culated daily, and strong correlation with poor 
clinical outcomes, monitoring for the persistence 
of SIRS has been recommended in recent man-
agement guidelines for the prediction of disease 
severity in acute pancreatitis [ 30 ]. 

 In light of this data, studies assessing medical 
intervention targeted at abrogating systemic 
infl ammation were performed in an attempt to 
improve clinical outcomes. Early fl uid resuscita-
tion, for example, was shown to signifi cantly 
reduce both SIRS and organ failure in patients 
with acute pancreatitis. This also led to signifi -
cantly shorter hospitalizations and a decreased 
need for intensive care in these patients [ 31 ]. In a 
prospective pilot study, lactated Ringer’s was 
found to be more effective than normal saline in 
reducing systemic infl ammation [ 32 ]. 

 SIRS has also been incorporated into a more 
recently developed clinical scoring system for 
predicting overall prognosis in acute pancreati-
tis. The Bedside Index of Severity in Acute 
Pancreatitis (BISAP) includes fi ve clinical 
parameters, one of which is SIRS >= 2. These 
fi ve parameters are: age >60 years, blood urea 
nitrogen >25 mg/dL, SIRS >= 2, impaired men-
tal status with a Glasgow Coma Score <15, and 
presence of pleural effusions [ 33 ]. A BISAP 
score >=3, calculated within 24 h of admission, 
was shown to be signifi cantly associated with 
both the development of organ failure and pan-
creatic necrosis in a large prospective study [ 34 ]. 

In a follow-up prospective study, the BISAP 
score had a similar accuracy in predicting the 
development of organ failure, pancreatic necro-
sis, and mortality when compared to the Ranson 
score and APACHE-II [ 35 ]. 

 Panc 3, another simple clinical scoring sys-
tem, was developed at about the same time as the 
BISAP score and included three clinical parame-
ters (hematocrit >44 mg/dL, BMI > 30 kg/m 2 , and 
pleural effusions), which had each individually 
been shown to predict severe disease [ 36 ]. The 
harmless acute pancreatitis score (HAPS) was 
also recently developed in Germany. This scoring 
system is unique in that it was designed to iden-
tify patients expected to have a mild course of 
disease. Moreover, it only incorporates three 
parameters: abdominal tenderness, hematocrit 
>43 mg/dL for men or >39.6 mg/dL for women 
and creatinine >2 mg/dL. In a prospective study 
that had a validation cohort, absence of these 
parameters identifi ed patients with uncompli-
cated acute pancreatitis with a specifi city of 97 % 
and a positive predictive value (PPV) of 98 % 
[ 37 ]. Other scoring systems that predict disease 
severity have also been recently reported includ-
ing the pancreatitis outcome prediction (POP) 
score and the new Japanese severity score [ 38 , 
 39 ]. The POP score incorporates six objectively 
weighted clinical variables obtained from patients 
admitted to the ICU [ 38 ]. The new Japanese 
severity score incorporates nine prognostic 
variables. 

 Overall, the studies performed to develop and 
validate the above mentioned clinical scoring 
systems are limited by heterogeneity between 
different populations and varying endpoints 
among the different studies. Some studies used 
the original Atlanta criteria for the assessment of 
disease severity, whereas others evaluated mor-
tality. A recent large dual-center study, conducted 
to compare all available clinical scoring systems 
in two prospective cohorts of patients with acute 
pancreatitis, found all the above described clini-
cal scoring systems to have comparable perfor-
mance characteristics with only modest overall 
accuracies among all the scoring systems. 
Performance characteristics of the various scoring 
systems from the training cohort of this study are 
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presented in Table  5.2 . Furthermore, combining 
these scoring systems in order of increasing com-
plexity as part of predictive rules in an attempt to 
improve predictive accuracy yielded no signifi -
cant improvement in their performance charac-
teristics. This highlighted the limitations of 
clinical scoring systems in prognosticating dis-
ease severity and suggested that these scoring sys-
tems have reached their maximal predictive 
capacity. This may be due to the fact that in the 
majority of clinical scoring systems clinical 
parameters are converted from continuous to 
dichotomous values [ 40 ].

       Laboratory Markers 

 Multiple laboratory markers have also been 
evaluated individually as predictive markers of 
disease severity including hematocrit, blood urea 
nitrogen (BUN), creatinine, and C-reactive pro-
tein (CRP) levels [ 4 ]. Serum hematocrit, which 
serves as a surrogate marker for intravascular 
volume, has been evaluated in several studies as a 
predictor of pancreas necrosis and organ failure 
[ 41 – 43 ]. Pancreatic necrosis has been attributed 
to an increase in vascular permeability; a conse-
quence of the systemic infl ammatory process that 
can be induced by pancreatic injury. This increase 
in vascular permeability leads to a decrease in 
intravascular volume, an increase in blood viscos-
ity, and thus an impairment in microcirculation 

within the pancreatic parenchyma resulting in 
tissue necrosis [ 3 ,  4 ,  44 ,  45 ]. In a landmark study 
performed in 1998 comparing patients with pan-
creas necrosis to those with mild acute pancreati-
tis, both a hematocrit >=47 % on admission and 
failure to decrease the hematocrit within the fi rst 
24 h were both found to be signifi cantly associ-
ated with the development of necrosis [ 41 ]. In a 
follow-up prospective study by the same group, a 
serum hematocrit of >=44 % upon admission 
and failure to decrease the hematocrit level with 
intravenous hydration within the fi rst 24 were 
found to be signifi cant predictors of both pan-
creas necrosis and organ failure [ 42 ]. In a subse-
quent prospective study of patients with a fi rst 
attack of acute pancreatitis, hemoconcentration at 
different cut-off values was found to be signifi -
cantly associated with length of hospitalization 
and length of ICU stay, but not with the develop-
ment of organ failure or morality. Performance 
characteristics of hemoconcentration were compa-
rable to the Ranson and Glasgow scores in this 
study [ 43 ]. 

 BUN serves as another surrogate marker for 
intravascular volume and catabolic states. As 
such, the relationship between hemoglobin and 
BUN, as well as their performance characteris-
tics, were evaluated in an observational study that 
incorporated retrospectively collected data from 
69 hospitals in the U.S. Rising BUN levels within 
the fi rst 48 h of hospitalization were found to be 
signifi cantly associated with mortality. This relation-

   Table 5.2    Comparison of sensitivity, specifi city, positive 
predictive value (PPV), negative predictive value (NPV), 
and overall accuracy determined by area under the curve 

(AUC) for each scoring system at the specifi ed score 
 cut-off. These values are obtained from the training cohort 
( n  = 256) in this study a    

 Score  Cut-off  Sensitivity  Specifi city  PPV  NPV  AUC 

 APACHE-II  7  0.84 (±0.11)  0.71 (±0.06)  0.49 (±0.11)  0.93 (±0.08)  0.77 (±0.07) 
 BISAP  2  0.61 (±0.20)  0.84 (±0.04)  0.54 (±0.10)  0.87 (±0.10)  0.72 (±0.10) 
 Glasgow  2  0.85 (±0.08)  0.83 (±0.07)  0.61 (±0.06)  0.95 (±0.05)  0.84 (±0.06) 
 HAPS  1  0.70 (±0.11)  0.53 (±0.21)  0.32 (±0.11)  0.85 (±0.13)  0.62 (±0.06) 
 JSS  2  0.59 (±0.13)  0.92 (±0.05)  0.70 (±0.16)  0.88 (±0.07)  0.76 (±0.07) 
 Panc3  1  0.76 (±0.15)  0.52 (±0.05)  0.34 (±0.11)  0.87 (±0.11)  0.64 (±0.06) 
 POP  9  0.57 (±0.15)  0.76 (±0.06)  0.43 (±0.16)  0.85 (±0.08)  0.67 (±0.09) 
 Ranson  2  0.66 (±0.09)  0.78 (±0.10)  0.49 (±0.17)  0.88 (±0.08)  0.72 (±0.06) 
 SIRS  2  0.70 (±0.18)  0.71 (±0.04)  0.43 (±0.10)  0.88 (±0.11)  0.70 (±0.10) 

   a Adapted from [ 40 ], with permission from Elsevier  
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ship, however, did not hold true for hemoglobin. 
BUN levels upon admission and changes in BUN 
over time were found to be independent predic-
tors of mortality with each 5 mg/dL rise in BUN 
leading to an increase in the odds ratio for mor-
tality of 2.2. When compared to other laboratory 
parameters (calcium, hemoglobin, creatinine, 
white blood cell count, and glucose) BUN was 
found to have the highest accuracy of predicting 
in-hospital mortality with an area under the curve 
(AUC) of 0.90 [ 46 ]. In patients with pancreas 
necrosis, elevated BUN correlated with both pro-
longed ICU stay and mortality [ 47 ]. An interna-
tional multicenter validation study further 
supported the role of BUN in predicting mortal-
ity. A BUN >= 20 mg/dL upon admission was 
associated with an odds ratio of 4.6 for mortality. 
When BUN was measured serially during hospi-
talization, it was also found to be comparable to 
both creatinine and the APACHE-II score in pre-
dicting mortality with an AUC of 0.80. A decline 
in BUN of >=5 mg/dL with fl uid resuscitation 
led to a signifi cant decrease in mortality [ 48 ]. 

 Comparison of admission hematocrit, BUN, 
and serum creatinine in a prospectively enrolled 
cohort of 129 patients found all three parameters 
to be signifi cantly associated with pancreas necro-
sis. A peak serum creatinine >1.8 mg/dL during 
the fi rst 48 h of hospitalization was associated 
with the highest odds ratio (OR) for the develop-
ment of necrosis (OR = 35) [ 49 ]. A follow- up 
study revealed a lower sensitivity and PPV and 
comparable specifi city and negative predictive 

value (NPV) for the prediction of pancreas necro-
sis [ 50 ]. The differences in these results have been 
attributed to differences in the populations 
between the two studies; the index study popula-
tion had a higher prevalence of pancreas necrosis 
that was driven by a referral bias of transferred 
patients with more severe disease [ 51 ]. 

 CRP is a widely available and inexpensive 
marker of systemic infl ammation that has been 
studied as a predictor of disease severity in acute 
pancreatitis [ 52 ]. In a retrospective study, a CRP 
level measured at 48 h was found to be a moder-
ately accurate prognostic marker for severe dis-
ease. CRP levels predicted the development of 
organ failure, pancreas necrosis, and inpatient 
mortality with AUCs ranging from 0.7 to 0.81. 
Cut-off values used for these endpoints were 
190 mg/L, 190 mg/L, and 170 mg/L, respectively 
[ 53 ]. Urine trypsinogen-2, urine trypsinogen acti-
vation peptide, and interleukin-6 have also been 
evaluated for assessing disease severity in acute 
pancreatitis. These tests, however, have yet to be 
established in clinical practice [ 54 ,  55 ].  

    Radiographic Scores 

 Several radiographic scoring systems utilizing 
computed tomography (CT) have been proposed 
over recent years for the assessment of disease 
severity (Table  5.3 ). See also Chap.   6    . The 
Balthazar CT score, the fi rst radiographic score 
developed in 1985, graded severity based on the 

   Table 5.3    Radiographic scoring systems, year of initial report, and associated parameters   

 Radiographic score  Year  CT parameters 

 Balthazar Score [ 57 ]  1985  Gland enlargement, peripancreatic infl ammatory changes, 
fl uid collections, gas within or around the pancreas 

 CT Severity Index (CTSI) [ 62 ]  1990  Peripancreatic infl ammation, pancreas necrosis, phlegmon 
formation 

 Extrapancreatic Score (EP) [ 60 ]  1985  Extrapancreatic fi ndings 
 Extrapancreatic Infl ammation 
on CT (EPIC) [ 61 ] 

 2007  Pleural effusion, ascites, retroperitoneal infl ammation 

 Mesenteric Edema and 
Peritoneal Fluid (MOP) [ 59 ] 

 2003  Mesenteric edema, peritoneal fl uid 

 Pancreas Size Index (PSI) [ 58 ]  1989  Anteroposterior dimensions of the pancreas head and body 
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presence or absence and number of fl uid collec-
tions on initial non-contrasted CT. Patients found 
to have fl uid collections on CT had a higher mor-
bidity and mortality than those without [ 56 ,  57 ]. 
Other scoring systems based on non-contrasted 
CT scan fi ndings include: the pancreatic size index 
(PSI), mesenteric edema and peritoneal fl uid 
(MOP), extrapancreatic (EP), and extrapancreatic 
infl ammation on CT (EPIC) scores [ 58 – 61 ]. The 
more recent CT severity index (CTSI) is based 
upon contrast-enhanced CT and thus incorporates 
infl ammatory changes with the presence or 
absence of pancreatic necrosis to generate a 
numeric score [ 62 ]. In a large prospective study 
comparing the performance characteristics of 
CTSI (obtained within 48 h) to the Ranson, 
APACHE-II, and BISAP scores, these scores were 
found to perform comparably. The CTSI score, as 
expected, had the highest accuracy for predicting 
pancreatic necrosis [ 35 ]. More recently, a study 
evaluating the accuracy of several radiographic 
scoring systems, including the CTSI score on the 
day of admission to the BISAP and APACHE-II 
scores, found no signifi cant differences in the pre-
diction of disease severity or overall mortality. 
Based on the comparable performance character-
istics found in this study, it was recommended that 
CT scans not be obtained upon admission for the 
purpose of assessing disease severity [ 63 ].

       Conclusion 

 Despite extensive research over the past few 
decades, a highly accurate clinical scoring sys-
tem, laboratory marker, or radiologic score for 
predicting disease severity in acute pancreatitis 
has yet to be developed. This likely refl ects 
underlying defi ciencies in the scientifi c and sta-
tistical processes used to develop these scores, as 
well as the complexity and heterogeneity of this 
disease. Overall, the above approaches can only 
predict severe disease with moderate accuracy. 
The authors’ recommendations to clinicians are 
therefore to assess host risk factors (i.e., age, 
presence of obesity, alcohol use) and utilize labo-
ratory values and simple scoring systems in the 
early phase of acute pancreatitis both for risk 

stratifi cation upon admission and to assess the 
response to therapy within the fi rst 24–48 h [ 30 ]. 
This is summarized as follows:
    1.    A BUN level of >=20 mg/dL upon admis-

sion, or failure to decrease after 24 h despite 
adequate resuscitation, places patients at sig-
nifi cant risk for mortality.   

   2.    A peak Cr level of >1.8 mg/dL within the 
fi rst 48 h should raise concern for pancreatic 
necrosis, even in patients that do not require 
ICU admission.   

   3.    Presence of systemic infl ammatory response 
syndrome (SIRS score >=2) on admission 
and persistence of SIRS for 24–48 h despite 
adequate fl uid resuscitation is highly predic-
tive of the development of organ failure.    
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           Introduction 

 Acute pancreatitis is a common cause for 
 hospitalization in the Western world. Fortunately, 
most patients with acute pancreatitis follow a 
mild clinical course without signifi cant compli-
cations [ 1 ,  2 ]. Imaging in these patients is rarely 
necessary aside from establishing the cause of 
pancreatitis, i.e., an ultrasound on admission is 
often requested for assessment of biliary stones. 
However, about one-quarter of patients develop 
clinically severe acute pancreatitis accompanied 
by prolonged hospitalization with high morbidity 
and mortality rates [ 1 – 3 ]. These patients are 
responsible for most of the healthcare expenses 
in acute pancreatitis that include the need for 
repeated imaging. Despite increased knowledge 
of the pathophysiology and natural course of 
acute pancreatitis and notwithstanding the 
improvements in imaging techniques and critical 
care, mortality rates in severe acute pancreatitis 
have been unchanged. Given these differences in 
length of hospitalization and intensive care stay, 
the differences in morbidity and mortality and in 
healthcare costs, a continuous effort for more 
than four decades has been made to develop a 
prognostic multifactorial scoring system (based 

on clinical, biochemical, and/or imaging 
 parameters) for accurate severity stratifi cation, 
preferably during the fi rst days of admission. 

 Early severity stratifi cation is deemed impor-
tant for several reasons. Identifi cation of patients 
with the highest morbidity and mortality is criti-
cal because these patients may benefi t most from 
timely transfer to the intensive care unit or ter-
tiary referral centers for supportive treatment or 
for targeted therapy (i.e., endoscopic intervention 
or enteral feeding). In addition, stratifi cation is 
essential for reliable interinstitutional compari-
son of new methods of therapy and for inclusion 
of patients in randomized trials [ 2 ,  4 ]. 

 This chapter will review existing radiologic 
prognostic systems with their respective advan-
tages and limitations and addresses imaging fea-
tures of acute pancreatitis with an emphasis on 
the prognostic signifi cance of specifi c fi ndings 
that impacts patient management.  

    Overview of Imaging Modalities 

 Multidetector computed tomography (MDCT) 
is the most widely available imaging modality 
and is the standard for the evaluation of acute 
pancreatitis [ 2 ,  5 ]. Other imaging modalities 
that are used for evaluation of acute pancreatitis 
include endoscopic and transabdominal ultra-
sound and magnetic resonance imaging (MRI). 
Imaging in acute pancreatitis is performed for 
several reasons that include confi rmation of the 
diagnosis, detection of gallstones or biliary 
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obstruction, assessment of severity of disease, 
and evaluation of complications related to acute 
pancreatitis [ 5 – 7 ]. 

    Ultrasound 

 Ultrasound has only limited value in the assess-
ment of acute pancreatitis and its severity, 
because overlying bowel gas often obscures por-
tions of the pancreas. However, ultrasound has a 
high sensitivity for detecting gallstones and is 
useful for follow-up of established pancreatic 
fl uid collections [ 8 ].  

    Magnetic Resonance Imaging 

 The use of MRI in the assessment of acute 
 pancreatitis and its complications is gaining 
increasing acceptance. Indeed, MRI offers simi-
lar diagnostic capabilities compared with CT 
with better depiction of stones in gallbladder or 
common bile duct and better evaluation of 
the pancreatico- biliary ductal system [ 8 ,  9 ]. 
Additionally, MRI is more accurate than CT in 
characterizing the content of peripancreatic col-
lections that may aid in allowing appropriate 
drainage techniques to be used [ 10 ]. 
Disadvantages of MRI are its limited availability 
in an acute setting and that acquisition times are 
signifi cantly longer than with MDCT.  

    Computed Tomography 

 MDCT is the primary imaging modality used in 
the evaluation of patients with acute pancreatitis. 
Morphologic changes of the pancreas and peri-
pancreatic region are easily depicted on CT that 
allows for confi rmation of the diagnosis, for 
assessment of disease severity, and for evaluation 
of local pancreatic and extrapancreatic complica-
tions [ 11 ]. A monophasic CT protocol after intra-
venous contrast administration is usually 
adequate for assessment of acute pancreatitis [ 12 , 
 13 ]. Typically, scans are performed during the 
pancreatic phase (delay of 40–50 s) or portal 

venous phase (delay 60–70 s). Multi-phase 
 studies are recommended in case of hemorrhage, 
ischemia, or suspicion of an arterial pseudoaneu-
rysm [ 12 ,  13 ]. Major disadvantages of CECT 
remain the radiation exposure and the limited 
capability of differentiating fl uid from necrotic 
material in peripancreatic collections [ 10 ].   

    Radiologic Scoring Systems 

 Scoring systems related to CT are the most stud-
ied imaging test in acute pancreatitis [ 14 ]. Since 
the introduction of CT for diagnosis and severity 
assessment of acute pancreatitis in the 1980s, 
many imaging-based systems have been devel-
oped. In this section, the most relevant scoring 
systems will be reviewed in order of year of 
development. Determinants of most radiologic 
scoring systems include pancreatic changes, peri-
pancreatic features, and extrapancreatic features 
(Table  6.1 ). Severity assessment of acute pancre-
atitis by CT can be done using unenhanced 
(Schröder index, Balthazar grade, Pancreatic size 
index (PSI), MOP score, retroperitoneal exten-
sion grade, and EPIC score) or contrast-enhanced 
CT studies (CT severity index and Modifi ed CT 
severity index).

      Schröder Index 

 In 1985, Kivisaari and Schröder were among the 
fi rst to develop a CT scoring system for severity 
stratifi cation in acute pancreatitis based on pan-
creatic and extra-pancreatic fi ndings [ 15 ]. The 
pancreatic CT fi ndings include edema in part of 
the pancreas and edema of the entire pancreas. 
Extrapancreatic fi ndings include peritoneal fl uid, 
perirenal fat edema, mesenteric fat edema, pleu-
ral effusion, and bowel paralysis. Each of these 
fi ndings was assigned one point with a maximum 
score of 7. A total score of <4 correlates with pre-
dicted mild acute pancreatitis, and a score of 4 or 
more with predicted severe acute pancreatitis. 
This scoring system is relatively easy to apply 
and practical even among patients with renal fail-
ure when no intravenous contrast medium agents 
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can be administered. Limitations are that the 
presence of peritoneal fl uid (especially in female 
patients) and perirenal fat edema can be a normal 
fi nding (especially in the elderly).  

    Balthazar Grade 

 In 1985, Balthazar and colleagues developed a 
CT grading system based on the presence of 
pancreatic and peripancreatic changes into fi ve 
grades of severity, ranging from Grade A (nor-
mal pancreas) to Grade E (infl amed pancreas 
with two or more fl uid collections) (Fig.  6.1 ) 
[ 16 ,  17 ]. In their original report, Grade A and B 
correlated with mild uncomplicated clinical 
course with no mortality, whereas Grade D and 
E signifi ed severe disease with 54 % morbidity 
and 14 % mortality [ 16 ,  17 ]. These results have 
been confi rmed in subsequent studies by 
 diffe rent groups of investigators [ 18 – 20 ]. The 
advantages of the Balthazar grading system are 
that it can be applied at any point during 
the patient’s hospitalization and requires no 
iodinated contrast medium. Limitations are the 
subjective assessment of pancreatic enlargement 

   Table 6.1    CT determinants that constitute radiologic 
scoring systems   

  Pancreatic features  
 Subjective pancreatic enlargement 
 Pancreatic size index (PSI) a  
 Pancreatic parenchymal necrosis (presence and extent) 
  Peripancreatic features  
 Peripancreatic fat stranding 
 Peripancreatic fl uid collection (presence and number) 
 Perirenal edema 
 Mesenteric infl ammation 
 Retroperitoneal extension 
  Extrapancreatic features  
 Pleural effusion (presence, uni-, bilateral) 
 Ascites (presence and number of locations) b  
 Vascular complications (venous thrombosis, hemorrhage, 
arterial pseudoaneurysm) 
 Extrapancreatic parenchymal complications (infarction, 
hemorrhage, subcapsular fl uid collection) 
 Gastrointestinal complications (ileus, signs of ischemia, 
perforation, marked bowel wall thickening, intramural 
fl uid collection) 

   a PSI defi ned as multiplication of maximum anteroposte-
rior measurement of the pancreatic head and body. 
A score of <10 cm 2  is regarded as predicted mild pancre-
atitis and ≥10 cm 2  is regarded as predicted severe 
 pancreatitis [ 23 ] 
  b Ascites in either one of these locations: perihepatic, peri-
splenic, interloop, or in pelvis [ 41 ]  

  Fig. 6.1    ( a ) A 35-year-old man with acute pancreatitis 
(Balthazar Grade C). Unenhanced CT shows a swollen 
pancreatic tail ( white star ) with peripancreatic fat strand-
ing ( arrowheads ). ( b ) A 56-year-old man with acute 

 pancreatitis (Balthazar Grade E). Unenhanced CT shows a 
heterogeneous pancreas ( white stars ) surrounded by mul-
tiple peripancreatic collections ( arrowheads )       
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(corresponding to Grade B), the arbitrarily 
 chosen distinction between peripancreatic 
infl ammatory changes (“fat stranding”) and a 
peripancreatic collection (Grade C and D, 
respectively), and the need for counting peri-
pancreatic collections (differentiating Grade D 
from Grade E), all of which are associated with 
moderate interobserver agreement. Some 
authors maintain that Balthazar grading system 
simplifi es the retroperitoneal compartment 
rather than acknowledging the  different compo-
nents that constitute the retroperitoneum [ 21 ]. 
Another shortcoming (put forth by Balthazar 
himself) is that peripancreatic fl uid collections 
(Grade D and E) have a variable  natural history; 
in their study 54 % resolved spontaneously, 
whereas 46 % became infected necessitating 
intervention [ 16 ,  22 ].

       Pancreatic Size Index 

 The PSI was fi rst introduced in 1989 by London 
and colleagues [ 23 ]. The PSI (in cm 2 ) is calcu-
lated by multiplying the maximum anteroposte-
rior measurement of the head and body of the 
pancreas resulting in an objective assessment of 
pancreatic enlargement (as opposed to subjective 
assessment in other CT scoring systems, such as 
Schröder index, CT severity index [CTSI], and 
modifi ed CT severity index [MCTSI]). By using 
a cut-off of 10 cm 2  the authors found a sensitivity 
of 71 % and specifi city of 77 % for clinically 
severe attacks [ 23 ]. In several other studies these 
results were confi rmed [ 24 ,  25 ]. The underlying 
theory behind the PSI is that with increasing 
degree of pancreatic insult, the resultant swelling 
of the pancreas releases more toxic cytokines 
and pancreatic enzymes in the systemic circula-
tion and peripancreatic area, respectively. 
Advantage of the PSI is the evaluation of only 
one parameter. Like other CT scoring systems, 
PSI measurement does not require the adminis-
tration of intravenous contrast medium. Main 
limitation is that normal values of pancreatic size 
may vary considerably according to age and 
 previous attacks.  

    CT Severity Index 

 The advent of incremental dynamic bolus CT 
technique and faster scanning equipment in the 
early 1990s resulted in considerable improve-
ment of imaging assessment of acute pancreati-
tis; the use of intravenous contrast medium 
enabled to differentiate interstitial pancreatitis 
(with intact capillary network and homogeneous 
enhancement) from necrotizing pancreatitis (with 
portions of pancreas failing to enhance) [ 22 ]. In 
1990, Balthazar made his CT grading system 
more sophisticated by incorporating the presence 
and extent of parenchymal nonenhancement 
(corresponding to parenchymal necrosis) by 
using intravenous iodinated contrast medium 
[ 22 ]. The resulting CT scoring system (CT sever-
ity index or CTSI) combines the Balthazar grade 
(0–4 points) with the extent of pancreatic necro-
sis (0–6 points) on a 10-point severity scale 
(Table  6.2 ). The calculated CTSI can then be sub-
divided in three categories (CTSI 0–3, 4–6, and 
7–10; corresponding to predicted mild, moderate, 
and severe disease, respectively) that have subse-
quent increases in morbidity and mortality 
(Fig.  6.2 ). In the original study, patients with pre-
dicted mild disease (CTSI 0–3) had 8 % morbid-
ity and 3 % mortality (of note, no mortality 
occurred in patients with CTSI 0–2), patients 
with predicted moderate severe pancreatitis had 
35 % morbidity and 6 % mortality, and patients 
with predicted severe disease (CTSI 7–10) had 

   Table 6.2    CT severity index   

 Characteristics  Points 

  Pancreatic infl ammation  
 Normal pancreas  0 
 Focal or diffuse enlargement of the pancreas  1 
 Peripancreatic infl ammation  2 
 Single acute fl uid collection  3 
 Two or more acute fl uid collections  4 
  Pancreatic parenchymal necrosis  
 None  0 
 Less than 30 %  2 
 Between 30 and 50 %  4 
 More than 50 %  6 
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92 % morbidity and 17 % mortality [ 22 ]. CTSI, 
of all radiologic scoring systems, is the most 
studied system, and many reports from different 
groups of investigators confi rmed the utility of 
using CTSI in assessing patient outcomes [ 26 –
 29 ]. However, some have found only a modest 
correlation between presence and extent of pan-
creatic necrosis and organ failure [ 30 – 32 ], 
between pancreatic necrosis and extrapancreatic 
parenchymal and vascular complications [ 33 , 
 34 ], and between extent of parenchymal necrosis 
and clinical outcome (i.e., no signifi cant differ-
ences in patient outcome are observed in patients 
with 30–50 % necrosis versus those with >50 % 
necrosis) [ 35 ]. Other limitations are the moderate 
interobserver agreement due to the specifi c 
 categorization of the evaluation of pancreatic 
infl ammation and necrosis and the need for intra-
venous contrast agent.

        MOP Score 

 In 2003, King and co-authors tested a simple CT 
scoring system based on two CT features (mesen-
teric edema [MO] and peritoneal [P] fl uid; result-
ing in the MOP score) in a cohort of patients [ 36 ]. 
MOP score correlated well with disease severity, 
especially when both features were present. This 

scoring system is appealing because it is simple 
and easy to evaluate even for non-radiologists, 
requiring no intravenous contrast medium. 
However, in the original study, patients were 
included of whom CT was performed up to 10 
days after admission, limiting the predictive 
power of this scoring system.  

    Modifi ed CT Severity Index 

 In 2004, Mortele and colleagues modifi ed the 
existing CTSI accounting for the presumed 
shortcomings of this scoring system by incorpo-
rating extrapancreatic complications in the 
assessment and by simplifi cation of the evalua-
tion of peripancreatic collections and extent of 
parenchymal necrosis (Fig.  6.3 ) [ 26 ]. In the orig-
inal study including 66 patients, the MCTSI, 
compared with CTSI, more closely correlated 
with patient outcome (length of hospital stay, 
need for intervention, and organ failure) with 
similar interobserver agreement [ 26 ]. In a larger 
cohort, these promising results could not be 
reproduced (no signifi cant differences were 
observed between both CT scoring systems for 
the clinical  parameters evaluated; intensive care 
stay, need for intervention, persistent organ fail-
ure, infected necrosis, severity of disease, and 

  Fig. 6.2    ( a ) A 41-year-old man with acute pancreatitis 
(CTSI 4). Contrast-enhanced CT shows a normal enhanc-
ing pancreatic parenchyma ( white stars ) with more than 
two peripancreatic collections ( arrows ). ( b ) A 32-year-old 
man with acute necrotizing pancreatitis (CTSI 10). 

Contrast-enhanced CT shows extensive pancreatic nonen-
hancement ( white stars ), representing pancreatic necrosis. 
More than 50 % of the pancreatic volume is involved in 
the necrotic process. Peripancreatic collections (acute 
necrotic collections) are present ( arrowheads )       
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mortality) [ 37 ]. Possibly, because of the 
 simplifi cations, the MCTSI may be easier to 
assess by less experienced readers.

       Retroperitoneal Extension Grade 

 Traditionally, it was assumed that the retroperito-
neum consisted of three compartments (anterior 
pararenal space, perirenal space, and posterior 
pararenal space) demarcated by three well- 
defi ned fascia (anterior renal fascia, posterior 
renal fascia, and lateroconal fascia). New ana-
tomical insights are that each retroperitoneal fas-
cia is composed of multiple layers (i.e., fused 
leaves of embryonic mesentery), creating poten-
tial spaces (the retroperitoneal interfascial planes) 
that may serve both as a reservoir for decompres-
sion of rapidly accumulating fl uid collections (as 
in acute pancreatitis) and as a pathway for spread 
of an infi ltrating neoplasm or infl ammatory pro-
cess [ 38 – 40 ]. In 2006, Ishikawa and collabora-
tors used this new anatomic concept to design a 
CT grading system based on retroperitoneal 
extension of pancreatic fl uid along the retroperi-
toneal interfascial planes on a 5-grade severity 
scale [ 21 ]. In their study, patients with Grade 
I–III (extension of pancreatic fl uid from anterior 
pararenal space to the combined interfascial 
plane at the lower end of the perirenal space) had 

22 % morbidity and 0 % mortality, whereas 
patients with Grade IV–V (pancreatic fl uid 
extending from the subfascial plane, located 
between the posterior pararenal space and the 
transverse fascia, into the posterior pararenal 
space) had 92 % morbidity and 39 % mortality 
(Fig.  6.4 ) [ 21 ]. This grading system can be 
assessed on unenhanced CT studies, but requires 
advanced radiologic interpretative skills and may 
not be easy to use for routine clinical practice.

  Fig. 6.3    A 65-year-old woman with acute interstitial 
 pancreatitis (MCTSI 4). ( a ) Contrast-enhanced CT of the 
lung bases shows bilateral pleural effusion. ( b ) CT at the 
level of the pancreas shows a normal enhancing pancre-
atic parenchyma with little peripancreatic fat stranding 

( arrowheads ). The CT severity index is 2 (predicted mild 
pancreatitis), while the modifi ed CT severity index credits 
two extra points for pleural effusion (MCTSI 4, represent-
ing predicted moderate severe pancreatitis)       

  Fig. 6.4    A 49-year-old woman with acute pancreatitis 
(retroperitoneal extension grade V). Unenhanced CT shows 
extensive bilateral retroperitoneal infl ammatory changes 
due to acute pancreatitis ( arrows ) with extension to the left 
posterior pararenal space ( arrowheads ), representing the 
highest grade of retroperitoneal extension (Grade V)       
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       EPIC Score 

 The latest CT scoring system is the 
ExtraPancreatic Infl ammation on CT (EPIC 
score), developed in 2007, which measures 
exclusively extrapancreatic infl ammatory 
changes hypothetically regarded as CT signs of 
systemic infl ammation (presence of pleural effu-
sion, ascites, and retroperitoneal and mesenteric 
infl ammation on a 7-point severity scale) [ 41 ]. 
The EPIC score was validated in a small single- 
center study composed of 40 patients who 
received an abdominal CT within 24 h after 
admission and proved useful with an area under 
the receiver operating characteristics (AUC) 
curve for predicting severe disease and mortality 
of 0.91 (95 % confi dence interval, 0.83–0.99) and 
0.85 (95 % confi dence interval, 0.71–0.99), 
respectively [ 41 ]. However, this study was biased 
towards inclusion of a high incidence of severe 
disease and high need for surgical intervention.  

    Value of Radiologic Scoring 
Systems for Severity Prediction 

 Since over four decades, an exhaustive search for 
the ideal scoring system has been undertaken to 
identify patients at risk for severe acute pancre-
atitis early in the disease process to guide patient 
triage and management, and to improve patient 
outcome. An ideal prognostic scoring system 
should be simple and easy to use in clinical prac-
tice, widely available, objective, reproducible, 
suffi ciently accurate in differentiating mild from 
severe disease and applicable early in the disease 
process, preferably on day of admission, such 
that patients at risk for severe acute pancreatitis 
are more closely monitored or empirically treated 
(i.e., with tailored fl uid resuscitation). Many clin-
ical, biochemical, and imaging-based scoring 
systems have been developed but none fulfi lls all 
of the above-mentioned criteria. Several short-
comings are shared by all staging systems. The 
available staging systems were devised to iden-
tify groups of patients at risk of developing organ 
failure or clinically severe disease rather than 
identifying individual patients. Furthermore, 

about one fi fth of patients with potentially fatal 
severe pancreatitis are inappropriately identifi ed 
using the traditional scoring systems [ 42 ]. Indeed, 
scoring systems perform best at the extremes of 
the prediction range, while the discriminatory 
power is moderate at best in the middle predic-
tion range (i.e., the range where the clinician 
needs most assistance). Also, the variable timing 
of patient presentation to the hospital affects the 
clinical, laboratory, and imaging parameters 
explaining the variability in scores obtained. 
Finally, scoring systems (radiologic and bio-
chemical systems alike) do not correlate with the 
risk of particular extrapancreatic complications 
(e.g., abdominal compartment syndrome (ACS), 
bowel ischemia, or perforation or arterial pseu-
doaneurysm) and, therefore, fail to provide 
detailed information that impacts patient man-
agement on an individual basis. 

 Imaging-based systems have their specifi c 
shortcomings compared with clinical and bio-
chemical scoring systems. It is commonly known 
that severe acute pancreatitis may run a highly 
variable clinical course; it may manifest early 
with SIRS, organ failure, and death in the fi rst 
week or late with local complications demanding 
intervention [ 1 ,  2 ]. Biochemical scoring systems, 
compared with imaging-based systems, better 
correlate with early systemic effects of pancreatic 
injury (i.e., organ failure; the main determinant 
for severity of disease in the revised Atlanta 
Classifi cation) and, thus, are better in predicting 
clinical severity early in the disease course. 
Conversely, radiologic scoring systems are best 
in predicting late local complications (infected 
necrosis, need for intervention) [ 37 ,  42 ]. Second, 
radiologic scoring systems are based on visual 
estimation and, therefore, are subject to variable 
interpretation, whereas most biochemical scoring 
systems are derived from objective parameters. 
Third, radiologic scoring systems do not account 
for patients preexisting clinical status; such as 
age, comorbid disease, and obesity which are 
well-known prognostic factors for morbidity and 
mortality. Institution of preventative measures 
requires early identifi cation of patients with 
severe disease before the development of a com-
plication. However, the timing of the CT scan in 
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reports on the predictive power of radiologic 
scoring systems has varied from at admission to 
10 days after admission [ 14 ]. Conversely, clini-
cobiochemical scoring systems are mostly tested 
early in the clinical course (within the fi rst 
24–48 h), i.e., in a timeframe where severity 
stratifi cation is most useful. Finally, studies on 
imaging-based systems are biased toward more 
severe disease because patients with mild or min-
imal symptoms do not need cross-sectional imag-
ing for clinical management while biochemical 
scoring systems are tested and applicable in all 
patients presenting with acute pancreatitis. 

 Reports on the discriminatory power of 
 radiologic scoring systems all show a positive cor-
relation between the scoring system studied and 
patient outcome. However, because of the pro-
found lack of homogeneity in study design, differ-
ences in methodology used and the wide diversity 
in defi nitions for severe acute pancreatitis and 
clinical end points (e.g., variation in defi ning organ 
failure and systemic complications) comparison of 
these studies are rendered diffi cult [ 14 ]. A recent 
study comparing seven of the eight above-men-
tioned CT prognostic scoring systems on the day 
of admission accounted for these shortcomings by 
using defi nitions put forth by the working group 

on revising the Atlanta Classifi cation [ 43 ]. This 
study did not detect  signifi cant differences between 
the studied CT scoring systems in predicting clini-
cal severity or mortality (AUC ranging between 
0.72–0.88 and 0.70–0.81, respectively). Moreover, 
CT scoring systems did not perform better than 
commonly used clinical scoring systems [ 43 ]. 

 The use of early imaging for prognostication 
is limited by several factors: (1) In most imaging- 
based systems, the rating of peripancreatic 
infl ammation and fl uid is determined based on 
their presence rather than extent; the latter may 
vary considerably among patients appreciated 
with similar grades (Fig.  6.5 ). (2) Morphologic 
signs of severe disease are a time-dependent phe-
nomenon. CT only takes a snapshot of a moment 
in time, while acute pancreatitis is a continuously 
evolving disease process. Consequently, patients 
may progress from mild to severe grades of CT 
severity. (3) Parenchymal necrosis may not be 
evident until after 24–48 h and, thus, may be 
underrated on early imaging (Fig.  6.6 ). (4) On the 
other hand, the presence and extent of parenchy-
mal necrosis do not invariably correlate with 
organ failure and clinical severity, and (5) the 
evolution of CT fi ndings does not always paral-
lel the clinical course; CT may show little 

  Fig. 6.5    Two different patients ( a ,  b ) with similar grades 
of severity but marked difference in magnitude of peripan-
creatic collections. ( a ) A 44-year-old man with limited 
peripancreatic collections ( arrowheads ). ( b ) A 37-year-

old man with extensive peripancreatic collections ( arrow-
heads ). Both patients are appreciated with similar grades 
according to all radiologic scoring systems.  White stars  
denote a normal enhancing pancreas in both patients       
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 morphologic signs of severe disease early in 
 disease process (i.e., on day of admission) in 
patients who already have organ failure as sign of 
a severe attack. Conversely, imaging studies late 
in the disease process may show major morpho-
logic changes (like extensive parenchymal necro-
sis and retroperitoneal collections) in patients 
who have only mild clinical discomfort (Fig.  6.7 ).

     In summary, current evidence suggests that 
there is no role for radiologic scoring systems 
for prediction purposes. Additionally, given the 
high costs associated with acute pancreatitis 
[ 44 ], the radiation burden of (serial) CT [ 45 ,  46 ], 
and the lack of correlation between imaging uti-
lization and patient outcome [ 46 ,  47 ], initial 
evaluation of a patient presenting with acute 
pancreatitis is best performed based on clinical 
assessment and biochemical scoring systems 
that better correlate with organ failure and sys-
temic complications dominating the clinical pic-
ture in the fi rst weeks after the initial attack. 
Performing a CT on admission (or within the 
fi rst days after admission) is unlikely to affect 
patient management, unless a severe complica-
tion (like hemorrhage or bowel ischemia) is sus-
pected or in case of a diagnostic dilemma. The 
decision about when to perform MDCT depends, 
therefore, on the overall clinical presentation. 
Unquestionably, the impact of CT is greater in 
the later phase of the disease process in patients 
who have predicted severe acute pancreatitis by 
clinical assessment or who fail to improve clini-
cally despite conservative therapy when local 
complications (most commonly infection of 
parenchymal and peripancreatic tissues) pre-
dominantly dictate clinical management.   

  Fig. 6.6    A 47-year-old woman with false negative paren-
chymal necrosis on early CT. ( a ) Contrast-enhanced CT 
on day 1 shows a heterogeneous enhancing pancreatic 
parenchyma, but no apparent areas of nonenhancement. 

( b ) Repeat CT was performed on day 4 showing clear 
nonenhancement of pancreatic head, neck and part of 
body ( black stars ), while the tail shows preserved 
enhancement ( white star )       

  Fig. 6.7    A 50-year-old man with extensive necrosis and 
mild clinical symptoms. MRI was performed for continu-
ing mild discomfort 6 weeks after an episode of acute pan-
creatitis. T2-weighted sequence shows a fully encapsulated 
collection (walled-off necrosis) in the pancreatic area 
( arrows ) with dark material ( arrowheads ), representing 
necrotic pancreatic and peripancreatic tissue       
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    Prognostic Value of Specifi c 
Computed Tomography Findings 

 Morphologic fi ndings of acute pancreatitis 
include necrosis of pancreatic parenchyma, peri-
pancreatic infl ammation with or without fl uid 
and extrapancreatic retroperitoneal or subperito-
neal fatty tissue necrosis, subsequent infection of 
pancreatic or extrapancreatic necrosis, vascular 
compromise of adjacent veins and arteries, extra-
pancreatic parenchyma complications, biliary 
complications, and gastrointestinal complica-
tions. Some of these fi ndings or complications 
are detected on cross-sectional imaging only but 
nonetheless may harbor signifi cant prognostic 
importance (Table  6.3 ). Given the aforemen-
tioned limitations of radiologic scoring systems, 
this section will review the key fi ndings on cross- 
sectional imaging associated with prognostic sig-
nifi cance, which may directly infl uence patient 
management.

      Pancreatic Findings 

    Pancreatic Necrosis 
 Necrosis of pancreatic tissue signifi es the most 
severe morphologic form of acute pancreatitis 
and represents the basis for most of the local 
complications [ 48 ]. Necrosis of pancreatic paren-
chyma results from severe disturbances in the 
pancreatic microcirculation and occurs early in 
the disease process [ 5 ,  22 ]. Generally, it is fully 
established by 72–96 h and tends to remain stable 
across time [ 5 ,  22 ,  49 ]. CECT is considered the 
noninvasive reference standard for diagnosing 
pancreatic necrosis. CECT is highly accurate in 
assessing parenchymal necrosis when performed 
after 72–96 h after symptom onset and when 
more than 30 % of pancreatic parenchyma is 
involved [ 5 ,  22 ]. Early CECT within 24–48 h of 
disease may miss the presence and extent of 
necrosis in about 30–40 % of cases [ 43 ]. Also, 
accuracy of pancreatic necrosis detection drops 
to about 50 % when small areas of pancreatic tis-
sues are affected [ 5 ,  50 ]. Mortality rates in cases 
of pancreatic necrosis are about 20 %, as opposed 

to less than 5 % in patients without pancreatic 
necrosis [ 3 ]. Extended pancreatic necrosis (i.e., 
more than 30 %) is associated with SIRS, organ 
failure, and development of late local complica-
tions such as infection of necrosis [ 35 ]. 
Furthermore, patients with signifi cant necrosis 
are prone to develop other infections (urinary, 
respiratory, and systemic infections) during both 
the early and late phases [ 51 ]. These infections 
complicate the clinical course of acute pancreati-
tis and prolong hospitalization. Some studies 
have shown that transparenchymal necrosis con-
cerning the central area (pancreatic neck and/or 
body) or central gland necrosis also heralds 
 prognostic signifi cance because of the possible 

   Table 6.3    CT fi ndings of complications in acute pancre-
atitis with clinical implications   

 CT fi ndings  Clinical implications 

 Necrosis of pancreatic 
parenchyma: 

 Increased risk for 
developing organ failure, 
infected necrosis, and 
higher need for 
intervention 

 – Extended necrosis 
(>30 %) 

 – Central gland necrosis 
 Infected necrosis (gas 
bubbles in necrotic 
collections) 

 Institution of (empiric) 
antibiotics and/or 
intervention 

 Peripancreatic collections 
exerting mass effect on 
surrounding structures: 

 If symptomatic, stent 
placement 

 – Biliary dilation 
 – Obstructive 

hydronephrosis 
 Deep vein thrombosis of 
iliofemoral veins or 
pulmonary emboli/
infarction 

 Initiation of anticoagulant 
therapy 

 Hemorrhage/arterial 
pseudoaneurysm 

 Angiographic coiling/
embolization or surgical 
clipping 

 Cholecystitis or gallbladder 
perforation 

 Percutaneous drainage or 
surgical cholecystectomy 

 Bowel ischemia or 
perforation 

 Surgical resection 

 CT signs of abdominal 
compartment syndrome 
(ACS) 

 Percutaneous drainage of 
ascites (if present) or 
surgical decompression 

 Pulmonary complications:  Initiation of antibiotics 
(empyema, pneumonia) 
or drain placement 
(empyema, 
pneumothorax) 

 – Pleural empyema 
 – Pulmonary infi ltrate(s) 
 – Pneumothorax 
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involvement of the pancreatic duct, resulting in 
the pancreatic duct disruption syndrome (Fig.  6.8 ) 
[ 52 ,  53 ]. In central gland necrosis, a viable pan-
creatic tail causes the ongoing secretion and 
extravasation of pancreatic fl uid in the necrotic 
collection and peripancreatic area associated 
with increased need for percutaneous, endo-
scopic, or surgical intervention [ 53 ].

       Infection of Necrosis 
 Necrosis of pancreatic parenchyma and peripan-
creatic fatty tissue serves as a nidus for bacterial 
superinfection, resulting in the most severe local 
complication in acute pancreatitis. Mortality rate 
in sterile necrosis is around 5–10 % and increases 
considerably when the necrosis becomes infected 
[ 3 ]. Indeed, infection of necrosis is a major prog-
nostic risk factor in severe acute pancreatitis and 
sepsis-related multiple organ failure is the main 
life-threatening complication with a mortality 
rate up to 20–50 % [ 3 ]. On CECT, the presence of 
gas bubbles in an area of pancreatic and/or peri-
pancreatic fatty tissue necrosis is virtually 
pathognomonic for the diagnosis of infected 
necrosis, especially in patients with clinical signs 
of infection (spiking fever, leukocytosis, elevated 
C-reactive protein, and/or (new onset) organ fail-
ure) (Fig.  6.9 ) [ 54 ]. In rare instances, gas bubbles 
can be seen in sterile collections associated with 

an enteric fi stula. However, these patients often 
lack clinical signs of infection. Unfortunately, 
gas bubbles on CECT as sign of infected necrosis 
is only present in about 40 % of cases [ 54 ].

       Peripancreatic Collections 
 In the more severe forms of acute pancreatitis 
peripancreatic (fl uid) collections arise most com-
monly in the lesser sac, the retroperitoneum, and 
subperitoneal spaces of the mesenteries. 
According to the revised Atlanta Classifi cation 
2012, these are termed an acute peripancreatic 
fl uid collection or pseudocyst in  interstitial  pan-
creatitis (collections contain fl uid only) or acute 
necrotic collection or walled-off necrosis in  nec-
rotizing  pancreatitis (collections contain a mix-
ture of necrotic material and variable amounts of 
fl uid) [ 48 ]. The natural history of these collec-
tions is highly unpredictable, ranging from spon-
taneous resolution in over half of cases, to 
persisting and increasing in size and giving rise 
to complications like secondary infection (in nec-
rotizing pancreatitis, this is termed infected 
necrosis), mass effect on neighboring structures 
(e.g., biliary system resulting in biliary dilation, 
urogenital system resulting in hydronephrosis, 
venous system resulting in left-sided portal 
hypertension, splenomegaly and extensive collat-
eral venous network when the portomesenteric 

  Fig. 6.8    A 42-year-old woman with central gland necro-
sis. Contrast-enhanced CT depicts necrosis of the neck 
and body of the pancreas ( black star ) among the viable 
pancreatic head and tail ( white stars ). This patient is at 
risk for having a pancreatic duct disruption with increased 
need for intervention       

  Fig. 6.9    A 51-year-old woman with infected necrosis. 
Contrast-enhanced CT performed on day 26 after 
 symptom onset shows a nearly completely encapsu-
lated necrotic collection ( arrows ) with impacted gas 
 bubbles ( arrowheads ), virtually diagnostic for infection 
of necrosis       
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and splenic veins are involved, and gastric outlet 
obstruction), or rupture into the peritoneal cavity 
with development of acute peritonitis (Fig.  6.10 ) 
[ 5 ,  55 ,  56 ].

        Extrapancreatic Findings 

    Vascular Complications 
 Vascular complications are common in patients 
with moderate severe and severe acute 
 pancreatitis and include portomesenteric venous 
thrombosis, arterial pseudoaneurysm, and hem-
orrhage due to vessel erosion of arteries, veins, or 
small capillaries either through pancreatic 
enzymes or, iatrogenically, by surgical, endo-
scopic, or radiological drains. 

 Recent studies on splanchnic vein thrombosis 
report an incidence of about 50 % in patients with 
parenchymal necrosis, most frequently in the 
splenic vein, followed by portal and superior 
mesenteric vein (Fig.  6.11 ) [ 57 ,  58 ]. Most are 

asymptomatic, and spontaneous recanalization 
occurs in about one third of patients irrespective 
of the use of systemic anticoagulation. Reported 
complications include gastrointestinal bleeding 
and splenomegaly but are rare [ 59 ]. Current prac-
tice suggests that there is no need for initiation of 
anticoagulation unless there is propagation of 
thrombosis on serial CT scans [ 58 ]. In the litera-
ture, there is lack of data about the true incidence 
of deep vein thrombosis or pulmonary embolism 
on abdominal CT scans in acute pancreatitis. In 
the author’s experience, this is rare and primarily 
seen in patients with severe necrotizing acute 
pancreatitis and prolonged hospitalization. 
However, opposed to portomesenteric vein 
thrombosis, the observation of intraluminal clots 
in the iliac or femoral vein necessitates the initia-
tion of systemic anticoagulation to prevent a fatal 
outcome (Fig.  6.12 ).

    Another vascular complication is the occur-
rence of an arterial pseudoaneurysm, which is 
often a late complication in acute pancreatitis, 
although rare (estimated incidence of less than 
2 %) (Fig.  6.13 ) [ 60 ]. In order of frequency, the 
following arteries are involved: splenic artery, gas-
troduodenal artery, pancreaticoduodenal artery, 
gastric artery, hepatic artery, and others (superior 
mesenteric artery, jejunal or ileocolic artery) [ 60 ]. 
Generally, there is an indication for angiographic 

  Fig. 6.10    A 49-year-old woman with large collection 
compressing the stomach. Coronal reformatted contrast- 
enhanced CT shows a large encapsulated necrotic collec-
tion ( white star ) exerting mass effect on the stomach 
( arrows ), which is displaced medially and cranially       

  Fig. 6.11    A 56-year-old man with thrombus in the 
splenic vein. Contrast-enhanced CT depicts an intralumi-
nal fi lling defect in the splenic vein ( arrowhead ), compat-
ible with a thrombus. Usually, this is not an indication for 
initiation of anticoagulant therapy       

  

T.L. Bollen



79

embolization or coiling. Uncontrollable bleeding 
from a ruptured arterial pseudoaneurysm requires 
emergency surgical intervention.

   Hemorrhage from erosion of a vascular wall 
may be a life-threatening complication if an 

artery is involved or may be an incidental fi nding 
in case of damage of small capillaries or veins. 
The vast majority of vascular complications are 
readily detectable on routine abdominal CT scans 
but some (e.g., small arterial pseudoaneurysms or 
insignifi cant hemorrhage) require a multiphasic 
scan protocol (including an unenhanced and arte-
rial phase) for accurate detection [ 12 ].  

    Extrapancreatic Parenchymal 
Complications 
 Acute pancreatitis is capable of infl icting damage 
to adjacent parenchymal organs, like the spleen, 
liver, and kidneys, due to the central location of 
the pancreas in the upper abdomen and destruc-
tive nature of extravasated pancreatic enzymes. 
Splenic involvement in acute pancreatitis include 
hematoma, infarction, and perisplenic infl amma-
tory fl uid collections (sterile or infected) attribut-
able to pancreatic secretions that dissect into the 
splenic hilum as the splenic capsule is continuous 
with the peritoneum covering the anterior surface 
of the pancreas (Fig.  6.14 ) [ 61 ,  62 ]. Similar com-
plications may occur in the liver [ 63 ]. Renal 
involvement in acute pancreatitis includes perire-
nal fl uid collections and parenchymal abnorma-
lities (e.g., renal infarction) [ 33 ,  64 ]. Renal 
complications are most often an incidental fi nd-
ing and seem unrelated to the severity of pancre-
atitis. One renal complication with clinical 
impact is obstructive hydronephrosis as a result 

  Fig. 6.12    A 43-year-old woman with thrombus in the 
right iliac vein during the course of acute necrotizing pan-
creatitis. Coronal reformatted contrast-enhanced CT 
depicts a large fi lling defect in the right iliac vein ( arrow-
heads ), diagnostic for deep vein thrombosis in a patient 
with necrotizing pancreatitis and extensive retroperitoneal 
collections ( arrows ).  White star  denotes the inferior vena 
cava. To prevent pulmonary embolism anticoagulant ther-
apy is mandatory       

  Fig. 6.13    A 40-year-old man with an arterial pseudoan-
eurysm after an episode of necrotizing pancreatitis. ( a ) 
Unenhanced CT shows a collection ( arrowheads ) with 
high density, suggestive of hemorrhage. ( b ) Contrast-

enhanced CT in the arterial phase depicts a small arterial 
pseudoaneurysm ( arrow ) originating from the prepancre-
atic arcade. Pseudoaneurysm was successfully treated by 
embolization with platinum coils (not shown)       
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of eccentric compression of the proximal 
 ureter by retroperitoneal pancreatic collections 
(Fig.  6.15 ) [ 65 ]. Most of the aforementioned 
complications lack any specifi c symptomatology, 
but are easily identifi able on CECT underlining 
the importance of CT for their diagnosis.

        Biliary Complications 
 Concomitant acute cholecystitis and acute pan-
creatitis is a rare event [ 66 ] but development of 
acute cholecystitis during the course of acute bili-
ary pancreatitis is not uncommon and is one of 
the reasons to perform a cholecystectomy shortly 
after an attack of acute biliary pancreatitis [ 67 , 
 68 ]. Performing a cholecystectomy may be a sur-
gical challenge, particularly in the presence of 
necrotic collections [ 69 ]. In these cases, percuta-
neous cholecystostomy may be an alternative 
treatment strategy. Assessment of gallbladder 
pathology can be diffi cult in the course of acute 
pancreatitis and fi ndings on CECT may be help-
ful in the diagnosis and, thus, may directly infl u-
ence patient management. 

 Direct extension of the infl ammatory process 
to the duodenal wall and ampulla of Vater may 
result in transient infl ammatory narrowing of the 
intrapancreatic segment of the common bile duct 
causing jaundice. Persistence of or development 
of jaundice a few weeks after the acute onset 
of pancreatitis, however, may indicate a more 

 signifi cant complication such as a chronic 
obstruction due to a ductal stricture or compres-
sion of the common bile duct by peripancreatic 
 collections (i.e., indication for endoscopic stent 
placement) [ 70 ]. CECT easily depicts biliary 
dilatation up to the level of obstruction (Fig.  6.16 ). 
Another severe, but extremely rare complication 

  Fig. 6.14    A 61-year-old woman with splenic infarction 
and signs of infection (abscess) complicating acute pan-
creatitis. Contrast-enhanced CT shows an area of splenic 
infarction ( white star ) with a gas bubble ( arrowhead ) as a 
sign of a splenic abscess       

  Fig. 6.15    A 72-year-old man with obstructive hydrone-
phrosis of the right kidney due to extensive retroperitoneal 
collections. Coronal reformatted contrast-enhanced CT 
depicts a newly developed dilatation of the pyelocaliceal 
system of the right kidney ( arrowhead ), compatible with 
hydronephrosis due to obstruction by large retroperitoneal 
necrotic collections ( arrows )       

  Fig. 6.16    A 76-year-old woman with infected necrotiz-
ing pancreatitis and biliary dilatation. Contrast-enhanced 
CT shows large necrotic collections ( white stars ) and 
impacted gas bubbles ( arrowhead ), indicative for infected 
necrosis. Also, dilatation of the intrahepatic bile ducts 
( arrows ) is noted due to extrinsic compression of the com-
mon bile duct       
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is perforation of the gallbladder leading to biliary 
peritonitis [ 66 ]. CECT may diagnose this com-
plication by depicting an interruption of the gall-
bladder wall with adjacent infl ammatory fl uid. 
Finally, erosion of the common bile duct wall by 
the infl ammatory process may lead to a pancre-
aticobiliary fi stula [ 71 ]. On CECT, the simultane-
ous presence of gas bubbles in the biliary tract 
and intrapancreatic collection is highly  suggestive 
of a pancreatic choledochal fi stula. Adequate 
drainage of the pancreatic/peripancreatic collec-
tion and bile duct is generally effective.

       Gastrointestinal Complications 
 Involvement of gastrointestinal structures in 
acute pancreatitis is multifactorial and occurs pri-
marily in necrotizing pancreatitis. Extravasated 
pancreatic enzymes may directly damage the 
gastrointestinal tract or may produce vascular 
thrombosis resulting in ischemic splanchnic 
injury. Also, early in the course of severe acute 
pancreatitis, hypovolemic shock with a splanch-
nic low fl ow state may occur because of inade-
quate fl uid therapy and third-space loss 
responsible for further vascular compromise [ 72 –
 74 ]. Rare but severe complications are perfora-
tion of the stomach (mainly the posterior wall of 
the stomach) and erosion of the medial wall of 
the duodenum in patients with pancreatic necro-
sis [ 75 ,  76 ]. A small but signifi cant number of 
patients with necrotizing pancreatitis sustain 
ongoing abdominal pain, nausea, and inability to 
eat owing to centrally located pancreatic collec-
tions that displace and compress the stomach 
anteriorly giving rise to gastric outlet obstruction 
[ 77 ]. In these patients, endoscopic drainage may 
be indicated. The most severe small bowel and 
colonic complication in acute pancreatitis is isch-
emia and subsequent necrosis and perforation 
because of thrombosis of feeding or draining ves-
sels in the mesentery (Fig.  6.17 ) [ 72 ,  73 ]. The 
usual sites of involvement of the colon are the 
transverse colon and the splenic fl exure, because 
of their proximity to the pancreas, and the poor 
collateral fl ow [ 74 ]. These patients may present 
with prolonged ileus, gastrointestinal bleeding, and 
peritonitis along with features of necrotizing pan-
creatitis. Findings on CECT that are suggestive 

  Fig. 6.17    A 58-year-old woman with bowel ischemia of 
descending colon complicating acute necrotizing pancre-
atitis. ( a ) Contrast-enhanced CT performed on day 2 after 
symptom onset shows extensive necrosis of pancreatic 
body and tail ( white stars ). ( b ) Same CT at a lower level 
shows normal enhancement of the bowel wall of the trans-
verse colon ( arrowhead ), while the descending colon 
shows absent bowel wall enhancement indicative for isch-
emia, which was overlooked by the radiologist. ( c ) Repeat 
contrast-enhanced CT 24 h later for continuing severe 
sepsis depicts the development of gas in the bowel wall of 
the descending colon (pneumatosis intestinalis) and 
 adjacent mesocolon ( arrowheads ) suggestive for bowel 
necrosis. Emergency laparotomy was performed which 
confi rmed the CT fi ndings       
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for bowel necrosis are the presence of pneumatosis 
intestinalis, gas in the portomesenteric veins, 
diminished or absent bowel wall enhancement, 
clots or occlusion of feeding arteries, and free 
intraperitoneal gas (pneumoperitoneum; virtually 
diagnostic for a perforated hollow viscus). 
Identifi cation of these CT signs is critical because 
intestinal ischemia has a very high mortality if 
not treated expediently. Other colonic complica-
tions with less clinical impact are ileus and fi stula 
formation.

       Abdominal Compartment Syndrome 
 ACS is caused by pathological elevation of intra- 
abdominal pressure in response to various dis-
eases (including severe acute pancreatitis) 
leading to multiple organ dysfunction [ 78 ]. ACS 
is increasingly recognized in acute pancreatitis 
and since the condition is associated with high 
mortality, early diagnosis is imperative [ 79 ]. 
Usually, the diagnosis of ACS is straightforward 
by clinical assessment and intravesical pressure 
measurements; however, diagnosis may be 
delayed by interfering symptoms from the under-
lying illness. Abdominal CT scan may reveal 
subtle fi ndings that include narrowing or collapse 
of the inferior vena cava, direct renal compres-
sion or displacement, bowel wall thickening with 
increased enhancement, bilateral inguinal hernia-

tion, elevated hemidiaphragm, and a rounded 
appearance of the abdomen (so-called “round- 
belly sign”) [ 80 ,  81 ]. The “round-belly sign” is 
defi ned as abdominal distension with an increased 
ratio of anteroposterior-to-transverse abdominal 
diameter (ratio > 0.80). Especially, an increasing 
girth observed on serial CT scans performed at 
short intervals is worrisome (Fig.  6.18 ) [ 81 ]. 
Individually, these CT fi ndings are neither spe-
cifi c nor sensitive, but when present in combina-
tion, radiologists should raise the possibility of 
this life-threatening complication and, in the 
proper clinical setting, should communicate the 
presence and signifi cance of these CT fi ndings to 
the referring clinician.

        Miscellaneous Complications 

 Routine abdominal CT for acute pancreatitis can 
reveal some complications that may not always 
be clinically apparent. Among these are 
 abdominal wall extension of infected collections 
(amenable for percutaneous drainage) and pul-
monary complications such as pneumothorax, 
focal  consolidations indicative for pulmonary 
infi ltrates, pleural empyema, features of the adult 
respiratory distress syndrome, and pulmonary 
embolus or infarction (Fig.  6.19 ) [ 82 ].

  Fig. 6.18    A 47-year-old woman with development of 
ACS occurring early in the course of acute necrotizing 
pancreatitis (same patient as Fig.  6.6 ). ( a ) Contrast-
enhanced CT (day 1) at the level of the umbilicus shows 
mesenterial and retroperitoneal infl ammatory changes due 
to pancreatitis. Note, the normal confi guration of the 

abdominal contour. ( b ) Repeat CT on day 4 shows a 
rounded appearance of the abdomen (round belly sign). 
Also note, pneumatosis intestinalis and absent bowel wall 
enhancement of ileal loops ( arrowheads ), indicative for 
small bowel ischemia. Patient underwent emergency 
laparotomy       
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        Conclusion 

 Acute pancreatitis is a common but potentially 
devastating disease associated with signifi cant 
morbidity, mortality, and public health impact in 
severe cases. Imaging-based predictive systems 
are useful for identifying groups of patients at 
risk for local complications or having severe dis-
ease rather than providing specifi c information 
changing clinical management on an individual 
basis. However, there are several individual CT 
features that may impact patient management 
signifi cantly. Among these are the presence of 
signifi cant necrosis (more than 30 %), especially 
in case of central gland necrosis (associated 
with increased need for intervention), imaging 
signs of infected necrosis (requiring empirical 
antibiotics or some kind of radiologic, 
 endoscopic, or surgical intervention), massive 
hemorrhage or detection of an arterial pseudoa-
neurysm (indication for angiographic coiling or 
surgery), deep vein thrombosis (indication for 
anticoagulation), cholecystitis (amenable for 
percutaneous drainage), bowel ischemia or 
 perforation (indication for surgery), and features 
of the ACS (requiring percutaneous drainage of 
ascites or surgery). The conveyance of these 
specifi c CT fi ndings to clinicians caring for 

these challenging patients will have more clinical 
impact on patient management than providing 
any radiologic score.     

   References 

      1.    Frossard JL, Steer ML, Pastor CM. Acute pancreatitis. 
Lancet. 2008;371(9607):143–52.  

       2.    Forsmark CE, Baillie J. AGA Institute technical 
review on acute pancreatitis. Gastroenterology. 2007;
132:2022–44.  

       3.    Banks PA, Freeman ML, Practice Parameters 
Committee of the American College of Gastro-
enterology. Practice guidelines in acute pancreatitis. 
Am J Gastroenterol. 2006;101:2379–400.  

    4.    Papachristou GI, Whitcomb DC. Predictors of sever-
ity and necrosis in acute pancreatitis. Gastroenterol 
Clin North Am. 2004;33:871–90.  

          5.    Balthazar EJ. Acute pancreatitis: assessment of sever-
ity with clinical and CT evaluation. Radiology. 2002;
223:603–13.  

   6.    Bollen TL. Imaging of acute pancreatitis: update of 
the revised Atlanta classifi cation. Radiol Clin North 
Am. 2012;50(3):429–45.  

    7.    Thoeni RF. The revised Atlanta classifi cation of 
acute pancreatitis: its importance for the radiologist 
and its effect on treatment. Radiology. 2012;262(3): 
751–64.  

     8.    Bollen TL, van Santvoort HC, Besselink MG, van Es 
WH, Gooszen HG, van Leeuwen MS. Update on 
acute pancreatitis: ultrasound, computed tomography, 
and magnetic resonance imaging features. Semin 
Ultrasound CT MR. 2007;28(5):371–83.  

  Fig. 6.19    Two different patients ( a ,  b ) with pulmonary 
complications during an episode of acute pancreatitis. ( a ) 
Coronal reformatted contrast-enhanced CT in a 69-year-
old woman shows signs of acute necrotizing pancreatitis 
with necrotic collections in the left retroperitoneum 
( arrows ) and perihepatic fl uid ( white stars ). As incidental 

fi nding, a thrombus was noted in the right pulmonary 
artery ( arrowhead ). ( b ) CT at the lung bases in an 80-year-
old man with acute pancreatitis, who experienced a sud-
den onset of dyspnea and fever, demonstrates a left-sided 
pneumothorax and bilateral consolidations in the lower 
lobes, indicative for pneumonia       

 

6 Imaging Predictors



84

    9.    Arvanitakis M, Delhaye M, De Maertelaere V, Bali M, 
Winant C, Coppens E, et al. Computed tomography 
and magnetic resonance imaging in the assessment 
of acute pancreatitis. Gastroenterology. 2004;126: 
715–23.  

     10.    Morgan DE, Baron TH, Smith JK, Robbin ML, 
Kenney PJ. Pancreatic fl uid collections prior to inter-
vention: evaluation with MR imaging compared with 
CT and US. Radiology. 1997;203:773–8.  

    11.    O’Connor OJ, McWilliams S, Maher MM. Imaging of 
acute pancreatitis. AJR Am J Roentgenol. 2011;
197(2):W221–5.  

      12.    Working Group IAP/APA Acute Pancreatitis 
Guidelines. IAP/APA evidence-based guidelines for 
the management of acute pancreatitis. Pancreatology. 
2013;13(4 Suppl 2):e1–15.  

     13.    Kwon Y, Park HS, Kim YJ, Jung SI, Jeon HJ. 
Multidetector row computed tomography of acute 
pancreatitis: utility of single portal phase CT scan in 
short-term follow up. Eur J Radiol. 2012;81(8):
1728–34.  

      14.    Delrue LJ, De Waele JJ, Duyck PO. Acute pancreati-
tis: radiologic scores in predicting severity and out-
come. Abdom Imaging. 2010;35:349–61.  

    15.    Schröder T, Kivisaari L, Somer K, Standertskjöld- 
Nordenstam CG, Kivilaakso E, Lempinen M. 
Signifi cance of extrapancreatic fi ndings in computed 
tomography (CT) of acute pancreatitis. Eur J Radiol. 
1985;5:273–5.  

      16.    Balthazar EJ, Ranson JH, Naidich DP, Megibow AJ, 
Caccavale R, Cooper MM. Acute pancreatitis: prog-
nostic value of CT. Radiology. 1985;156:767–72.  

     17.    Ranson JH, Balthazar E, Caccavale R, Cooper M. 
Computed tomography and the prediction of pancre-
atic abscess in acute pancreatitis. Ann Surg. 1985;
201(5):656–65.  

    18.    Casas JD, Diaz R, Valderas G, Mariscal A, Cuadras P. 
Prognostic value of CT in the early assessment of 
patients with acute pancreatitis. AJR Am J Roentgenol. 
2004;182:569–74.  

   19.    Van den Biezenbos AR, Kruyt PM, Bosscha K, van 
Leeuwen MS, Feldberg MA, van der Schouw YT, 
et al. Added value of CT criteria compared to the clin-
ical SAP score in patients with acute pancreatitis. 
Abdom Imaging. 1998;23:622–6.  

    20.    Spitzer AL, Thoeni RF, Barcia AM, Schell MT, Harris 
HW. Early nonenhanced abdominal computed tomog-
raphy can predict mortality in severe acute pancreati-
tis. J Gastrointest Surg. 2005;9(7):928–33.  

      21.    Ishikawa K, Idoguchi K, Tanaka H, Tohma Y, Ukai I, 
Watanabe H, et al. Classifi cation of acute pancreatitis 
based on retroperitoneal extension: application of the 
concept of interfascial planes. Eur J Radiol. 2006;
60:445–52.  

          22.    Balthazar EJ, Robinson DL, Megibow AJ, Ranson JH. 
Acute pancreatitis: value of CT in establishing prog-
nosis. Radiology. 1990;174:331–6.  

      23.    London NJ, Neoptolemos JP, Lavelle J, Bailey I, 
James D. Contrast-enhanced abdominal computed 

tomography scanning and prediction of severity of 
acute pancreatitis: a prospective study. Br J Surg. 
1989;76:268–72.  

    24.    Knoepfl i AS, Kinkel K, Berney T, Morel P, Becker 
CD, Poletti PA. Prospective study of 310 patients: can 
early CT predict the severity of acute pancreatitis? 
Abdom Imaging. 2007;32:111–5.  

    25.    Ju S, Chen F, Liu S, Zheng K, Teng G. Value of CT 
and clinical criteria in assessment of patients with 
acute pancreatitis. Eur J Radiol. 2006;57:102–7.  

      26.    Mortele KJ, Wiesner W, Intriere L, Shankar S, Zou 
KH, Kalantari BN, et al. A modifi ed CT severity index 
for evaluating acute pancreatitis: improved correla-
tion with patient outcome. AJR Am J Roentgenol. 
2004;183:1261–5.  

   27.    Simchuk EJ, Traverso LW, Nukui Y, Kozarek RA. 
Computed tomography severity index is a predictor of 
outcomes for severe pancreatitis. Am J Surg. 
2000;179:352–5.  

   28.    Vriens PW, van de Linde P, Slotema ET, Warmerdam 
PE, Breslau PJ. Computed tomography severity index 
is an early prognostic tool for acute pancreatitis. J Am 
Coll Surg. 2005;201:497–502.  

    29.    Leung TK, Lee CM, Lin SY, Chen HC, Wang HJ, 
Shen LK, et al. Balthazar computed tomography 
severity index is superior to Ranson criteria and 
APACHE II scoring system in predicting acute pancre-
atitis outcome. World J Gastroenterol. 2005;11(38): 
6049–52.  

    30.    Lankisch PG, Pfl ichthofer D, Lehnick D. No strict 
correlation between necrosis and organ failure in 
acute pancreatitis. Pancreas. 2000;20:319–22.  

   31.    Perez A, Whang EE, Brooks DC, Moore Jr FD, 
Hughes MD, Sica GT, et al. Is severity of necrotizing 
pancreatitis increased in extended necrosis and 
infected necrosis? Pancreas. 2002;25:229–33.  

    32.    Isenmann R, Rünzi M, Kron M, Kahl S, Kraus D, Jung 
N, et al. Prophylactic antibiotic treatment in patients 
with predicted severe acute pancreatitis: a placebo-
controlled, double-blind trial. Gastroenterology.2004; 
126(4):997–1004.  

     33.    Mortele KJ, Mergo PJ, Taylor HM, Ernst MD, Ros 
PR. Renal and perirenal space involvement in acute 
pancreatitis: spiral CT fi ndings. Abdom Imaging. 
2000;25:272–8.  

    34.    Mortele KJ, Mergo PJ, Taylor HM, Wiesner W, 
Cantisani V, Ernst MD, et al. Peripancreatic vascular 
abnormalities complicating acute pancreatitis: 
contrast- enhanced helical CT fi ndings. Eur J Radiol. 
2004;52:67–72.  

     35.    Van Santvoort HC, Bakker OJ, Bollen TL, Besselink 
MG, Ahmed Ali U, Schrijver AM, et al. A conserva-
tive and minimally invasive approach to necrotizing 
pancreatitis improves outcome. Gastroenterology. 
2011;141(4):1254–63.  

    36.    King NK, Powell JJ, Redhead D, Siriwardena AK. A 
simplifi ed method for computed tomographic estima-
tion of prognosis in acute pancreatitis. Scand J 
Gastroenterol. 2003;38:433–6.  

T.L. Bollen



85

     37.    Bollen TL, Singh VK, Maurer R, Repas K, van Es 
HW, Banks PA, et al. Comparative evaluation of the 
modifi ed CT severity index and CT severity index in 
assessing severity of acute pancreatitis. AJR Am J 
Roentgenol. 2011;197(2):386–92.  

    38.    Tirkes T, Sandrasegaran K, Patel AA, Hollar MA, 
Tejada JG, Tann M, et al. Peritoneal and retroperito-
neal anatomy and its relevance for cross-sectional 
imaging. Radiographics. 2012;32(2):437–51.  

   39.    Gore RM, Balfe DM, Aizenstein RI, Silverman PM. 
The great escape: interfascial decompression planes 
of the retroperitoneum. AJR Am J Roentgenol. 
2000;175(2):363–70.  

    40.    Vikram R, Balachandran A, Bhosale PR, Tamm EP, 
Marcal LP, Charnsangavej C. Pancreas: peritoneal 
refl ections, ligamentous connections, and pathways of 
disease spread. Radiographics. 2009;29(2):e34.  

      41.    De Waele JJ, Delrue L, Hoste EA, De Vos M, Duyck 
P, Colardyn FA. Extrapancreatic infl ammation on 
abdominal computed tomography as an early predic-
tor of disease severity in acute pancreatitis: evaluation 
of a new scoring system. Pancreas. 2007;34:185–90.  

     42.    Rau BM. Predicting severity of acute pancreatitis. 
Curr Gastroenterol Rep. 2007;9(2):107–15.  

      43.    Bollen TL, Singh VK, Maurer R, Repas K, van Es 
HW, Banks PA, et al. A comparative evaluation of 
radiologic and clinical scoring systems in the early 
prediction of severity in acute pancreatitis. Am J 
Gastroenterol. 2012;107(4):612–9.  

    44.    Fagenholz PJ, Fernandez-del Castillo C, Harris NS, 
Pelletier AJ, Camargo Jr CA. Direct medical costs of 
acute pancreatitis hospitalizations in the United 
States. Pancreas. 2007;35:302–7.  

    45.    Smith-Bindman R, Lipson J, Marcus R, Kim KP, 
Mahesh M, Gould R, et al. Radiation dose associated 
with common computed tomography examinations 
and the associated lifetime attributable risk of cancer. 
Arch Intern Med. 2009;169:2078–86.  

     46.    Mortele KJ, Ip IK, Wu BU, Conwell DL, Banks PA, 
Khorasani R. Acute pancreatitis: imaging utilization 
practices in an urban teaching hospital-analysis of 
trends with assessment of independent predictors in 
correlation with patient outcomes. Radiology. 
2011;258:174–81.  

    47.    Spanier BW, Nio Y, van der Hulst RW, Tuynman HA, 
Dijkgraaf MG, Bruno MJ. Practice and yield of 
early CT scan in acute pancreatitis: a Dutch 
Observational Multicenter Study. Pancreatology. 
2010;10(2–3):222–8.  

     48.    Banks PA, Bollen TL, Dervenis C, Gooszen HG, 
Johnson CD, Sarr MG, et al. Classifi cation of acute 
pancreatitis-2012: revision of the Atlanta classifi ca-
tion and defi nitions by international consensus. Gut. 
2013;62(1):102–11.  

    49.    Isenmann R, Büchler M, Uhl W, Malfertheiner P, 
Martini M, Beger HG. Pancreatic necrosis: an early 
fi nding in severe acute pancreatitis. Pancreas. 
1993;8(3):358–61.  

    50.    Sainio VS, Puolakkainen PA, Kemppainen EJ, 
Kivisaari L, Haapiainen RK, Schröder TM, et al. 
Incorrect estimation of severity of acute pancreatitis 
by contrast-enhanced computed tomography. Ann 
Chir Gynaecol. 1997;86(3):214–21.  

    51.    Besselink MG, van Santvoort HC, Boermeester MA, 
Nieuwenhuijs VB, van Goor H, Dejong CH, et al. 
Timing and impact of infections in acute pancreatitis. 
Br J Surg. 2009;96(3):267–73.  

    52.    Ocampo C, Zandalazini H, Kohan G, Silva W, 
Szelagowsky C, Oría A. Computed tomographic 
prognostic factors for predicting local complications 
in patients with pancreatic necrosis. Pancreas. 2009;
38:137–42.  

     53.    Freeny PC, Hauptmann E, Althaus SJ, Traverso LW, 
Sinanan M. Percutaneous CT-guided catheter drain-
age of infected acute necrotizing pancreatitis: tech-
niques and results. AJR Am J Roentgenol. 1998;
170:969–75.  

     54.    Van Baal MC, Bollen TL, Bakker OJ, van Goor H, 
Boermeester MA, Dejong CH, et al. The role 
of  routine fi ne-needle aspiration in the diagnosis of 
infect ed necrotizing pancreatitis. Surgery. 2014; 
155(3):442–8.  

    55.    Balthazar EJ. Complications of acute pancreatitis: 
clinical and CT evaluation. Radiol Clin North Am. 
2002;40:1211–27.  

    56.    Lenhart DK, Balthazar EJ. MDCT of acute mild (non-
necrotizing) pancreatitis: abdominal complications 
and fate of fl uid collections. AJR Am J Roentgenol. 
2008;190(3):643–9.  

    57.    Harris S, Nadkarni NA, Naina HV, Vege SS. 
Splanchnic vein thrombosis in acute pancreatitis: a 
single-center experience. Pancreas. 2013;42(8):
1251–4.  

     58.   Easler J, Muddana V, Furlan A, Dasyam A, Vipperla 
K, Slivka A, et al. Portosplenomesenteric venous 
thrombosis in patients with acute pancreatitis is asso-
ciated with pancreatic necrosis and usually has a 
benign course. Clin Gastroenterol Hepatol. 2013. 
pii:S1542-3565(13)01643-1.  

    59.    Thatipelli MR, McBane RD, Hodge DO, Wysokinski 
WE. Survival and recurrence in patients with splanch-
nic vein thromboses. Clin Gastroenterol Hepatol. 
2010;8(2):200–5.  

     60.    Balthazar EJ, Fisher LA. Hemorrhagic complica-
tions of pancreatitis: radiologic evaluation with 
emphasis on CT imaging. Pancreatology. 2001;
1(4):306–13.  

    61.    Fishman EK, Soyer P, Bliss DF, Bluemke DA, 
Devine N. Splenic involvement in pancreatitis: spec-
trum of CT fi ndings. AJR Am J Roentgenol. 1995;
164(3):631–5.  

    62.    Mortele KJ, Mergo PJ, Taylor HM, Ernst MD, Ros 
PR. Splenic and perisplenic involvement in acute pan-
creatitis: determination of prevalence and morpho-
logic helical CT features. J Comput Assist Tomogr. 
2001;25:50–4.  

6 Imaging Predictors



86

    63.    Mofredj A, Cadranel JF, Dautreaux M, 
Kazerouni F, Hadj-Nacer K, Deplaix P, et al. 
Pancreatic pseudocyst located in the liver: a case 
report and literature review. J Clin Gastroenterol. 
2000;30(1):81–3.  

    64.    Li XH, Zhang XM, Ji YF, Jing ZL, Huang XH, Yang 
L, et al. Renal and perirenal space involvement in 
acute pancreatitis: an MRI study. Eur J Radiol. 2012;
81(8):e880–7.  

    65.    Takeyama Y, Ueda T, Hori Y, Takase K, Fukumoto S, 
Kuroda Y. Hydronephrosis associated with acute pan-
creatitis. Pancreas. 2001;23(2):218–20.  

     66.    Perera M, Pham T, Toshniwal S, Lennie Y, Chan S, 
Houli N. A case of concomitant perforated acute cho-
lecystitis and pancreatitis. Case Rep Surg. 2013;2013:
263046.  

    67.    Da Costa DW, Boerma D, van Santvoort HC, Horvath 
KD, Werner J, Carter CR, et al. Staged multidisci-
plinary step-up management for necrotizing pancre-
atitis. Br J Surg. 2014;101(1):e65–79.  

    68.    Van Baal MC, Besselink MG, Bakker OJ, van 
Santvoort HC, Schaapherder AF, Nieuwenhuijs VB, 
et al. Timing of cholecystectomy after mild biliary 
pancreatitis: a systematic review. Ann Surg. 2012;
255(5):860–6.  

    69.    Nealon WH, Bawduniak J, Walser EM. Appropriate 
timing of cholecystectomy in patients who present 
with moderate to severe gallstone-associated acute 
pancreatitis with peripancreatic fl uid collections. Ann 
Surg. 2004;239:741–9.  

    70.    Chaudhary A, Sachdev A, Negi S. Biliary complica-
tions of pancreatic necrosis. Int J Pancreatol. 2001;
29(3):129–31.  

    71.    Brar R, Singh I, Brar P, Prasad A, Doley RP, Wig JD. 
Pancreatic choledochal fi stula complicating acute 
pancreatitis. Am J Case Rep. 2012;13:47–50.  

     72.    Ho HS, Frey CF. Gastrointestinal and pancreatic com-
plications associated with severe pancreatitis. Arch 
Surg. 1995;130:817–22.  

    73.    Van Minnen LP, Besselink MG, Bosscha K, van 
Leeuwen MS, Schipper ME, Gooszen HG. Colonic 

involvement in acute pancreatitis. A retrospective 
study of 16 patients. Dig Surg. 2004;21:33–8.  

     74.    Mohamed SR, Siriwardena AK. Understanding the 
colonic complications of pancreatitis. Pancreatology. 
2008;8(2):153–8.  

    75.    Hsu CY, Lee KC, Chan CC, Lee FY, Lin HC. Gastric 
necrosis and perforation as a severe complication of 
pancreatic pseudocyst. J Chin Med Assoc. 2009; 
72(11):603–6.  

    76.    Takeyama Y, Ueda T, Hori Y, Shinkai M, Ajiki T, 
Kuroda Y. Duodenal necrosis associated with acute 
pancreatitis. Pancreas. 2001;22(2):217–9.  

    77.    Baron TH, Harewood GC, Morgan DE, Yates MR. 
Outcome differences after endoscopic drainage of 
pancreatic necrosis, acute pancreatic pseudocysts, and 
chronic pancreatic pseudocysts. Gastrointest Endosc. 
2002;56:7–17.  

    78.    Kirkpatrick AW, Roberts DJ, De Waele J, Jaeschke R, 
Malbrain ML, De Keulenaer B, Pediatric Guidelines 
Sub-Committee for the World Society of the 
Abdominal Compartment Syndrome, et al. Intra- 
abdominal hypertension and the abdominal compart-
ment syndrome: updated consensus defi nitions and 
clinical practice guidelines from the World Society of 
the Abdominal Compartment Syndrome. Intensive 
Care Med. 2013;39(7):1190–206.  

    79.    Boone B, Zureikat A, Hughes SJ, Moser AJ, Yadav D, 
Zeh HJ, et al. Abdominal compartment syndrome is 
an early, lethal complication of acute pancreatitis. Am 
Surg. 2013;79(6):601–7.  

    80.    Al-Bahrani AZ, Abid GH, Sahgal E, O’shea S, Lee S, 
Ammori BJ. A prospective evaluation of CT features 
predictive of intra-abdominal hypertension and 
abdominal compartment syndrome in critically ill sur-
gical patients. Clin Radiol. 2007;62(7):676–82.  

     81.    Patel A, Lall CG, Jennings SG, Sandrasegaran K. 
Abdominal compartment syndrome. AJR Am J 
Roentgenol. 2007;189(5):1037–43.  

    82.    Raghu MG, Wig JD, Kochhar R, Gupta D, Gupta R, 
Yadav TD, et al. Lung complications in acute pancre-
atitis. JOP. 2007;8(2):177–85.      

T.L. Bollen



87C.E. Forsmark and T.B. Gardner (eds.), Prediction and Management of Severe Acute Pancreatitis,
DOI 10.1007/978-1-4939-0971-1_7, © Springer Science+Business Media New York 2015

        Acute pancreatitis is a disease of increasing 
annual incidence and that produces signifi cant 
morbidity and mortality. The clinical course is 
highly variable, as many patients experience self- 
limited disease that requires only supportive 
measures. By contrast, others develop severe 
complications including death. In the United 
Sates, acute pancreatitis accounts for more than 
330,000 hospital admissions per year and patients 
have an average hospital stay of 4 days [ 1 ]. Ten to 
twenty percent of patients develop persistent 
organ failure, and among this subgroup, mortality 
rate reaches 30 % [ 2 ]. For this reason, the ability 
to identify patients at risk for persistent compli-
cations such as persistent organ failure early in 
the disease course is critical in ensuring appropri-
ate management and resource allocation. 

 Assessment of severity should start immedi-
ately with the initial clinical assessment. The 
objectives of initial clinical assessment are to 
establish the diagnosis of acute pancreatitis, eval-
uate potential etiologies, and perform risk strati-

fi cation. Early risk stratifi cation can help identify 
patients who are more likely to suffer complica-
tions such as organ failure and necrosis or 
infected necrosis. Patients determined to be at 
increased risk for morbidity and mortality from 
acute pancreatitis can then be triaged early to 
intensive care units and further be selected to 
undergo specifi c interventions. For instance, 
severe cases of pancreatitis may require imaging 
to evaluate for complications, pancreatic abscess, 
infected pancreatic necrosis, large pseudocysts, 
or acute cholangitis that may require interven-
tions such as percutaneous drainage or ERCP. 

 Clinical scoring systems and laboratory mark-
ers function as prognostic indicators for acute 
pancreatitis; however, they do not measure sever-
ity directly. Measures of severity in acute pancre-
atitis were defi ned in the 2012 revised Atlanta 
classifi cation system, which divides the disease 
into two phases—early and late. Mild acute pan-
creatitis is defi ned by the absence of organ fail-
ure, local or systemic complications, and 
resolution of disease within 1 week [ 3 ]. Moderate 
acute pancreatitis is defi ned by presence of 
transient organ failure, local complications, or 
worsening of comorbid diseases. Lastly, severe 
acute pancreatitis involves persistence of organ 
failure (signifi ed by shock, respiratory failure, or 
end organ damage) for greater than 48 h and pres-
ence of local complications such as pancreatic or 
peripancreatic fl uid collections, necrosis (sterile 
or infected), pseudocysts, and walled-off necrosis 
[ 3 ]. Studies using clinical scoring systems ini-
tially focused on mortality as the outcome of 
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interest. However, recent data suggest that  overall 
mortality has declined over the past several 
decades, and this has led to increasing debate 
over whether death remains the most appropriate 
outcome to use when predicting the outcome of 
acute pancreatitis. 

 Many studies have shown that it is critical to 
evaluate the patient immediately on presentation 
and the fi rst 24 h after admission to the hospital 
for acute pancreatitis. Initial risk stratifi cation 
should take place immediately and the patient 
should be reassessed again frequently during the 
fi rst 24 h. In the retrospective cohort study con-
ducted across 159 intensive care units in the 
United Kingdom, the median length of stay in the 
hospital prior to admission to the intensive care 
unit was 1 day and 22 % of the admissions to the 
ICU were on same as admission to the hospital 
[ 4 ]. Patients admitted to the ICU with severe pan-
creatitis have high morbidity and mortality com-
pared to other ICU admissions, and early 
prediction of the severity can have important 
implications for management and timely inter-
vention in the event of complications. Therefore, 
a prediction score that is sensitive and can be 
applied within the fi rst 24 h of admission would 
be of great value to clinicians. These patients 
demand close monitoring for fl uid status and 
nutrition, and improper triage due to underesti-
mating the severity of acute pancreatitis may lead 
to inappropriate care of these patients and 
increased morbidity and mortality. 

    Historical Perspective 

 The fi rst major advancement for predicting the 
severity of pancreatitis was the development of 
the Ranson criteria in 1974. Since then, multiple 
scoring systems have been developed which 
incorporate physiologic, laboratory, and radio-
graphic parameters. New studies have also sugge-
sted the role of individual laboratory parameters 
in assessing disease severity such as blood urea 
nitrogen (BUN) and creatinine. In this chapter, 
we will summarize the current prediction 
 models for severe acute pancreatitis as well as 
measurement of specifi c laboratory tests. We will 

also highlight the relative advantages and 
 disadvantages of several of these models and 
markers which have been evaluated in several 
recent studies. The clinical scoring systems that 
will be discussed include the Ranson’s score, the 
Glasgow criteria (also known as the Imrie score), 
APACHE-II, Systemic Infl ammatory Response 
Syndrome (SIRS), Pancreatitis Outcome 
Prediction (POP), Bedside Index for Severity in 
Acute Pancreatitis (BISAP), the revised Japanese 
severity score (JSS), and Harmless Acute 
Pancreatitis Score (HAPS). The role of several 
laboratory markers and level of fl uid sequestra-
tion in predicting outcomes in acute pancreatitis 
will also be discussed.  

    Ranson Score 

 Ranson’s criteria were fi rst developed in 1974 
and are one of the earliest objective scoring sys-
tems to predict severity in acute pancreatitis. The 
criteria consist of fi ve parameters measured at 
admission and six factors that are assessed during 
the next 48 h, looking at a total of 11 different 
components (Table  7.1 ). If the score is greater 
than or equal to 3, severe pancreatitis is likely, 
whereas it is unlikely with a score of less than 3 
[ 5 ]. Percentage mortality has also been estab-
lished based on the scoring system. A score of 
0–2 has approximately 2 % mortality, a score of 
3–4 has 15 % mortality, a score of 5–6 has 40 % 
mortality, and a score of 7–8 has 100 % mortality 
[ 5 ]. However, recent data suggests that overall 
mortality from acute pancreatitis has declined 
over the past several decades, which has led to 
increasing debate over whether death remains the 
most appropriate outcome to measure.

   Ranson’s criteria continue to be used since it 
is so well-established; however, there are two 
main problems with the score. First, it is cumber-
some to use in routine clinical practice since 
there are multiple parameters that are needed that 
are not routinely calculated as well as the fact 
that it takes 48 h to complete. Secondly, the 
inability to calculate the score within the fi rst 
24 h misses a very important therapeutic 
window when risk-stratifi cation should take place. 
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The original study detected the sensitivity of 
three or more criteria to predict severe disease to 
be 65 % with a specifi city of 99 %, yielding a 
positive  predictive value (PPV) of 95 % and a 
negative predictive value (NPV) of 86 % [ 6 ]. 
However, a meta-analysis of 12 published series 
using Ranson’s criteria and encompassing 1,307 
patients reported an overall sensitivity for pre-
dicting severe acute pancreatitis of 75 %, a speci-
fi city of 77 %, a PPV of 49 %, and an NPV 
of 91 % [ 6 ]. Therefore, many patients with a 
Ranson’s score above 3 will not develop severe 
pancreatitis, emphasizing a high false-positive 
rate of Ranson’s criteria [ 7 ]. Overall, Ranson cri-
teria have been shown to be a good predictor of 
severity in acute pancreatitis with sensitivity, 
specifi city, PPV, and NPV ranging from 67 % to 
84 %, 76 % to 90 %, 49 % to 70 %, and 89 % 
to 95 %, respectively [ 7 – 10 ].  

    APACHE II 

 Currently, the most widely used index for early 
risk stratifi cation in acute pancreatitis remains 
the APACHE II, which was originally developed 

for critically ill patients in intensive care units 
(Table  7.2 ) [ 11 ]. The score has 12 components 
and extra points based upon age and presence of 
chronic disease. This scoring system has been 
widely validated for predicting death in acute 
pancreatitis. The accuracy of this scoring system 
depends on the chosen cutoff value and time the 
score is calculated. When calculated at admis-
sion, the sensitivity of an APACHE II score of 
>7 to predict severe acute pancreatitis is 65 %, 
with a specifi city of 76 %, a PPV of 43 %, and a 
NPV of 89 % [ 7 ]. Raising the cutoff to >9 
improves the specifi city and PPV but reduces 
the sensitivity [ 12 ,  13 ]. Overall, at 24 h, the sen-
sitivity, specifi city, PPV, and NPV of APACHE 
II range between 65 % and 70.3 %, 71.9 % and 
81 %, 20 % and 67 %, and 80 % and 93 %, 
respectively [ 8 ,  14 – 16 ]. Many variations of the 
scoring system have recently been developed 
but overall, the advantages of using the APACHE 
II include the ability of the score to be calculated 
at any point in time during the patient’s hospital 
stay and the ability to recalculate the score as 
conditions change.

   Body mass index (BMI) score was recently 
added to APACHE II score, creating the 

   Table 7.1    Ranson’s criteria   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

  At admission : age (>55 years), 
WBC (>16,000 mL −1 ), glucose 
(>200 mg/dL), LDH (350 IU/
mL), AST (>250 IU/mL) 

 At admission 
and at 48 h 

 Well established  Cumbersome 
 Requires 48 h to 
complete 

 Score ≥3: severe 
pancreatitis likely 
 Score <3, severe 
pancreatitis is unlikely 

  At 48 h : hematocrit (decrease 
>10 %), BUN (increase 
>5 mg/dL), calcium (<8 mg/
dL), PaO 2  (<60 mmHg), base 
defi cit (>4 mEq/L), fl uid 
sequestration (>6 L) 

 Score 0–2 : 2 % 
mortality 
 Score 3–4: 15 % 
mortality 
 Score 5–6: 40 % 
mortality 
 Score 7–8: 100 % 
mortality 

   Table 7.2    APACHE-II   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Temperature, MAP, heart rate, 
respiratory rate, PaO 2 , arterial pH, 
HCO 3 , sodium, potassium, creatinine, 
hematocrit, WBC, Glasgow Coma 
Score, age, chronic health points 

 At admission 
and at 48 h 

 Widely validated, 
can be calculated 
at any time 

 Cumbersome as all 
parameters are not 
routinely collected 

 Score ≥8 indicates 
severe disease 
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 composite score (APACHE-O), which was shown 
to have greater predictive accuracy [ 17 ]. One 
point was added for a BMI of >25 to 30 and two 
points were added for a BMI > 30. With a cutoff 
score of 8, APACHE-O was shown to be a good 
predictor of severity during the fi rst 24 h of hos-
pitalization with a sensitivity, specifi city, PPV, 
and NPV of 82 %, 86 %, 74 %, and 91 %, respec-
tively [ 17 ]. In a prospective study looking at 
patients with a BMI > 30, the predictive values of 
APACHE-O and APACHE II were similar with 
AUC 0.895 and 0.893, respectively [ 18 ]. Several 
additional variables were added to APACHE II to 
improve its accuracy leading to the development 
of APACHE III. Both APACHE scoring systems 
use similar variables; however, they differ in the 
number of physiologic variables (12 for APACHE 
II vs. 17 for APACHE III) and the assessment of 
chronic health status [ 19 ]. 

 The advantages of using the APACHE system 
as a predictive score are that it is widely validated 
and the score can be calculated at any time during 
a patient’s hospital stay. In addition, the score can 
be recalculated as conditions change. There are 
also several disadvantages to using the APACHE 
II in a clinical setting. For instance, the score will 
likely require the use of an online calculator 
given the incorporation of multiple parameters. 
Furthermore, many of these parameters are not 
routinely collected.  

    Glasgow-Imrie Score 

 The modifi ed Glasgow score was fi rst developed 
in the mid-1980s and incorporates seven rou-
tinely calculated laboratory tests (white blood 
cell count, glucose, BUN, PaO 2 , calcium, albu-
min, and LDH) as well as the patient’s age 
(Table  7.3 ). In the original study, out of 405 

 episodes of acute pancreatitis, 72 % of patients 
had severity correctly predicted by the scoring 
system [ 20 ]. The original study included amino-
transferase concentrations; however, this was 
found to not predict severity. Using eight factors, 
the scoring system was shown to correctly pre-
dict severity in 79 % of episodes and has since 
been widely validated. In a retrospective analysis 
of 126 cases of pancreatitis, the modifi ed 
Glasgow score was found to be slightly inferior 
to Ranson’s score with a sensitivity of 74.5 % and 
specifi city of 71.1 % but had good discriminatory 
ability with AUC of 0.805 (0.724–0.886) [ 21 ]. 
Those with a score greater than or equal to 3 had 
statistically signifi cant increase in mortality 
( P  = 0.001) and median length of stay ( P  = 0.003) 
[ 21 ]. The modifi ed Glasgow score seems simpler 
to calculate in comparison to Ranson’s criteria 
and the APACHE II score. However, the score is 
similar to Ranson’s criteria in that it was designed 
to be calculated at 48 h after admission.

       Bedside Index of Severity 
in Acute Pancreatitis 

 Recently, a score known as the BISAP score has 
been developed for use in the fi rst 24 h of admis-
sion (Table  7.4 ) [ 22 ]. The score was derived from 
a collection of data from 17,992 patients from 
212 hospitals during the years of 2000 and 2001. 
The score was then validated in a population of 
18,256 patients from 177 hospitals in 2004–2005. 
The score includes fi ve factors and one point is 
assigned for each of the following factors during 
the fi rst 24 h: BUN > 25 mg/dL, impaired mental 
status, SIRS (using the same criteria as the SIRS 
score), age >60 years, or the presence of a pleural 
effusion. Patients with a score of 0 had a mortal-
ity of less than 1 %, whereas patients with a score 

   Table 7.3    Glasgow-Imrie score   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Age (>55 years), WBC (>15,000 mL −1 ), 
glucose (>180 mg/dL), BUN (>45 mg/dL), 
PaO 2  (<60 mmHg), calcium (<8 g/dL), 
albumin (<3.2 g/dL), LDH (>600 IU/L) 

 At admission 
and at 48 h 

 Simple to 
calculate 

 Requires 48 h 
to complete 

 Score >3 indicates 
severe pancreatitis 
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of 5 had a mortality rate of 22 %. In the validation 
cohort, the BISAP AUC was 0.82 (95 % CI 
0.79–0.84) vs. APACHE II AUC of 0.83 (95 % CI 
0.80–0.85); thus, the BISAP score was found to 
have a similar accuracy to the APACHE II score 
for predicting death [ 22 ]. The accuracy of this 
score was further validated in several prospective 
cohort studies [ 8 ,  23 ]. One study aimed to evalu-
ate the ability of the BISAP score to predict mor-
tality and found there to be a signifi cant trend for 
increasing mortality with increasing BISAP 
score ( P  < 0.0001) [ 23 ]. Another validation study 
performed in 57 patients found the sensitivity and 
specifi city of the BISAP score to be 75 % and 
97.56 %, respectively [ 24 ]. The advantages of 
this scoring system include the simplicity of cal-
culation and the ability to identify patients at risk 
of death even in the early phases of acute pancre-
atitis. The BISAP score, similar to most of the 
other scoring systems, has not been validated for 
predicting outcomes such as length of hospital 
stay, need for ICU care, or need for intervention. 
Furthermore, it is a static measure and does not 
incorporate changes over time.

       Systemic Infl ammatory 
Response Syndrome 

 Many studies have tried to determine whether the 
development of SIRS can be used to determine 
the severity of acute pancreatitis [ 25 – 27 ]. The 
SIRS criteria were fi rst developed in the fi eld of 

sepsis and diagnosis of the syndrome requires 
two of four criteria (Table  7.5 ) [ 28 ]. The criteria 
include a temperature of less than 36 °C (96.8 °F) 
or greater than 38 °C (100.4 °F), a heart rate 
greater than 90 beats/min, a respiratory rate 
greater than 20 breaths/min or an arterial partial 
pressure of carbon dioxide less than 32 mmHg, 
and a leukocyte count less than 4,000 cells/mm 3  
or greater than 12,000 cells/mm 3  or alternatively 
the presence of greater than 10 % immature neu-
trophils (band forms). The presence of the syn-
drome during the fi rst 24 h of admission has high 
sensitivity (85 %) for predicting organ failure and 
death (100 %), but lacks specifi city for severe 
disease (41 %). Specifi city was found to increase 
with duration of the syndrome and those patients 
with a higher number of criteria on day 1 had an 
increased risk for severe disease [ 27 ].

       Harmless Acute Pancreatitis Score 

 The HAPS was developed in Germany to defi ne 
and evaluate a simple clinical algorithm to rap-
idly identify patients with a fi rst attack of acute 
pancreatitis that do not require intensive care unit 
level of care (Table  7.6 ). The score can typically 
be calculated within 30 min of admission and 
takes into account three parameters: lack of 
rebound tenderness or guarding, normal hemato-
crit, and normal serum creatinine. The prospec-
tive study included a cohort of 394 patients, and 
the score was later validated using a cohort of 

   Table 7.4    BISAP   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 BUN > 25 mg/dL, impaired 
mental status (Glasgow Coma 
Score <15), SIRS (≥2), age 
(>60 years), pleural effusion 

 Measured 
over 24 h 

 Straight forward calculation 
and can be calculated at 
any time during initial 24 h 

 Static measurement 
(does not incorporate 
changes over time) 

 Score ≥3 indicates 
severe disease 

   Table 7.5    SIRS   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Temperature <36 °C or >38 °C, HR >90/min, 
respiratory rate (>20 min −1  or PaCO 2  < 32 mmHg), 
WBC (<4,000 mm −3 , >12,000 mm −3  or >10 % 
bands) 

 Measured 
at any time 

 High 
sensitivity 

 Lacks specifi city 
unless syndrome 
present for >48 h 

 Two of four 
SIRS criteria 
must be present 
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452 patients [ 29 ]. The score was able to identify 
a harmless course in 200 of 204 patients (98 %), 
and in both the initial and validation study, the 
HAPS score correlated with a non-severe disease 
course ( P  < 0.0001). Another study in Sweden 
looked to evaluate the reproducibility of this 
scoring system outside of the original study. Five 
hundred thirty-one patients with acute pancreati-
tis were included; of the 353 patients who had a 
HAPS score calculated, 79 were predicted to 
have a non-severe course [ 30 ]. Only 1 of 79 
developed severe acute pancreatitis. The valida-
tion study found the HAPS score to have high 
specifi city 96.3 % (95 % CI 93.1–100) for pre-
dicting a non-severe course of acute pancreatitis 
and a PPV of 98.7 % (95 % CI 93.1–100) [ 30 ]. 
The score seems to be advantageous in its sim-
plicity, time of administration, and accuracy rate. 
However, it seems unlikely that providers will 
accept this score as the sole measure in their clin-
ical practice to triage patients into severe and 
non-severe cases.

       Pancreatitis Outcome 
Prediction Score  

 Another study that sought to develop a new and 
more sensitive outcome prediction score was 
based on 159 intensive care units in the United 
Kingdom and included 2,462 patients with severe 
acute pancreatitis [ 4 ]. This retrospective cohort 
study developed the POP score, which is a com-
posite of demographic, physiologic, and bio-
chemical data collected within the fi rst 24 h of 
ICU admission (Table  7.7 ). The score consists of 

six variables—arterial pH, age, BUN, mean arte-
rial pressure, PaO 2 /FiO 2  ratio, and total serum 
calcium (listed in order of decreasing impact). 
These six factors were used to develop this 
 multivariate prognostic score, which ranges from 
0 to 40 points. In comparison to other prognostic 
models, the AUC (95 % confi dence interval) 
of the fi nal score in all admissions was 
0.853 (0.838–0.866) compared with 0.670 
(0.651–0.688) for the seven available modifi ed 
Glasgow criteria and 0.804 (0.787–0.820) for the 
APACHE II score [ 4 ]. Though these initial results 
found the POP score to be statistically superior to 
other models, calculation of the score seems 
much more burdensome and further validation 
studies are needed.

       Panc 3 Score 

 The Panc 3 score was developed for the 
Emergency Room setting to allow for rapid and 
accurate prediction of severity on presentation of 
acute pancreatitis (Table  7.8 ). The three risk fac-
tors used in this score included a serum hemato-
crit greater than 44 mg/dL, a BMI greater than 
30 mg/kg, and a chest X-ray which revealed a 
pleural effusion [ 31 ]. Test-operating characteris-
tics and likelihood ratios were computed for each 
risk factor using the patients originally sampled 
in each of the studies ( n  = 393) and for validation, 
the study examined the score’s ability to predict 
severe acute pancreatitis among 238 patients at 
University of North Carolina at Chapel Hill 
(UNC) hospitals. Analysis revealed that the 
Panc 3 score is easy to use and accurate for the 

   Table 7.6    HAPS   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Abdominal tenderness, hematocrit 
(>43 mg/dL for men or >39.6 mg/dL 
for women), creatinine (>2 mg/dL) 

 Within 30 min 
of admission 

 Simple, high 
accuracy rate 

 Provider 
acceptance 

 Presence of all three 
criteria indicates 
severe disease 

   Table 7.7    POP   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Age, MAP, PaO 2 :FiO 2 , 
arterial pH, BUN, calcium 

 Within fi rst 24 h  Increased 
sensitivity 

 Burdensome 
to calculate 

 Score from 0 to 40 which 
correlates with a % mortality 
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prediction of severe acute pancreatitis. In the 
 validation set of data, when all three of these 
fi ndings were present and the pretest probability 
of pancreatitis was between 12 and 25 %, the 
post-test likelihood of severe disease was 99 %. 
Furthermore, the serum hematocrit was also 
identifi ed as the strongest predictor of severe 
 disease [ 31 ].

       Japanese Severity Score 

 The original Japanese severity scoring system 
(1999) incorporated 18 prognostic factors, which 
made the assessment extremely complicated 
(Table  7.9 ). Furthermore, the CT grades included 
in the scoring system were based on plain CT and 
thus did not accurately refl ect the prognosis of 

acute pancreatitis. For this reason, the scoring 
system was revised in 2008. In the New Japanese 
criteria, severity assessment can be made accord-
ing to both prognostic factors and the contrast- 
enhanced CT grade. Prognostic factors consist 
of the following nine items: (1) base excess (BE) 
≤3 mEq/L or shock: (systolic blood pressure 
≤80 mmHg), (2) PaO 2  ≤ 60 mmHg (room 
air) or requiring respirator management, (3) 
BUN ≥ 40 mg/dL (or creatinine [Cr] ≥2.0 mg/
dL) or oliguria after fl uid replacement, (4) lactic 
dehydrogenase (LDH) ≥2 times of upper limit of 
normal, (5) platelet count ≤100,000 mm −3 , (6) 
Ca ≤ 7.5 mg/dL, (7) C-reactive protein (CRP) 
≥15 mg/dL, (8) number of positive measures in 
SIRS criteria ≥3, and (9) age ≥70 years [ 32 ]. 
Patients who satisfy three or more of the 
nine items are assessed as having severe acute 

   Table 7.8    Panc 3   

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Hematocrit (>48 mg/dL), BMI 
(30 kg/m 2 ), pleural effusion 

 Use on 
admission 

 Easy to use, 
accurate 

 Needs validation  Presence of all three criteria 
indicates severe pancreatitis 

   Table 7.9    JSS      

 Criteria  Use  Advantages  Disadvantages  Score cutoff 

 Prognostic criteria: base excess 
(≤3 mEq/L), PaO 2  (≤60 mmHg or 
respiratory failure), BUN (≥40 mg/dL) or 
Cr (≥2 mg/dL), LDH (≥2 × upper limit of 
normal), platelet (≤100,000 mm −3 ), calcium 
(≤7.5 mg/dL), CRP (≥15 mg/dL), SIRS 
(≥3), age (≥70 years) 

 At admission 
and at 48 h 

 Well 
established 

 Cumbersome  Severe pancreatitis if 
≥3 of nine prognostic 
criteria 

 CT grade (contrast):  Takes 48 h to 
calculate 

 CT grade: 

 1. Extrapancreatic progression 
of infl ammation: 

 1 + 2 = total score 

   Anterior pararenal space: 0 point 
   Root of mesocolon: 1 point 
   Beyond lower pole of kidney: 2 points 

 Total score = 0 or 1, 
Grade 1 

 Total score = 2, Grade 2 
 Total score = 3 or more, 
Grade 3 

 2. Hypoenhanced lesion of the pancreas 
    Localized in each segment or only 

surrounding the pancreas: 0 point 

 CT grade ≥2 severe 
pancreatitis 

   Extends to two segments: 1 point 
   Occupies ≥2 whole segments: 2 points 
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pancreatitis. The contrast-enhanced CT grade 
incorporates the extent of extrapancreatic pro-
gression of infl ammation and of hypoenhanced 
area of the pancreas that suggests the presence of 
ischemia or necrosis. A CT grade of 2 or higher 
indicates a severe case of pancreatitis [ 32 ]. The 
predictive value of the revised JSS was validated 
in a large scale study in Japan including 17,901 
patients which were able to show a signifi cant 
increase in the odds ratio for mortality with 
increasing prognostic factor score. Area under 
the ROC was 0.798 (95 % confi dence interval 
0.775–0.821). Thus, the prognostic score factor 
was found to have good predictive value for in-
hospital mortality in acute pancreatitis. The score 
is pretty well established like many of the other 
scoring systems, but is quite cumbersome and 
diffi cult to calculate quickly at the bedside. 
Furthermore, many of the prognostic criteria are 
labs that do not result immediately and the score 
can thus take up to 48 h to calculate.

       Overall Comparison 
of Clinical Scores 

 A recent study compared these nine existing clin-
ical scoring systems to predict persistent organ 
failure in patients with acute pancreatitis. Clinical 
data were collected from two prospective cohort 
studies, a training cohort from the Severity of 
Acute Pancreatitis Study conducted at University 
of Pittsburg Medical Center, and a validation 
cohort from Markers of Severity in Acute 
Pancreatitis study conducted at Brigham and 
Women’s Hospital. Both centers utilized the 
same diagnostic criteria for acute pancreatitis and 
nine clinical scores were calculated at admission 
and at 48 h [ 33 ]. The scores included APACHE-II, 
BISAP, Glasgow, APS, JSS, Panc 3, POP, 
Ranson, and SIRS. The primary outcome mea-
sure was development of persistent organ failure 
which was defi ned as cardiovascular, pulmonary, 
or renal failure lasting for 48 h or more. A set of 
12 predictive rules were developed that combined 
the various scoring systems in order of increasing 
complexity. The results showed that patients with 

organ failure had higher scores across all scoring 
systems compared to those without organ failure. 
Also, existing scoring systems showed moderate 
accuracy. The Glasgow score was found to be the 
best classifi er at admission with AUC of 0.84 in 
the training cohort and 0.74 in the validation 
cohort. At 48 h, the best scoring system was JSS, 
with an AUC of 0.84 in the training cohort and 
0.79 in the validation cohort. The study also 
found that serum levels of creatinine and BUN 
were similar in their ability to predict organ fail-
ure. The 12 predictive rules that combined scor-
ing systems proved to increase accuracy to 
0.92 in the training cohort and 0.84 in the valida-
tion cohort [ 33 ].  

    Imaging-Based 
Prediction/Severity Scores 

 There have also been severity scores based on 
imaging fi ndings in acute pancreatitis. For exam-
ple, a CT severity score (the Balthazar score) was 
developed in 1990 and was based on a combina-
tion of CT grade of pancreatitis as well as peri- 
pancreatic infl ammation, phlegmon, and degree 
of necrosis seen on initial CT [ 34 ]. Patients with 
grade A–E pancreatitis were assigned a score of 
0–4 plus an additional 2 points for necrosis up to 
30 %, 4 points for necrosis from 30 to 50 %, and 
6 points for necrosis greater than 50 %. The study 
found that there was a 23 % mortality rate and an 
82 % complication rate in patients with any 
degree of necrosis. However, in patients without 
necrosis, mortality rate was 0 % and complica-
tion rate was 6 %. Furthermore, the study found 
that serious complications occurred in patients 
with more than 30 % necrosis. Patients with a 
high CT severity index (score 7–10) had 92 % 
morbidity and 17 % mortality rate, whereas 
patients with a low CT severity index (2) had 2 % 
morbidity and no mortality [ 34 ]. A large retro-
spective study of 268 patients was performed and 
reported that a CT severity index of >5 strongly 
correlated with mortality ( P  = 0.0005), longer 
hospital stay ( P  < 0.0001), and need for necrosec-
tomy ( P  < 0.0001) [ 7 ].  
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    Routine Laboratory Tests 

 Many serum markers have also been identifi ed as 
possible prognostic indicators for severity in 
acute pancreatitis, including serum hematocrit, 
creatinine, and BUN levels (Table  7.10 ). See also 
Chap.   4    . Laboratory tests allow clinicians to 
monitor a patient’s initial response to treatment. 
Several small studies suggested that hemocon-
centration, or an elevated hematocrit at admis-
sion, was a predictor of pancreatic necrosis [ 35 , 
 36 ]. One such study was a prospective cohort 
study by Brown and colleagues, which found that 
patients with more severe disease may show 
hemoconcentration with hematocrit values 
>44 %. The study also found that failure of this to 
decrease at 24 h was a good indication of pancre-
atic necrosis and predictor of organ failure [ 36 ]. 
However, the accuracy of hematocrit to predict 
pancreatic necrosis was not confi rmed in several 
external validation studies [ 37 – 39 ].

   Early changes in serum creatinine levels, spe-
cifi cally within the fi rst 48 h, have also been asso-
ciated with the development of pancreatic 
necrosis [ 40 ]. However, serial measurement of 
BUN levels seems to be the most useful labora-
tory test for determining death. A large retrospec-
tive cohort study looked at data from 69 hospitals 
and examined the relationship between early 
trends in BUN and hemoglobin [ 41 ]. Compared 
to fi ve other laboratory markers that were exam-
ined (hemoglobin, calcium, leukocyte count, cre-
atinine, and serum glucose), BUN had the highest 

area under the curve for predicting mortality at 
admission, at 24 h, and at 48 h [ 41 ]. The accuracy 
of measure serial BUN levels has been validated 
using data from three independent prospective 
cohort studies [ 42 ]. 

 Infl ammatory markers such as CRP have also 
been studied as potential predictors for the out-
come of acute pancreatitis. CRP is an acute-phase 
reactant produced by the hepatocytes and its syn-
thesis is induced by the release of interleukin-1 
(IL-1) and 6 (IL-6). Serum CRP peaks on day 3 
after the onset of pain and is a useful predictor of 
severity in acute pancreatitis 48 h after the start of 
symptoms but not in the early phases [ 43 ]. A sys-
tematic review showed that the sensitivity of 
CRP at 48 h for severe pancreatitis was 80 % with 
a specifi city of 76 %, a PPV of 67 %, and a NPV 
of 86 %, which are comparable to other predic-
tive scores [ 7 ]. The advantages of CRP measure-
ment include its low cost and availability; 
however, its usefulness is limited by the poor pre-
dictive value during the initial phases of acute 
pancreatitis. 

 Many other serum markers such as procalcito-
nin, polymorphonuclear elastase, IL-6, and IL-8 
have been identifi ed as potentially valuable pre-
dictors of severity in acute pancreatitis [ 43 ]. 
Urinary trypsinogen-activation peptide (TAP) has 
also been shown to accurately predict severity of 
pancreatitis 24 h after symptom onset [ 44 ]. 
However, the use of these serum markers has been 
limited by their availability in North America. 

 The American Gastroenterological 
Association (AGA) has issued guidelines for 

   Table 7.10    Comparing serum markers   

 Laboratory tests  Use  Advantages  Disadvantages 

 Blood urea nitrogen  Level at admission and 
increase over 48 h 

 Accurate, inexpensive, 
widely available 

 Not specifi c to one 
disease process 

 Serum creatinine  Initial increase within 
48 h predictor of severity 

 Inexpensive, widely 
available 

 Need 48 h to assess 

 C-reactive protein  Levels >150 at 48 h 
predictor of severity 

 Widely available  Peaks 48 h after onset 
of illness 

 Infl ammatory biomarkers 
(procalcitonin, polymorphonuclear 
elastase, interleukins 6 and 8) 

 Higher levels associated 
with severity of outcome 

 High accuracy early in 
disease 

 Not widely available 

 Urine trypsinogen activating 
peptide 

 Urine spot measurement  High accuracy 24 h 
after symptom onset 

 Not commercially 
available 
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assessing the severity of pancreatitis. The 
 recommendations start with the clinician and 
their ability to assess severity of disease by the 
presence of organ failure and local complications 
(pseudocyst, necrosis, or abscess). The AGA rec-
ommends the APACHE II score as the preferred 
predictor of severe disease (using a cutoff of ≥8) 
[ 45 ]. Those with actual or predicted severe dis-
ease and those with other severe comorbid condi-
tions should be considered for triage to an 
intensive care or intermediate medical care unit. 
In patients with predicted severe disease (i.e., 
APACHE II score of ≥8) and those with evidence 
of organ failure within the initial 72 h, rapid- 
bolus CT should be performed after 72 h of ill-
ness to assess the degree of pancreatic necrosis. 
CT should be used selectively based upon clini-
cal features in patients who do not meet these 
criteria. The guidelines also suggest that labora-
tory tests can be used as an adjunct to clinical 
judgment, multiple factor scoring systems, and 
CT to guide initial triage decisions. Of all labora-
tory tests, a serum CRP level of >150 mg/L at 
48 h is preferred [ 45 ].  

    Fluid Sequestration 

 Many early studies seemed to suggest early and 
aggressive fl uid therapy to improve clinical out-
come in acute pancreatitis; however, more recent 
studies have failed to demonstrate improved out-
comes and some have suggested potentially 
worse outcomes. Amount of fl uid sequestration 
has been identifi ed as another factor that may pre-
dict outcomes in acute pancreatitis. De-Madaria 
and colleagues collected data on 403 patients 
admitted at two different hospitals and the 
amount of fl uid sequestered at 48 h was calcu-
lated by subtracting the total amount of fl uid 
administered and lost during the fi rst 48 h of hos-
pitalization [ 46 ]. The study was also able to iden-
tify factors associated with increased fl uid 
sequestration. Increased fl uid sequestration was 
shown to be associated with pancreatic necrosis, 
acute fl uid collections, persistent organ failure, 
and increased length of stay.  

    Conclusion 

 Diagnosis of pancreatitis has always been clini-
cal and based on elevations in amylase and lipase; 
however, severity of elevation in pancreatic 
enzymes does not necessarily correlate with dis-
ease severity. Multiple scoring systems have been 
developed to predict severity in acute pancreati-
tis, some more cumbersome and accurate than 
others. As highlighted in the recent study by 
Mounzer and colleagues [ 33 ], the existing  clinical 
scoring systems each performed with moderate 
accuracy in their ability to predict persistent 
organ failure. Their method of developing 12 pre-
dictive rules to combine these scores further 
improved the accuracy to predict severe pancre-
atitis; however, this method too is cumbersome 
and not easily applicable in clinical practice. Of 
the risk factors that correlate with severe disease, 
the ones that are simple and easy to obtain include 
BMI, age, hematocrit, BUN, and presence of 
pleural effusions on a chest X-ray. Furthermore, 
since hemoconcentration itself has been shown to 
be an accurate predictor of necrosis and organ 
failure, serial BUN measurements seem to be a 
valuable routine laboratory marker for following 
disease progression. It seems that many of the 
scoring systems will not consistently be accepted 
into clinical practice since most are quite cum-
bersome to calculate. Physicians will likely con-
tinue to utilize their clinical judgment and 
individual laboratory markers that are easy to 
obtain to assess severity in pancreatitis.     
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           Introduction 

 Acute pancreatitis is a common infl ammatory 
condition of the pancreas often resulting in con-
siderable morbidity and mortality. Its incidence is 
increasing, with over 200,000 annual hospitaliza-
tions reported in the United States [ 1 ,  2 ]. In addi-
tion, despite the increasing disease incidence, the 
overall mortality rate from acute pancreatitis has 
remained at approximately 5 % [ 3 – 7 ]. 

 In the past, several pharmacological therapies 
have been proposed for treating acute pancreati-
tis; however, the majority of medications have 
demonstrated no proven clinical benefi t in ran-
domized controlled trials. Agents directed at 
reducing pancreatic secretions, including hista-
mine- 2 blockers like cimetidine, glucagon, atro-
pine, somatostatin and its analogue octreotide, do 
not reliably affect morbidity or mortality [ 8 – 12 ]. 
Antiprotease therapy with aprotinin and gabexate 
mesilate is equally ineffective, as is therapy with 

lexipafant, a platelet-activating factor antagonist 
[ 13 – 15 ]. Alternatively, there have been medica-
tions validated for preventing pancreatitis in sus-
ceptible populations; for example, the use of 
rectal indomethacin to prevent post-ERCP pan-
creatitis in high-risk patients [ 16 ]. 

 Except in very specifi c circumstances, such as 
gallstone pancreatitis complicated by choledo-
cholithiasis with subsequent biliary obstruction 
and need for early ERCP or proven infected pan-
creatic necrosis requiring antibiotic therapy and 
debridement, the overriding principle in treating 
inpatients with acute pancreatitis is supportive 
therapy [ 17 ,  18 ]. Timing and use of parenteral 
versus enteral feeding, preventing infected necro-
sis with the control of metabolic derangements, 
and therapy of late complications are all impor-
tant components of management. 

 This discussion will focus on the role of fl uid 
resuscitation in acute pancreatitis. There is uni-
versal agreement that fl uid loss must be corrected 
to ensure optimal patient outcomes, especially 
early in the disease process. However, currently 
there are limited animal and few prospective 
human studies which have attempted to further 
defi ne the role of fl uid resuscitation in acute pan-
creatitis. For example, what is the optimal resus-
citative fl uid? Is there a role for colloid solutions? 
To what clinical marker should resuscitation be 
targeted? Which is the best time to start such fl u-
ids and in what group of patients? 

 In this review, the physiology of the pancre-
atic microcirculation and the pathophysiologic 
alterations that occur in acute pancreatitis will be 
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highlighted. Animal studies addressing issues of 
fl uid resuscitation will be discussed, as well as 
the current and future status of human trials. 
Finally, the article will highlight the updated cur-
rent American College of Gastroenterology 
expert recommendations regarding fl uid resusci-
tation. We hope that this review will provide a 
broad overview of this often overlooked topic 
and stimulate new interest and exploration into 
this important area of gastroenterology.  

    Search Methods 

 A Medline/PubMed search was performed with 
manual cross-referencing (January 1966–
November 2013). Search topics included “fl uid 
resuscitation and acute pancreatitis,” “fl uids and 
acute pancreatitis,” “pancreatic microcirculation,” 
“vascular anatomy of the pancreas,” “pancreatic 
necrosis,” “hemoconcentration and acute pancre-
atitis,” and “acute pancreatitis.” Recent technical 
guidelines from the major gastroenterology soci-
eties were also evaluated. Original papers and 
reviews were included. The English translation of 
all foreign language papers was used.  

    The Pancreatic Microcirculation 

 The arterial supply to the pancreas is derived 
from the two main proximal trunks of the aorta—
the celiac trunk and superior mesenteric artery. 
The splenic and common hepatic arteries (as well 
as the left gastric artery which does not supply 
the pancreas) arise from the celiac trunk. The 
splenic artery gives rise to the penetrating 
branches of the body and tail of the pancreas, 
while the common hepatic artery, via its branch 
the gastroduodenal artery, supplies the pancreatic 
head through the anterior and posterior superior 
pancreaticoduodenal arteries. The anterior and 
posterior inferior pancreaticoduodenal arteries, 
arising from the superior mesenteric artery, sup-
ply the head and neck of the pancreas, and form 
vascular anastomoses with the superior pancre-
aticoduodenal arteries. This vascular network 
features extensive collateralization, thus ensuring 
adequate pancreatic tissue perfusion [ 19 ]. 

 From these large arteries arise the interlobular 
arteries, which run within the pancreas often par-
allel to the pancreatic ducts. The interlobular 
arteries give rise to the pancreatic microcircula-
tion, a vast network of capillaries and venules 
which supply the pancreatic acinus with a rich 
blood supply [ 20 ]. 

 The basic microscopic vascular unit consists 
of an exocrine lobular plexus with multiple, fi ne 
capillaries that receive one or more vessels from 
the interlobular arteries [ 21 ]. The capillaries tend 
to vary in size, with the smaller diameter vessels 
displaying a preference for the central lobule. 
These capillaries are to a signifi cant degree more 
permeable than end blood vessels in other organs, 
owing to a signifi cant degree of fenestration [ 22 ]. 

 The pancreatic islet cells receive the vast 
majority of the arterial blood supply, up to 20 
times more than the acinus [ 23 ]. Since the capil-
laries fi rst meet the islet cells and then extend to 
the acinus, the acinar cells are exposed to high 
levels of endocrine hormones. The pancreatic 
capillaries are highly permeable to allow integra-
tion of the endocrine and exocrine tissues, and 
are quite responsive to pro-infl ammatory cyto-
kines. For example, insulin has been shown to 
enhance pancreatic exocrine secretion, as has 
somatostatin. Thus, the endocrine hormones do 
appear to have a regulating effect on the exocrine 
pancreas, the so-called insulo-acinar interaction 
[ 24 ]. The major goal of this autoregulation is to 
sustain a constant level of pancreatic blood perfu-
sion, with the lower limit of normal being 40 mL/
min per 100 g of tissue [ 20 ]. 

 Each lobular plexus then drains via one or 
more efferent venules to the interlobular veins. 
The interlobular veins drain into the portal sys-
tem via the splenic and superior mesenteric veins. 
The venous blood fl ow then enters the portal cir-
culation via the portal vein.  

    Acute Pancreatitis and the 
Pancreatic Microcirculation 

 Alteration to the pancreatic microcirculation 
plays a central role in the pathogenesis of 
acute pancreatitis. In fact, disturbed pancreatic 
 microcirculation is an important step in the 
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 transformation from acute self-limited  (interstitial 
edematous) pancreatitis to severe, necrotizing 
pancreatitis [ 25 – 28 ]. Alteration in the pancreatic 
microcirculation can occur from one of several 
causes including hypovolemia, increasing capil-
lary permeability, and hypercoagulability caus-
ing microthrombi, among others. The generation 
of oxidative-free radicals with subsequent 
 capillary endothelial damage has also been 
 implicated. This alteration in microcirculation 
increases the degree of pancreatic ischemia, irre-
spective of etiology, thus exacerbating the sys-
temic infl ammatory response syndrome and 
leading to multisystem organ failure. 

 In response to pancreatic acinar cell injury, 
multiple pro-infl ammatory cytokines and vasoac-
tive mediators, including tumor necrosis factor 
alpha, histamine, bradykinin, IL-1, IL-2, IL-6, 
platelet-activating factor, and endothelin-1, are 
recruited to the pancreatic microcirculation and 
delivered to the acinar cells [ 29 – 31 ]. One of the 
effects of this onslaught of infl ammatory 
 mediators is to increase the vascular permeability 
of the capillaries [ 32 – 37 ]. The decrease in endo-
thelial tone causes signifi cant extravasation of 
both interstitial fl uid, leading to acute edematous 
changes around the acinus, and infl ammatory 
cells [ 38 ]. The invasion of infl ammatory cells 
into the acinar cell further perpetuates the degree 
of pancreatic damage. Once this damage to the 
pancreatic microcirculation has been initiated, it 
is very diffi cult to reverse the process, with, for 
example, aggressive fl uid resuscitation [ 39 ]. 

 In contrast to interstitial edematous pancreati-
tis, necrotizing pancreatitis results in a progres-
sive reduction of the number of perfused 
capillaries following acinar cell injury [ 25 ,  40 ]. 
In rabbit models, this process can occur within 30 
min of onset of acute pancreatitis, and by 3 h, 
only very limited circulation via single capillar-
ies is often present [ 41 ]. 

 In addition to increasing vascular permeabil-
ity as a means of inducing pancreatic ischemia, 
capillary vasoconstriction has also been impli-
cated. In a study of rats with sodium taurocholate- 
induced pancreatitis, arterial constriction of up 
to 79 % occurred within minutes of cellular 
injury [ 42 ]. Vasoconstriction thus appears to be 

an early event in acute pancreatitis, and there 
does not appear to be a correlation between total 
pancreatic blood fl ow and regional pancreatic 
perfusion [ 43 ]. 

 Hypercoagulability leading to microthrombi 
formation also contributes to pancreatic ischemia 
and subsequent necrosis [ 44 ]. Levels of pro- 
coagulant factors such as fi brinogen, D-dimer, 
and platelets all are increased in acute pancreati-
tis, likely triggered by infl ammatory mediators 
[ 45 ,  46 ]. The possibility of ischemia-reperfusion 
injury, with generation of free radicals within the 
microcirculation, has also been proposed as 
another detrimental event [ 47 – 49 ]. Support for 
free-radical injury as a pathophysiologic event in 
acute pancreatitis is provided by evidence show-
ing improved outcomes in animal models using 
antioxidant therapy [ 50 ]. 

 There are also profound disturbances in the 
larger pancreatic vessels, which can lead to 
downstream effects on the pancreatic microcircu-
lation. Often this disturbance is secondary to 
arterial vasospasm, causing decreased perfusion 
of the pancreatic capillary bed. For example, 
Takeda et al. [ 51 ] demonstrated in 102 patients 
with acute necrotizing pancreatitis that  vasospasm 
detected on angiography of the intrapancreatic 
and extrapancreatic arteries corresponded with 
the necrotic region of the pancreas. The extent 
of the ischemic change was correlated with the 
extent of the poorly perfused area of the pancreas 
and the subsequent mortality rate. 

 In summary, the capillary-rich pancreatic 
microcirculation plays a vital role in modulating 
the severity of acute pancreatitis. Decreased 
blood fl ow via increasing capillary permeability, 
vasospasm, and the formation of microthrombi 
has been implicated as a major contributor to the 
development of necrotizing pancreatitis.  

    Fluid Resuscitation and Acute 
Pancreatitis: Animal Studies 

 Multiple animal studies have addressed ways to 
combat increasing capillary permeability, vaso-
spasm, and the formation of microthrombi 
through a variety of mechanisms including 
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 endothelin and platelet activating factor receptor 
antagonists, IL-1 antagonists, ICAM-1 antibod-
ies, somatostatin, bradykinin antagonists, TNF-α 
antagonists, heparin, and endothelial nitric oxide 
synthase among others [ 15 ,  30 ,  31 ,  52 – 60 ]. 
Investigators have also employed high-volume 
hemofi ltration and other blood purifying tech-
niques in an attempt to reduce circulating infl am-
matory mediators [ 61 ,  62 ]. For the purposes of 
this chapter, these studies will not be discussed. 
Instead we will focus on the limited animal stud-
ies, which specifi cally address fl uid resuscitation, 
including those utilizing colloid solutions, as a 
means of maintaining pancreatic blood perfusion 
in acute pancreatitis. 

 The goal of intravenous fl uid resuscitation in 
acute pancreatitis is to adequately perfuse the 
pancreatic microcirculation so that pancreatic 
necrosis and its subsequent complications can be 
minimized or even prevented [ 18 ,  63 – 66 ]. This is 
an essential component of treatment for this 
 disease, irrespective of the degree of 
 pro- infl ammatory mediators involved in its 
pathophysiology. In fact, in a canine model it was 
demonstrated that the detrimental effects of acute 
pancreatitis on cardiovascular function are related 
solely to hypovolemia and reduced cardiac fi lling 
and not to humoral or refl ex effects induced by 
the disease [ 67 ]. 

 In two animal studies, fl uid resuscitation with-
out regard to type of fl uid showed improvements 
in circulation and survival. Juvonen and col-
leagues, using a pig model of Na-taurocholate- 
induced pancreatitis, demonstrated that the signs 
of splanchnic hypoperfusion can be prevented 
with fl uid resuscitation [ 68 ]. Pigs were divided 
into four groups: (1) pancreatitis, (2) control, (3) 
pancreatitis and fl uid resuscitation to keep the 
pulmonary capillary wedge pressure at 
5–6 mmHg, and (4) control and fl uid resuscita-
tion as in group 3. Splanchnic perfusion was 
assessed by means of the local PCO 2  gap with 
intestinal tonometer, oxygen delivery and con-
sumption, lactate production, and blood fl ow. 
The investigators found that the PCO 2  gap 
increased and portal venous blood fl ow decreased 
in pigs with acute pancreatitis, but did improve 
signifi cantly with resuscitation. Niederau et al. 

[ 69 ] has also demonstrated in a choline-defi cient, 
ethionine-supplemented diet mice model that 
hydration by subcutaneous fl uid markedly 
improved survival and normalized the hematocrit 
without having signifi cant biochemical or mor-
phologic alterations. 

 Crystalloid resuscitation has been studied 
only sparingly in animal studies of acute pancre-
atitis. Knol et al. [ 70 ] evaluated the effect of low 
and high infusion rates of lactated Ringer’s solu-
tion in 14 dogs with bile-trypsin pancreatitis. 
They found that pancreatic blood fl ow decreased 
to a greater extent in the low infusion group com-
pared to the high infusion group. Similar fi ndings 
were found in pancreatic oxygen consumption. 
However, vigorous fl uid resuscitation did not 
completely reverse the pathologic process. 
Crystalloid resuscitation with a balanced salt 
solution adequately restored plasma volume, 
supported tissue perfusion, and prevented exces-
sive hemodilution without detrimental effects on 
pulmonary pressures or oxygenation in a canine 
model of acute hemorrhagic pancreatitis [ 71 ]. 
Kerner and colleagues [ 33 ], using a rat model, 
demonstrated that pancreatic microvascular per-
fusion failure was aggravated by arterial hypo-
tension but attenuated by treatment with 
high-volume crystalloid resuscitation. 

 Two studies using hypertonic saline have 
demonstrated benefi t in acute pancreatitis [ 72 , 
 73 ]. Using intraperitoneal injection of 20 % 
 L -arginine, acute pancreatitis was induced in 32 
Sprague–Dawley rats. The rats were divided into 
four groups of eight animals each: (1) controls, 
(2) pancreatitis without intervention, (3) pancre-
atitis plus intervention with 0.9 % normal saline 
2 mL/kg at 24 and 48 h, and (4) pancreatitis plus 
intervention with 7.5 % hypertonic saline 2 mL/
kg at 24 and 48 h. The results demonstrated that 
animals who received hypertonic saline showed 
signifi cantly less pancreatic damage (acinar loss, 
infl ammatory infi ltrate, fi broblast proliferation, 
adipose involvement) than those animals treated 
with normal saline and those without fl uid inter-
vention [ 72 ]. Intratracheal hypertonic saline has 
also been shown to mitigate the neutrophil- 
mediated pulmonary insult subsequent to pancre-
atitis by the same investigators [ 73 ]. 
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 The majority of animal studies dealing with 
fl uid resuscitation have used colloid solutions, 
most notably dextran, and generally found 
improved outcomes compared with crystalloid 
resuscitation. One suspected reason for improved 
outcomes with colloids has been that they are not 
as permeable to leakage in the pancreatic micro-
circulation compared with crystalloids. By 
remaining in the luminal environment, circula-
tory blood fl ow is better maintained, and infl am-
matory mediators are less able to access the 
acinus. Schmidt et al. in 1993 compared 46 
ceruleinic- pancreatitis rats who received intra- 
aortic bolus infusions (2 mL/kg) of either lactated 
Ringer’s, 7.5 % sodium chloride and 10 % dex-
tran 60,000, 7.5 % sodium chloride and 10 % 
dextran 500,000, or 0.9 % sodium chloride and 
10 % dextran 500,000 at 30, 60, 80, and 150 min 
after induction of pancreatitis. The investigators 
found that mortality rates, histopathologic scores 
for acinar necrosis, and pathologic activation of 
trypsinogen were signifi cantly lower in the 
 high- dose dextran groups [ 74 ]. A follow-up study 
performed by the same group in 70 Wistar rats 
using six different dextrans compared with lac-
tated Ringer’s alone verifi ed these fi ndings [ 75 ]. 
Multiple other investigators have additionally 
demonstrated the benefi cial effect of various dex-
tran formulations on the outcomes in acute exper-
imental pancreatitis [ 76 – 80 ]. 

 Alternative types of infusions have also been 
employed. Purifi ed bovine hemoglobin, a 
hemoglobin- based oxygen carrier, was demon-
strated to improve pancreatic microcirculation 
assessed by leukocyte adherence and decrease 
tissue damage compared with normal saline in a 
rodent model [ 26 ,  81 ]. In addition, fresh frozen 
plasma in a rat model given in a continuous infu-
sion did improve 72-h survival compared to 
crystalloid and colloid in acute hemorrhagic pan-
creatitis [ 82 ]. 

 This expands to concepts of rates of fl uid 
administration, duration of fl uid administration, 
and furthermore what type of fl uid is most oppor-
tune for these patients. Recent studies over the 
past 5 years have been conducted to attempt to 
address these issues.  

    Fluid Resuscitation and Acute 
Pancreatitis: Human Studies 

 Despite the universally accepted paradigm that 
aggressive resuscitation is critical for the treat-
ment of acute pancreatitis, few human studies 
have addressed the specifi cs related to optimal 
fl uid administration. Recently, there have been 
published human studies which sought to evalu-
ate specifi c fl uid resuscitation strategies, includ-
ing the most appropriate prognostic biomarkers 
of adequate fl uid resuscitation, the optimal vol-
ume of fl uid resuscitation, the optimal type of 
fl uid (colloid vs. crystalloid vs. other), the opti-
mal timing of resuscitation in the course of pan-
creatitis, and fi nally prognostic markers for 
complications secondary to resuscitation. 

 The importance of aggressive fl uid resuscitation 
has received increased attention based on the work 
by Banks and colleagues who have stressed the 
role of early and/or sustained hemoconcentration 
in predicting poor outcomes. The original study 
found that hemoconcentration with an admission 
hematocrit ≥47 % or failure of admission hemato-
crit to decrease at approximately 24 h was strong 
risk factors for the development of pancreatic 
necrosis [ 83 ]. Multiple subsequent studies have 
validated these fi ndings, although the ability of an 
elevated admission hematocrit to predict necrosis 
and/or organ failure has not been shown to be as 
robust as in the original Banks paper [ 84 – 87 ]. 

 The Banks group did perform a retrospective 
study to determine whether fl uid resuscitation 
could prevent pancreatic necrosis among patients 
with hemoconcentration at the time of admis-
sion [ 88 ]. In 39 patients, they found that while 
fl uid resuscitation with crystalloid solution was 
not shown to prevent necrosis, all patients with 
inadequate fl uid resuscitation as evidenced by 
persistence of hemoconcentration at 24 h devel-
oped necrotizing pancreatitis. In a retrospective 
study published only in abstract form, under 
resuscitation, especially early in the hospital 
course, has been blamed for the failure of acute 
pancreatitis mortality to signifi cantly decline in 
recent decades [ 89 ]. 
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 One retrospective evaluation of 99 patients 
with severe acute pancreatitis in Sweden deter-
mined that patients receiving 4,000 mL or more 
of fl uids during the fi rst 24 h ( n  = 32) developed 
more respiratory complications (66 % vs. 53 %; 
 P  < 0.001) as compared to patients who received 
less than 4,000 mL of fl uid [ 90 ]. Need of inten-
sive care was also more common in the group 
with higher volume replacement during the fi rst 
24 h after admission (47 % vs. 20 %;  P  < 0.001). 
The fl uid supply mainly consisted of crystalloids 
during the fi rst 24 h, but within the fi rst 72 h, 
56 % (51/91) of the patients received both crys-
talloids and colloids and the most frequently 
administered colloid was albumin ( n  = 27). There 
was no ascribed difference in patient outcomes 
based on the extent of fl uid resuscitation. Mao 
and colleagues have also reported improved sur-
vival rates by controlling the amount of fl uid 
resuscitation within the fi rst 72 h in 83 patients 
with severe pancreatitis [ 91 ]. 

 De-Madaria and colleagues performed a 
 prospective cohort study, consisting of 259 
patients, investigating fl uid administration 
amount over the fi rst 24 h and outcomes includ-
ing persistent organ failure, and acute fl uid col-
lections [ 92 ]. Cohort patients were retrospectively 
stratifi ed into subgroups including the low-vol-
ume group (receiving less than 3.1 L), intermedi-
ate-volume group (3.1–4.1 L), and a high-volume 
group (receiving greater than 4.1 L). The interme-
diate fl uid resuscitation group had the best overall 
outcomes. The low-volume group comparatively 
had a moderately lower organ failure risk (OR 
4.1). Conversely, the high-volume group was 
noted with the highest risk for persistent organ 
failure (OR 9.1) and acute collections (OR 2.3). 
We suspect these results carry an inherent bias 
due to severe pancreatitis associated with oliguria 
and hypotension, respectively, requiring aggres-
sive fl uid administration. Further sub-analysis 
revealed patients with SIRS had increased risk for 
persistent organ failure (OR 5.4) and acute fl uid 
collections (OR 3.2). Hemoconcentration was 
also associated with an increased risk for devel-
oping fl uid collections (OR 3.0). 

 With regard to fl uid type and outcomes, a 
phase-1 study evaluated 13 patients with severe, 

non-biliary pancreatitis who underwent isovole-
mic hemodilution exchange with 6 % dextran 60 
[ 77 ]. Independent from the exchange, patients 
received lactated Ringer’s solution to maintain a 
CVP at 6 ± 2 mmHg. Whole blood (750–
1,500 mL) was exchanged for dextran 60 over a 
period of 45–75 min and hematocrit was main-
tained at a mean of 30 % via autotransfusions of 
packed red cells. Patients were evaluated with CT 
scans for necrosis. The authors concluded that 
the procedure was safe, and two patients required 
surgical necrosectomy and one patient died. 
Interestingly, 10 of the 13 patients indicated pain 
relief during hemodilution in the absence of spe-
cifi c analgesics, which the authors felt could be 
explained by improvements of pancreatic perfu-
sion at the time of hemodilution. 

 Only one other human study using dextran in 
acute pancreatitis has been reported. Wang and 
colleagues in China evaluated 32 patients with 
severe acute pancreatitis who were treated with 
0.5–1 mg/kg day of dexamethasone for 3–5 
days and 500–1,000 mL/day of dextran 40 for 
7 days, in addition to standard therapy [ 93 ]. No 
control group was used. Of the 32 patients, 27 
patients resolved with nonsurgical treatment, 
while 5 patients underwent necrosectomy, and 
4 patients expired. The authors concluded that 
dexamethasone and dextran 40 block the patho-
logic  process of severe acute pancreatitis 
through inhibition of infl ammatory mediators 
and improvement of microcirculation disorders, 
respectively. A prospective study by Leese et al. 
enrolled 202 consecutive patients with acute 
pancreatitis and randomized two groups—one 
to receive 2 units fresh frozen plasma daily for 
3 days, the other group to receive standard volume 
resuscitation. No difference in patient outcomes 
was reported [ 93 ]. 

 As part of further investigation into fl uid type, 
Wu and colleagues evaluated the effi cacy of lac-
tated Ringer’s solution as the fl uid option for 
treatment of acute pancreatitis. The utility of this 
fl uid strategy may be related to the suspected 
complications of hyperchloremic non-anion gap 
acidosis from aggressive normal saline adminis-
tration. Animal models study had investigated 
the role of increased systemic acidosis as a 
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 predisposition to increased zymogen activation 
and accelerated risk for increased severity pan-
creatitis [ 94 ]. The concept to using a more pH-
balanced solution may curb pro-pancreatitis 
processes, thus potentially improving clinical 
outcomes. 

 The 40 patient study represented a double- 
blinded randomized controlled study, with 4 
treatment arms including: early goal-directed 
fl uid therapy (defi ned as greater than one third of 
fl uid within the fi rst 24 h) versus standard fl uid 
administration groups, which were further ran-
domized to receive normal saline versus lactated 
Ringer’s [ 94 ]. Major outcomes measured were 
24-h SIRS criteria and serum CRP levels. 
Compared to the normal saline treatment arm, the 
lactated Ringer’s treatment group was associated 
with SIRS frequency reduction, (84 % vs. 0 %, 
 P  = 0.035). The lactated Ringer’s treatment group 
also noted lower CRP levels (51.5 vs. 104 mg/dL, 
 P  = 0.02). However, due to study size, the study 
goals were not achieved with regard to evaluating 
early goal directed versus standard fl uid thera-
pies. Furthermore, the study revealed signifi cant 
reductions in acidosis as evidenced by bicarbon-
ate serum levels. The study verifi ed through a 
prospective randomized controlled trial approach 
the clinical utility of lactated Ringer’s as the fl uid 
type of choice for acute pancreatitis. 

 As aggressive fl uid administration becomes 
well established, focus shifts towards the optimi-
zation of fl uid administration rate. A retrospective 
study by Warndorf et al. in 434 patients sought to 
assess the effi cacy of early fl uid resuscitation on 
patient acute pancreatitis outcomes [ 95 ]. Patients 
were stratifi ed into early (defi ned as greater than 
or equal to one third of total 72 h fl uid resuscita-
tion during the fi rst 24 h) versus late fl uid resusci-
tation. Primary outcomes assessed included SIRS 
frequency, organ failure, and death. Compared to 
late resuscitation, SIRS frequency was reduced at 
24 h (15 % vs. 32 %,  P  = 0.001), 48 h (14 % vs. 
33 %,  P  = 0.001), and 72 h of admission (5 % vs. 
10 %,  P  < 0.05). There was also a lower rate of 
admission to the intensive care unit (6–17 %, 
 P  < 0.001) and reduced length of hospital stay (8 
vs. 11 days,  P  = 0.01). Subgroup analysis revealed 
pronounced improvement with acute pancreatitis 

in the interstitial state versus severe disease. 
Similarly, in patients with severe established dis-
ease, the authors concluded there is likely no sig-
nifi cant role for aggressive fl uid administration. 

 In contrast, a study by Mao et al. concluded 
that in patients with severe AP, rapid hemodilu-
tion was associated with increased sepsis and 
mortality [ 96 ]. The 115 patient prospective ran-
domized controlled study with treatment arms 
consisting of rapid hemodilution defi ned as 
achieving an hematocrit less than 35 % within 
48 h of admission, versus slow hemodilution 
defi ned as an hematocrit greater than 35 %. The 
results revealed early incidence of sepsis in the 
rapid hemodilution group (7.4–10.2 days), and 
over the fi rst 28 days, the incidence of sepsis was 
higher in the rapid hemodilution group compared 
to slow hemodilution group (78.6 % 57.6 %). 
Overall survival rates were lower in the rapid 
hemodilutional group (84.7–66.6 %,  P  < 0.05). 

 The study was performed to target a hemato-
crit lower than 35 % in the rapid hemodilution 
group and 35 % or higher in the slow hemodilu-
tion group over the fi rst 72 h. In contrast to this 
approach, we recommend that fl uid administra-
tion be adjusted and targeted not to a particular 
hematocrit level, but rather to target to more 
refl ect fl uid resuscitation markers such as ade-
quate urine output; stabilization of blood pres-
sure and heart rate; normalization of central 
venous pressure; and a modest decrease in hema-
tocrit. Additionally In this study, fl uids were 
administered over 72 h, with most of the fl uid 
provided during the second 24-h period. As has 
been shown in our research, the best outcomes 
are obtained when more that one third of the 72-h 
fl uid total is given in the fi rst 24 h. 

 These recent studies indicate the utility of 
aggressive early fl uid administration. The risks of 
this strategy relate to potential fl uid sequestration 
and overload, which can lead to poor patient out-
comes. In this regard, targeting aggressive fl uid 
resuscitation to an ideal receiving target patient 
population would be benefi cial. A retrospective 
study by De-Madaria sought to evaluate risk fac-
tors for fl uid sequestration [ 97 ]. The 403 patient 
study revealed a median net 48-h fl uid sequestra-
tion of 3.2 L. Regression model analysis revealed 
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association with younger age, alcoholic etiology, 
increased hematocrit, and SIRS associated with 
higher sequestration levels. Furthermore, ele-
vated fl uid sequestration was association with 
increased hospital stay, rates of fl uid collection, 
and persistent organ failure. This study repre-
sents further progressive efforts towards ascer-
taining and developing individualized fl uid 
resuscitation protocols for the purpose of opti-
mizing safe and effective aggressive fl uid admin-
istration in the context of acute pancreatitis 
management.  

    Current Clinical Recommendations 

 A summary of recommendations in regard to 
fl uid resuscitation in acute pancreatitis from 
prominent recent review articles is highlighted in 
Table  8.1  based on studies referenced in Table  8.2 . 
These studies in total serve to advocate for aggres-
sive fl uid administration during the fi rst 24 h of 
acute pancreatitis admissions. Furthermore, they 
advocate the use of lactated Ringer’s as the fl uid 
of choice for resuscitation purposes.

    The American College of Gastroenterology 
has provided recommendations regarding fl uid 

resuscitation for acute pancreatitis in part due to 
the recently published human studies [ 98 ]. 
Current recommendations state that aggressive 
hydration with 250–500 mL/h of crystalloid solu-
tion should be provided for patients without car-
diovascular or renal comorbidities. Furthermore, 
the most benefi cial time of hydration is in the fi rst 
12–24 h of presentation, with little potential ben-
efi t after 24 h. Currently, there is a conditional 
recommendation to utilize lactated Ringer’s as 
the fl uid type of choice. Goals of fl uid resuscita-
tion should aim to decrease BUN, with reassess-
ment every 6 h to gauge the effi cacy of fl uid 
administration. 

 A summary of recommendations in regard to 
fl uid resuscitation in acute pancreatitis from 
prominent recent review articles is highlighted in 
Table  8.1 .  

    Conclusion and Future Directions 

 Aggressive fl uid resuscitation in acute pancreati-
tis is a universally recommended and accepted 
paradigm. Additionally, recent studies support 
the use of aggressive fl uid administration within 
the fi rst 24 h utilizing lactated Ringer’s solution. 

    Table 8.1    Fluid resuscitation recommendations from recent reviews of acute pancreatitis   

 Author  Journal  Initial resuscitation recommendation a  

 Tenner et al. [ 98 ]  Am J Gastroenterol, 2013  Aggressive hydration (250–500 mL/h) 
 Bolus administration for severe volume depletion 
 Lactated Ringers preferred 
 Target fl uid resuscitation to BUN 
 Assess fl uid requirements within 6 h of 
admission, and for next 24–48 h 

 Talukdar et al. [ 99 ]  Curr Gastroenterol Rep, 2011  Early management of severe acute pancreatitis 
 Pandol et al. [ 29 ]  Gastroenterology, 2007  Severe volume depletion: 500–1,000 cm 3 /h 

 Non-pancreatic fl uid loss: 300–500 cm 3 /h 
 No volume depletion: 250–350 cm 3 /h 

 Forsmark et al. [ 100 ]  Gastroenterology, 2007  Vigorous fl uid resuscitation 
 Urine output ≥0.5 mL/kg body weight/h 

 Whitcomb [ 101 ]  New Engl J Med, 2006  Fluid bolus to achieve hemodynamic stability 
followed by 250–500 mL/h of crystalloid 

 Banks et al. [ 63 ]  Am J Gastroenterol, 2006  Aggressive IV fl uid replacement 
 Vege et al. [ 102 ]  JAMA, 2004  Aggressive fl uid resuscitation 
 Tenner [ 18 ]  Am J Gastroenterol, 2004  At least 250–300 cm 3 /h for 48 h 

   a Assuming normal-sized individual without cardiac, pulmonary, or renal compromise  
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   Table 8.2    Human fl uid resuscitation studies in acute pancreatitis   

 Author  Journal  Title 

 De-Madaria et al. [ 97 ]  Clin Gastroenterol Hepatol, 2013  Early factors associated with fl uid sequestration 
and outcomes of patients with acute pancreatitis 

 Warndorf et al. [ 95 ]  Clin Gastroenterol Hepatol, 2011  Early fl uid resuscitation reduces morbidity 
among patients with acute pancreatitis 

 De-Madaria et al. [ 92 ]  Am J Gastroenterol, 2011  Infl uence of fl uid therapy on the prognosis of 
acute pancreatitis: a prospective cohort study 

 Wu et al. [ 94 ]  Clin Gastroenterol Hepatol, 2011  Lactated Ringer’s solution reduces systemic 
infl ammation compared with saline in patients 
with acute pancreatitis 

 Wall et al. [ 103 ]  Pancreas, 2011  Decreased morbidity and mortality with acute 
pancreatitis related to aggressive intravenous 
hydration 

 Gardner et al. [ 104 ]  Pancreatology, 2009  Faster rate of initial fl uid administration in 
severe acute pancreatitis diminishes in-hospital 
mortality 

 Eckerwall et al. [ 90 ]  Clin Nutr, 2006  Fluid resuscitation and nutritional support 
during severe acute pancreatitis in the past: 
what have we learned and can we do better? 

 Tenner [ 18 ]  Am J Gastroenterol, 2004  Initial management of acute pancreatitis: 
critical decisions during the fi rst 72 h 

As evidenced by recent human studies, unequivocal 
randomized studies related to fl uid resuscitation 
will be a challenge, due to the varying severity of 
pancreatitis and subsequent individualized fl uid 
requirements. Carefully designed large-volume 
human clinical trials using varying fl uid solutions 
and rates, stratifying pancreatitis severity, identify-
ing optimal target populations with emphasis on 
patient monitoring and safety should be conducted. 
Until these trials are completed, the optimal treat-
ment recommendations and suitable patient popu-
lations with regard to fl uid resuscitation will not be 
clearly defi ned.     
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           Introduction 

 Acute pancreatitis is a condition involving acute 
infl ammation of the pancreas that results in con-
siderable morbidity and 10–40 % mortality [ 1 ]. 
There are two major forms of acute pancreatitis: 
interstitial (about 80 % of cases) and necrotizing 
(about 20 %). Acute necrotizing pancreatitis usu-
ally runs a severe course and can be sterile or 
infected. Although patients with sterile pancre-
atic necrosis may have a severe course and die, 
infection of the nonviable necrotic pancreatic tis-
sue usually portends a worse prognosis. Previous 
studies have shown that the extent and infection 
of pancreatic necrosis correlate with the develop-
ment of organ failure and mortality in acute pan-
creatitis [ 2 ,  3 ]. The incidence of infected 
pancreatic necrosis (IPN) in patients with necro-
tizing pancreatitis has remained stable (around 
30 %) during the last two decades [ 4 ,  5 ]. The 
peak incidence of infected necrosis is between 2 
and 4 weeks after onset of disease [ 6 ] and is the 
cause of most of the late mortality during the 
course of acute pancreatitis [ 7 ]. 

 In addition to IPN, patients with acute 
 pancreatitis may have extra pancreatic infectious 
complications such as pneumonia, cholangitis, 
bacteremia, and urinary tract infections that are 
often hospital-acquired. The early course of 
severe acute pancreatitis (SAP) may present with 
signs of systemic infl ammatory response syn-
drome (SIRS): fever, leukocytosis, tachycardia, 
tachypnea and may be indistinguishable from 
infectious complications of pancreatitis or sepsis 
syndrome. 

 Given the poor prognosis of IPN, it would be 
helpful to be able to prevent it. Whether antibiot-
ics can prevent IPN and can thus improve patient 
survival is controversial. In this chapter, we 
review the studies that have investigated which 
antibiotics penetrate suffi ciently well into pan-
creatic necrosis and whether antibiotic treatment 
in patients with sterile and IPN is of clinical 
benefi t.  

    Diagnosis of Infected Necrosis 

 The gold standard for the differentiation between 
interstitial pancreatitis and necrotizing pancreati-
tis remains contrast-enhanced computed tomog-
raphy (CECT). See also Chap.   3    . However, 
CECT is not always a helpful tool for diagnosing 
infection. Infected necrosis is typically suspected 
when there is persistent sepsis, new-onset sepsis, 
or progressive clinical deterioration (i.e., signs of 
sepsis) despite maximal support in the second 
phase of the disease, without another source of 
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infection. A pathognomonic sign of infected 
necrosis is the presence of peripancreatic or 
intrapancreatic gas bubbles in a collection on 
CECT (Fig.  9.1 ), although this is present in only 
a minority of patients. Otherwise, there is no spe-
cifi c feature on CECT that is able to distinguish 
between infected or sterile necrosis. The gold 
standard for the detection of IPN is ultrasound- 
guided or CT-guided percutaneous aspiration of 
suspected pancreatic fl uid collections with bacte-
riologic sampling (gram stain and cultures with 
sensitivity). The utility of this technique will be 
discussed later in this chapter.

       Epidemiology 

 The microbial pathogens that cause IPN in 
 necrotizing pancreatitis are predominantly 
 gut-derived, including  Escherichia coli, 
Pseudomonas, Klebsiella,  and  Enterococcus . 
Approximately 75 % of infections are monomi-
crobial. Fungal infection and infection with 
gram-positive organisms are uncommon but 
occur more frequently in the setting of prophy-
lactic antibiotic use for SAP, especially when 
used for more than 10–14 days. The incidence of 
fungal infections in necrotizing pancreatitis is 
approximately 9 %, and it is not clear if this is 
associated with higher mortality [ 8 ].  

    Pathogenesis 

 Various theories have been proposed as to how 
pancreatic necrosis becomes infected. First, previ-
ous studies in SAP have shown gut mucosal 
defenses against bacterial translocation become 
impaired [ 9 ,  10 ]. Second, disturbed gastrointestinal 
motility may lead to bacterial overgrowth and fail-
ure of the structural mucosal barrier, which may 
lead to increased gut permeability. These events 
may result in the process of bacterial transloca-
tion—bacteria cross the gastrointestinal mucosal 
barrier and invade the systemic compartment [ 11 , 
 12 ]. Bacterial translocation is thought to be the 
mechanism causing most infections in acute pan-
creatitis. Therefore, antibiotics aimed at preventing 
bacterial translocation and subsequent infections 
have been widely studied over the last two decades.  

    Pancreatic Penetration 
of Antibiotics 

 Because of the consistency of pancreatic necrosis, 
few antibiotics are able to penetrate the dead pan-
creatic tissue when given intravenously. However, 
antibiotics that effectively penetrate viable but not 
necrotic pancreatic tissue may at least achieve high 
microbicidal levels in adjacent tissues [ 13 – 15 ]. 

  Fig. 9.1    A 67-year-old man admitted to the hospital with 
biliary pancreatitis. ( a ) Abdominal CT scan 2 weeks after 
presentation, based on pancreatic fl uid collection a naso-
jejunal feeding tube was placed for enteral feeding. ( b ) 
Four weeks after initiation of jejunal feeding, patient 

called complaining of fever and diaphoresis for the past 2 
days. Repeat CT scan revealed decreased size of the col-
lection with extensive air bubbles ( arrows ). The patient 
was started on antibiotics and laparoscopically debrided       
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In addition, high circulating levels may also 
 prevent infection via hematogenous and lym-
phatic routes [ 16 ]. Whether there is a benefi t to a 
specifi c class of antibiotics has been extensively 
studied. Multiple studies have evaluated the pen-
etration of antibiotics in the human pancreas with 
variable results [ 17 – 29 ]. Most studies utilized a 
parenteral route of antibiotic administration, 
which seems appropriate for a patient with acute 
pancreatitis. Eight studies measured the presence 
and concentration of the antibiotic in pancreatic 
secretions, obtained either on endoscopic retro-
grade cholangiopancreatography (ERCP) or after 
stimulation via a pancreatic fi stula [ 17 – 23 ]. In the 
remaining studies, antibiotic concentrations were 
measured in pseudocysts [ 29 ] and pancreatic 
 tissue [ 28 ]. Tissue samples were obtained from 
patients with different pancreatic diseases and dif-
ferent degrees of infl ammation (acute pancreati-
tis, chronic pancreatitis, pancreatic carcinoma). 
Human studies have shown that the antibiotic 
concentration depends on the degree of infl amma-
tion, with higher levels in acute pancreatitis com-
pared with controls [ 26 ]. 

 Based on these studies, it is possible to clas-
sify antibiotics into three groups with regard to 
their effi cacy in the pancreas: Group A, sub-
stances with low tissue concentrations that were 
below the minimal inhibitory concentrations of 
most bacteria found in pancreatic infection (ami-
noglycosidase, netilmicin, tobramycin); Group 
B, antibiotics with pancreatic tissue concentra-
tions that were suffi cient to inhibit some, but not 
all, bacteria in pancreatic infection (mezclocillin, 
piperacillin, ceftizoxime, cefotaxime); and Group 
C, substances with high pancreatic tissue levels, 
as well as high bactericidal activity against most 
of the organisms present in pancreatic infection 
(ciprofl oxacin, ofl oxacin, imipenem-cilastatin).  

    Preventing Infection 
in Sterile Necrosis 

    Experimental Studies 

 Various experimental studies using different 
 animal models have investigated the effect of 
prophylactic antibiotics for the prevention of 

pancreatic infection in acute pancreatitis. Using a 
perfusion model in cats, Widdison et al. [ 30 ] 
studied the effect of cefotaxime, administered 
12 h after the induction of acute experimental 
pancreatitis. Their group found cefotaxime 
reached bactericidal levels in pancreatic tissue 
and juice and signifi cantly prevented pancreatic 
infection. The effect of piperacillin given imme-
diately after experimentally induced acute pan-
creatitis in rats was studied by Araida et al. [ 31 ] 
and found a positive effect both on the infection 
and survival rate. The effect of intravenously 
administered cefotaxime and imipenem plus the 
effect of complete gut decontamination in a duct 
hyperstimulation model in the rat was studied by 
Foitzik et al. [ 32 ]. Neither treatment had a posi-
tive effect on survival. Pancreatic bacterial 
counts, on the other hand, were signifi cantly 
reduced by imipenem, but not by cefotaxime. 
A study from the same group [ 37 ] and identi-
cal model investigated the effect of imipenem 
and ciprofl oxacin but increased the antibiotic 
treatment from 4 to 7 days. An increased survival 
rate was observed in this study possibly related 
to increased duration of therapy. Both antibiot-
ics reduced early and late septic pancreatic 
complications.  

    Human Studies 

 Over the years, there has been controversy sur-
rounding the use of antibiotics in pancreatic 
necrosis. Three randomized studies were pub-
lished in the 1970s, in which ampicillin or a pla-
cebo was given to less than 200 patients who had 
acute pancreatitis (only 1 patient died and 26 had 
infectious complications) [ 33 – 35 ]. All studies 
showed ampicillin had no benefi cial effect on the 
clinical course of the disease [ 33 – 35 ]. For many 
years, this conclusion led to the impression that 
antibiotic prophylaxis was of no benefi t in pan-
creatitis. However, these studies had various lim-
itations. First, ampicillin has a modest activity 
against Gram-negative microorganisms, which 
are common in pancreatic infection. Second, 
ampicillin achieves poor penetration in pancre-
atic tissue [ 36 ] and in pancreatic fl uid [ 18 ]. Third, 
the severity of acute pancreatitis in these studies 
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was low [ 33 – 35 ], resulting in insuffi cient 
 statistical power [ 16 ]. 

 Since the 1990s, there have been numerous 
prospective, randomized trials that have evalu-
ated the use of prophylactic antibiotics in SAP. 
Unfortunately, the design, methodological qual-
ity, and most importantly, outcome of the 
included studies vary widely [ 37 ]. An attempt to 
summarize these studies in a systematic review 
(from 2006) concluded prophylactic antibiotics 
decreased mortality in severe pancreatitis, but not 
the rate of IPN [ 38 ]. 

 However, more updated meta-analyses (from 
2010) did not demonstrate a signifi cant benefi cial 
effect of antibiotic prophylaxis (except when imi-
penem was used) on infection of pancreatic 
necrosis and mortality [ 39 ,  40 ] with the number 
needed to treat of 1,429 for one patient to benefi t 
[ 41 ]. It remains uncertain if a subgroup of patients 
with SAP (such as extensive necrosis with organ 
failure) may benefi t from antibiotics, but large 
studies with suffi cient statistical power required 
to determine whether any benefi t exists will be 
diffi cult to perform. 

 Based on the current literature, use of prophy-
lactic antibiotics to prevent infection in patients 
with sterile necrosis (even predicted as having 
severe disease) is not recommended. In addition, 
current guidelines do not recommend routine 
antibiotic prophylaxis [ 42 ,  43 ]. Overall, there has 
been a decrease in incidence of infected necrosis 
among patients even in the placebo arms of trials 
(15–20 % of cases with necrosis), consistent with 
fi ndings from contemporary cohort studies [ 44 ]. 
Further casting doubt on the benefi t of prophylac-
tic antibiotics is recognition that it can be associ-
ated with the selection of resistant organisms and 
the development of fungal infection [ 45 – 47 ].  

    Prevention of Fungal Infections 

 Prevention of fungal infections in patients with 
sterile pancreatic necrosis is also not recom-
mended. Although it was suggested that fungal 
infection may be a more common cause of mor-
tality in acute pancreatitis, further study has not 
confi rmed this fi nding [ 48 ]. It is unclear if the 

mere presence of candida within pancreatic 
necrosis indicates only colonization. Furthermore, 
candida infection may go unrecognized and 
untreated due to false negative microbiological 
sampling.  

    Gut Decontamination and Probiotics 

 There is one successful randomized controlled, 
clinical trial that used selective decontamination 
of the bowel, targeting both bacteria and fungi, in 
order to prevent infected necrosis [ 49 ]. Because 
of the decreased morbidity and mortality in this 
trial in patients with SAP who had undergone 
selective decontamination, further study in this 
area is needed. With regard to probiotics, they 
should not be given in SAP. Although earlier tri-
als suggested a benefi t, a very well-conducted, 
randomized controlled clinical trial demonstrated 
increased mortality [ 50 ]. This lack of benefi t has 
also been shown in a recent meta-analysis [ 51 ].   

    Antimicrobial Therapy 
in Infected Necrosis 

 Rather than preventing infection, the role of anti-
biotics in patients with necrotizing pancreatitis is 
now to treat established infected necrosis, or to 
treat other hospital-acquired infections in these 
often critically ill patients. The dogma that IPN 
requires prompt surgical debridement has also 
been challenged by multiple reports and case 
series showing that antibiotics alone can lead to 
resolution of infection and, in select patients, 
avoid surgery altogether [ 52 – 55 ]. A study by 
Garg et al. reported 47/80 patients with infected 
necrosis over a 10-year period who were success-
fully treated conservatively with antibiotics alone 
[ 55 ]. The mortality in the conservative group was 
23 % as compared with 54 % in the surgical 
group. The same group published a meta-analysis 
of eight studies involving 409 patients with 
infected necrosis of whom 324 were successfully 
treated with antibiotics alone [ 56 ]. Overall, 64 % 
of the patients with infected necrosis in this 
 meta- analysis could be managed by conservative 
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antibiotic treatment with 12 % mortality, and 
only 26 % underwent surgery. Thus, a select 
group of relatively stable patients with IPN can 
be managed by antibiotics alone, without requir-
ing percutaneous drainage. However, it should be 
cautioned that these patients require close super-
vision and percutaneous or endoscopic necrosec-
tomy should be considered if the patient fails to 
improve or deteriorates clinically. We suggest 
using imipenem or meropenem for patients with 
suspected infected necrosis based on their high 
pancreatic tissue levels and bactericidal activity 
against most of the organisms present in pancre-
atic infection. Whenever clinically feasible, 
radiological, endoscopic, and surgical interven-
tions for infected necrosis are postponed until 
there is suffi cient encapsulation and demarcation 
of the infected peripancreatic or pancreatic col-
lections, generally 4 weeks after onset of symp-
toms [ 57 ]. A discussion of these interventions is 
given in other chapters.  

    Role of CT-Guided FNA 

 The technique of computed tomography-guided 
fi ne needle aspiration (CT FNA) has proven to be 
safe, effective, and accurate in distinguishing 
infected and sterile necrosis [ 43 ,  58 ]. As patients 
with either infected necrosis or sterile necrosis 
may present similarly with leukocytosis, fever, 
and organ failure [ 59 ], it is impossible to separate 
these entities without needle aspiration. 
Historically, the use of antibiotics is best estab-
lished in clinically proven pancreatic or extrapan-
creatic infection, and therefore CT FNA should 
be considered when an infection is suspected. An 
immediate review of the Gram stain will often 
establish a diagnosis. However, it may be prudent 
to begin antibiotics while awaiting microbiologic 
confi rmation. If culture reports are negative, the 
antibiotics can be discontinued. 

 There is some controversy as to whether a CT 
FNA is necessary in all patients. Although use of 
CT FNA is recommended in some guidelines 
[ 42 ] and complications such as bleeding and 
exacerbation of acute pancreatitis are rare [ 60 , 
 61 ], CT FNA is performed only in a minority of 

centers. To assess compliance with guidelines in 
Germany, for example, only one third of senior 
gastroenterologists said that they used the proce-
dure [ 62 ]. In addition, FNA is associated with a 
risk of false-negative results, since a negative 
fi ne-needle aspiration does not confi dently 
exclude infection [ 63 ]. Finally, in many patients, 
the CT FNA does not infl uence the management 
in patients with suspected infected necrosis [ 64 ]. 
Increased use of conservative management and 
minimally invasive drainage has decreased the 
use of FNA for the diagnosis of IPN [ 65 ]. Many 
patients with sterile or infected necrosis either 
improve quickly or become unstable, and deci-
sions on intervention via a minimally invasive 
route will not be infl uenced by the results of the 
aspiration. A consensus conference concluded 
that FNA should only be used in select situations 
where there is no clinical response to antibiotics, 
such as when a fungal infection is suspected [ 65 ].  

    Therapy for Extrapancreatic 
Infections 

 Extrapancreatic infections such as bloodstream 
infections, pneumonia, and urinary tract infec-
tions occur in up to 20 % of patients with acute 
pancreatitis and increase mortality twofold [ 57 , 
 66 ]. If sepsis is suspected during the course of 
pancreatitis, it is reasonable to start antibiotic 
therapy while waiting for culture results. If cul-
ture results are negative, then antibiotics should 
be discontinued to reduce the risk of fungemia, or 
 Clostridium diffi cile  infection.  

    Conclusion 

 Management of infectious complications of SAP 
remains complex and challenging despite major 
advances in the fi eld over the last two decades. In 
summary, quinolones and carbapenems are the 
antibiotics with optimal pancreatic tissue pene-
tration and bactericidal activity against most of 
the organisms present in pancreatic infection. 
With regard to prevention of infection of necro-
sis, routine antibiotic or probiotic prophylaxis is 
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not recommended. In cases of suspected IPN or 
sepsis, antibiotic therapy should be initiated 
while the source of the infection is being investi-
gated [ 51 ]. However, once blood and other cul-
tures are found to be negative and no source of 
infection is identifi ed, antibiotics should be dis-
continued. A select group of relatively stable 
patients with IPN can be managed by antibiotics 
alone without requiring percutaneous drainage or 
necrosectomy. However, these patients should be 
closely monitored for failure to improve or clini-
cal deterioration, in which case more aggressive 
therapy will be warranted.     
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           Introduction 

 A variety of factors such as alcohol and 
 gallstones predispose to the premature activa-
tion of the  pro-enzymes within the acinar cells 
in the genetically susceptible individuals caus-
ing enzymatic destruction of pancreatic tissue 
or “autophagia” and infl ammation known as 
acute pancreatitis (AP). AP represents a hyper-
catabolic metabolic state marked by high 
caloric and nitrogenous demand from the acute 
infl ammatory and reparative processes. Nearly 
80 % of AP patients have mild to moderate dis-
ease that resolves uneventfully within 3–5 days 
with bowel rest and supportive care, but ~20 % 
have severe AP (SAP) disease complicated by 
severe systemic infl ammatory response syn-
drome (SIRS), multiorgan failure (MOF), and 

local complications such as necrotizing 
pancreatitis associated with mortality as high 
as 40 % [ 1 ]. Interestingly, while bowel rest is 
probably essential in the early treatment phase 
of SAP, delay in enteral feeding of these very 
sick patients is associated with increased mor-
bidity and mortality, possibly because of com-
plications arising from gut stagnation. Better 
understanding of the underlying pathophysio-
logic mechanisms and the unique nutritional 
challenges faced during the treatment of the 
SAP patients is crucial to provide the essential 
nutritional support; preserve the gut function 
and splanchnic metabolism; and potentially 
modulate the systemic infl ammatory response 
through enteral feeding.  

    Physiology of Pancreatic Secretion 

 Proteolytic enzymes synthesized within the pan-
creatic acinar cells are secreted in their inactive 
forms (e.g., trypsinogen) that are activated in the 
intestinal lumen by the enterokinase, an intestinal 
brush border peptidase. Pancreatic juice is 
secreted at a basal rate (~20 %) and further stimu-
lated by meals (~80 %) in three interrelated 
phases: cephalic, gastric, and intestinal phases [ 2 ]. 
In the “cephalic phase” mere sight of food, chew-
ing, and swallowing cause pancreatic  secretion 
mediated by direct vagal cholinergic stimulation 
of the acinar cells. In the “gastric phase” mechani-
cal distention caused by the ingested food pro-
vides a major stimulus for  pancreatic enzyme 
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secretion in addition to the gastric acid secretion 
mediated by a gastropancreatic vagovagal refl ex. 
Finally, in the “intestinal phase” passage of acidic 
gastric contents through the pylorus incites the 
maximal stimulatory phase of pancreatic secre-
tion mediated by complex neural (cholinergic 
excitation of the entero-pancreatic refl ex) and 
humoral (cholecystokinin [CCK] and secretin) 
pathways. CCK is released from the duodenal 
I-cells in response to peptides, amino acids, and 
fatty acids that are present in the chyme and is 
mediated by vagal neurotransmitters such as ace-
tylcholine, gastrin-releasing peptide (GRP), and 
vasoactive intestinal peptide (VIP). Secretin is 
released by the duodenal mucosa in response to 
the acidic chyme and is the major mediator of 
pancreatic water and bicarbonate secretion. 
Importantly, when the undigested nutrients reach 
the terminal ileum pancreatic secretions are sup-
pressed through a negative-feedback mechanism 
known as “ileal brake” that is mediated by the 
release of enteroendocrine gut peptides such as 
glucagon-like peptide-1 (GLP-1) and peptide- YY 
(PYY) [ 3 ]. Importantly, the rate of gastric empty-
ing and duodenal delivery of nutrients, as well as 
their physicochemical characteristics (i.e., the 
proportion of fat, carbohydrate, and protein con-
tent), determine the duration and composition of 
the pancreatic secretory response.  

    Pathophysiology of Acute 
Pancreatitis 

 The infl ammatory cascade of events in AP is 
believed to be triggered by the intracellular infl ux 
of calcium with inappropriate activation of the 
pancreatic zymogen (pro-enzyme) resulting in 
pancreatic parenchymal proteolysis or “autopha-
gia” [ 4 ]. Pancreatic acinar cell injury results in 
activation of the periacinal myofi brocytic nuclear 
factor-kappa B (NF-κB) and mitogen-activated 
protein (MAP) kinase pathways that generate a 
fl ood of proinfl ammatory cytokines such as 
tumor necrosis factor-α (TNF-α), interleukins 
(IL)- IL-1b, IL-17, and IL-18 [ 5 ]. Subsequent 
IL-6 release and cytoattraction of neutrophils 

amplify this cytokine cascade. Activation of one 
of the cytokines, endothelin-A, causes arterial 
vasoconstriction and ischemic death of  pancreatic 
as well as the intestinal tissue [ 6 ]. The fl uid 
sequestration or “third spacing” secondary to 
pancreatic infl ammation decreases the intravas-
cular volume compromising tissue perfusion and 
microcirculation that further exacerbates the 
ischemic injury. Besides the local infl ammation 
in the pancreatic bed, the proinfl ammatory cyto-
kines released into the blood circulation can 
cause systemic infl ammation and organ failure. 
The consequent SIRS escalates and manifests as 
acute respiratory distress syndrome (ARDS, from 
bronchial mucosal injury) and bowel ischemia 
that compromises the gut mucosal defense bar-
rier causing bacterial translocation and systemic 
infections. To make matters worse, prolonged 
fasting can be detrimental as lack of luminal 
nutrients further aggravates the already disturbed 
gut function and splanchnic metabolism.  

    Nutritional Support in AP 

 The initial treatment of AP is focused on symp-
tomatic control of nausea and abdominal pain 
using narcotic analgesics and antiemetic agents; 
aggressive fl uid resuscitation and restoration of 
electrolyte balance; and initiation of specifi c 
treatment addressing the inciting etiological fac-
tor [ 7 ]. Nutritional support is a key supportive 
measure that serves two important purposes. 
First, nutrients provide the building blocks for the 
tissue repair and healing. Secondly, enteral nutri-
tion can potentially improve the clinical out-
comes of SAP by preserving the gut function and 
modulating the systemic infl ammation and pre-
venting organ failure, which are associated with 
high morbidity and mortality. The disease sever-
ity, determined by the severity and duration of 
symptoms, laboratory and radiographic evidence 
of organ failure, and stability of hemodynamic 
parameters, dictates the timing and mode of 
nutrition (Fig.  10.1 ). Most importantly, resting 
the bowel to avoid or minimize pancreatic secre-
tion during AP has been the standard of care. 
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Nutrition can be held for up to a week without 
signifi cant malnutritional consequence in patients 
with mild AP, but early enteral feeding should be 
started when AP is predicted to be severe or asso-
ciated with complications such as necrotizing AP 
in order to sustain these profoundly catabolic 
hypermetabolic states and to maintain gut func-
tion and prevent ileus, stagnation, and bacterial 
overgrowth [ 8 ]. Risk stratifi cation and prediction 
of severity of AP earlier in the course are very 
helpful in determining the timing and mode of 
nutritional support. Hence, the conventional 
practice of prolonged fasting patients with mod-
erate to SAP for “pancreatic rest” has trans-
formed into one where earlier enteral feeding is 
being advocated in anticipation of better clinical 
outcomes.

       NPO-Pancreatic Rest 

 Nil per os (NPO) or bowel rest has been the cor-
nerstone of AP treatment traditionally based on 
the assumption that ingestion of food stimulates 
pancreatic secretion and worsens leakage of 
enzymes that aggravate the pancreatic injury and 
infl ammation [ 9 ]. Resting the pancreas is expected 
to decrease pancreatic secretion and mitigate the 
infl ammation and pain, but strong evidence to 
prove the merits of the concept of “pancreatic 
rest” is lacking. On the other hand, AP is often 
associated with delayed gastric emptying and 
intestinal ileus that cause anorexia, abdominal 
pain, nausea, and vomiting that prevent the patient 
from tolerating oral fl uids and diet. 
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seYoN

Early distal jejunal feeding

Cont TF with regular 
monitoring of tolerance, oral
feeding trial when symptoms,

intestinal ileus, or GOO 
resolve and follow-up

Parenteral
nutritionTrial of oral diet

Discharge home and
follow-up

Intolerant

Fluid resuscitation, 
analgesia, bowel rest, and
supportive care

3-5 d

Tolerant and 
symptoms resolve

Tolerant and 
symptoms resolve

Time

  Fig. 10.1    Nutritional support in acute pancreatitis. 
Bowel rest is important during the fi rst 48 h. Oral feeding 
can be initiated at 3–5 days in mild to moderate AP 
patients when symptoms resolve. Enteral feeding can be 
begun as early as 48 h after the initial resuscitation period 

in predicted severe AP patients in an effort to preserve gut 
mucosal function and splanchnic metabolism and modu-
late the infl ammatory cascade to mitigate SIRS, OF, and 
high morbidity and mortality associated with severe AP       
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 However, depriving these patients of the 
 essential nutrients during a highly catabolic pro-
cess aggravates the nitrogen loss and is likely det-
rimental to the healing and repair of the infl amed 
pancreas. In addition, starvation compromises 
the mucosal integrity and promotes bacterial 
overgrowth due to diminished intestinal motility. 
An impaired mucosal defense barrier increases 
the gut permeability to infl ammatory cytokines 
and intestinal bacterial translocation that worsen 
the SIRS. The fact that the enteric microorgan-
isms are  commonly isolated from infected pan-
creatic necrosis further underscores the risk of 
early bacterial translocation in AP. Unfortunately 
prophylactic antibiotics have not proven to be 
effective in decreasing the infection risk. Hence, 
oral or enteral nutritional support should be pro-
vided as soon as possible to preserve the gut 
function. 

    How Can We Safely Rest 
the Pancreas? 

 The pancreas continues to produce “basal secre-
tion” that is rich in bicarbonate and fl uid by 
 volume and poor in protein enzyme output during 
an AP episode in spite of absolute bowel rest. An 
ideal nutrition support for AP should minimally 
stimulate pancreatic secretions or perhaps sup-
press them and yet be able to provide the required 
energy and protein. While only PN can com-
pletely avoid pancreatic stimulation, all forms of 
oral and conventional enteral feeding have been 
shown to stimulate pancreatic secretion to some 
degree in human studies [ 10 ]. The meal composi-
tion (i.e., proportion of fat, carbohydrate, and 
protein) and site of nutrient delivery infl uence the 
composition and duration of pancreatic secretion. 
High-fat diet stimulates pancreatic secretion 
through CCK and infusion of an elemental diet 
containing low fat and free amino acids was 
shown to reduce the pancreatic secretion by 
~50 % when compared to a polymeric diet con-
taining intact protein [ 10 ]. Trypsin secretion was 
shown to be lower with increasing distance of the 

tip of the feeding tube from ligament of Trietz 
(LOT) favoring distal jejunal feeding over gastric 
feeding for the least stimulation of pancreatic 
secretion (Fig.  10.2 ) [ 11 ]. Infusion of enteral 
feeding into the mid-jejunum at 60 cm distal to 
the LOT has been shown to have no stimulatory 
effect on the pancreas when compared to the 
infusion in the proximal duodenum, which 
resulted in fourfold increase in basal trypsin 
secretion [ 12 ]. Bypassing the oral, gastric, and 
intestinal phases of pancreatic secretion probably 
explains the lack of stimulatory effect of EN 
delivered to distal jejunum. Besides avoiding the 
stimulation of pancreatic trypsin secretion, deliv-
ery of EN into the mid-distal jejunum has been 
shown to activate the intestinal inhibitory peptide- 
mediated “ileal-brake” as evidenced by signifi -
cantly elevated serum GLP-1 and PPY levels, but 
not CCK, as noted on measurement of these gut 
peptides in response to distal jejunal feeding 
[ 11 ]. These observations strongly support distal 
jejunal feeding as the most rational form of nutri-
tional support in SAP.

  Fig. 10.2    The effect of site of nutrient delivery on trypsin 
secretion. Reprinted with permission from from O’Keefe S. 
Physiological response of the human pancreas to enteral 
and parenteral feeding. Curr Opin Clin Nutr Metab Care 
2006; 9(5)       

fa
st

in
g

900units/h

Box plot. Grouping variables: subgroup.

800

700

600

500

400

300

200

100

0

IV

du
od

en
al

 p
ol

ym
er

ic

du
od

en
al

 e
le

m
en

ta
l

di
st

al
 je

ju
na

l

 

K. Vipperla and S.J. O’Keefe



127

        Enteral Feeding 

 The concept of nutritional support in AP has 
evolved signifi cantly in the past two decades with 
a growing understanding of early infl ammatory 
mechanisms in AP and fascinating evidence on 
improved survival and reduced rate of complica-
tions with early initiation of oral or enteral feed-
ing. Consequently, there has been a gradual shift 
in the treatment approach from recommendation 
of strict NPO to that of early EN with the expec-
tation of being able to suppress the systemic 
infl ammatory response. Sound evidence from 
several randomized controlled trials (RCTs) and 
meta-analyses comparing the outcomes of EN to 
PN in AP has clearly shown the superiority of EN 
in decreasing mortality, infectious complications 
rate, MOF, and length of hospitalization [ 13 ,  14 ]. 
The benefi cial effects of EN have been ascribed 
to its ability to prevent mucosal atrophy and 
maintain the integrity of gut barrier. Avoidance of 
central venous access catheter-associated risks 
such as blood stream infections and vascular 
thrombosis, PN-related metabolic complications 
such as hyperglycemia, and importantly afford-
ability of EN support at ~15 % cost of PN make 
EN a more attractive form of nutrition. EN was 
shown to be safe, effective, and even better in 
terms of mitigating the infl ammatory effects of 
AP when compared to PN in mild-moderate as 
well as SAP [ 15 ,  16 ].  

    Route of EN 

 Severe abdominal pain, nausea, vomiting, and 
ventilator support requiring sedation in the ICU 
preclude oral feeding in patients with SAP. EN can 
be provided via nasogastric (NG), nasoduodenal, 
or nasojejunal (NJ) feeding. Gastric feeding is rel-
atively easy and facilitates early enteral nutrition 
as nasogastric feeding tube placement is a simple 
procedure and can be performed at bedside. Eatock 
et al. and Kumar et al. have demonstrated in their 
RCTs that both gastric and jejunal feeding routes 
are well tolerated, and there was no signifi cant 

 difference between these groups in terms of 
 mortality, length of hospital stay, infectious 
 complications, or MOF [ 17 ,  18 ]. Eatock et al. 
 compared the infl ammatory responses and clinical 
course between NG versus NJ feeding of objec-
tively graded SAP patients and found NG feeding 
as simple, cheap, and as good as NJ feeding as no 
signifi cant differences were noted in the APACHE 
II scores, C-reactive protein levels, analgesic 
requirement, and mortality [ 17 ]. However, these 
studies failed to investigate the importance of pan-
creatic rest as both forms of feeding were stimula-
tory and positioning of the jejunal tube well down 
the jejunum was not proven. A systematic review 
noted nasogastric feeding to be safe and well toler-
ated with no difference in mortality or tolerance 
found between the NG and NJ groups, though it 
was acknowledged that a well-powered RCT is 
needed for a more conclusive and fi rm evidence 
[ 19 ]. However, the need for frequent gastric suc-
tioning for delayed gastric emptying and/or gastric 
outlet obstruction from compression by duodenal 
swelling makes gastric feeding ineffective and 
even potentially dangerous by increasing the risk 
of aspiration of gastric contents. Further, the theo-
retical risk of pancreatic stimulation still exists 
with NG feeding. 

 Distal jejunal (DJ) feeding has been shown to 
be more effective than PN in delivering the nutri-
tion and at the same time allowing the pancreas 
to rest [ 20 ]. In patients having gastric outlet 
obstruction from pancreatic infl ammation or fl uid 
collection related duodenal compression, a naso-
gastrojejunal (NGJ) tubing system, a double 
lumen tube with proximal gastric decompression, 
and distal jejunal feeding ports can be used to 
serve both the purposes without the need for two 
separate tubes [ 21 ]. When gastric decompression 
is not needed, a NJ feeding tube is usually placed 
under endoscopic or fl uoroscopic guidance to 
infuse the nutrients far (~40 cm) beyond the 
LOT [ 22 ]. Only well-trained gastroenterologists or 
radiologists can place a NJ feeding tube success-
fully, which makes jejunal feeding a less readily 
available option with potential delays in “prompt 
or early” nutrition in some cases. In many cen-
ters, nasoduodenal feeding tubes are placed by 

10 Nutrition in Severe Acute Pancreatitis



128

nursing teams, as the primary method of enteral 
feeding. Patients who require surgical interven-
tion for AP-related complications could have a 
surgical enterostomy tube (jejunostomy) placed 
at the same time when the need for prolonged EN 
is anticipated.  

    Timing of EN (Window 
of Opportunity) 

 The fi rst priority is to resuscitate the patient to 
maintain intravascular volume and prevent renal 
failure. Depending on the patient’s preexisting 
nutritional state, nutritional support should not 
be delayed beyond 5–7 days of fasting to sup-
press severe net nitrogen losses, which can be as 
high as 20–40 g/day [ 23 ]. Evidence from stud-
ies on EN in critically ill patients with head 
injuries, burns, trauma, and postoperative and 
other  non-pancreatitis- related medical prob-
lems have suggested benefi ts of reduced length 
of stay and delayed infectious complications 
when patients were fed within 36 h compared 
to those who received it after 36 h [ 24 ]. In a 
 systematic review of RCTs comparing EN and 
PN in mild and SAP, signifi cant differences 
between the two forms of feeding in terms of 
reductions in MOF, pancreatic infectious com-
plications, and mortality were observed only in 
those who had their EN administered within 
48 h of admission [ 25 ]. 

 Although observational studies have shown 
that early enteral feeding is associated with better 
outcome, the best timing of enteral feeding in the 
AP patients has not yet been studied in large 
RCTs [ 8 ]. The current recommendation of “early 
EN” is based on the assumption of exploiting the 
“window of opportunity” during the initial course 
of disease when luminal nutrients reinforce 
the gut function and splanchnic metabolism to 
potentially ameliorate the SIRS [ 26 ]. It is still 
unclear whether interventional feeding is better 
than no feeding, or whether slow (trophic) feed-
ing is as good as full feeding in the initial man-
agement, bearing in mind that most cases of SAP 
nowadays are obese [ 8 ].  

    Composition of EN 

 The average daily nutrition requirement in an 
adult is 25–35 kcal/kg of energy and 0.8–1.5 g/kg 
of protein. Despite the fact that the disease 
 produces accelerated catabolism, there is no evi-
dence that feeding at higher rates improves out-
come, as energy stores in all but the  previously 
malnourished can cover excess loss. Peptide-
based formulas with low fat (long-chain fatty 
acids/LCFA) and isotonic solutions are ideally fed 
into the jejunum. Tube feeds are generally cate-
gorized into elemental, semi-elemental, and 
polymeric or standard formulas based on the 
characteristics of their individual carbohydrate, 
fat, and protein nutrient components. Elemental 
formula is a completely predigested formula con-
sisting of amino acids, simple sugars, and essen-
tial fatty acids. Semi-elemental formula contains 
peptides, glucose polymers, and medium-chain 
triglycerides that are easier to digest compared to 
standard polymeric formulas, which contain non- 
hydrolyzed proteins, complex carbohydrates, and 
long-chain triglycerides. Earlier studies used 
(semi) elemental formulas based on the knowl-
edge that they stimulate pancreatic secretions 
less than the polymeric formulas [ 27 ]. However, 
recent meta-analysis comparing polymeric and 
(semi) elemental feeds in patients with AP did 
not fi nd any difference in the risk of intolerance 
to feeding, infectious complications, or death 
[ 28 ]. Despite these results, we prefer to use semi- 
elemental formulae because our studies have 
shown that pancreatic insuffi ciency can result 
from SAP and we want to ensure what is deliv-
ered is absorbed [ 27 ].  

    Tolerance of Tube Feeding 

 In general, enteral feeding is simple to use and 
safe. Although diarrhea is common in all ICU 
patients, EN is rarely the cause. Other medica-
tions such as antibiotics, sorbitol, and fi ber 
 defi ciency are more common causes. Importantly, 
dysbiosis (disturbed microbiotal composition 
and their benefi cial metabolites such as short 
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chain fatty acids) of the colonic microbiota as a 
result of fasting, use of proton-pump-inhibitors, 
and antibiotics is believed to be an important fac-
tor responsible for the diarrhea in these sick 
patients. Interestingly, diarrhea in the critically ill 
patients was shown to improve with fi ber supple-
mentation that had the potential to improve the 
microbial mass and function [ 29 ]. The other limi-
tations of enteral feeding are intolerance and 
complications that are commonly associated with 
the feeding tube such as nasopharyngeal discom-
fort and mucosal erosions, otitis media, sinusitis, 
esophageal erosions, and acid refl ux. In the case 
of NG feeding, gastric residual volumes (GRV) 
are measured every 4 h as a measure of tolerance 
to feeding. GRV <500 mL is an acceptable mark 
of continuation or advancement of rate of feed-
ing, considering the signifi cantly higher risk of 
aspiration noted beyond this mark [ 30 ]. The risk 
of aspiration, which is greater for NG than NJ 
mode of feeding, can be minimized by elevation 
of the head of the bed by 30–45º, confi rmation of 
the position of the tip of the feeding tube by 
abdominal radiographs when dislodgement is 
suspected, gross inspection of the tracheal aspi-
rates for presence of tube feeds in the intubated 
patients, and consideration of using a prokinetic 
agent (e.g., metoclopramide).  

    Maintenance of Tube Feeding 

 Certain maintenance and monitoring measures 
are paramount for the best performance of the 
feeding tubes. Nasal feeding tube must be secured 
properly using a device such as a “nasal bridle” to 
prevent accidental dislodgement. The tubes need 
to be fl ushed with 30 mL of tap water once every 
4–6 h (now easily programmable on infusion 
pumps) to minimize the risk of clogging from 
congealed feed. Most importantly, the feeding 
tubes must be reserved for feeding. If alternative 
delivery is impossible, medications should be 
carefully administered as crushed or liquid prep-
arations via the G-port, but should never be 
administered through the J-port. GRV should 
be <500 mL for medication deliver through the 
G-port. Kinking of the enteral feeding tube within 

the intestinal lumen can often present as “clogging” 
that does not respond to declogging maneuvers. 
Abdominal radiograph should be obtained to 
identify kinking that can be resolved by slowly 
withdrawing the J-tube until fl ow is restored. 

 Feeding must be initiated at a slow rate and then 
gradually advanced as tolerated. In either NG or NJ 
feeding, generally a liquid elemental nutrient for-
mula can be initiated at 25 mL/h for the fi rst 24 h, 
and then gradually advanced by 25 mL/h daily over 
the next 2–3 days to achieve the fi nal goal rate cal-
culated to provide 25 kcal energy/kg ideal body 
weight/day. Having said that, lower rates of feeding 
throughout the acute episode may be optimal, as it 
preserves gut function and reduces side effects. In 
the case of NGJ system, the gastric port (G-port) is 
connected to a low-pressure (50 mmHg) intermit-
tent suction while feeding is started until the GRVs 
drop below 500 mL/4 h, whence the G-port can be 
clamped and monitored as described above. 

 Enteral feeding is continued until the patient’s 
clinical condition improves and appetite returns. 
Tolerance of <10 % of the goal rate of feeding 
can be considered a failure of enteral feeding. 
Failure to tolerate EN requires consideration of 
PN for nutritional support in the second week.  

    Immunonutrition and Probiotics 

 Enrichment of enteral feeding formulas with 
 glutamine, arginine, omega-3 fatty acids, antioxi-
dants such as vitamins and micronutrients 
(concept of “immunonutrition”) in order to boost 
the gut immune system has garnered signifi cant 
research attention. While experimental models 
revealed promising observations, small-scale 
clinical studies in humans have yielded mixed 
results and a recent systematic review has not 
found any benefi ts of immunonutrition in clinical 
outcomes of AP in terms of incidence of MOF, 
length of hospitalization, or mortality [ 28 ]. 
Similarly studies on probiotic and prebiotic sup-
plementation purported to reduce small intestinal 
bacterial overgrowth, reinforce the gut barrier, 
and modulate gut immunity have also resulted in 
inconsistent results. Importantly, mortality was 
shown to be higher (16 % vs. 6 %) in a RCT 
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that evaluated the effectiveness of multispecies 
 probiotic prophylaxis in predicted SAP patients 
[ 31 ]. While these results are diffi cult to explain, 
they exemplify the critical state of the GI tract in 
severe disease and the need to be cautious and 
always avoid excessive forced feeding. Overall, 
the evidence recommends against probiotic pro-
phylaxis in SAP and there is no strong enough 
evidence to recommend immunonutrition for the 
routine management of SAP.  

    Parenteral Feeding 

 PN was conceptualized as an ideal way to deliver 
nutrients to meet the high metabolic demands of 
AP, as it does not stimulate pancreatic secretion 
and thereby offering a more practical method 
of resting the pancreas. But bypassing the entero- 
pancreatic axis nutrient assimilation and provi-
ding intravenous glucose disturb the glucose 
metabolism causing hyperglycemia, hyperinsu-
linemia, and insulin resistance, resulting in 
higher rate of complications. Experimental and 
clinical data suggest that PN is associated with 
stronger proinfl ammatory responses, impaired 
cellular and humoral immunity, compromised 
gut defense barrier, increased bacterial translo-
cation, and risk of systemic infections [ 32 ]. 
More importantly, the lack of intestinal luminal 
nutrients from fasting while receiving TPN has 
grave consequences in the form of gut mucosal 
atrophy and dysfunction of gut immune system, 
with suppression of Th 2  response and activation 
of adhesion molecules, increased neutrophil 
adherence, migration, and activation systemi-
cally causing end-organ damage such as ARDS 
[ 33 ]. Bowel rest also impairs intestinal blood 
fl ow and gut motility potentiating the risk of 
small intestinal bacterial overgrowth, bacterial 
translocation, and endotoxemia in the setting of 
increased intestinal barrier permeability [ 34 ]. 
Acute pancreatitis and PN are known to increase 
intestinal production of IL-6, associated with 
intestinal barrier dysfunction, and increase the 
risk of sepsis from enteric organisms/colonic 
microbiota. 

 In addition, the inherent risks associated 
with the central venous access catheter used for 
administering the PN such as of bleeding, blood-
stream infections, and venous thromboses make 
it a poorer option. Serum electrolytes potassium, 
magnesium, and phosphorous and calcium need 
to be monitored closely and corrected appropri-
ately while receiving PN. 

 Overall, an overwhelming body of evidence 
argues against general use of PN support and it 
should be reserved for patients who have failed 
enteral feeding and are becoming nutrient- 
depleted. In practice, PN is rarely needed when a 
NGJ tube can be placed and managed appropri-
ately by experienced personnel.  

    Conclusion 

•     Bowel rest allows the infl amed pancreas 
to rest, but delay in enteral feeding can com-
promise the gut mucosal integrity, promote 
bacterial overgrowth and translocation, and 
exacerbate the systemic infl ammation and risk 
of infection. Moreover, starvation aggravates 
the negative nitrogen balance and catabolism, 
thus impairing tissues healing and repair.  

•   PN provides the protein and nutrients for 
 tissue repair without stimulating the infl amed 
pancreas. However, PN exacerbates systemic 
infl ammatory responses, gut mucosal atro-
phy, and the risks of central venous cathe ter-
related thrombosis and septicemia, and 
PN-associated metabolic complications (e.g., 
hyperglycemia) can outweigh the benefi ts of 
nutrition support.  

•   EN offers the advantage of delivering the 
nutritional support while it preserves gut 
mucosal integrity, supports splanchnic metab-
olism, and thereby potentially mitigates the 
systemic infl ammatory response. Moreover, it 
avoids the complications of parenteral nutri-
tion and causes minimal stimulation of pan-
creatic secretion by distal jejunal feeding.  

•   In general, recommendations for mode of 
nutritional support depend on the underlying 
nutritional state, the severity of pancreatitis, 
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and existence of complications. Early organ 
failure correlates well with mortality in SAP, 
and there is evidence that early slow (25 cm 3 /h) 
enteral feeding may prevent progression of 
organ failure. Overfeeding from EN or PN 
introduces further complications and must be 
avoided in SAP.  

•   Oral feeding trials can be initiated within 3–4 
days of supportive care and bowel rest in AP 
patients with mild to moderate disease severity.  

•   Early enteral feeding (within 48 h of onset of 
pain) may improve outcome in patients with 
signifi cant symptoms and laboratory and 
radiographic evidence of SAP by suppressing 
systemic infl ammation and organ failure, but 
RCT are needed to confi rm this.        
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           Introduction 

 Acute pancreatitis is one of the most common 
gastrointestinal diseases, with a continuum of 
severity [ 1 ]. Mild pancreatitis is self-limiting and 
exists when there is no evidence of organ failure 
and/or pancreatic necrosis. Moderate severe pan-
creatitis is defi ned by local complications with-
out persistent (>48 h) organ failure. Severe 
pancreatitis occurs when persistent organ failure 
develops [ 2 ]. Mild acute pancreatitis is the most 
common clinical presentation with moderate 
morbidity and negligible mortality. In contrast, 
severe acute pancreatitis occurs in up to 20 % of 
patients and is associated with signifi cant mor-
bidity and mortality [ 3 ]. 

 Because of this difference in morbidity and 
mortality, the benefi ts of pharmacologic therapy 
will have the greatest impact in patients with 
severe acute pancreatitis. For mild disease, it may 
further reduce the development of organ failure 
and local complications. It may lead to earlier 
feeding, less narcotic pain medication use, and 
shorter hospitalization. For severe disease, it may 
alter the natural history, including the develop-

ment of chronic pain, chronic pancreatitis, and 
hospital-related mortality. 

 Non-pharmacological interventions, including 
appropriate IV fl uid administration (Chap.   8    ), 
antibiotic use (Chap.   9    ), and timely nutrition 
(Chap.   10    ), have already been discussed. 

 There is currently no U.S. Food and Drug 
Administration (FDA) approved pharmacologi-
cal therapy for the treatment of acute pancreatitis. 
This chapter has three objectives (Table  11.1 ). 
The fi rst objective will review key aspects of the 
pathophysiology of acute pancreatitis to high-
light potential targets for pharmacologic inter-
vention. The second objective will review 
pharmacologic therapies that have been evalu-
ated. The third objective will highlight potential 
novel targets for future development.

       Pathophysiology Overview: 
Potential Therapeutic Targets 

 When considering pharmacological therapies for 
acute pancreatitis, it is helpful to briefl y outline 
the current pathophysiological framework for 
acute pancreatitis (Fig.  11.1 ). The primary site of 
injury occurs at the acinar cell from aberrant 
trypsin activity. Whether the mechanism is 
mechanical, metabolic, and/or genetic, the insult 
injures the acinar cell by blocking normal secre-
tory activity [ 4 ]. Specifi cally, normal apical 
 exocytosis is blocked and basal exocytosis 
(which under normal circumstances is constitu-
tively blocked) now occurs. During this period of 
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 dysregulation, the inactive trypsinogen within these 
secretory vesicles converts into active trypsin 
within the acinar cell. The actual site of intracel-
lular activation remains elusive but proposed 
compartments include lysosomes/endosomes, 
autophagic vacuoles, and secretory granules. The 
immune system plays a pathophysiologic role in 
this early cascade that includes accelerating 
injury by stimulating zymogen activation within 
the acinar cell or limiting injury by degrading 
zymogens that are inappropriately released from 
the basolateral membrane of the acinar cell [ 5 ].

   Acinar cell injury with inappropriate and 
excess leakage of activated enzymes subse-
quently induces local infl ammation by various 
mechanisms. Activated proteases damage the 
vascular endothelium leading to microcirculatory 
injury. Leukocytes arrive via chemoattraction 
from increased vascular cell adhesion molecule 1 
(VCAM-1) and intercellular cell adhesion mole-
cule 1 (ICAM-1) expression. The complement 
system is also activated and contributes to further 
injury. Both activated pro-infl ammatory and anti- 
infl ammatory cytokines lead to propagation of 
acinar cell injury and local infl ammation. Specifi c 
pro-infl ammatory cytokines include interleukin-
 1 (IL-1), IL-6, IL-8, tumor necrosis factor (TNF), 
and platelet-activating factor (PAF). Specifi c 
anti-infl ammatory cytokines include IL-2, IL-10, 
and IL-11. Other infl ammatory mediators include 
arachidonic acid metabolites, reactive oxygen 
metabolites, and nitric oxide. 

 Unabated local infl ammation can lead to sys-
temic infl ammation. The mechanism for this 
transition is thought to occur when activated pan-
creatic proteases reach the liver via the portal 
vein and induce hepatic injury. Hepatic injury 
stimulates the Kupffer cells (macrophages) 
within the liver to further activate pro- 

infl ammatory cytokines and mediators triggering 
a systemic response. This clinically correlates 
with development of the systemic infl ammatory 
response syndrome—a sensitive predictor for 
severe acute pancreatitis [ 6 ]. Acute phase pro-
teins including C-reactive peptide and IL-6 are 
systemically released contributing to multi-organ 
failure. Bacterial translocation via the intestine 
occurs later in the course of disease leading to 
infected necrotizing pancreatitis. 

 The immune system plays a signifi cant patho-
physiological role in this disease. The initial 
infl ammatory response in acute pancreatitis is 
characterized by up-regulation of ICAM-1 and 
neutrophil recruitment. Consequently, ICAM-1 
defi ciencies and neutrophil depletion in animal 
models have demonstrated a reduction in acute 
pancreatitis severity [ 7 ]. Regulating the degree of 
macrophage activation, which in turn induces 
more cytokine and infl ammatory mediators such 
as TNF, IL-1B, IL-6, monocyte chemotactic pro-
tein (MCP)-1, and PAF may represent another 
pharmacological target to arrest local infl amma-
tion. Previous animal model studies have shown 
macrophage depletion to protect against experi-
mental pancreatitis [ 8 ]. Certain subsets of acti-
vated T cells also appear to be important for 
progression to severe acute pancreatitis. 
Subsequent depletion may prevent progression to 
systemic disease [ 9 ]. 

 More germane to severe acute pancreatitis 
are the extra-pancreatic immune responses that 
may be targeted for pharmacological interven-
tion. Pancreatic necrosis, particularly when 
infected, is a major cause of morbidity and mor-
tality. Control of bacterial translocation from 
the intestine may be regulated by toll-like recep-
tors (TLRs), other nucleotide-binding domain 
and leucine-rich repeat-containing molecules, 
and dendritic cells [ 10 ]. Previous animal models 
have shown TLR4 defi ciency to be associated 
with less severe forms of pancreatitis [ 11 ]. The 
role of TLRs is complex and incompletely 
understood, as various polymorphisms in TLRs 
have been associated with increased susceptibil-
ity to acute pancreatitis [ 12 ]. A better under-
standing of the regulatory role of the immune 
system within these local and systemic 

   Table 11.1    Three objectives of this chapter   

 1. Review key pathophysiological aspects of acute 
pancreatitis to highlight potential pharmacological 
interventions 

 2. Summarize past clinical trials/studies of 
pharmacological agents studied for acute pancreatitis 

 3. Defi ne potential novel targets for future development 
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 infl ammatory mechanisms that give rise to 
severe acute pancreatitis may lead to effective 
pharmacological intervention. 

 The complement system also appears to sig-
nifi cantly contribute to the pathogenesis of acute 
pancreatitis. While complex and incompletely 
understood, it appears to be activated early in 
acute pancreatitis and to a greater extent in severe 
acute pancreatitis. Evidence of an activated com-
plement system leading to severe pancreatitis is 
demonstrated by the observation of elevated C3a 
and sC5-9 levels in severe acute pancreatitis [ 13 ]. 
The elevation of C5a is particularly interesting 
because while it is commonly recognized as a 
potent pro-infl ammatory mediator, it has demon-
strated anti-infl ammatory properties in experi-
mental acute pancreatitis [ 14 ]. In such models, 
the use of a soluble complement receptor-1 dem-
onstrated decreased leukocyte adhesion leading 
to a less severe course of acute pancreatitis [ 15 ]. 

 The Kallikrein-Kinin system may also be 
involved in the pathogenesis of acute pancreatitis 
[ 14 ,  16 ,  17 ]. This poorly understood system 
involves the release of biologically active pep-
tides, including bradykinin and kallidin. The pan-
creas has one of the highest tissue concentrations 

of these peptides compared to other organs. 
These peptides mediate large and small artery 
vasodilation and increase vascular permeability 
in the capillaries. This may facilitate capillary 
leakage and the pro-infl ammatory mechanisms of 
acute pancreatitis. These peptides may also affect 
the afferent nervous system and may play an 
important role in pain development during acute 
pancreatitis. The development of kallikrein 
inhibitors may lead to decreased tissue damage, 
sepsis, and pain. 

 While many questions remain, our under-
standing of the pathophysiology of acute pancre-
atitis has advanced signifi cantly. Beginning with 
acinar cell injury, this increased understanding 
has delineated a complex and interrelated system 
that includes a broad array of immunological 
mediators that defi ne the course of disease. This 
framework provides a rational-based foundation 
toward developing therapeutic interventions for 
preclinical and clinical studies. As our under-
standing increases further, the number of poten-
tial pharmacological targets will also increase 
giving further hope for novel treatments. The 
subsequent section will review previously stud-
ied pharmacological agents in clinical studies.  

  Fig. 11.1    Mechanisms of action involved in the pathophysiology of severe acute pancreatitis       
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    Pharmacological Agents: Previous 
Clinical Studies 

 Based on the understood pathophysiology of 
acute pancreatitis and promising observations in 
preclinical studies, several clinical studies of 
pharmacological agents for acute pancreatitis 
have been performed. These studies can be 
 categorized by the purported mechanism of 
intervention within the pathophysiological 
framework including anti-secretory agents, 
 protease inhibitors, immunomodulators, 
anti-infl ammatory agents, and antioxidants 
(Table  11.2 ) [ 18 ,  19 ].

      Anti-secretory Agents 

 A long-time initial management principle of 
acute pancreatitis involves no per oral intake to 
minimize pancreatic secretions. Consequently, 
pharmacological agents that decrease pancreatic 
secretions have been studied in human clinical 
trials beginning in the late 1970s. Some of the 
fi rst reported clinical trials involved the use of 
glucagon [ 20 – 22 ]. These included three random-
ized trials of sample sizes ranging between 22 
and 69 patients with variable severity and etiolo-
gies of pancreatitis. No difference in mortality 
and relevant morbidities such as pain and length 
of stay was observed. Atropine and calcitonin 

   Table 11.2    Summary of pharmacological agents studied in clinical trials for acute pancreatitis   

 Pharmacological agent  Study design  Sample size  Outcomes assessment  Citation 

  Anti-secretory agents  
 Glucagon  RCT a   22–69  No signifi cant benefi t  [ 20 – 22 ] 
 Atropine  RCT  51  No signifi cant benefi t  [ 23 ] 
 Calcitonin  RCT  94  No signifi cant benefi t  [ 24 ] 
 Somatostatin  RCT/meta-analysis  50–703  Possible less morbidity 

in SAP b  
 [ 26 – 31 ] 

 Octreotide  RCT/meta-analysis  19–948  Mixed results. Possible 
less morbidity in SAP 

 [ 31 ,  32 ,  34 – 40 ] 

  Protease inhibitors  
 Aprotinin  RCT  48–105  No consistent 

signifi cant benefi t 
 [ 44 – 46 ] 

 Gabexate mesilate  RCT/meta-analysis  42–898  No consistent 
signifi cant benefi t 

 [ 31 ,  50 ,  52 – 54 ,  106 ] 

 Nafomostat (with antibiotics)  RCT  51–78  Mortality benefi t for 
SAP by CRAI c  

 [ 56 – 59 ] 

  Immunomodulators  
 Lexipafant  RCT  50–290  No consistent 

signifi cant benefi t 
 [ 62 – 64 ] 

 Dotrecogin alfa  RCT  32  No signifi cant benefi t  [ 68 ] 
  Antioxidants  
 Combinations d   RCT  39–53  No signifi cant benefi t  [ 70 – 72 ] 
 Glutamine  Meta-analysis  505  Mortality benefi t in 

patients on TPN 
 [ 75 ] 

  Anti-infl ammatory  
 Indomethacin  RCT  30  No signifi cant benefi t  [ 78 ] 

   a Randomized controlled trials 
  b Severe acute pancreatitis 
  c Continuous regional arterial infusion 
  d  n -Acetylcysteine, vitamin C, vitamin A, selenium, and vitamin E  
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have also been studied, each in a randomized 
controlled trial, without benefi t compared to pla-
cebo [ 23 ,  24 ]. 

 Produced in the gastrointestinal tract, soma-
tostatin is thought to have several benefi cial 
effects in acute pancreatitis. These include inhib-
iting exocrine pancreatic secretions, reducing 
splanchnic blood fl ow, stimulating the hepatic 
reticuloendothelial system, and modulating the 
cytokine cascade [ 25 ]. Somatostatin has been 
well studied as a pharmacological agent in human 
clinical trials for acute pancreatitis [ 26 – 30 ]. 
While there is slight variability in the dose and 
duration of somatostatin, four different random-
ized controlled trials of 50–100 patients failed to 
show a clinically signifi cant benefi t with soma-
tostatin treatment. 

 One particular study by Planas and colleagues 
focused specifi cally on patients with severe acute 
pancreatitis in the intensive care unit [ 30 ]. They 
randomized 50 patients to somatostatin for 10 
days versus placebo in an unblinded fashion. 
While there was no difference in mortality or 
length of stay, they observed a reduction in the 
need for surgery for local complications (45.8 % 
vs. 86.4 %;  p  = 0.005). A meta-analysis that 
included seven additional non-English publica-
tions (three were abstracts and half of which were 
not randomized) reported an overall mortality 
benefi t with somatostatin for severe acute pancre-
atitis with an odds ratio (OR) of 0.36 (95 % CI: 
0.20–0.64). Interestingly, this analysis did not 
fi nd a correlating signifi cant decrease in compli-
cation rates with somatostatin use. Further, the 
authors describe assessing for heterogeneity in 
their methods section, but did not report it in the 
results or discussion raising a concern regarding 
the validity of these results [ 31 ]. 

 Octreotide is a synthetic analogue of soma-
tostatin that can be given both by intravenous 
infusion (IV) and subcutaneously (SC). There 
are several clinical trials that have studied its 
effi cacy for acute pancreatitis [ 32 – 38 ]. The fi rst 
several studies were small and while they showed 
no mortality benefi t, there was suggestion of 
decreased severity, local complications, and ear-
lier return to oral intake [ 32 ,  34 ,  35 ,  39 ]. Uhl and 
colleagues published the largest clinical trial of 

302 patients with moderate-severe pancreatitis 
from 32 centers and no clinical benefi t was 
observed [ 36 ]. In a much smaller study by Paran 
and colleagues of 50 patients with severe acute 
pancreatitis, a signifi cant reduction in sepsis 
(24 % vs. 76 %,  p  = 0.002), acute respiratory dis-
tress syndrome (28 % vs. 56 %,  p  = 0.04), hospi-
tal stay (20.6 days vs. 33.1 days,  p  = 0.04), and 
mortality (2 deaths vs. 8 deaths,  p  < 0.019) was 
reported [ 37 ]. More recently Yang and col-
leagues randomized 161 obese patients 
(BMI > 25) with mild pancreatitis to octreotide 
IV infusion for 3 days versus placebo and 
reported a risk ratio of 0.27 (95 % CI: 0.1–0.69) 
for developing severe pancreatitis. They also 
reported a difference in local complications in 
favor of octreotide treatment (4.9 % vs. 19 %, 
 p  = 0.006) [ 38 ]. Although a meta-analysis per-
formed by Andriulli and colleagues [ 31 ] sug-
gests a mortality benefi t for severe acute 
pancreatitis (OR 0.57 [95 % CI: 0.35–0.88]), 
another more recent meta-analysis [ 40 ] that lim-
ited their estimate to four higher quality studies 
[ 30 ,  34 ,  36 ,  37 ] did not show any benefi t in sep-
sis, complication rates, or mortality. However, 
one of the four studies [ 30 ] did not specifi cally 
look at octreotide but somatostatin. 

 Although studied over the past 30 years, the 
use of anti-secretory agents, specifi cally soma-
tostatin and octreotide, has produced inconsistent 
results. There appears to be no benefi t in mild 
acute pancreatitis. For severe acute pancreatitis, 
the reported benefi ts remain inconclusive such 
that it is not currently recommended in clinical 
practice [ 3 ,  41 ].  

    Protease Inhibitors 

 The use of protease inhibitors for treating acute 
pancreatitis has been proposed and reported in 
clinical studies as far back as nearly 50 years ago 
[ 42 ]. The rationale stems from premature and 
excess protease activation within the pancreatic 
parenchyma leading to autodigestion and subse-
quent infl ammation. While endogenous inhibi-
tors exist to mitigate these events, clinically 
severe disease occurs when these defense 
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 mechanisms are overwhelmed leading to a 
 systemic infl ammatory response syndrome. 

 Aprotinin, a bovine pancreatic trypsin inhibi-
tor, was one of the fi rst protease inhibitors 
described for treating acute pancreatitis in 
humans with reported benefi t in mortality [ 42 –
 44 ]. However, subsequent studies have failed to 
repeat such a benefi t. Baldin and colleagues ran-
domized 55 patients with severe acute pancreati-
tis to peritoneal lavage of aprotinin and reported 
no difference in mortality or other relevant clini-
cal outcomes [ 45 ]. Berling and colleagues also 
studied peritoneal lavage delivery of aprotinin in 
48 patients with severe acute pancreatitis. Despite 
reporting less necrosis in the aprotinin-treated 
group, they observed no difference in mortality 
[ 46 ]. In further studying this difference in necro-
sis, they observed a reduction in complement 
activation with aprotinin. Specifi cally, the treated 
groups had relatively less C3a and more C1 
inhibitor plasma levels [ 47 ]. They also observed 
no difference in the plasma levels of leukocyte 
proteases and postulated that this may explain the 
lack of mortality benefi t with aprotinin given as a 
peritoneal lavage. Recently, Smith and colleague 
reviewed the literature and concluded that 
 aprotinin may still have a role in treating acute 
pancreatitis because the previous studies were 
not adequately powered, and that aprotinin was 
not given in high enough doses to produce suffi -
cient inhibitory activity [ 48 ]. 

 In contrast to aprotinin, gabexate mesilate is a 
smaller protease inhibitor that has been studied in 
humans based on promising preclinical studies 
[ 49 ]. Early clinical studies including a small con-
trolled trial of 42 patients suggested a trend 
towards a mortality benefi t [ 50 ,  51 ]. However, 
larger randomized controlled trials including a 
multi-center study that randomized 223 patients 
with moderate to severe acute pancreatitis found 
no clinical benefi t [ 52 ,  53 ]. Two different meta- 
analyses published in 1998 and 2003 reiterate 
this fi nding of no mortality benefi t [ 31 ,  54 ]. The 
earlier meta-analysis, however, did observe a 
decreased complication rate and less surgery. 
Despite the overall lack of reported benefi t, inter-
est in gabexate persists with a recent small study 

suggesting a benefi t by delivering it through a 
continuous regional arterial infusion [ 55 ]. 

 Nafomostat is a relatively new protease inhibi-
tor studied for treating acute pancreatitis. This 
synthetic protease inhibitor has a broad spectrum 
of enzyme inhibitory activity that is up to 100 
times more potent than gabexate [ 49 ]. The design 
of human clinical studies has been different from 
aprotinin and gabexate. These studies have 
included antibiotics, severe acute pancreatitis 
patients, and delivery of nafomostat by continu-
ous regional arterial infusions (CRAI). This rela-
tively invasive technique delivers a higher 
concentration of drug through a catheter that is 
placed into major arterial branches (celiac axis 
and/or superior mesenteric artery) and must be 
performed by an interventional radiologist. 

 Takeda and colleagues fi rst described a clini-
cal trial of 53 patients with severe acute pancre-
atitis using nafomostat. One group of patients 
was given peripheral nafomostat and antibiotics 
(imipenem) intravenously greater than 8 days 
from symptom onset. The second group was 
given nafomostat by CRAI with peripherally 
administered antibiotics to a group that presented 
less than 7 days from symptom onset. The third 
group gave both nafomostat and antibiotics by 
CRAI to a group of patients who presented within 
7 days of onset. They reported a progressive mor-
tality benefi t from group 1 to 3 (44 % vs. 14 % vs. 
7 %) and the development of necrosis (50 % vs. 
23 % vs. 0 %) [ 56 ]. Takeda and colleagues 
reported a subsequent study that demonstrated 
earlier CRAI of nafomostat (<48 h compared to 
>72 h) was associated with improved mortality 
(3.2 % vs. 26.3 %) [ 57 ]. Imaizumi and colleagues 
studied 51 patients with severe acute pancreatitis 
and reported that CRAI compared to non-CRAI 
delivery of nafomostat and antibiotics was asso-
ciated with decreased need for surgery and 
improved mortality [ 58 ]. A more recent study of 
78 randomized patients between CRAI nafomo-
stat and antibiotic to just antibiotics showed 
improved mortality (5 % vs. 23 %) and decreased 
need for surgery [ 59 ]. 

 Among the three most studied protease inhibi-
tors (aprotinin, gabexate, and nafomostat), the 
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most promising outcomes data is associated with 
nafomostat. However, these studies with nafomo-
stat are relatively small, involve the use of antibi-
otics, and require a relatively invasive procedure. 
At this time, none of these medications are 
accepted as part of standard clinical care for treat-
ing severe acute pancreatitis. Further study with 
nafomostat via CRAI may prove promising.  

    Immunomodulators 

 As discussed above, the pathophysiology of acute 
pancreatitis begins in the acinar cell and if left 
uncontrolled triggers an immunological cascade 
that leads to systemic infl ammatory response 
syndrome and sepsis. Consequently, pharmaco-
logic interventions that may mitigate this cascade 
have been studied for treating severe acute pan-
creatitis. These include lexipafant, a platelet acti-
vation factor inhibitor, and dotrecogin alfa, a 
genetically engineered activated protein C. 

 Under physiological conditions, endothelial 
cells, macrophages, neutrophils, and platelets 
produce platelet-activating factor (PAF) during 
the normal course of infl ammation leading to 
platelet aggregation, hypotension, and vascular 
leak. Preclinical studies of acute pancreatitis 
have demonstrated a signifi cant role for PAF in 
the pathophysiology of acute pancreatitis and the 
use of a PAF blocker to mitigate disease [ 60 ,  61 ]. 
Lexipafant is a PAF antagonist that has been 
studied in several clinical trials in humans. 

 The fi rst clinical trial randomized 83 patients 
with acute pancreatitis, of whom 29 had severe 
acute pancreatitis. Lexipafant was administered 
intravenously on a daily basis (60 mg) for 3 days. 
While no signifi cant difference in mortality was 
observed, a signifi cant decrease in organ failure 
at day 3 in the treatment arm was reported [ 62 ]. 
Another study randomized 50 patients with 
severe acute pancreatitis with the treatment arm 
receiving 100 mg daily for 7 days. The treatment 
group had signifi cantly less organ failure, with a 
trend toward a reduction in mortality and SIRS 
[ 63 ]. The largest randomized study to date was 
performed by Johnson and colleagues randomiz-
ing 290 patients with severe acute pancreatitis 

(APACHE > 6) with the treatment group  receiving 
100 mg daily for 7 days starting within 72 h of 
symptom onset. No signifi cant difference in 
organ failure reduction or local complications 
was observed. The authors concluded that lexipa-
fant alone was not suffi cient to ameliorate severe 
acute pancreatitis [ 64 ]. 

 Dotrecogin Alfa is an analogue of endogenous 
protein C that has demonstrated a mortality ben-
efi t in severe sepsis [ 65 ]. Endogenous protein C 
is synthesized in the liver and it inhibits thrombin 
generation and facilitates thrombolysis. Lower 
levels of activated protein C are associated with 
higher mortality in acute pancreatitis. Preclinical 
studies in acute pancreatitis show improved tis-
sue histology, decreased rates of infection, and 
lower serum markers of infl ammation. Activated 
protein C may mitigate severe acute pancreatitis 
by several immunomodulatory mechanisms—
regulation of leukocyte endothelial interaction, 
improved intestinal microcirculation, and regula-
tion of mitogen-activated kinases [ 66 ]. The fi rst 
report of benefi t using dotrecogin alfa in acute 
pancreatitis involved two case reports [ 67 ]. 
A subsequent pilot study of 32 patients with 
severe acute pancreatitis was studied. These 
patients received dotrecogin alfa within 96 h of 
symptom onset. No clinically signifi cant differ-
ence in this pilot study was observed [ 68 ]. 

 While modulating the immune system in acute 
pancreatitis as a pharmacological strategy is 
gaining more interest as knowledge of the patho-
physiology unfolds, these recent targets, while 
promising in preclinical studies, have yet to 
translate into clinical practice [ 10 ].  

    Antioxidant Agents 

 Within the last decade, several clinical trials 
studying the benefi t of antioxidant agents for 
acute pancreatitis have been published. The basis 
for this involves the recognized role of reactive 
oxygen species and cellular injury without imme-
diate detoxifi cation. Antioxidant agents that have 
been studied include a variety of different com-
pounds including  n -acetylcysteine, methionine, 
beta-carotene, selenium, ascorbic acid, and 
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alpha-tocopherol. Preclinical studies in acute 
pancreatitis demonstrate chemically reduced lev-
els of glutathione and increased levels of oxi-
dized glutathione suggesting a benefi t with 
antioxidant intervention [ 69 ]. 

 Three different clinical trials have been 
recently published on this topic. Siriwardena and 
colleagues reported a randomized controlled trial 
of 43 patients with predicted severe acute pancre-
atitis. The treatment group received intravenous 
 n -acteylcysteine, selenium, and vitamin C. They 
demonstrated that serum levels of antioxidants 
increased and markers of oxidative stress 
decreased in the treatment group. The primary 
outcome was the development of organ dysfunc-
tion for which no difference was observed [ 70 ]. 
In another study of 53 patients, the treatment 
group received vitamin C,  n -acetylcysteine, and a 
tablet of multiple antioxidants (antoxyl-forte). 
No signifi cant difference in length of stay or 
complications was observed [ 71 ]. The fi nal study 
randomized 39 patients with acute pancreatitis to 
receive vitamins A, C, and E within 96 h of symp-
tom onset and observed no signifi cant difference 
in organ dysfunction [ 72 ]. While this may be 
another example of a disconnect between pre-
clinical evidence and clinical studies, it is  possible 
that these studies, being all fairly small, were not 
powered enough to detect a real difference. 

 In severe acute pancreatitis, there is signifi cant 
catabolic stress and active nutrient repletion is 
associated with a mortality benefi t. The use of 
antioxidants for treating acute pancreatitis falls 
within an evolving proposed concept of “pharma-
conutrition”—that nutrients can provide benefi t 
beyond repletion of a defi ciency [ 73 ]. Glutamine 
is a potent antioxidant that plays an important 
role in enterocyte, lymphocyte, macrophage, and 
neutrophil development. Consequently, it has 
been studied as a treatment for acute pancreatitis. 
Xue and colleagues randomized 80 patients to 
receive alanyl-glutamine dipeptide intravenously 
for 10 days starting either on the day of admis-
sion or at hospital day 5 (there was no placebo 
group). Complications, length of stay, need for 
surgery, and mortality were decreased in the early 
administration group [ 74 ]. Asrani and colleagues 
performed a meta-analysis of randomized 

 controlled trials of glutamine use for acute 
 pancreatitis. They identifi ed 12 studies of 505 
patients with acute pancreatitis. They reported a 
mortality benefi t (RR 0.3; 95 % CI 0.15–0.6), 
reduced infectious complications (RR 0.58; 95 % 
CI 0.39–0.87) but no difference in length of stay. 
Interestingly, the benefi t of glutamine use was 
observed in only patients who received total par-
enteral nutrition. Patients receiving enteral nutri-
tion did not benefi t from additional glutamine 
supplementation [ 75 ].  

    Anti-infl ammatory 

 Since acute pancreatitis is primarily character-
ized by a state of acute infl ammation leading to 
cellular injury, anti-infl ammatory medications 
have been studied including indomethacin. The 
mechanism of action involves inhibition of phos-
pholipase A2 activity, cyclooxygenase activity, 
and mediation of neutrophil endothelial interac-
tions [ 76 ]. Preclinical animal studies have dem-
onstrated a benefi t with indomethacin [ 77 ]. 
Human studies, however, have yet to validate a 
clear benefi t with the exception of post-ERCP 
pancreatitis (PEP). Ebbehoj and colleagues ran-
domized 30 patients with acute pancreatitis with 
the treatment group receiving 50 mg of rectal 
indomethacin twice a day. The only outcomes 
reported were decreased pain and opiate use [ 78 ]. 
Elmunzer and colleagues recently demonstrated 
in a large multi-center study of 602 patients at 
high risk for developing PEP that one dose of rec-
tal indomethacin after the procedure reduced the 
incidence of pancreatitis [ 79 ]. While this sug-
gests that indomethacin may have a therapeutic 
role in preventing acute pancreatitis, there is a 
lack of clinical data to support its effi cacy in 
patients outside of PEP.  

    Pharmacologic Therapies for PEP 

 PEP is a common cause of acute pancreatitis. 
Fortunately, the vast majority of cases do not 
evolve into severe disease. Aside from the possi-
bility that the mechanism of PEP is unique 
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 compared to other known etiologies, it has been a 
popular focus for studying various pharmacolog-
ical agents for prevention of acute pancreatitis. 
Since the incidence of pancreatitis episodes can 
be more easily predicted (i.e., the day of ERCP), 
clinical trials are relatively easier to perform with 
the primary outcome being the development of 
acute pancreatitis. Further, the design of provid-
ing a therapy before potentially inducing pancre-
atitis is more similar to preclinical study designs 
to suggest more direct translatability. Besides the 
trial involving rectal indomethacin mentioned 
above, other pharmacological agents will be 
briefl y reviewed [ 79 ]. 

 Active clinical trials in preventing PEP have 
been ongoing for the past two decades and 
include many of the pharmacologic agents 
described above (Table  11.3 ). These trials tend to 
be larger because enrollment is more predictable. 
Among anti-secretory agents, somatostatin with 
and without diclofenac and octreotide have been 
studied in randomized controlled trials. Bordas 
and colleagues randomized 160 patients and 
found a PEP rate of 10 % in the placebo group 

compared to 2.5 % in the somatostatin-treated 
group. In subgroup analysis, this benefi t was 
observed in those patients undergoing sphincter-
otomy [ 80 ]. In a more recent study by Katsinelos 
and colleagues, somatostatin was added to diclof-
enac in a randomized study of 540 patients. The 
overall PEP rate was 7.2 % with the placebo- 
treated group experiencing a 10.4 % rate com-
pared to the combination-treated group of 4.7 % 
[ 81 ]. It is unclear from this study whether one 
drug primarily accounts for the benefi t. 
Thomopoulos and colleagues demonstrated a 
positive benefi t with a 24-h infusion with octreo-
tide in a randomized trial of 202 patients [ 82 ]. 
Treated patients had a PEP rate of 2 % compared 
to 9 % in the placebo group.

   Among protease inhibitors, gabexate mesilate, 
ulinastatin, and nafomostat have been studied in 
this population [ 83 – 85 ]. Tsujino and colleagues 
randomized 406 patients to IV infusion with 
ulinastatin versus placebo before ERCP. The 
ulinastatin group had a PEP rate of 2.9 % that 
was signifi cantly lower than 7.4 % in the placebo 
group [ 84 ]. Park and colleagues randomized 608 

   Table 11.3    Summary of pharmacological agents studied in clinical trials for post-ERCP pancreatitis   

 Pharmacological agent  Study design  Sample size  Post-ERCP pancreatitis rate  Citation 

  Anti-secretory agents  
 Somatostatin  RCT a   160  Treatment: 2.7 %, placebo: 10 % b   [ 80 ] 
 Somatostatin/diclofenac  RCT  540  Treatment: 4.7 %, placebo: 10.4 % b   [ 81 ] 
 IV Octreotide  RCT  202  Treatment: 2 %, placebo: 9 % b   [ 82 ] 
  Protease inhibitors  
 Nafomostat  RCT  608  Treatment: 5.1 %, placebo: 13 % b   [ 85 ] 
 Ulinastatin  RCT  406  Treatment: 2.9 %, placebo: 7.4 % b   [ 84 ] 
  Immunomodulators  
 IL-10  RCT  137  Treatment: 10 %, placebo: 24 % b   [ 86 ] 

 RCT  305  Treatment: 15 %, placebo: 14 %  [ 87 ] 
  Anti-infl ammatory  
 Prednisone  RCT  200  Treatment: 12 %, placebo: 7.9 %  [ 90 ] 
 Hydrocortisone  RCT  120  Treatment: 1.6 %, placebo: 11.9 % b   [ 91 ] 
 Indomethacin  RCT  602  Treatment: 9.2 %, placebo: 16.9 % b   [ 79 ] 
  Antioxidants  
  n -Acetylcysteine  RCT  256  Treatment: 12.1 %, placebo: 9.6 %  [ 92 ] 
 Allopurinol  RCT  200  Treatment: 12 %, placebo: 7.9 %  [ 90 ] 
  Smooth muscle relaxant  
 Glyceryl nitrate  RCT  806  Treatment: 4.5 %, placebo: 7.1 %  [ 94 ] 

   a Randomized controlled trial 
  b Statistically signifi cant  
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patients to three different groups: control group, 
IV nafomostat 20 mg, and IV nafomostat 50 mg 
before ERCP. While they reported a benefi t with 
nafomostat-treated groups compared to controls, 
the higher dose did not further protect those 
patients at high risk for PEP [ 85 ]. 

 Among immunomodulators, recombinant 
IL-10 has been studied with early promise fol-
lowed by lack of validation in subsequent studies. 
Deviere and colleagues randomized 144 patients 
to receive IL-10 infusions compared to placebo 
with an observed protected effect [ 86 ]. A subse-
quent trial by Sherman and colleagues failed to 
show a benefi t at an interim analysis of 305 ran-
domized patients and terminated the study [ 87 ]. 
Although benefi t with the use of non-steroidal 
anti-infl ammatory medications including indo-
methacin and diclofenac have been observed, the 
use of steroids have had mixed results [ 79 ,  88 , 
 89 ]. Brudzynska and colleagues randomized 300 
patients to prednisone, allopurinol, or placebo 
before ERCP and found no protective benefi t 
against PEP [ 90 ]. In a smaller randomized study 
of 120 patients, 100 mg of hydrocortisone prior 
to ERCP reduced PEP from 11.9 % in the pla-
cebo group to 1.6 % in the treated group suggest-
ing a signifi cant benefi t [ 91 ]. Antioxidant therapy 
with  n -acetylcysteine and allopurinol has been 
studied in relatively large randomized trials with 
no reported protected benefi t [ 90 ,  92 ]. 
Nitroglycerin products to reduce sphincter hyper-
tension have demonstrated benefi ts in smaller 
studies without subsequent validation in larger 
randomized trials [ 93 ,  94 ]. 

 The search for a pharmacological agent for 
treating human acute pancreatitis has been fairly 
extensive. The historical arc for most of these 
agents is one of promise from preclinical studies, 
followed by a few promising small pilot clinical 
trials. Most, however, have failed to be validated 
at larger studies. Meta-analyses have been more 
positive about various agents, but this may refl ect 
a weighting bias towards smaller and unpublished 
studies. In PEP, there are more positive clinical 
trial data for various pharmacological agents. 
Most, however, have yet to be accepted in stan-
dard clinical practice. In non-PEP as well, there is 
no current pharmacologic agent that has success-

fully navigated its way into clinical  practice [ 3 , 
 41 ]. While some of these agents including nafo-
mostat and glutamine may merit further clinical 
study, the future may lie in novel agents.   

    Future Targets: Opportunities 
for Therapeutic Development 

 Despite previous efforts, there are promising 
opportunities for therapeutic development. 
Specifi cally, strategies that target and alter the 
activities of key immune cells may provide 
potential therapeutic benefi t as demonstrated in 
preclinical studies. In acute pancreatitis, macro-
phages can play both a pro-infl ammatory and 
anti-infl ammatory role. Various modifi ers such as 
IL-4 and IL-13 have demonstrated capacity to 
convert pancreatitis-activated macrophages (M1) 
into reparative macrophages (M2). Hemin- 
activated macrophages express high levels of 
hemoxygenase-1 (HO-1) that in turn promotes 
production of anti-infl ammatory agents including 
carbon monoxide and biliverdin. These agents 
induce IL-10, IL-22, and p38 MAPK. Introduction 
of hemin-activated macrophages protects against 
experimental pancreatitis [ 10 ,  95 ]. In humans, 
HO-1 levels are upregulated in acute pancreatitis 
and that ex vivo treatment of patient blood with 
Panhematin, an FDA-approved medication for 
acute intermittent porphyria, can prime HO-1 
production [ 96 ]. Habtezion and colleagues have 
shown that Panhematin given before experimen-
tal pancreatitis upregulates hemin-activated mac-
rophages and leads to less pancreatic injury. 
More importantly, they have shown in their 
experimental model that if given after pancreati-
tis develops, in both early and late stages of dis-
ease, Panhematin treatment ameliorates the 
extent of pancreatitis-related injury [ 97 ]. 

 Another perhaps underappreciated immune- 
related target involves the kallikrein-kinin and 
complement systems. As mentioned above, 
severe acute pancreatitis is associated with ele-
vated C3a and sC5-9 levels [ 13 ]. The C1 esterase 
inhibitor (C1 INH) physiologically inhibits a 
variety of plasma proteolytic enzymes including 
the activated C1 complex and kallikrein [ 98 ]. 
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In experimental models of acute pancreatitis, C1 
INH given before the onset of pancreatitis dem-
onstrated a potential protective benefi t [ 99 ]. In 
particular, C1-INH may have a protective benefi t 
in severe acute pancreatitis [ 100 ]. In small human 
studies, the use of C1-INH concentrate has 
 demonstrated some protective benefi t in acute 
pancreatitis [ 101 ,  102 ]. Pharmacological targets 
of the complement system have already been 
developed in other diseases that may have utility 
in acute pancreatitis. One example includes 
recombinant C1-INH that is currently available 
in Europe for the treatment of hereditary angio-
edema [ 103 ]. Another example is eculizumab, 
which is a monoclonal antibody that binds with 
high affi nity to complement protein C5 prevent-
ing generation of the terminal complement com-
plex C5b-9. It is currently approved for treating 
paroxysmal nocturnal hemoglobinuria and atypi-
cal hemolytic uremic syndrome [ 104 ]. 

 Some potentially novel pharmacologic agents 
are being studied in PEP given some of the 
advantages in clinical trial design. Fluhr and col-
leagues recently published their design for a ran-
domized controlled trial of IV magnesium to 
prevent PEP. Intra-cellular calcium release plays 
an important role in initiating protease activation. 
Magnesium is a calcium antagonist and counter-
acts calcium signaling. This study intends to ran-
domize 502 patients to IV magnesium 60 min 
before and 6 h after ERCP or placebo [ 105 ].  

    Conclusion 

 Although there have been some positive studies 
of various pharmacological agents, the vast 
majority have failed to demonstrate a consistent 
benefi t in large validation studies such that there 
is no current drug recognized for use in clinical 
practice for treating acute pancreatitis. Perhaps, 
one of the major reasons for this relates to differ-
ences between promising preclinical studies in 
experimental pancreatitis and human clinical tri-
als. Besides the question of whether these models 
accurately refl ect human disease, most preclini-
cal studies administer the medication prior to 

pancreatic injury such that the medication in 
question provides a protective effect. In the clini-
cal situation, the drug of interest is tested when 
the injury has already occurred and the infl am-
matory cascade associated with pancreatitis has 
begun. 

 With some drugs including nafomostat and 
glutamine requiring further validation and poten-
tial novel drugs to be tested hopefully soon, the 
design of future clinical trials needs to be recon-
sidered. Going forward, we need to design clini-
cal trials that administer treatment within 24 h (or 
as soon as possible) from symptom onset. Even 
earlier delivery may be key (i.e., within 4 h of 
arriving into the ER), akin to treatment of 
ST-elevation myocardial infarctions where time 
to catheterization is now part of clinical practice. 
This will maximize any candidate drug’s poten-
tial to interrupt the infl ammatory cascade and 
injury. A continued focus of trials on predicted 
severe disease will more likely identify a candi-
date treatment, as trials that include patients with 
mild pancreatitis require larger sample sizes to 
detect a meaningful difference. To minimize het-
erogeneity, clinical trials should also standardize 
eligibility, supportive treatment approaches, and 
outcomes. Eligibility for severe disease as well as 
clinically relevant outcomes should adopt stan-
dards set forth by the revised Atlanta classifi ca-
tion [ 2 ]. Clinically meaningful primary outcomes 
primarily include mortality, the development and 
resolution of organ failure, SIRS, sterile and 
infected necrosis, and other local complications. 
Important secondary outcomes include the length 
of stay, the amount of pain medication required, 
quality of life, and cost of care. 

 Despite past shortcomings of studied pharma-
cological agents, there remains promise in dis-
covering and developing an effective 
pharmacological therapy for acute pancreatitis. 
The lessons learned from past clinical trials along 
with increased understanding of the immune sys-
tem in this disease provide meaningful direction 
for substantial progress. When, not if, such a dis-
covery occurs, it will fundamentally change our 
current management paradigm from one of sup-
portive therapy to abortive therapy.     
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           Introduction 

 The development of acute pancreatitis is primarily 
caused by local enzyme activation and acute 
cytokine release in response to some form of 
insult to the pancreas. Early signs and symptoms 
of this infl ammatory process include abdominal 
pain, ileus, and potentially a systemic infl amma-
tory response syndrome (SIRS), and acute respi-
ratory distress syndrome (ARDS). Depending on 
the severity of the insult, pancreatic tissue apop-
tosis or necrosis ensues. Perpetuation of the dis-
ease process may be the result of infection of 
necrotic tissue or an ongoing leak secondary to 
disrupted ductal epithelium from the infl amma-
tory process [ 1 – 4 ]. Pancreatic trauma can also 
lead to an acute leak and traumatic pancreatitis. 
In the instance of penetrating trauma, this can 
lead to an acutely ill patient as compared with a 
clinically well patient after surgical trauma with 
a percutaneous drain left in place [ 5 ]. 

 The potential manifestations of pancreatic leaks 
are multiple. Pancreatic leaks or fi stulas are tradi-
tionally classifi ed as internal or external [ 3 ,  6 ]. 
External leaks represent pancreaticocutaneous fi s-
tulas and are most typically iatrogenic in etiology. 
Internal leaks present in a myriad of  different forms 

and include pancreatic ascites, pleural effusions, 
pseudocysts among others [ 4 ,  7 ]. The prognosis 
and management of pancreatic leaks varies based 
on the clinical manifestations of the leak.  

    Epidemiology 

 The incidence and prevalence of pancreatic duct 
leaks has not been thoroughly studied and 
remains unclear. However, up to 40 % of patients 
with acute pancreatitis will develop some type of 
acute fl uid collection [ 8 ]. Only a small percent-
age of these patients will go on to develop a true 
pseudocyst or fi stula. It appears that the etiology 
of pancreatitis is not important in determining 
whether a leak will ensue, but it is the severity of 
the insult that matters. Gallstone pancreatitis is, 
however, the most common cause of severe acute 
pancreatitis. One clinical entity that is known 
to involve high rates of pancreatic duct leaks 
is walled-off pancreatic necrosis (WOPN). In 
numerous studies WOPN patients have been 
shown to have disconnected duct syndrome 
(DDS) in 35–70 % of cases. It is unclear whether 
this ductal disruption is the cause of or a result of 
the WOPN [ 6 ,  9 ,  10 ].  

    Clinical Features 

 The symptoms and clinical manifestations of 
ductal leaks depend on multiple factors. The 
main determinants include the leak’s location 
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within the gland, the size of the leak, and the 
body’s ability to contain the leak’s output 
(Table  12.1 ). Other factors include bacterial trans-
location, endotoxin release, extraluminal enzyme 
activation, and superinfection. Patients range from 
being completely asymptomatic to experiencing 
debilitating pain and potentially severe sepsis and 
other serious complications from resultant fl uid 
collections. Signs and symptoms can include pain, 
nausea, vomiting, tachycardia, ileus, and hypoten-
sion [ 11 ,  12 ]. Certainly the severity of the pancre-
atitis that causes or results from the leak has the 
most bearing on the patient’s initial symptoms and 
clinical course; later on the characteristics of the 
leak and the associated complications play 
the biggest role. The classic manifestation of a 
pancreatic duct leak is the formation of a pseudo-
cyst, but other possibilities include walled-off 
 pancreatic necrosis, pancreatic ascites, pleural 
effusions, and even pericardial effusions (Fig.  12.1 ).

    The size of pancreatic duct leaks is highly 
 variable and can range from a small trickle to 
high-grade output. The size of the leak does not 
necessarily correlate with the severity of the 
resulting symptoms and complications. Low- 
grade leaks typically result in intrapancreatic fl uid 
collections, which can be asymptomatic or lead to 
a smoldering pancreatitis. This can be associated 
with variable degrees of pancreatic necrosis, 
which can in turn lead to multisystem organ fail-
ure or local and systemic infections [ 6 ,  13 – 15 ]. 
High-output leaks can similarly lead to pancreatic 
necrosis, but can also result in large peripancre-
atic or remote abdominal fl uid collections, pan-
creatic ascites, high amylase pleural effusions, or 
have mediastinal involvement. 

 Leaks originating from the duct in the head of 
the pancreas can have a variety of manifestations. 
The leaking pancreatic fl uid can be walled-off by 
the body and localized to the right upper quad-
rant. Collections in this location can impinge 
upon or fi stulize to multiple different organs in 
this area. These collections can press on the 
 common bile duct leading to biliary obstruction, 
jaundice, elevated liver function tests, or even 
cholangitis. Collections that impinge upon the 
duodenum or gastric outlet can lead to post- 
prandial pain, post-prandial nausea and vomiting, 
early satiety, and potentially gastric outlet 
obstruction. Leaks from the pancreatic head can 
also result in fl uid tracking along the psoas and 
develop pelvic fl uid collections. This fl uid can 
even track into the scrotum and buttocks [ 16 ]. 
Often, pancreatic head leaks result in right para-
renal fl uid collections as well. 

 Leaks that develop in the pancreatic tail often 
result in left upper quadrant or perisplenic fl uid 
collections [ 3 ,  17 ]. Collections that develop in this 
area can fi stulize to the ligament of Treitz or the 
transverse colon [ 18 – 20 ]. Fluid from the tail can 
also track into the retroperitoneum and lead to 
acute pararenal or pelvic fl uid collections. 
Alternatively, this fl uid can track up into the thorax 
and develop high amylase pleural effusion [ 21 –
 24 ]. Symptoms vary based on the location of the 
fl uid collection but can include left upper quadrant 
pain, nausea, post-prandial pain, shortness of 
breath, or sepsis in the event of a colonic fi stula. 

   Table 12.1    Manifestations of pancreatic duct leaks   

 Internal fi stula 
 – Peripancreatic fl uid collection 
 – Pseudocyst 
 – Pancreatic ascites 
 – High amylase pleural fl uid 
 – Pancreaticoenteric/biliary/bronchial fi stula 
 – Walled-off pancreatic necrosis (WOPN) 
 – Smoldering pancreatitis 
 External fi stula 
 – Pancreaticocutaneous fi stula 

  Fig. 12.1    Patient with severe acute pancreatitis with 
large pancreatic fl uid collection       
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 Leaks originating in the genu or body of the 
pancreas often create fl uid collections in the lesser 
sac. Necrotizing pancreatitis with walled- off pan-
creatic necrosis frequently results in leaks in this 
area in the form of DDS [ 3 ,  25 – 29 ]. Unfortunately, 
CT and other imaging studies are poor at differen-
tiating WOPN from a pseudocyst and therefore 
most collections occurring in this area should be 
regarded as possible WOPN [ 4 ,  30 – 32 ]. Similar 
to patients with pancreatic tail leaks, body leaks 
can also create pleural effusions, pericardial effu-
sions, and even pancreaticobronchial fi stulas 
[ 3 ,  33 ]. Patients with pancreatic body leaks can 
also develop pancreatic ascites [ 6 ,  21 ,  23 ,  34 ]. 
Patients with pancreatic ascites will experience 
abdom inal pain and increased abdominal girth, 
potentially with shortness of breath from pressure 
on the diaphragm and occasionally spontaneous 
bacterial peritonitis.  

    Diagnosis 

 In order to manage pancreatic duct leaks one 
must fi rst successfully make the diagnosis. In the 
past this was commonly done with ERCP, which 
can also be therapeutic. However, the advent of 
excellent cross-sectional imaging and the risk 
of pancreatitis associated with ERCP have moved 
the use of ERCP to primarily therapeutic pur-
poses. In the right clinical setting the uses of 
abdominal ultrasound, pancreatic protocol CT, 
secretin-MRCP (S-MRCP), and aspiration of 
fl uid collections are often successful at making 
the diagnosis [ 3 ,  8 ,  35 – 39 ] (Table  12.2 ).

   The diagnosis of an external pancreatic fi stula 
is typically straightforward as long as the diagno-
sis is considered. A patient with persistent output 
from a JP drain after pancreatic surgery or peri-
pancreatic surgery should have the fl uid checked 
for amylase levels, which will be elevated in the 
setting of a pancreatic leak [ 40 ]. Inadvertent 
damage to the pancreas during peripancreatic 
surgery is far more common than damage to 
the stomach or colon. Also, in patients with vari-
able output of clear pancreatic juice following 
percutaneous drainage of a pseudocyst or peri-
pancreatic fl uid collection, one can consider 

 contrast injection through the drain to assess for a 
pancreatogram, which confi rms the diagnosis. 
These tests should also be considered in patients 
with percutaneous output of clear fl uids after a 
penetrating injury. 

 For making the diagnosis of an internal fi stula, 
a pancreatic protocol CT is typically the best ini-
tial diagnostic test for patients with smoldering 
or severe pancreatitis [ 41 ]. If a fl uid collection is 
seen in this type of clinical picture, it can gener-
ally be diagnosed as a leak. However, leaks are 
implied rather than defi ned by CT and sequential 
scans with evidence of enlarging collections may 
be needed for diagnosis. CT is also an imperfect 
test because it often overestimates the fl uid com-
ponent of a cyst and therefore can misdiagnose 
WOPN as a pseudocyst [ 9 ]. Historically, ERCP 
has been used to diagnose leaks; however, the 
S-MRCP may now frequently be used in its place 
as it has been shown to be able to characterize an 
active leak and minimizes the potential complica-
tions associated with ERCP, such as worsening 
pancreatitis [ 37 – 39 ,  42 ]. S-MRCP is also able to 
diagnose DDS, which is a situation where ERCP 
alone will not be able to control the problem. 

 The diagnosis of a pancreatic leak is most 
commonly considered when a patient presents 
with typical clinical picture of pancreatitis fol-
lowed by persistent or recurrent symptoms. 
However, it is far more diffi cult when a patient 

   Table 12.2    Diagnosis of pancreatic leaks   

 External fi stula 
 – Pancreatogram through JP or IR drain 
 – Persistent high amylase output through JP or IR drain 

 Internal fi stula 
 Pleural effusion 

 – CXR, abdominal, and thoracic CT 
 – High amylase with aspiration 

 Pancreatic ascites 
 – Ultrasound, CT, or MR of abdomen 
 – High amylase with paracentesis 

 Pseudocyst 
 – CT, MRI, EUS, ERCP 

 WOPN 
 – CT, MRI, EUS 

 Duct disruption 
 – ERCP or S-MRCP 
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without a known history of pancreatitis is found 
to have a pancreatic or peripancreatic cyst. In this 
situation chronic pancreatitis changes such as 
parenchymal or ductal calcifi cations can suggest 
the diagnosis. Also, a uniform appearance, lack 
of cyst calcifi cations, and a thick outer rind can 
suggest a pseudocyst. Endoscopic ultrasound 
can often provide better characterization of the 
cyst and can allow for fi ne-needle aspiration to 
sample cyst fl uid for amylase, CEA, and cytol-
ogy, which can help differentiate pseudocysts 
from cystic neoplasms [ 43 ].  

    Management 

 Historically, the management of pancreatic duct 
leaks was typically surgical. Medical or conser-
vative management with gut rest, TPN, and 
octreotide has been shown to be benefi cial in 
some patients, although refractory cases are 
quite common, particularly in the setting of a 
high- volume leak. The advent of ERCP has 
allowed endoscopists to place transpapillary 
stents to facilitate leak closure [ 44 ] (Fig.  12.2 ). 

  Fig. 12.2    Patient with acute biliary pancreatitis with 
 subsequent development of multiple intrapancreatic fl uid 
collections and symptoms of smoldering pancreatitis. 
Ductal disruption and downstream ductal stenosis treated 

with balloon dilation and stent placement. ( a ) CT with 
intrapancreatic fl uid collections. ( b ) Pancreatogram 
 demonstrating ductal leak. ( c ) Balloon dilation of stricture. 
( d ) CT with stent post-ERCP       
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This intervention combined with other therapeutic 
endoscopy techniques has allowed many patients 
to avoid surgery.

   Having the ability to place a pancreatic duct 
stent does not mean that one must provide endo-
therapy whenever the possibility of a pancreatic 
leak is entertained. Patients with pancreatic leaks 
are best served by a team including interventional 
radiologists, pancreaticobiliary surgeons, and 
endoscopists [ 1 ,  3 ,  45 ]. Ideally, the interventional 
plan should be developed in a collaborative way 
and involve high-quality cross-sectional imaging 
in the form of CT and/or MRI to map the leak and 
its complications. The main contraindication 
to ERCP in the setting of a leak is the inability to 
provide endotherapy as in that situation the 
unsuccessful intervention may lead to infection 
of the previously sterile fl uid collection and 
 subsequently result in the need for drainage or 
possibly surgery [ 32 ]. One example of such a 
situation is DDS, where the role of ERCP to treat 
this condition is limited while injection of the 
pancreatic duct can result in infection of preexist-
ing sterile fl uid collections. Furthermore, many 
patients with pancreatic leaks will experience 
resolution of their leaks without any intervention. 
For instance, the majority of low-volume leaks 
after pancreatic surgery are easily controlled with 
a JP drain and will spontaneously close over days 
to weeks [ 23 ,  46 ]. 

 While not all patients with a pancreatic duct 
leak require intervention, a large number will 
benefi t from endotherapy, percutaneous drainage, 
or surgical interventions. Indications for inter-
ventions include enlarging fl uid collections 
despite conservative management, symptomatic 
or infected fl uid collections, external fi stulas, and 
recurrent pain or pancreatitis during recurrent 
attempts at refeeding [ 41 ].  

    Pancreatic Ascites 

 Patients with pancreatic ascites typically present 
with abdominal distention and abdominal pain. 
The diagnosis can be made by measuring the 

 levels of amylase and lipase in paracentesis fl uid; 
very high levels confi rm the diagnosis. This 
 manifestation typically occurs in the setting of a 
large volume pancreatic leak which the body has 
failed to contain. Pancreatic ascites have been 
historically managed primarily by making the 
patient NPO with TPN and octreotide with the 
addition of paracentesis and thoracentesis if a 
pleural effusion is also found. If the patient did 
not respond to this conservative management a 
salvage operation was performed. In this setting 
pancreatic resections carry an 8–11 % mortality 
and the leaks have a 15 % recurrence rate [ 41 ]. 

 Given the high mortality and recurrence rates 
with surgical interventions for pancreatic ascites 
endotherapy is an attractive alternative. Our 
group was the fi rst to demonstrate that the place-
ment of a transpapillary pancreatic duct stent via 
ERCP was an effective treatment in this setting 
[ 34 ]. These results have been confi rmed in sev-
eral other studies [ 47 – 50 ]. It has also been shown 
that placing the stent across the ductal disruption 
optimizes the likelihood of a therapeutic response. 

 The mechanism by which pancreatic stenting 
is effective in the setting of pancreatic ascites is 
by returning fl ow of pancreatic juices into the 
duodenum rather than through the leak, therefore 
allowing the leak to heal. The stent bypasses 
upstream barriers to ductal fl ow such as the 
sphincter, or infl ammatory strictures in the duct. 
This approach will not be effective if the pancre-
atic ascites are the result of DDS. In DDS a 
 section of the pancreas has been completely sep-
arated from the head of the pancreas, making a 
stent across the ampulla ineffective and surgery 
has historically been recommended [ 41 ,  50 ].  

    Pseudocyst 

 Pseudocysts are the most common presentation 
of a pancreatic duct leak and can typically be 
diagnosed by high-quality cross-sectional imag-
ing. Characteristics of pseudocysts include a 
well-formed, thick capsule and a homogenous 
internal fl uid component. Pseudocysts either 
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 represent an ongoing ductal leak or the after 
effect of a healed leak. Unfortunately, it has 
become clear that cross-sectional imaging is inef-
fective at differentiating between a true pseudo-
cyst and evolving necrosis or WOPN [ 32 ]. CT 
imaging tends to overemphasize the fl uid compo-
nent of these cystic lesions and can miss areas of 
necrotic tissue and debris. Therefore, the treat-
ment of peripancreatic collections should not be 
taken lightly and is best handled by a team includ-
ing gastroenterologists, interventional radiolo-
gists, and surgeons [ 1 ,  3 ,  45 ]. A clinical history of 
severe acute pancreatitis should suggest that resul-
tant fl uid collections have a high likelihood of rep-
resenting WOPN. The management of pseudocysts 
and WOPN differs signifi cantly and patients with 
WOPN treated as pseudocysts can have severe 
complications [ 32 ]. The management of WOPN is 
covered in other chapters in this book. 

 Historically, symptomatic or non-resolving 
pseudocysts were treated with open surgery 
with cyst-enteric or cyst-gastric anastomoses and 
 complex cysts were further treated with drainage 
[ 52 – 55 ]. However, surgery had a 25–30 % rate of 
morbidity and a 2–5 % 30-day mortality as well 
as a 10–20 % recurrence rate [ 40 ,  55 – 57 ]. Because 
of these high rates of complications most centers 
have moved to laparoscopic surgical procedures if 
surgery is performed, and an  insistence on preop-
erative ERCP or MRCP [ 56 ,  58 – 60 ]. Furthermore, 
many centers have moved to nonsurgical manage-
ment of pseudocysts either with endoscopic or 
interventional radiology drainage. 

 The fi rst description of endoscopic drainage 
of pancreatic pseudocysts was in 1975 by Rogers 
who used a transgastric needle to drain a pseudo-
cyst, although this collection did recur rapidly 
[ 61 ]. Not long thereafter our group published the 
fi rst description of using electrocautery to fi stu-
lize pseudocysts into the stomach, demonstrating 
a permanent cure in three out of four patients 
[ 62 ]. While the procedure has been enriched to 
some degree since then, the basics remain the 
same. The endoscopist must fi rst establish access 
to the cyst cavity with a needle-knife sphinctero-
tome or a 19-gauge EUS needle. Patients should 
receive pre-procedural antibiotics. Previously 
the initial access incision was enlarged with 

 electrocautery, but now most endoscopists use 
hydrostatic balloons of varying diameters for this 
purpose. Once the cystogastrostomy or cystenter-
otomy has been dilated, most endoscopists will 
place two or more double pigtail stents or varying 
sizes across the defect to maintain the patency of 
the fi stula to allow for complete resolution of the 
pseudocyst [ 63 – 70 ]. Double pigtail stents are 
typically used for this situation in order to reduce 
the risk of migration [ 71 ]. After drainage the 
patient is followed with imaging such as CT until 
complete resolution of the cyst, at which point 
the stents are removed. Alternatively, stents can 
be left indefi nitely, particularly in the setting of 
DDS [ 72 ,  73 ]. ERCP can be done at the same 
time as pseudocyst drainage to characterize duc-
tal anatomy and place a stent if a persistent leak 
is identifi ed [ 1 ,  5 ]. 

 With the advent of EUS, many have advocated 
for EUS as the preferred choice to initiate pseu-
docyst drainage. For patients who have concomi-
tant gastric varices it is generally preferred to 
utilize EUS so that intervening blood vessels can 
be identifi ed and avoided. EUS also allows for 
endoscopic drainage, even in cases where a bulge 
within the gastrointestinal lumen cannot be iden-
tifi ed on endoscopy [ 68 ,  70 ,  74 – 76 ]. With the 
fi rst generation of linear echoendoscopes, the 
working channel diameter was only 2.8 mm, 
which limited the size of stents that could be 
inserted; therefore, initially, most endoscopists 
would exchange the echoendoscope for a duode-
noscope after a wire was advanced into the cyst 
cavity. New therapeutic linear scopes have a 
larger 3.7-mm diameter channel, which allows 
for placement of up to 10-Fr stents. Antillon et al. 
were the fi rst to publish a series demonstrating 
that single-step EUS pseudocyst drainage was 
safe and had good effi cacy [ 77 ]. Kahelah et al. 
evaluated EUS-guided drainage by following 
99 patients undergoing pseudocyst drainage, 46 
with EUS and 53 without. Patients who had a vis-
ible bulge in the GI tract had drainage without 
EUS, while those with no bulge had EUS-guided 
drainage. They demonstrated no difference in 
effi cacy or safety between the groups suggesting 
that non-EUS- guided drainage remains a reason-
able choice for the right patient [ 78 ]. 
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 Another technique that can be used instead of, 
or in addition to, transmural drainage of pseudo-
cysts is transpapillary drainage of pseudocysts. 
Multiple published series have demonstrated the 
effectiveness of placing stents into the pseudo-
cyst cavity through the major or minor papilla 
[ 45 ,  79 – 81 ]. Stents can either be placed into the 
cavity itself or across the leak within the pancre-
atic duct. Trevino et al. demonstrated that this 
method of stenting can also be used to improve 
the success of transmural drainage as a combina-
tion approach [ 82 ]. 

 An alternative to endoscopic or surgical treat-
ment of pseudocysts is percutaneous drainage. 
This method has been shown to be up to 90 % 
effective for the treatment of pseudocysts [ 83 ]. 
The administration of subcutaneous octreotide to 
patients who underwent percutaneous drainage 
has been demonstrated to reduce the amount of 
time to pseudocyst resolution [ 84 ]. The main 
downside to percutaneous drainage is the high 
rates of development of percutaneous fi stulas. 
One way to reduce this risk is with concomitant 
transmural drainage, as has been demonstrated 
for the treatment of WOPN [ 85 ]. In the event of a 
percutaneous fi stula, salvage transmural drainage 
through a combined interventional radiology and 
endoscopic procedure has been shown to be 
effective [ 86 ]. The main situations where percu-
taneous drainage is preferred include patients 
who are symptomatic but have immature fl uid 
collections and patients who are not surgical can-
didates and have fl uid collections that are not 
adjacent to the gastrointestinal tract. 

 It remains unclear whether one method of 
pseudocyst drainage is superior as no large 
 randomized trials have compared the different 
options. Recently, Varadarajulu et al. published 
the results of a randomized controlled trial 
 comparing surgical and endoscopic pseudocyst 
drainage techniques. In this study 20 patients 
underwent surgical drainage and 20 underwent 
endoscopic drainage. Both methods demon-
strated excellent success at initial resolution of 
the pseudocyst in all patients, and only one 
patient had recurrence in the surgical group and 

none in the endoscopic group. Patients in the 
endoscopic group had decreased hospital stay, 
decreased healthcare costs, and improved physi-
cal and mental health [ 87 ]. The same group 
 previously published a retrospective study also 
comparing surgical and endoscopic methods 
and again showed no difference in effi cacy, but 
decreased costs and hospital stay in the endo-
scopic group [ 69 ]. Several studies have compared 
EUS and non-EUS-guided transmural drainage 
and have generally demonstrated that patients 
with a bulge in the gastrointestinal tract seen can 
be drained by EUS or non-EUS methods without 
signifi cant differences [ 78 ]. However, if no bulge 
is seen then EUS drainage will generally be suc-
cessful, while non-EUS drainage should not be 
attempted without good cross-sectional imaging 
to direct therapy. Varadarajulu et al. randomized 
patients to EUS or EGD drainage and found that 
all 14 EUS drainages were successful, while only 
5 of 15 patients randomized to EGD drainage 
were done successfully; all 10 EGD failures were 
crossed-over to EUS drainage with a successful 
outcome [ 88 ]. Park et al. published the results of 
another randomized trial that showed similar 
results with eight patients with no bulge crossing 
over to successful EUS drainage, with all patients 
in the study having eventual successful drainage 
[ 89 ]. In a study published by Fockens et al., the 
use of EUS changed management in 37.5 % of 
pseudocyst drainages because of a multitude 
of unexpected fi ndings [ 90 ]. 

 In summary, endoscopic treatment of pancre-
atic pseudocysts appears to be effective, with a 
94 % initial success rate, 90 % cyst resolution 
rate, and a 16 % recurrence rate with a 20 % com-
plication rate and mortality rate less than 1 % 
[ 91 ]. Outcomes are different based on the etiol-
ogy of fl uid collections [ 32 ]. EUS drainage is 
preferred and is required if no bulge is seen 
within the gastrointestinal tract. Because of the 
risk of adverse events, endoscopic drainage 
is best done in settings with signifi cant experi-
ence and a multidisciplinary team. Alternative 
drainage options include surgery or percutaneous 
drainage.  
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    Pancreatic Fistula and Trauma 

 Pancreaticoenteric fi stulas occur in a variety of 
situations, including erosion of pseudocysts, 
WOPN, or percutaneous drains into neighboring 
structures. These fi stulas can occur in the setting 
of acute or chronic pancreatitis. Often, these fi s-
tulas can present as spontaneous, rapid resolution 
of fl uid collections and require no treatment. 
However, a stenosis can develop at the site of 
ductal disruptions, which may result in relapsing 
attacks of pancreatitis. Fistulization into the bile 
duct may result in cholestasis or cholangitis, 
while fi stulas into the colon may result in recur-
rent sepsis. 

 Our group has now treated more than 30 
patients with pancreaticoenteric fi stulas. In our ini-
tial series of eight patients with pancreaticoenteric 
fi stulas, three healed after transpapillary stenting, 
three healed after downsizing or removal of an 
external drain that had eroded into a loop of bowel, 
and two required surgical intervention [ 92 ]. Biliary 
fi stulas will generally heal with simultaneous 
 biliary and pancreatic duct stents if DDS is not 
present [ 93 ]. An alternative treatment for pancre-
aticocolonic fi stulas is diverting ileostomy. This 
intervention reduces bacterial translocation and 
resultant sepsis [ 94 ]. 

 Acute abdominal trauma can also result in 
pancreatitis and pancreatic duct leaks and fi stu-
las. This can result in a wide variety of manifesta-
tions and symptoms may be masked by other 
injuries. Pancreatic injury occurs in 55 % of blunt 
trauma and 8 % of penetrating abdominal  injuries. 
Pancreatic injury is associated with up to 30 % 
mortality and 45 % morbidity [ 95 ]. Therefore, 
pancreatic injury should be considered in all 
cases of severe abdominal trauma. In pancreatic 
trauma the integrity of the main pancreatic duct is 
the most important determinant of prognosis. 
Unfortunately, CT imaging is very poor at diag-
nosing pancreatic injuries, with a sensitivity of 
roughly 50 %. However, ERCP has been shown 
to be very accurate at diagnosing pancreatic 
trauma [ 96 ]. 

 The high mortality associated with pancreatic 
injury and worse prognosis with later diagnosis 

have led some to propose early ERCP if there is 
any suspicion of pancreatic injury. Kim et al. 
diagnosed abnormal pancreatograms in 14 of 23 
patients with acute abdominal trauma. Eight of 
these patients had complete transections, which 
were treated with surgery, three had main pancre-
atic duct leaks that were confi ned to the paren-
chyma and treated with stenting, and three branch 
leaks were successfully treated conservatively. 
The authors concluded that early ERCP was ben-
efi cial in patients with possible pancreatic duct 
injury [ 97 ]. Bhasin et al. reported the successful 
endoscopic treatment of 9 of 11 patients with 
pancreatic trauma with transpapillary stenting, 
nasopancreatic drain, or cystogastrostomy, with 
the other two patients requiring surgery for 
 complete transections [ 98 ]. Other small series 
have also demonstrated that minor ductal trauma 
can be treated with pancreatic stenting [ 5 ,  51 ]. 
However, higher-grade trauma still generally 
requires emergent surgical intervention. 

 While ERCP does provide the benefi t of 
potentially intervening in some pancreatic inju-
ries, it does expose patients to the risk of proce-
dural pancreatitis and can be limited by the 
endoscopists’ ability to cannulate the pancreatic 
duct. MRCP and S-MRCP may be an improved 
modality to defi ne which patients will have the 
greatest benefi t from therapeutic ERCP while 
avoiding the potential complications of ERCP for 
those who will not require endotherapy. MRCP 
has the additional benefi t of being able to image 
the parts of the pancreas that are proximal to any 
ductal disruption and are therefore not visible on 
ERCP [ 37 – 39 ]. It remains unclear which modal-
ity is superior for evaluating potential pancreatic 
injury and further research is necessary.  

    External Fistula 

 External pancreatic fi stulas are typically iatrogenic 
in etiology. The most common situations in which 
they arise are percutaneous drainage of pancreatic 
fl uid collections such as WOPN or after pancreatic 
surgery. The likelihood of developing an external 
fi stula increases greatly if percutaneous drain-
age is performed in the setting of DDS [ 85 ]. 
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Patients undergoing surgery for non- pancreatic 
indications may develop pancreaticocutaneous fi s-
tulas if unintended trauma to the pancreas occurs 
[ 1 ,  3 ,  6 ,  45 ]. Penetrating abdominal trauma is a 
non-iatrogenic cause of external fi stulas. 

 The management of external pancreatic fi stu-
las varies based on their etiology and clinical pre-
sentation. Many patients, particularly those with 
fi stulas after pancreatic surgery, will respond to 
conservative management. Conservative therapy 
consists of nasojejunal feeding, systemic antibi-
otics to prevent or treat infectious complications, 
correction of fl uid and electrolyte imbalances, and 
skin care. In particular, nasojejunal feeding has 
been shown to improve closure rates and decrease 
time to closure of pancreaticocutaneous fi stulas 
as compared with TPN [ 99 ]. The use of soma-
tostatin analogues such as octreotide in this 
 setting has been studied extensively. Based on 
currently available data it appears that these 
agents can reduce the output of external pancre-
atic fi stulas but do not affect the likelihood of or 
time to fi stula closure [ 100 ]. Therefore, the use of 
octreotide should be limited to patients with high-
output fi stulas that are causing extensive electro-
lyte imbalance or signifi cant skin complications. 

 Unfortunately, not all patients with cutaneous 
fi stulas will respond to conservative therapy. 
Patients with fi stulas after pancreatic surgery are 
likely to respond over weeks to months while 
patients with percutaneous drainage for DDS 
are highly unlikely to respond. For unresponsive 
patients, endoscopic therapy is usually the next 
option. Our group fi rst described the use of mul-
tiple length stents for bridging ductal disruptions 
and short stents for tail leaks in this setting. Nine 
patients with cutaneous fi stulas were included in 
the study with various etiologies for their fi stulas. 
Three patients had stents placed that bridged the 
site of disruption, while the other six had stents 
that did not bridge the disruption. Successful 
 closure of the fi stula was achieved in eight of 
nine patients, including 5 within 48 h of stent 
placement [ 101 ]. 

 Since our description, several other series 
have been published on the effectiveness of pan-
creatic stents for external fi stulas. Costamagna 
et al. described the endoscopic management of 

16 patients who developed fi stulas after open 
abdominal surgery and failed conservative man-
agement. In this study patients were primarily 
treated with nasopancreatic drains, which were 
subsequently removed when the fi stula closed. 
Drains were successfully placed in 11 of 15 
patients and all patients were successfully treated 
except for one who was subsequently success-
fully treated with a pancreatic stent. Mean time to 
fi stula closure was only 8.8 days and there was no 
fi stula recurrence after a mean 24.7 months of 
follow-up [ 102 ]. Halttunen et al. also described 
18 patients with cutaneous pancreatic fi stulas 
treated endoscopically. In this series 13 patients 
had effective closure of the fi stula. Overall pub-
lished results have shown an 85 % rate of suc-
cessful stent placement in the setting of cutaneous 
fi stulas, with 92 % of those successfully stented 
achieving closure of the fi stula [ 103 ]. 

 DDS is commonly complicated by external 
pancreatic leaks but is generally not amenable to 
transpapillary pancreatic stenting. Fistulas from 
DDS are secondary to persistent fl uid output 
from a tail segment of the pancreas that has been 
completely separated from the head of the pan-
creas by pancreatic necrosis. In this setting, 
placement of a transpapillary stent has no impact 
on the fl ow of pancreatic juice from this tail seg-
ment. Our group has recently described a com-
bined endoscopic and interventional radiology 
technique for treatment of pancreaticocutaneous 
fi stulas in the setting of DDS [ 86 ]. In this tech-
nique, initially a radiologist will pass a TIPS 
needle into the fi stula tract. Using fl uoroscopic 
and endoscopic guidance this needle is then 
passed through the gastric wall into the stomach 
lumen. The tract into the stomach is then dilated 
with an 8-Fr microcatheter after which two guide 
wires are passed into the stomach and grasped by 
the endoscopist using a snare and pulled up 
through the endoscope. Over the guidewire the 
transgastric tract is then further dilated with an 
8-mm balloon. Subsequently, two double pigtail 
stents are passed over the wires to bridge the 
 gastric wall. This technique has been used suc-
cessfully in 15 patients. Three patients had recur-
rent fl uid collections in a 25-month follow-up 
period secondary to stent migration, but all three 
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were treated with endoscopic transmural drainage. 
Our current management strategy for WOPN 
attempts to prevent cutaneous fi stulas in the set-
ting of DDS by placing both percutaneous and 

 transgastric drains at the onset of treatment [ 85 ] 
(Fig.  12.3 ).

   In addition to their role in our combined tech-
nique described above, interventional radiologists 

  Fig. 12.3    Patient with severe acute pancreatitis with 
walled-off pancreatic necrosis and disconnected duct syn-
drome treated with percutaneous drain and transgastric 
stents. ( a ) CT demonstrating large WOPN. ( b ) EUS 

19-gauge needle access and contrast injection of collec-
tion. ( c ) Guidewire placed within collection. ( d ) Balloon 
dilation of cystogastrostomy tract. ( e ) Two double pigtail 
transgastric stents placed across cystogastrostomy       
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also have the ability to treat external pancreatic 
fi stulas with techniques such as cyanoacrylate 
injection. Effective use of percutaneous drains 
has also been shown to be highly effective treat-
ment for postsurgical pancreatic fi stulas [ 104 ].  

    Disconnected Duct Syndrome 

 DDS represents the most severe form of a pan-
creatic leak as the pancreatic duct is effectively 
transected. This generally occurs as a result of 
severe acute pancreatitis with pancreatic necrosis. 
It occurs in up to 50 % of patients with necrotiz-
ing pancreatitis [ 105 ]. This occurs when any por-
tion of the head, genu, or body of the pancreas is 
necrosed with autodigestion of the main pancre-
atic duct. This results in the entire upstream 

 portion of the pancreas being isolated and not in 
communication with the papilla. Given that this 
isolated segment of the pancreas will continue to 
produce its exocrine pancreatic juices, they may 
be secreted into the abdominal cavity, resulting in 
a signifi cant fi stula. This type of fi stula is not 
amenable to transpapillary stenting because the 
isolated portion of the pancreas cannot be reached 
from the papilla and, therefore, the leak cannot be 
bridged. 

 Historically DDS has required surgical excision 
of the isolated tail segment of the pancreas. 
However, endoscopic and interventional treatments 
have been introduced with varying success [ 106 ]. 

 Endoscopic management of DDS has been 
described in several series [ 2 ,  73 ,  86 ,  105 ,  107 ] 
(Fig.  12.4 ). The treatment involves transmural 
drainage of fl uid collections followed by leaving 

  Fig. 12.4    Patient with disconnected duct syndrome with 
external pancreatic fi stula. EUS-guided pancreatogram 
demonstrates disconnected tail segment's duct. Treated 
with transgastric stenting. ( a ) Initial transgastric EUS-

guided pancreatogram demonstrates disconnected 
 segment of dilated pancreatic duct. ( b ) Guidewire placed 
within the pancreatic duct. ( c – d ) Stent placed into discon-
nected duct       
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transmural stents in place indefi nitely. Leaving 
transmural stents in place indefi nitely creates an 
outlet for the pancreatic juice from the isolated 
tail, therefore preventing the development of 
fl uid collections and symptoms.

   Deviere et al. were the fi rst to describe 
their experience with transmural drainage for 
DDS. They demonstrated successful endoscopic 
 treatment in 12 of 13 patients with DDS [ 73 ]. 
Pelaez- Luna et al. published the Mayo clinic 
experience with DDS. Over a 7-year period they 
treated 31 patients with DDS, with 5 patients 
going straight to surgery and 26 undergoing 
endoscopic treatment. Of the patients undergoing 
endoscopic treatment, 19 had good long-term 
success while 7 eventually required surgery [ 2 ]. 
Varadarajulu et al. also described their experi-
ence with 33 patients with DDS. In their series 
8 patients underwent surgery while 22 were suc-
cessfully treated with transmural drainage with 
prolonged stenting. No patients experienced 
recurrent fl uid collections despite three having 
spontaneous  passage of stents after more than 
100 days of follow- up [ 105 ]. Other small series 
have also demonstrated some success with endo-
scopic drainage. 

 Our group recently described a combined 
endoscopic and percutaneous treatment for 
WOPN and DDS with excellent results [ 85 ] (see 
Fig.  12.3 ). In our prior experience treating WOPN 
with percutaneous drains alone, many patients 
developed external fi stulas secondary to DDS 
with the inability to subsequently remove the 
drains. Therefore, we now place transmural stents 
in addition to percutaneous drains for the treat-
ment of WOPN. Transmural stents are left in 
place indefi nitely for patients with DDS and 
pulled if the duct is intact once the fl uid collec-
tions resolve. With this new technique we have 
avoided both cutaneous fi stulas and greatly 
reduced the need for surgery for DDS. We have 
now treated more than 100 patients with WOPN 
with this technique with <1 % death related to 
pancreatitis and <5 % requiring surgery. 

 In addition to endoscopic treatments for 
DDS, interventional radiologists can offer other 

 minimally invasive, surgery-sparing treatments. 
Our group has recently described a combined IR 
and endoscopic treatment for DDS and external 
 pancreatic fi stulas [ 86 ]. Further details regarding 
this technique are described in the section on 
external fi stulas above. Interventional radiology 
administered cyanoacrylate or other glues has 
also been described as a treatment for DDS with 
an external pancreatic fi stula [ 108 ,  109 ]. In this 
technique a guidewire is advanced into the main 
pancreatic duct within the isolated segment of 
the pancreas. Subsequently, a microcatheter is 
advanced over the wire and glue is then injected 
to completely fi ll the pancreatic duct and all of its 
side branches within this section of the pancreas. 
This works best with a small, 3- to 4-cm segment 
of pancreas and is associated with mild proce-
dural pancreatitis in 50 % of patients.  

    Adverse Events 

 The most common adverse events when using 
endoscopy to treat pancreatic duct leaks are 
procedural- related pancreatitis and iatrogenic 
 fi stulas. However, other complications including 
drug reaction, aspiration, cardiopulmonary events, 
cholangitis, bleeding, and perforation can occur 
[ 110 ]. Pancreatitis fl ares approximate 10 % but 
may approach 50 % if pancreatic duct stenting 
is unsuccessful after multiple accessories are 
advanced into the pancreatic duct. The placement 
of a transpapillary stent does lower the risk of 
pancreatitis and attenuates the disease course if 
pancreatitis does occur [ 111 ]. Similarly, the 
administration of PR indomethacin has been 
shown to reduce the risk of post-ERCP pancreati-
tis in high-risk individuals [ 112 ]. Stent character-
istics can also affect the risk of pancreatitis. Stent 
diameter should be adjusted to the size of the 
duct. For instance, a 7-Fr stent should not be used 
for a duct that is only 4 Fr in diameter. Similarly, 
a 1-cm long stent should not be used to bridge a 
ductal leak that is only 4 cm from the papilla. 

 Subacute adverse events can occur from 
 introduction of bacteria into fl uid collections or 
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necrotic debris at the time of ERCP. As such, all 
patients with internal fi stula should get prophy-
lactic antibiotics prior to ERCP, particularly in 
the case of WOPN. Contaminated collections 
should be considered for percutaneous or trans-
mural drainage or a course of post-ERCP 
antibiotics. 

 Pancreatic stent occlusion can be associated 
with pancreatic sepsis and obstructive pancreati-
tis [ 113 ]. Also, long-term transpapillary stent 
placement can cause iatrogenic ductitis with 
focal strictures and side branch ectasis [ 114 ]. 
Therefore, stents should be removed or exchanged 
4–6 weeks after placement. Stents placed for 
treatment of external fi stulas should be removed 
1 week after the fi stula closes.  

    Conclusion 

 Over the past 30 years, the management of patients 
with pancreatic duct leaks and their multiple con-
sequences and manifestations has evolved. Rather 
than surgeons managing all leak patients who do 
not respond to conservative  therapy, patients are 
now best served by a multidisciplinary team 
including gastroenterologists, interventional radi-
ologists, and pancreatic surgeons. Many leak 
patients can be managed by endoscopic or radio-
logic-guided interventions and therefore avoid 
surgery. ERCP with transpapillary stenting 
remains the cornerstone of therapy for leaks that 
do not have DDS. Stenting will likely result in 
resolution of the leak, particularly if the stent is 
able to bridge the disruption. Peripancreatic fl uid 
collections such as pseudocysts and WOPN can be 
treated with endoscopic transmural drainage, per-
cutaneous drainage, or a combination of the two 
techniques. DDS is no longer a condition treated 
only with surgery as many patients will respond to 
long-term transmural stenting and some may 
respond to IR-directed therapies. Pancreatic leaks 
remain a challenging and highly morbid complica-
tion of pancreatitis, but endoscopic techniques 
have evolved and likely will continue to evolve to 
improve outcomes for these patients.     
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           Introduction 

 Acute gallstone pancreatitis is thought to be a 
consequence of a transient or persistent ampul-
lary obstruction by gallstones or sludge resulting 
in compromised outfl ow of bile and pancreatic 
juice. This obstruction of fl ow can trigger chol-
angitis or infl ammation of the pancreas [ 1 ,  2 ]. 
Although most attacks of gallstone pancreatitis 
are mild and recover with conservative treat-
ment, approximately 25 % of the patients will 
develop severe disease, which still carries high 
morbidity and mortality [ 3 – 5 ]. In general, as a 
fi rst step in the diagnostic evaluation of patients 
with gallstone pancreatitis, consideration is 
given to noninvasive diagnostic modalities such 
as blood chemistries, transabdominal ultraso-
nography (AUS), computed tomography (CT), 
magnetic resonance imaging (MRI), and mag-
netic resonance cholangiopancreatography 
(MRCP) [ 5 – 9 ]. In our discussion we will focus 
on the role of endoscopy for the management of 

patients with acute gallstone pancreatitis and 
will specifi cally address the following questions 
which are of direct practical importance: (1) 
What is the role of endoscopic evaluation by 
endoscopic ultrasound (EUS)    and endoscopic 
retrograde cholangiopancreatography (ERCP) for 
the detection of retained bile duct stones [ 10 – 15 ]?; 
(2) What is the role of early ERCP with endo-
scopic sphincterotomy (ES)? (3) What is the 
optimal timing of early ERCP? (4) Are there any 
regional geographic differences that may affect 
our management strategies? (5) How does one 
incorporate the available data into a comprehen-
sive patient management algorithm [ 16 – 23 ]? 
Some authors make the distinction between 
gallstone pancreatitis (i.e., the migrating stone 
originates from the gallbladder) and biliary pan-
creatitis (i.e., the migrating stone may originate in 
the gallbladder or the bile duct), but in this review 
we will use the two terms interchangeably. 
Furthermore, the terms common bile duct (CBD) 
stones, bile duct stones, and choledocholithiasis 
will all refer to stones in the extrahepatic bile duct.  

    Endoscopic Diagnosis of Bile 
Duct Stones 

    EUS 

 EUS allows for high-resolution imaging of the bile 
duct which provides high sensitivity and specifi c-
ity of more than 90 % for detection of CBD stones 
[ 10 – 14 ] (Fig.  13.1 ). EUS accuracy is far superior 
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to AUS, CT, and even ERCP [ 10 ,  14 ]. In fact, in 
cases in which AUS had failed to identify abnor-
mality, CBD stones were detected in 59–78 % of 
cases by performing EUS [ 10 ,  12 ]. Importantly, 
EUS accuracy is not affected by the stone size 
[ 11 ]. In contrast, it is recognized that MRI/MRCP 
may not be able to detect small CBD stones (i.e., 
<5 mm) [ 24 ]. Thus, since impacted gallstones may 
pass spontaneously [ 1 ], EUS may be a very help-
ful test to both rule-in or rule-out bile duct stones 
and provide guidance for the patient who would 
benefi t from ERCP. Indeed, one prospective ran-
domized study showed that EUS could safely 
replace diagnostic ERCP in selected patients with 
acute biliary pancreatitis [ 14 ]. Furthermore, one 
meta-analysis concluded that EUS has an excel-
lent overall sensitivity and specifi city for diagnos-
ing choledocholithiasis and it should be used to 
select patients for a therapeutic ERCP in order to 
minimize the risk of complications associated 
with unnecessary diagnostic ERCP [ 25 ].

   There are two types of EUS equipment, 
namely, radial and curved linear (convex). Radial 
EUS has been used in prior studies evaluating its 
role for detection of CBD stones [ 10 – 14 ]. 
Although there was no comparative study 
between radial and curved linear array EUS for 
the detection of CBD stones, most likely the two 

types of equipment can be used interchangeably 
depending on operator experience and availabil-
ity. Indeed, the curved linear EUS has been shown 
to be useful for the diagnosis of CBD stones [ 26 ] 
and for the staging of pancreatic head cancer and 
can provide excellent imaging of the distal bile 
duct [ 27 ]. Although EUS has been shown to be 
superior for the detection of CBD stones com-
pared to AUS, CT, or MRCP [ 10 – 14 ], it is still 
not currently a worldwide standard procedure 
performed early in the course of acute biliary 
pancreatitis because it tends to be time- consuming 
and it requires an experienced operator. 

 In summary, EUS has excellent sensitivity and 
specifi city for detection of CBD stones and one 
can consider using it as a fi rst-line test in institu-
tions with available expertise.  

    Endoscopic Retrograde 
Cholangiopancreatography 

 ERCP has three strengths for diagnosis of 
 gallstone pancreatitis: (1) endoscopic imaging of 
the ampulla, (2) direct cholangiography, and 
(3) intraductal ultrasonography (IDUS) and 
cholangioscopy. 

  Fig. 13.1    Endoscopic 
ultrasound image of 
hyperechoic bile duct stone 
( arrow ) with hypoechoic 
acoustic shadow       
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    Endoscopic Imaging 
 A side-view duodenoscope can easily detect an 
impacted stone per se (Fig.  13.2 ) or an enlarged 
papilla suggesting an intrapapillary impacted 
stone.

       Direct Cholangiography 
 Cholangiography using contrast medium allows 
delineation of bile duct stones under fl uoroscopic 
imaging (Fig.  13.3 ) and it is traditionally consid-
ered the “gold standard” for detection of choled-
ocholithiasis. In general, since the size of 
gallstones tends to be relatively small in patients 
with gallstone pancreatitis, the detection rate of 
cholangiography by ERCP appears higher than 
by MRCP [ 15 ]. However, one should consider 
that biliary cannulation is not always successful 
though EUS can provide detailed bile duct imag-
ing in almost all cases [ 14 ].

       Intraductal Ultrasonography 
and Direct Cholangioscopy 
 IDUS, which provides high resolution 
(20 MHz) cross-sectional images, allows the 
delineation of gallstones during ERCP 
(Fig.  13.4 ). IDUS in combination with direct 
cholangiography by ERCP is superior to ERCP 
alone in terms of gallstone detection rate (95 % 
vs. 90 %) [ 15 ]. In particular, the detection rate 
of gallstones less than 3 mm in size was supe-

rior to that of cholangiography (100 % vs. 0 %) 
[ 15 ]. Similarly, cholangioscopy provides an 
improved detection rate over standard cholan-
giograms for small bile duct stones (Fig.  13.5 ) 
[ 28 ,  29 ]. However, since ES and balloon sweep 
of the bile duct is typically carried out at the 
time that ERCP is performed for evaluation of a 
patient with acute gallstone pancreatitis, one 
can question the clinical value of detecting very 
small stones by IDUS or cholangioscopy 
because these stones will be easily removed, or 
spontaneously pass, after ES. Furthermore, 
ERCP-related procedures have obvious defi -
ciencies because biliary cannulation is not 
always successful, though it is achieved in more 
than 90 % of the cases [ 30 ].

    In summary, purely diagnostic ERCP with 
standard cholangiogram should be avoided in 
patients with gallstone pancreatitis. At present, 
there is no established role for IDUS and cholan-
gioscopy in these patients. ERCP should be per-
formed only when therapeutic intervention is 
planned.    

  Fig. 13.2    Gallstone impacted at the ampullary orifi ce       

  Fig. 13.3    Cholangiogram showing two distal bile duct 
stones       
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    The Role of Endoscopic 
Treatment with ERCP 

 Gallstone pancreatitis is triggered by obstruction 
of the fl ow of bile and pancreatic juice at the level 
of the ampulla. Therefore, it is logical to consider 
that relieving the obstruction by performing early 

ERCP with biliary ES and extracting any 
 remaining CBD stones would be of benefi t. In 
1988 Neoptolemos et al. published the fi rst ran-
domized controlled study comparing early ERCP 
with ES vs. conservative management alone in 
patients with gallstone pancreatitis [ 17 ]. Since 
then six more randomized controlled studies have 
been published, followed by a number of meta- 
analyses and guidelines; but despite this signifi -
cant effort controversy still remains regarding the 
necessity and timing of ERCP with ES [ 7 ,  8 , 
 17 – 23 ,  31 – 55 ]. When managing patients with 
gallstone pancreatitis the two main questions 
related to the role of ERCP are the following: (1) 
Which patients would benefi t from early ERCP 
with ES? (2) Which patients are likely to have 
retained CBD stones and would benefi t from 
ERCP with stone extraction prior to laparoscopic 
cholecystectomy? 

    The Role of Early ERCP with ES 
in Patients with Acute Gallstone 
Pancreatitis 

 The meta-analyses [ 31 – 38 ,  42 ] and guidelines [ 7 , 
 8 ,  44 – 55 ] do not recommend the routine use of 

  Fig. 13.4    Intraductal 
ultrasound image of 
hyperechoic bile duct stone 
( arrow ) with hypoechoic 
acoustic shadow       

  Fig. 13.5    Cholangioscopy providing direct visualization 
of a bile duct stone       
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early ERCP with or without ES for all patients 
with acute gallstone pancreatitis. A notable 
exception is one meta-analysis [ 31 ] that showed 
benefi t from early ERCP in all patients. The 
results of this meta-analysis were signifi cantly 
infl uenced by the inclusion of data from one ran-
domized controlled trial [ 19 ] that was reported in 
abstract form only close to 20 years ago and still 
has not been published as a full manuscript 
through the peer review process. Therefore, the 
present consensus is that ERCP with ES should 
not be performed routinely in patients with acute 
gallstone pancreatitis. Could early ERCP/ES be 
of benefi t in selected patients? 

    Subgroups of Patients Who May 
Benefi t from Early ERCP? 
 The use of early routine ERCP is controversial in 
patients with predicted severe gallstone pancre-
atitis. Several meta-analyses have shown benefi t 
from early ERCP [ 32 – 36 ] while in others no sta-
tistical signifi cance was detected [ 38 ,  41 ,  42 ] 
between early ERCP and a conservative manage-
ment approach. These confl icting fi ndings stem 
from several differences: (1) selection of studies 
included in the meta-analyses, (2) criteria for pre-
dicting the severity of pancreatitis, (3) methodol-
ogy of diagnosis of gallstone pancreatitis, (4) 
strategy and timing of ERCP. Interestingly, the 
latest meta-analysis by Tse and Yuan, which 
assessed the clinical effectiveness and safety of 
early routine ERCP compared to conservative 
management based on all important, clinically 
relevant, and systemic complications as defi ned 
by the Atlanta Classifi cation [ 56 ]   , stated that they 
found no statistically signifi cant difference in 
mortality, local (pancreatic pseudocysts, necro-
sis, or abscess) and systemic complications 
(organ failure including shock, pulmonary insuf-
fi ciency, renal failure, and gastrointestinal bleed-
ing; disseminated intravascular coagulation or 
severe metabolic disturbances) between the two 
strategies in patients with predicted severe gall-
stone pancreatitis [ 42 ]. As a result, there is no 
consensus in the guidelines in terms of the supe-
riority of early routine ERCP with or without ES 
in patients with predicted severe gallstone 
 pancreatitis compared to routine conservative 

management [ 7 ,  8 ,  44 – 55 ]. Despite this lack of 
full consensus, the general practice across the 
world is to avoid routine early ERCP in these 
patients. 

 Subgroups likely to benefi t from early ERCP 
with ES are patients with coexistent active chol-
angitis or biliary obstruction. Indeed, fi ve of 
seven meta-analyses found early ERCP to be 
superior to conservative management in patients 
with acute gallstone pancreatitis and coexistent 
cholangitis [ 32 – 37 ,  42 ]. The latest meta-analysis 
found that routine early ERCP with or without 
ES signifi cantly reduced the mortality and the 
local and systemic complications in this group of 
patients [ 43 ]. On the other hand, regarding coex-
istent biliary obstruction in the absence of chol-
angitis, only two meta-analyses have evaluated 
the use of routine early ERCP for this subgroup 
[ 32 ,  42 ]. The later study found that routine early 
ERCP with or without ES did not signifi cantly 
reduce the mortality and local and systemic com-
plications [ 42 ] though an earlier meta-analysis 
found statistically signifi cant improvement in 
outcomes with the use of early ERCP [ 32 ]. 
Despite these inconsistencies, all guidelines rec-
ommended the use of early ERCP in patients 
with acute gallstone pancreatitis and coexisting 
cholangitis or biliary obstruction [ 7 ,  8 ,  44 – 55 ].  

   Timing of Early ERCP with ES in Acute 
Gallstone Pancreatitis 
 The defi nition of early ERCP used in each of the 
randomized controlled studies [ 17 – 23 ] was dif-
ferent, and as a result the practice guidelines that 
endorse early ERCP offer various time frames for 
patients with acute gallstone pancreatitis [ 36 – 38 , 
 40 ]. They were often divided into two categories, 
namely, “within 24 h of admission” [ 38 ,  40 ] vs. 
“within 72 h of admission or of symptom onset” 
[ 36 ,  37 ]. The latest meta-analysis concluded that 
there was no signifi cant difference in mortality 
between early routine ERCP and early conserva-
tive management regardless of time to early 
ERCP [ 42 ]. Thus, the timing of ERCP (“urgent” 
within 24 h vs. “early” within 72 h) should depend 
on the level of suspicion for the presence of chol-
angitis or biliary obstruction, the condition of the 
patient, and response to initial conservative 
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 management [ 42 ]. Patients with a high level of 
suspicion for cholangitis or biliary obstruction 
should proceed directly to ERCP, as delaying 
ERCP in these critically ill patients to obtain fur-
ther diagnostic imaging can be detrimental.  

   Is There Any Geographically 
Relevant Difference Between Asian 
and Non-Asian Patients? 
 Tse and Yuan [ 42 ] performed a post-hoc sub-
group analysis by pooling the Asian trials [ 18 , 
 21 ,  40 ,  41 ] separately from the non-Asian ones 
[ 17 ,  20 ,  23 ]. In Asian trials, the early routine 
ERCP strategy was associated with a signifi cant 
reduction in mortality compared to the early con-
servative management strategy, but in non-Asian 
trials, there was no difference in mortality 
between the two management strategies [ 42 ]. 
Although the results of this analysis suggest that 
Asian populations might benefi t from early rou-
tine ERCP, the results should be interpreted with 
caution given that the fi ndings of the sensitivity 
analyses were not robust and were likely con-
founded by inclusion of high-risk or unclear-risk 
patients in the different trials [ 42 ]. Therefore, at 
present no clear recommendation can be made 
for tailored approaches in the management of 
patients with acute gallstone pancreatitis based 
on ethnicity or geographic location.  

   Putting It All Together 
 The number of meta-analyses on the role of early 
ERCP in gallstone pancreatitis exceeds the num-
ber of the randomized controlled studies on the 
subject, which highlights the fact that uncertainty 
remains. Our interpretation of the available data 
on the role of early ERCP can be summarized as 
follows:
    1.    We will perform early ERCP with ES in 

patients with active cholangitis, patients with 
documented CBD stones by imaging modal-
ity, and patients with high likelihood for CBD 
stones defi ned as bilirubin levels >4 mg/dL or 
when both CBD dilation and bilirubin levels 
between 1.8 and 4 mg/dL are present.   

   2.    We will consider early ERCP with ES in patients 
with predicted severe gallstone  pancreatitis. 
Furthermore, we will consider ERCP with ES at 
some point during the index hospital admission 

in patients who are deemed not to be candidates 
for laparoscopic cholecystectomy for whatever 
reason (e.g., cardiopulmonary comorbidities, 
liver cirrhosis, advanced age, multiple prior 
abdominal surgeries).   

   3.    We will perform EUS or MRCP in patients 
with intermediate likelihood for CBD stones 
and on a case-by-case basis in patients with 
low likelihood for CBD stones in order to 
“clear the duct” and reassure the surgeon.       

    Which Patients with Improving 
Gallstone Pancreatitis Are Likely 
to Have Retained CBD Stones? 

 Cholecystectomy is routinely recommended in 
all patients after resolution of the gallstone pan-
creatitis. In some patients, stones exist in both the 
CBD and the gallbladder and in the past these 
patients had been managed with open cholecys-
tectomy and bile duct exploration. The introduc-
tion of laparoscopic cholecystectomy (LC), the 
very high success rate for CBD stone extraction 
during ERCP, and improving techniques for lapa-
roscopic bile duct exploration have given rise to 
multiple options for the treatment of CBD stones 
[ 55 ], as follows: (1) ERCP is conducted prior to 
surgery, while LC is performed after the CBD 
stones have been removed. (2) LC is performed 
along with an intraoperative cholangiogram 
(IOC). When CBD stones are detected, LC is 
converted to open cholecystectomy. (3) When 
CBD stones are detected by IOC, LC is contin-
ued until its completion and ERCP with stone 
extraction is conducted intraoperatively or post-
operatively. (4) When CBD stones are detected 
by IOC, laparoscopic exploration of the bile duct 
with stone removal is performed. 

 These different strategies have not been exten-
sively compared, but some information does 
exist. A randomized trial compared routine pre-
operative ERCP in patients considered at high 
risk for retained CBD stones (CBD size > 8 mm 
on admission ultrasound, total bilirubin 
level > 1.7 mg/dL, or amylase level > 150 U/L on 
hospital day 4) with selective postoperative 
ERCP only if a CBD stone was present on IOC 
[ 57 ]. The selective postoperative ERCP and CBD 
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stone extraction was associated with a shorter 
hospital stay, less cost, no increase in combined 
treatment failure rate, and signifi cant reduction 
in ERCP use compared with routine preoperative 
ERCP [ 57 ]. One of the concerns raised regarding 
this study is that the parameters used to label a 
patient as “high-risk” for retained CBD stone 
were not suffi ciently stringent. As a consequence 
a number of patients with no retained stone were 
included in the study resulting in a lot of “unnec-
essary” ERCPs in the preoperative ERCP group. 
Since then the American Society of 
Gastrointestinal Endoscopy (ASGE) has pub-
lished more stringent criteria to delineate and 
stratify patient risk for retained CBD stone [ 58 ]. 

 According to ASGE guidelines the clinical 
predictors for choledocholithiasis can be divided 
into three categories, as follows:
    1.    Very strong

    a.    CBD stone on AUS   
   b.    clinical ascending cholangitis   
   c.    bilirubin level > 4 mg/dL       

   2.    Strong
    a.    dilated CBD on US (>6 mm with gallblad-

der in situ)   
   b.    bilirubin level 1.8–4 mg/dL       

   3.    Moderate
    a.    abnormal liver biochemical test other than 

bilirubin   
   b.    age older than 55 years   
   c.    clinical gallstone pancreatitis         
 Based on this criteria the likelihood of CBD 

stone can be assigned as
    1.    High: when any one very strong predictor or 

two strong predictors are present   
   2.    Low: when no predictors are present   
   3.    Intermediate: all other patients     

 The likelihood of CBD stones for a particular 
patient then dictates management strategy 
(Fig.  13.6 ).

   The ASGE guidelines provide a reasonably 
straightforward framework for patient evalua-
tion, but it is worth noting that clinical predictors 
for CBD stones have limitations. Recently, a pro-
spective cohort study revealed that commonly 
used biochemical and radiological predictors of 
the presence of gallstones in the CBD during 
ERCP in the earliest stages of acute gallstone 
pancreatitis can be unreliable [ 59 ]. The study, 
however, did not use the strict risk stratifi cation 
as outlined per the ASGE guidelines, but rather 
used individual parameters.   

  Fig. 13.6    Management algorithm of patients with suspected choledocholithiasis       
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    Conclusion 

 EUS is a highly accurate tool for detection of bile 
duct stones in patients with gallstone pancreatitis. 
In institutions with available expertise, it can be 
used as a fi rst-line test early in the course of pan-
creatitis to provide information on the presence 
of choledocholithiasis and cholecystolithiasis. 
The role of early ERCP with ES still remains 
controversial. Nevertheless, at this moment, cur-
rent data support the use of early ERCP with ES 
in patients with acute gallstone pancreatitis and 
coexistent cholangitis or biliary obstruction, 
patients with high probability of retained bile 
duct stones, and possibly in patients with pre-
dicted severe pancreatitis. However, there are 
three important issues that remain to be explored 
in order to optimize our management of patients 
with gallstone pancreatitis, as follows: (1) stan-
dardized diagnostic criteria for acute gallstone 
pancreatitis, cholangitis, and biliary obstruction, 
(2) more accurate modalities in addition to 
MRCP and EUS to diagnose suspected bile duct 
stones, and (3) novel prognostic biomarkers to 
accurately predict the severity of acute gallstone 
pancreatitis.     
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           Introduction 

 Clinically severe acute pancreatitis is almost 
always associated with necrotizing pancreatitis 
and/or necrosis of surrounding peripancreatic fat [ 1 ]. 
With early recognition and improvements in 
critical care, most patients survive the early phase 
of systemic infl ammatory response syndrome 
(SIRS) and multisystem organ failure. Often 
these patients have a prolonged course of sterile 
necrosis while others develop delayed infection. 
Several weeks after onset of pancreatitis a defi ned 
entity referred to as walled-off necrosis (WON) 
develops (see Chap.   2    ) [ 2 ]. When indicated the 
approaches to drainage/debridement for WON 
can be surgical, percutaneous, endoscopic or a 
combination [ 3 ]. Early, open surgical necrosec-
tomy has largely been supplanted by delayed 
minimally invasive approaches to WON [ 4 – 6 ] 
using fl exible endoscopic, rigid endoscopic [ 7 ], 
percutaneous and laparoscopic approaches, alone 
or in combination [ 8 ]. Unfortunately, there is no 
defi nite consensus on optimal timing and type of 
intervention. Several endoscopic approaches are 
available to manage WON [ 9 ] (Table  14.1 ). One 
approach using fl exible endoscopes is termed 

direct endoscopic necrosectomy (DEN), whereby 
the necrotic cavity is entered transmurally 
(via the stomach or duodenum, or both [ 10 ,  11 ]), 
or through percutaneously created tracts. In this 
chapter the use of DEN will be discussed.

       Brief History 

 The passage of peroral fl exible endoscopes into 
WON (at that time termed organized pancreatic 
necrosis) was described in 1999 [ 12 ]. However, it 
was not until Siefert [ 13 ] and subsequently 
Seewald [ 14 ] introduced DEN as a method to 
remove necrotic tissue using mechanical meth-
ods that this technique was adopted in some cen-
ters. This led to studies showing that DEN may 
be superior to peroral endoscopic irrigation 
methods [ 15 ,  16 ].  

    Timing and Indications for DEN 

 The timing of and indications for intervention in 
patients with WON will be detailed in other 
chapters. Additionally, the types of interventions 
will be discussed in Chaps.   16    ,   17    , and   18    . 
Briefl y, however, it is accepted that for patients 
with sterile necrosis any intervention should be 
delayed as long as possible and at a minimum 4 
weeks after the onset of acute pancreatitis. Most 
patients with pancreatic necrosis can be managed 
with medical therapy until resolution. Endoscopic 
management using DEN cannot be undertaken 
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until the necrotic process has become walled-off. 
This may occur as early as 2–3 weeks but often 
requires 4 weeks. For those with WON, interven-
tion can be considered for patients who remain 
systemically ill and unable to resume normal life 
activities 4–6 weeks after the onset of pancreati-
tis, those with symptoms of gastric outlet obstruc-
tion, intractable pain, and inability to eat, 
especially when CT or MRI shows progressive 
enlargement. Less common indications include 
inability to wean from mechanical ventilation 
due to increased intra-abdominal pressure and 
documented large, high amylase level pleural 
effusions or ascites. Our approach is to offer 
DEN to patients with WON who have had a pro-
longed course of sterile necrosis, intractable pain, 
gastric outlet obstruction, inability to eat, or rap-
idly enlarging collections present at 4 or more 
weeks after onset of pancreatitis. It is believed 
that DEN will return the patient to a normal 
health status more rapidly than “watchful- 
waiting” (supportive care), though without clear- 
cut evidence. 

 The decision to intervene is easier in patients 
in whom there is a high suspicion for or known 
infected necrosis, and we have intervened as 
early as 3 weeks after the onset of acute pancre-
atitis and in septic patients with acute pancreatitis 

and WON (as determined by CT). DEN is often 
undertaken when patients have clinical deteriora-
tion unresponsive to medical therapy.  

    DEN Methods 

    Preprocedural Planning/Sedation 

 It is imperative that a cross-sectional imaging 
procedure (CT or MRI) be obtained within sev-
eral days prior to planned intervention to best 
determine degree of demarcation and anticipated 
access points, and for evaluation for major ves-
sels either within the cavity or between the cavity 
and gastric or duodenal wall. In addition, imaging 
can determine the degree of paracolic extension 
and any communication between multiple cavities. 
Such connections can often be appreciated on 
coronal CT images. One should be suspicious of 
a fi stula between the lumen and collection when 
spontaneous air is present. This tract can be con-
veniently used for entry as described below. 

 A pre-procedural INR and platelet count 
should be obtained and corrected, as necessary. 

 Pre-procedural antibiotics should be admin-
istered in patients not already receiving 
them. Extended intravenous penicillin agents 

   Table 14.1    Flexible endoscopic approaches to organized (walled-off) pancreatic necrosis   

 Endoscopic approach  Advantages  Disadvantages 

 Single or multiple entry transmural 
entry with nasocystic irrigation 

 Technically easy  Discomfort of nasal tube 

 Single entry transmural with 
PEG-PEJ for irrigation 

 Avoids nasal tube  – Technically more diffi cult than 
nasocystic irrigation 

 – External tube 
 Transmural entry with direct 
endoscopic necrosectomy (DEN) 

 Avoidance of external drains  – Technically diffi cult 
 – Time-consuming 
 – Labor intensive 

 Hybrid percutaneous irrigation- 
endoscopic transmural approach 

 Minimal endoscopic procedures  – Requires both interventional 
radiologist and gastroenterologist 

 – External tube 
 Hybrid percutaneous-endoscopic 
direct necrosectomy using external/
internal large diameter stents 

 Allows endoscopic access to areas 
not accessible translumenally 

 – Requires both interventional 
radiologist and gastroenterologist 

 – External stent 
 – Abdominal wall pain 
 – Stent cost 
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 (piperacillin/tazobactam), quinolone agents 
(levofl oxacin), or a carbapenem (meropenem) 
are recommended agents. 

 Sedation using anesthesia support is recom-
mended as these patients are often ill, procedures 
are prolonged, aspiration risk is high, and intra- 
procedural adverse events (AEs) (bleeding, pneu-
moperitoneum) can occur.  

    Puncture and Access 

 DEN is performed using fl exible endoscopes. 
One or more transmural access points are tar-
geted for drainage depending on imaging, most 
often CT. For WON collections located in the 
mid-body and tail a transgastric route is usually 
undertaken. A transgastric approach is often a 
more direct approach to subsequently pass an 
endoscope directly into the cavity and into para-
colic gutter extensions, if needed for DEN. 
A transduodenal approach is usually the only and 
best option for collections confi ned to the pancre-
atic head. 

 The initial transmural puncture can be per-
formed in a variety of ways, with or without EUS 
guidance. Non-EUS-guided punctures can be 
performed using a side-viewing endoscope 
(therapeutic duodenoscope, ERCP endoscope) 
(Fig.  14.1 ). Advantages to using the duodeno-
scope are the ability to puncture at a perpendicular 
angle to the collection, the use of an elevator, and 
ability to enter collections in the cardia or fundus 
in a retrofl exed position. The disadvantages are 
lack of dedicated large-caliber needles that allow 
passage of 0.035″ guidewires and lack of ultra-
sound guidance to detect underlying vessels. 
Using a duodenoscope the puncture is performed 
“blindly” using electrocautery with a biliary 
 needle knife or Cystotome (Cook Endoscopy, 
Winston-Salem, NC). Alternatively, a sclerotherapy 
needle can be used that accepts a 0.018″ guide-
wire (Marcon-Haber, Cook Endoscopy). The 
needle, however, is short and not designed for 
guidewire passage; the wire often does not pass 
through the sheath after it is angled. Exchanges 
are diffi cult, and the small- diameter wire is not 
suffi ciently robust to allow accessories to pass 

through the thicker gastric wall. In these cases, a 
triple-lumen needle knife or other cautery device 
is passed over the wire and into the cavity to 
allow entry and subsequent upsizing to a 0.035″ 
guidewire. Standard EUS needles are not long 
enough to pass through duodenoscopes.

   Standard upper endoscopes can also be used 
to create the puncture, but a perpendicular 
approach to the posterior gastric wall may not be 
possible unless the collection is massively bulg-
ing into the gastric lumen so that an end-on view 
of the collection is feasible. However, a standard 
19-gauge EUS needle will pass through a for-
ward endoscope and obviates the need for chang-
ing endoscopes for subsequent DEN. 

 Most commonly, EUS-guided puncture is 
performed using an oblique endoscope. The 
advantages to EUS guidance are the ability to tar-
get the lesion, avoid large blood vessels, and 
assess the degree of underlying necrosis [ 17 ]. 
The disadvantages are the relative infl exibility, 
need to have a straight access due to stiffness of 
the needle, tangential nature of the puncture, and 
the tendency of the punctures to be more proximal 
both because of the access angle as well as the 
proximal location of the exit site relative to 
the transducer. While there are no data to show the 
more proximal locations are less effective, this 
author believes the angle into the cavity for DEN 

  Fig. 14.1    Endoscopic image taken immediately prior to 
puncture of a large WON using a standard therapeutic 
duodenoscope       
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may promote separation of the collection from 
the thinner, more proximal stomach when entered 
at a tangential angle and following large-diameter 
balloon dilation. Finally, the echoendoscope 
mechanics and optics are less favorable than 
ERCP endoscopes. 

 Recently, a forward-viewing echoendoscope 
has been used for the puncture and to perform 
DEN [ 18 ]. However, the forward view poses sim-
ilar diffi culties in entering 90° to the posterior 
gastric wall. 

 Another option for access is to use a spontane-
ous fi stula tract in the stomach or duodenum [ 19 ]. 
A fi stulous connection should be suspected in 
any patient with spontaneous air inside the cavity 
as this usually represents the fi stula and not sim-
ply gas-producing organisms. These tracts are 
usually safe to dilate as lack of antecedent clini-
cal bleeding suggests a vessel is not present along 
the tract.  

    Management of the Tract 

 Once the cavity has been successfully accessed 
(Fig.  14.2 ) the transmural tract is balloon-dilated 
(Fig.  14.3 ) to allow passage of a forward-viewing 
endoscope into the cavity. A minimum diameter 

of 15 mm is required. In some cases 20-mm dila-
tion is performed at the time of initial puncture, 
though may be associated with higher risks of 
bleeding and perforation due to tearing of vessels 
and separation of the wall of the collection. At 
this point, some prefer to place one or more dou-
ble pigtail stents prior to performing DEN. This 
is particularly useful when transgastric DEN is 
performed as it may be surprisingly diffi cult to 
identify the large puncture tract in the midst of 
gastric folds. It is less important to place plastic 
stents through the duodenum prior to DEN as 
it is usually not diffi cult to identify the dilated 
entry site.

    Another option is to dilate the transmural site 
to a small diameter followed by placement of 
large bore (16–23 mm mid-body diameter) self- 
expandable metal stents (SEMS) across the gas-
tric or duodenal wall for maintaining access for 
DEN (Fig.  14.4 ) [ 20 – 24 ]. In the U.S. the only 
large-diameter fully covered SEMS are esopha-
geal with the shortest lengths being 6–7 cm. This 
is still relatively long compared to the distance 
between the lumenal site and the inside of the 
cavity and results in an excessive stent length 
inside the lumen or the cavity. Shorter-length 
devices (2 cm) with larger fl anges are available 
outside of the U.S. and at least one is expected to 
receive FDA approval in the near future.

  Fig. 14.2    Endoscopic image taken of gastric entry site 
immediately after puncture and guidewire placement into 
the cavity       

  Fig. 14.3    Endoscopic image taken during large-bore bal-
loon dilation over the guidewire       
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       Necrosectomy 

 Once the access site is secured DEN is usually 
performed with a forward-viewing upper endo-
scope. Diagnostic channel scopes have the advan-
tage of fl exibility but the small working channel 
makes suctioning thick secretions diffi cult and 
also becomes fi lled with debris making it diffi cult 
to pass accessories for debridement. A therapeu-
tic channel endoscope also has water jet capabilities 
to aid in loosening adherent necrosis. A jumbo 
channel endoscope with a 6-mm channel and 
dual suction designed for removal of clots during 
gastrointestinal bleeding can be used. This endo-
scope is rather infl exible but large fragments of 
necrotic debris can be suction once loosened into 
smaller fragments. 

 The endoscope is passed into the cavity 
(Fig.  14.5 ) and necrotic material is removed using 
mechanical measures. Accessories used include 
standard polypectomy snares, polyp retrieval 
nets, and grasping forceps. The most effective 
forceps have large, long prongs (Pelican- alligator 
forceps) rather than shorter, traditional rat-
toothed forceps, which tear small pieces of tissue. 
I prefer to use spiral snares (Olympus Corporation, 
Center Valley, PA) to grasp and remove tissue. 
Unfortunately, these snares deform after many 
uses and it is not uncommon to use several during 
the course of one procedure. Once the tissue is 
grasped, it is withdrawn from the cavity and 
deposited in the lumen.

   It is important to realize that not all necrotic 
contents have the same consistency. Some are 
large adherent, smooth, solid pieces that can be 
diffi cult to grasp with any device, whereas 
others are looser and more easily grasped. High 
fl ow through the scope irrigation is helpful for 
breaking up some types of necrotic tissue. 
Hydrogen peroxide irrigation has been used 
and may be useful in breaking down necrotic 
tissue during DEN [ 25 ], though comparative 
trials are lacking. 

 DEN can be a time-consuming, labor- intensive 
process. Many passages of the endoscope into 
and out of the WON are necessary. However, 
there does appear to be a learning curve that 
allows more material to be removed in a shorter 
period of time as experience is gained. 
Nonetheless, one should allow at least 90 min for 
the fi rst access/debridement and 60 min for sub-
sequent debridement procedures. The amount of 
time is dependent on many factors, which I often 
refer to as patients, patience and patients. These 
include patient and physician tolerance to the 
procedure (patients and patience) and number of 
cases yet to be done (patients). The goal is to 
remove as much necrotic tissue as possible in one 
session. A complete necrosectomy in one session 
is usually not possible, particularly when there is 
a large necrotic burden. 

  Fig. 14.4    Endoscopic image taken immediately after 
transgastric placement of a large-diameter fully covered 
self-expandable metal stent       

  Fig. 14.5    Endoscopic image taken during DEN using a 
therapeutic upper endoscope. A snare can be seen grasp-
ing necrotic tissue       
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 If stents were not placed prior to DEN, they 
are placed at the end of the procedure. Commonly 
two or more 7- to 10-Fr double pigtail stents are 
placed. Placement of a nasocystic irrigation tube 
is sometimes performed between DEN sessions, 
though the necessity of their use is not clear when 
DEN is used [ 26 ].  

    Subsequent DEN Procedures 

 The timing of subsequent DEN procedures has 
not been standardized. One approach is to per-
form scheduled, protocolized repeat necrosecto-
mies [ 27 ]. The duration between procedures can 
be as short as 24 h or as long as several weeks. 
Inpatients who are debilitated and who may not 
be discharged soon after their fi rst intervention 
can return frequently. In contrast, outpatients 
who are relatively well may return as outpatients 
on a weekly or biweekly basis. Additional con-
siderations include the residual amount of 
necrotic material as determined by prior endos-
copy or imaging (CT, MRI). One should consider 
limiting the number of CT scans in younger 
patients so as to minimize radiation exposure. 
Some patients improve dramatically after 
removal of the fl uid component and can tolerate a 
moderate amount of residual necrotic debris, 
while others remain symptomatic. If patients 
develop infectious symptoms, they should return 
for urgent repeat necrosectomy and/or cross- 
sectional imaging.  

    Post-procedural Care 

 Outpatients who undergo necrosectomy can be 
managed as outpatients as long as the procedure 
was performed uneventfully and the patient 
meets discharge criteria. Antibiotics are contin-
ued perorally for at least several weeks and in 
most cases until the necrosis completely resolves. 
The patient may resume (or initiate) oral intake 
the day of the procedure, assuming no AEs 
occurred and there is no nausea, vomiting, or 
pain. Acid secretory agents should be withheld, if 
possible (absence of severe refl ux esophagitis), 

as the presence of acid may reduce infection due 
to bacteriostatic properties and acid entry into the 
necrotic cavity could break down necrotic debris. 

 Repeat cross-sectional imaging is done on a 
case-by-case basis. Antithrombotic medications 
can be re-initiated approximately 24–48 h later, 
based upon risk of bleeding and thrombosis.  

    Management of Paracolic Gutter 
Extensions 

 Paracolic gutter extensions can be diffi cult to 
treat, particularly when extending well into the 
pelvis. The central areas of necrosis in the pan-
creatic bed are accessible and communicate with 
the paracolic extensions and are thus potentially 
amenable to necrosectomy.  

    Percutaneous DEN 

 Navarrete [ 28 ] and others [ 29 ,  30 ] have placed 
large-bore fully covered SEMS through percuta-
neous tracts to allow access for DEN using fl exible 
endoscopes. This latter approach is similar to 
video-assisted retroperitoneal debridement (VARD) 
as performed by surgeons who pass rigid endo-
scopes through percutaneous drain tracts after 
dilation and/or incision of the tract [ 7 ]. This 
method is useful to treat paracolic gutter exten-
sions, areas that have already been accessed with 
percutaneous drains but with inadequate drainage, 
and those collections that cannot be accessed 
translumenally. The timing varies between percu-
taneous drain placement and SEMS placement, 
depending on local practice. The SEMS remains 
in place with an ostomy bag over the stent 
between procedures. The SEMS is removed 
when the WON is completely evacuated and the 
space has collapsed.  

    Adverse Events 

 AEs can occur intra-procedurally or post- 
procedurally. Intra-procedural events include 
sedation, bleeding, and perforation. 
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 Bleeding most often occurs at the entry site. 
Fortunately, it is usually self-limited and ceases 
by the end of the procedure. Uncontrolled or 
 persistent bleeding can be managed by dilute 
 epinephrine injection, balloon tamponade, clips, 
or electrocautery. Refractory or massive bleeding 
can be managed by placement of a large-diameter 
fully covered esophageal SEMS [ 31 ,  32 ]. Intra- 
cavitary bleeding is also usually self-limited. 
Severe intra-cavitary bleeding can be the most 
life-threatening and angst-producing for the phy-
sician. Hemostatic measures are similar to those 
for other bleeding including cautery and clip 
placement. If the bleeding is arterial, emergent 
embolization can be undertaken. Venous bleed-
ing cannot be treated with interventional emboli-
zation techniques and may require surgery. 

 Perforation can also be at the entry site or at an 
intra-cavitary site. Intra-procedural perforation 
can result in tension pneumoperitoneum, a life- 
threatening emergency that requires prompt 
needle catheter decompression [ 33 ]. Similar to 
bleeding, perforation may occur at the entry site 
and may be managed with clips, diversion (in 
addition to internal pigtail stent placement), and 
placement of a large caliber SEMS [ 34 ]. Large 
intra-cavity perforations often require surgical or 
percutaneous management. 

 Air embolism can be silent, but often produces 
signifi cant morbidity (stroke or spinal cord 
infarction) and can even result in procedural- 
related death [ 35 ]. It is believed to be preventable 
by the use of carbon dioxide for insuffl ation 
rather air, which should be utilized in all centers 
performing this procedure. 

 Introduction of organisms (bacteria and fungi) 
inevitably occurs during endoscopic intervention 
and may result in infectious complications. Thus, 
the need for removal of fl uid and solid debris and 
administration of antibiotics are essential.   

    Outcomes 

 There are now many series demonstrating the 
effi cacy of DEN [ 14 – 16 ,  36 ,  37 ]. However, one 
must be careful in interpreting the literature. For 
example, successful resolution can be defi ned as 

complete nonsurgical resolution, including the 
use of adjuvant percutaneous therapy or suc-
cessful when only fl exible endoscopic measures 
are used [ 15 ]. In addition, patients with WON 
are a heterogeneous group of patients based 
upon size of collection, total necrotic burden, 
paracolic gutter extension, nutritional status, 
comorbid medical illnesses, and time from onset 
of necrosis to intervention. This makes compari-
son of  outcomes between centers and between 
disciplines diffi cult. 

 In a systematic review of more than 1,100 
endoscopic necrosectomies in 260 patients the 
overall mortality was 5 % with a procedure- 
related morbidity of 27 %. Complete resolution 
of pancreatic necrosis using endoscopy alone 
was 76 %. However, these studies include all 
types of endoscopic interventions. Two large 
series of DEN [ 15 ,  16 ] showed successful resolu-
tion in approximately 90 % of patients with an 
adverse event rate of approximately 14 %. The 
median number of DEN procedures was 3.  

    Future Directions 

 Unanswered questions remain. Where does DEN 
fi t into the management strategy of pancreatic 
necrosis? Is it the optimal type of endoscopic 
therapy? Where should DEN be performed—
only in tertiary care centers or in high-level com-
munity care centers [ 38 ]? Should DEN be offered 
for otherwise healthy patients with sterile pancre-
atic necrosis who meet criteria for intervention 
and, if so, what is the optimal timing? Finally, 
can we predict which patients will fail endoscopic 
drainage? Unfortunately, an evidence- based 
approach to answer these questions is not possible 
at the present time. 

 DEN is a time-consuming, labor-intensive 
process not for the uncommitted [ 39 ] or faint of 
heart, since AEs occur more commonly than in 
any other pancreaticobiliary intervention and 
have the potential to be fatal [ 35 ]. Therefore, 
even more important, perhaps, is the need for 
support from a team of intensivists, endoscopists, 
surgeons, and interventional radiologists to manage 
these complicated patients (see Chap.   18    ). 
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 Evidence in favor of endotherapy is evolving 
with work done by the Dutch Pancreatitis Group 
[ 8 ,  40 ] and others [ 26 ,  35 ,  41 ]. However, patients 
with pancreatic necrosis remain a heterogeneous 
group with regard to severity of illness and co- 
morbid medical conditions at the time of inter-
vention, because of surrounding infl ammatory 
changes, location and extent of necrosis, and 
degree of underlying solid debris (necrotic tissue 
burden). These factors, coupled with variability 
in inter-center expertise of the various disciplines, 
means that the approach to these patients will 
never be standardized. Perhaps all we can hope 
for is the ability to tailor the best approach to the 
individual patient. We do believe, however, there 
will be unforeseen breakthroughs in endoscopic 
intervention as technology continues to evolve. 
The latter include new methods and devices to 
facilitate debridement, keep tracts into the 
necrotic cavity open to allow reintervention, and 
to preclude the long-term consequences of necro-
sis and a disconnected pancreatic duct to include 
recurrent fl uid collections or attacks of relapsing 
pancreatitis.     
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           Background 

 Acute pancreatitis is usually a self-limiting 
 disease of which patients recover without serious 
complications. About 20 % of patients develop 
severe acute pancreatitis with (extra) pancreatic 
necrosis or collections [ 1 ]. When these collec-
tions become organized, usually around 3–4 
weeks after onset of disease, they are called 
walled-off necrosis (WON). In general, necrotiz-
ing pancreatitis is associated with a mortality of 
15 % [ 2 ]. In two-thirds of patients the disease can 
be treated conservatively, when necrosis remains 
sterile [ 3 ,  4 ]. Invasive intervention for sterile 
necrosis carries a serious risk of introducing 
infection, which necessitates additional interven-
tions and increases mortality [ 5 ,  6 ]. 

 In about one-third of patients with necrotizing 
pancreatitis, secondary infection of necrosis 
occurs [ 7 ]. Infected necrosis is one of the most 
severe complications of acute pancreatitis. It 
drives clinical deterioration and organ failure in 
the second phase of the disease, as it usually 
occurs in the second to the third week after disease 
onset [ 7 ]. It is generally accepted that infected 
necrosis is an indication for invasive intervention. 

 Management strategies for invasive intervention 
in infected necrotizing pancreatitis have evolved 
over the last decade. The preferred treatment used 
to be primary open necrosectomy with early 
and complete debridement of infected necrosis. 
The current standard is a minimally invasive step-up 
approach involving percutaneous (or endoscopic) 
catheter drainage as the fi rst step [ 8 ,  9 ]. When cath-
eter drainage does not lead to clinical improve-
ment, necrosectomy should follow. In a Dutch 
randomized controlled trial, a step-up approach 
starting with catheter drainage, followed when 
needed by retroperitoneoscopic debridement, was 
superior to open necrosectomy in terms of major 
early and late complications [ 8 ]. This step-up 
approach is gaining widespread popularity. 

 There are several forms of minimally invasive 
necrosectomy, e.g., endoscopic transluminal 
necrosectomy (ETN), laparoscopic transperito-
neal necrosectomy, sinus tract endoscopy (STE), 
and video-assisted retroperitoneal debridement 
(VARD). This chapter provides an overview 
of techniques and outcomes of different mini-
mally invasive retroperitoneoscopic (surgical) 
approaches.  
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    Transition to Minimally Invasive 
Techniques 

 In recent years, there has been an increased inter-
est in the development of minimally invasive 
techniques to treat gastrointestinal disorders in 
general. The treatment of infected necrotizing 
pancreatitis is also shifting toward minimally 
invasive laparoscopic (transperitoneal), radiolog-
ical (retro- and transperitoneal), endoscopic 
(transgastric), and retroperitoneoscopic tech-
niques [ 10 ]. Traditionally, open necrosectomy 
was the procedure of choice. Published mortality 
rates for open necrosectomy range from 6 [ 11 ] to 
50 % [ 12 ]. 

 Minimally invasive techniques have several 
potential advantages in comparison with open 
necrosectomy. These include a reduced infl am-
matory response to intervention with a lower risk 
of inducing organ failure in these already criti-
cally ill patients, reduced extent of bacteremia, 
reduced rate of wound complications, shorter 
hospital and ICU stay, and faster convalescence 
[ 2 ]. Several minimally invasive necrosectomy 
techniques have been developed, all to facilitate 
the removal of solid debris. In 1996 Gagner et al. 
[ 13 ] described a laparoscopic debridement, 
which theoretically holds the risk of spreading 
the infection into the abdominal cavity and an 
enhanced risk of intestinal tract erosions. This is 
why a retroperitoneal approach appears to be a 
better alternative for open necrosectomy. The 
peritoneum is left intact and contamination of 
the peritoneal cavity is prevented.  

    Retroperitoneoscopic Techniques 

 Historically, an open retroperitoneal approach 
with lumbotomy was performed. Three observa-
tional cohort studies have reported mortality rates 
of 20–33 % with a complication rate of 20–50 % 
[ 14 – 16 ]. Enteric fi stulas were noted in 40 % of 
cases, hemorrhage in 45 %, and colonic necrosis 
in 15 %. These complications of the open retro-
peritoneal approach could be the result of the 

 narrow surgical entrance with a largely blind 
necrosectomy. To overcome these disadvantages 
different groups have developed alternative retro-
peritoneal interventions under direct endoscopic 
vision or video-assisted. 

 In 1998 Gambiez et al. [ 17 ] were fi rst to 
describe this retroperitoneoscopic approach in 
the management of infected necrotizing pancre-
atitis. They treated 20 patients with a short left or 
right lumbotomy (6 cm in length) centered on the 
12th rib. Under direct vision of an endoscope 
(23-cm mediastinoscope) the peripancreatic 
necrosis was removed by blunt dissection with a 
suction metal tube. Afterwards a continuous irri-
gation tube drain was left in the retroperitoneal 
space. Later Castellanos et al. [ 18 ] used a fl exible 
endoscope for visualization and manual necro-
sectomy of the necrotic cavity, with a left or right 
translumbar incision of approximately 15 cm in 
length. In these two studies, success rate was 
respectively 75 % and 73 % and mortality 10 % 
and 27 %. 

 Hereafter, several derivative retroperitoneo-
scopic techniques have been described in larger 
cohorts. Two of these techniques have gained 
widespread acceptance: STE and VARD. These 
techniques and their reported results are described 
in more detail below. 

    Sinus Tract Endoscopy 

 Carter et al. [ 19 ] in 2000 fi rst described 4 patients 
undergoing STE after placement of a percutane-
ous drain. Under CT guidance an 8F pigtail 
 nephrostomy catheter is placed in the infected 
cavity. The selected route on the left side, that 
will allow subsequent dilatation, is between the 
lower pole of the spleen and the splenic fl exure. 
For right- sided necrosis, the route through the 
gastrocolic omentum anterior to the duodenum, 
is taken. Under general anesthesia on the operat-
ing room, this catheter tract is dilated up to 30F 
with graduated dilatators under radiologic guid-
ance. A nephroscope is inserted through this 
dilated drain path under intermittent irrigation 
and suction and the solid debris is removed using 
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grasping forceps. A continuous postoperative 
lavage system is placed, and continued until 
lavage fl uid clears or until the next procedure. 
If an ongoing sepsis is suspected a second pro-
cedure may be performed, after additional 
CT-imaging. Both a fl exible or rigid endoscopic 
system can be used for STE. Since only small 
fragments of necrosis can be removed piecemeal 
with a fl exible endoscope, an operating nephro-
scope may be preferred for primary explorations. 

 Others have reported STE results using differ-
ent terminology. Conner et al. [ 20 ] described 
their experience with “minimally invasive retro-
peritoneal pancreatic necrosectomy (or MIRPN).” 
They reported the results of 88 procedures in 24 
patients; in 21 patients 36 complications occurred 
(88 %), 6 patients died (25 %), and 5 patients 
(21 %) required open surgery for or subsequent 
distant collections or bleeding. 

 The same group later described an updated 
cohort of patients undergoing “minimal access 
retroperitoneal pancreatic necrosectomy (or 
MARPN)” [ 11 ]. They compared MARPN with 
open necrosectomy in a retrospective analysis of 
prospective data in 189 patients. Mortality was 
19 % compared to 38 % in the open group; 31 % 
and 56 % of patients, respectively, had postopera-
tive organ failure, 43 % versus 77 % required 
postoperative ICU support and 55 % versus 81 % 
had complications. Thus, this study showed sig-
nifi cant benefi ts for this retroperitoneoscopic 
approach compared to open necrosectomy.  

    Video-Assisted Retroperitoneal 
Debridement 

 VARD is another retroperitoneoscopic technique, 
and has proven to be safe and effi cient [ 8 ,  21 – 23 ]. 
VARD is, in essence, a minimally invasive hybrid 
between the classic lumbotomy and STE, both 
mentioned above. STE obviates the need for an 
incision. VARD includes an incision of 5 cm in 
length, but can also be considered as minimally 
invasive, opposed to the 15 cm incision in a open 
translumbar approach. Therefore, larger pieces of 
necrosis can be removed and VARD seems to be 

easier to perform than STE, particularly in cen-
ters where interventions in this relatively rare 
condition are not performed routinely [ 23 ]. In 
2001 Horvath et al. [ 21 ] fi rst described the VARD 
procedure. 

 In the Dutch PANTER trial [ 8 ] VARD was 
part of a minimally invasive step-up approach as 
was compared to primary open necrosectomy. 
In the surgical step-up group, fi rst, a percutane-
ous catheter drainage (PCD) was placed and the 
 clinical effect was assessed for 72 h. In the case 
of no clinical improvement, and no possibilities 
for additional drainage on contrast-enhanced 
computed tomography (CECT), VARD was per-
formed. In more than 65 % of patients with 
infected necrosis PCD through the left retroperi-
toneum was feasible [ 24 ]. 

 The VARD procedure [ 25 ] is performed under 
general anesthesia and the patient is in supine 
position and 30° tilted towards the contralateral 
side. A VARD can be performed via a left-sided 
or right-sided approach, the latter being more 
challenging. The ipsilateral arm is positioned 
over the patient’s head and the following land-
marks can be marked; xiphoid, costal margin, 
anterior superior iliac spine, and mid-axillary line 
(Fig.  15.1 ). A    preoperatively placed retroperito-
neal percutaneous drain is needed as a guideline 
for safe entry into the left-sided window between 
spleen, kidney, and colon. From the right side, a 
safe entry ventral to the inferior caval vein and 
dorsal to the colon is needed. Near the percutane-
ous drain, about two fi ngers below the left costal 
margin over the mid-axillary line, the planned 
incision site is also marked. Now the entire abdo-
men and fl ank are prepared and draped, to enable 
conversion to laparotomy. A subcostal 4–5 cm 
incision is performed over the previously marked 
site and the muscles are divided sequentially. 
With the palpating fi nger the drain is located and 
followed into the infected collection. The collec-
tion wall can be fi brotic. A clamp over the drain 
may facilitate opening the collection. Care has to 
be taken to stay close on the drain as from the left 
side the colon and spleen are nearby. Once the 
collection is opened, pus will drain spontane-
ously. The fi rst necrosis can be removed blindly 
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using fi nger fracture, suction, and an extended 
ring forceps. Subsequently, a 0° laparoscope is 
introduced and a forceps is used parallel to the 
video scope in order to remove the necrosis under 
direct vision. Extended collections, not approach-
able through one incision, are quite rare but 
sometimes require another incision in the left 
groin or right fl ank. Only loose necrosis should 
be removed to minimize the risk of bleeding. 
If there is an arterial bleeding that cannot be eas-
ily controlled surgically, the cavity should be 
packed with gauzes and the intervention radiolo-
gist is asked to perform an embolization. In case 
of venous bleeding, packing should suffi ce to 
stop the bleeding, followed by repeat necrosectomy 
after 24–48 h. In case of severe hemodynamic 
instability, not improving by packing, the proce-
dure should be converted to laparotomy with 
opening of the omental sac. In general, the more 
complete the collection’s encapsulation, the eas-
ier the necrosectomy can be performed. After 
completion of the procedure, two large bore sur-

gical drains are placed, one deep in the collection 
and one more superfi cial. The fascia is closed 
over the drains and the skin can be closed or 
left open for healing by secondary intention. 
Postoperatively, the drains are continuously 
lavaged with increasing amounts of saline or 
peritoneal dialysis fl uid, building up from 100 mL 
per hour to 10 L per 24 h in the fi rst 3 days.

   In 2010 a prospective multicenter study [ 26 ] 
reported outcomes on 40 patients with infected 
necrosis treated in six university medical centers 
in the USA and Canada. Percutaneous drain 
placement was the fi rst intervention in all patients. 
Nine patients (23 %) were treated with drains 
only. In 60 % of the other 31 patients a successful 
VARD was performed. The most common reason 
for crossover from VARD to open surgery was a 
central collection extending into the mesenteric 
root and could not be accessed via the fl ank. 
Mortality was 5 % and most common complica-
tions were pancreatic fi stulae and bleeding 
requiring intervention in respectively 18 % and 

  Fig. 15.1    Video-assisted retroperitoneal debridement 
(VARD). Reprinted from Clin Gastroenterol Hepatol, 
10/11, van Brunschot S, Bakker OJ, Besselink MG, 

Bollen TL, Fockens P, Gooszen HG, et al., Treatment of 
necrotizing pancreatitis, 1190-1201, Copyright 2012, 
with permission from Elsevier    [ 35 ]       

 

J. van Grinsven et al.



193

8 % of patients. In most patients (81 %) one 
VARD was suffi cient, and no patient required 
more than two VARD procedures. The overall 
mortality of VARD reported in literature is 13 %, 
with a range of 0–33 % [ 25 ].   

    Current Insights into Perspective 
for the Future 

 The treatment of necrotizing pancreatitis has 
changed considerably in the last decades. 
Management of patients with pancreatic necrosis 
should be individualized, requiring consideration 
of all available data (clinical, radiological, labora-
tory) and available expertise [ 27 ]. Intervention is 
now performed exclusively in case of infected 
(peri)pancreatic necrosis. Invasive intervention for 
sterile necrosis is highly controversial. Most 
experts believe that intervention for sterile necrosis 
should only be performed if a patient has persistent  
gastric outlet obstruction with intractable pain and 
is unable to eat 4–6 weeks after disease onset. 

 Catheter drainage (e.g., radiologic or endo-
scopic) is technically feasible in more than 95 % 
of patients, often via the preferred left-sided ret-
roperitoneal route [ 8 ]. The rationale of PCD is to 
treat infected necrosis as an abscess and drain 
infected fl uid under pressure, without actually 
removing necrosis. Drainage of the infected fl uid 
may temporize sepsis, improve the patient’s clin-
ical condition, and allow for further encapsula-
tion. The preferred route for PCD is through the 
left retroperitoneum so that the drain can be used 
as a guide wire for VARD procedure (if neces-
sary) and the peritoneal cavity is not contami-
nated. Several studies have showed that, in 
35–64 % of cases, patients can be successfully 
treated with PCD alone and do not need to undergo 
an additional necrosectomy [ 2 ,  8 ,  28 ,  29 ]. 

 Every form of intervention, whether open 
necrosectomy or a minimally invasive retroperi-
toneoscopic approach, is usually delayed. Based 
on current literature [ 9 ,  30 ], postponing inter-
vention, preferably until 4 weeks after onset of 
 disease, is widely accepted as the strategy 
of choice. Since the surgical step-up approach 
is superior to open necrosectomy and it is 

known that, catheter drainage can be used to 
control sepsis and delay or even avoid an 
 additional necrosectomy. But with implementa-
tion of the step-up approach, the best timing of 
catheter drainage is not yet determined. Further 
prospective (preferably randomized) studies 
should answer this question and others such as: is 
it better to postpone catheter drainage until there 
is walled-off necrosis? Should it be performed 
immediately after infected necrosis is diagnosed 
and thereby maximize its clinical effect? 

 In addition to retroperitoneoscopic approaches 
ETN is gaining popularity [ 31 ,  32 ]. Theoretically 
this approach has several advantages in compari-
son with surgical techniques. Endoscopic treat-
ment of infected necrosis can be performed under 
deep sedation, thereby avoiding general anesthe-
sia. Also, there is no need for any abdominal wall 
incision, thereby inducing less surgical stress and 
potentially reducing complications such as inci-
sional hernia, pancreatic fi stula, and wound 
infections. Until now only one small randomized 
controlled trial compared ETN with VARD [ 33 ]. 
Twenty patients with infected necrotizing pan-
creatitis were randomized between ETN and 
VARD. One-third of patients who underwent 
an intervention had organ failure and 95 % 
had proven infected necrosis. ETN signifi cantly 
reduced the pro-infl ammatory response measured 
by interleukin-6 levels, as well as the composite 
clinical endpoint consisting of complications and 
mortality. ETN seems a safe and successful alter-
native treatment. However, larger randomized 
controlled trials are needed to confi rm these 
favorable results. In the Netherlands a nation-
wide multicenter randomized trial is currently 
being performed comparing an endoscopic with 
a surgical step-up approach [ 34 ]. Results are 
expected in 2015. 

 Open necrosectomy seems to be inferior to 
minimally invasive techniques, although random-
ized studies directly comparing different surgical 
techniques for necrosectomy are lacking. These 
types of studies are diffi cult to perform. A study 
powered to detect a difference in mortality is 
probably not feasible due to the complexity of dis-
ease and relatively low incidence of infected nec-
rotizing pancreatitis. Alternative study designs are 
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needed to evaluate the role of minimally invasive 
surgical techniques with the other. To this end, an 
individual patient data meta- analysis (IPDMA) of 
major international cohorts with patients who 
underwent a pancreatic necrosectomy is currently 
underway. In this collaborative project several 
major international cohorts from seven countries 
will be pooled to explore risk factors for mortality 
and compare different methods of necrosectomy 
and may serve to answer this question. 

 In conclusion, over the last years the manage-
ment of patients with necrotizing pancreatitis has 
changed signifi cantly. Current evidence is clear 
on the fact that catheter drainage should be the 
initial treatment step for infected necrosis. There 
are no randomized studies comparing specifi cally 
which surgical technique for necrosectomy is 
superior in patients who failed to have an effect 
from catheter drainage. Both STE and VARD are 
safe and effective in patients with (infected) nec-
rotizing pancreatitis. These and other retroperito-
neoscopic techniques are still evolving and need 
further evaluation in subsequent studies.     
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           Defi nitions of Pancreatitis 

 Pancreatitis as a diagnosis encompasses a wide 
breadth of clinical presentations, ranging from 
mild abdominal pain that resolves without com-
plication, to a severe, life-threatening illness with 
devastating long-term complications. See also 
Chaps.   1     and   2    . Given the diversity of this dis-
ease, accurate and precise language is necessary 
to defi ne it. Numerous attempts to defi ne pancre-
atitis have been made over the years. In 1992, 
under the leadership of Edward Bradley [ 1 ], the 
Atlanta Classifi cation was developed. This sys-
tem attempted to unify the vocabulary describing 
the pancreatic disease process using clinical cri-
teria; however, it was criticized as too vague, 
unobjective, and confusing. This classifi cation 
system was revised in 2012, with a goal to pro-
vide more objective, clear terms to better classify 
and defi ne the severity of pancreatitis and its 
local complications [ 2 ]. This modern classifi ca-
tion scheme is summarized below. 

 The  clinical diagnosis of acute pancreatitis  can 
be made based on the presence of two of the three 
following criteria: (1) symptoms of central upper 
abdominal pain of acute onset, radiating to the 

back; (2) serum pancreatic enzyme (amylase or 
lipase) levels greater than three times normal; or 
(3) characteristic features on cross-sectional 
abdominal imaging consistent with acute pancre-
atitis [ 1 ,  3 – 5 ]. The onset of acute pancreatitis is 
established with time zero, defi ned as the time of 
onset of abdominal pain. Hospital admission times 
should not be used as time zero as there is often a 
delay of presentation to the hospital and com-
monly a need for transfer between hospitals for 
higher level of care considerations. Following the 
disease progression from time zero, to time of pre-
sentation, through the initial 24–48 h and fi rst 
weeks of illness is important in stratifi cation of the 
disease severity. The improvement, worsening, or 
stagnation of the patient’s condition at these time 
points have important implications in the patient’s 
prognosis and can point to increased severity of 
disease or the development of complications. 

 Two distinct types of acute pancreatitis are 
defi ned in the original and revised Atlanta 
Classifi cations [ 1 ,  2 ]:  Interstitial edematous 
pancreatitis  ( EP ), which can be thought of essen-
tially as non-necrotizing pancreatitis, and  necro-
tizing pancreatitis  ( NP ). With EP there is 
homogeneous enhancement of the pancreas gland 
and infl ammatory changes in the surrounding fat. 
The defi ning feature of EP is that there is no evi-
dence of necrosis within the pancreatic paren-
chyma or surrounding the pancreas on imaging. 
Fluid collections surrounding the pancreas may 
or may not be present and are not indicative of 
necrosis. EP represents 90–95 % of clinical 
 pancreatitis and is often managed outside the ICU, 
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as most such pancreatitis episodes resolve within 
the fi rst week. Meanwhile, NP constitutes the 
remaining 5–10 % of acute pancreatitis patients, 
which usually require ICU management, and 
often progress to multi-organ system failure with 
or without sepsis. The defi ning characteristic of 
NP is the presence of necrosis either within pan-
creatic parenchyma or of surrounding tissues. 
Most commonly, necrosis of both the pancreatic 
gland and peripancreatic tissues will occur, 
although either can occur alone. The most rarely 
seen manifestation is isolated pancreatic paren-
chymal necrosis. Involvement of the pancreatic 
parenchyma portends a more ominous clinical 
journey [ 1 ]. Contrast-enhanced CT (CECT) fi nd-
ings of necrosis include non-enhancement of 
pancreatic parenchyma as well as infl ammatory 
and solid component features of surrounding tis-
sues; however, it is important to recognize that 
compromise of pancreatic perfusion from necro-
sis and CT signs of peripancreatic necrosis can 
evolve over days. Therefore, early CECT imag-
ing (i.e., within the fi rst 7 days) is likely to under-
estimate the extent of tissue necrosis. 

 Necrotizing pancreatitis can be further classi-
fi ed as infected or sterile necrosis; EP does not 
become infected. Infection of necrotic tissue con-
tinues to be associated with a high mortality; 
therefore, it is essential to recognize its presence. 
Ongoing sepsis or acute clinical deterioration 
should raise the suspicion of infected necrosis; 
however, its presence can be proven by imaging 
or culture. The pathognomonic radiographic fea-
ture is the presence of gas within areas of necro-
sis on CECT imaging. Diagnosis and management 
of infected necrosis is further discussed later in 
the chapter.  

    Phases of Acute Pancreatitis 

 Acute pancreatitis is divided into two disease 
phases, each with individual risks and associated 
mortality [ 1 ,  2 ,  6 ]. During the  early phase of 
acute pancreatitis , which usually lasts the fi rst 
1–2 weeks, the pancreatic damage and any sys-
temic complications are a result of the autodiges-
tion of the pancreas as well as the associated 

cytokine cascade that this elicits and is characterized 
by the systemic infl ammatory response syndrome 
(SIRS) [ 7 ] (Table  16.1 ). As SIRS persists, the 
chance of organ failure increases. This early 
phase can resolve without sequelae, as in mild 
acute pancreatitis (MAP); however, in the more 
severe cases, the infl ammation continues and 
leads to further disease processes. This continued 
systemic infl ammation defi nes the  late phase of 
acute pancreatitis . This phase can last for weeks 
to months after the initial presentation with pan-
creatitis, consisting of continued SIRS and/or 
local or systemic complications, including per-
sistent organ failure.

    Table 16.1    Criteria for systemic infl ammatory response 
syndrome (SIRS)   

 General variables 
 Fever (core temp >38.3 °C) 
 Hypothermia (core temp <36 °C) 
 Heart rate >90 bpm 
 Tachypnea 
 Altered mental status 
 Signifi cant edema or positive fl uid balance (>20 mL/kg 
over 24 h) 
 Hyperglycemia in the absence of diabetes 

 Infl ammatory variables 
 Leukocytosis (WBC >12,000) 
 Leukopenia (WBC <4,000) 
 Bandemia (>10 % band forms) 
 Plasma C-reactive protein >2 s.d. above normal value 
 Plasma procalcitonin >2 s.d. above normal value 

 Hemodynamic variables 
 Arterial hypotension (SBP <90 mmHg, MAP <70, or 
SBP decrease >40 mmHg) 

 Organ dysfunction variables 
 Arterial hypoxemia 
 Acute oliguria 
 Creatinine increase 
 Coagulation abnormalities 
 Ileus 
 Thrombocytopenia 
 Hyperbilirubinemia 

 Tissue perfusion variables 
 Hyperlactatemia 
 Decreased capillary fi lling 

  Created with data from [ 7 ] 
  bpm  beats per minute,  MAP  mean arterial pressure,  SBP  
systolic blood pressure,  s.d.  standard deviations,  Sv  O   2   
venous oxygen saturation,  WBC  white blood cell count  
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       Stratifi cation of Severity 

 Stratifi cation of the severity of acute pancreatitis 
is important, because as stated above, this is a 
dynamic disease that can manifest with a broad 
range of physiologic derangements and varying 
survivability. See also Chap.   2    . Early stratifi ca-
tion helps to determine patient risk, targets resus-
citation, and can help identify patients that 
require transfer to higher levels of care. Precise 
and consistent language aids in clear communi-
cation between teams and focuses attention to the 
medical issues that need to be addressed in the 
treatment plan. The Revised Atlanta Classifi cation 
of Acute Pancreatitis provides clear clinical char-
acteristics that help to defi ne the degree of pan-
creatitis that is present [ 2 ]. The presence or 
absence of organ failure, local complications, 
and/or systemic complications defi nes three dis-
tinct classes of acute pancreatitis: mild acute pan-
creatitis (MAP), moderately severe acute 
pancreatitis (MSAP), and severe acute pancreati-
tis (SAP) (Table  16.2 ).

      Mild Acute Pancreatitis 

 MAP is defi ned as pancreatitis without the presence 
of organ failure and no local or systemic compli-
cations. Diagnosis is clinical and imaging is 
 usually not required. Enteral feeding is recom-
mended once tolerated, patients are usually dis-
charged within a week of hospitalization, and 
mortality is rare [ 2 ].  

    Moderately Severe Acute Pancreatitis 

 MSAP is defi ned as pancreatitis with transient 
organ failure (less than 48 h duration) or the exis-
tence of local or systemic complications in the 
absence of persistent organ failure. Examples of 
local complication include peripancreatic fl uid col-
lections, acute necrotic collections, pancreatic 
pseudocyst, infected necrosis, gastric outlet 
 dysfunction, splenic and portal vein thrombosis, 
and colonic necrosis. These local complications 
and their management will be further discussed 
later in the chapter. Given the breadth of possible 
associated complications, it follows that the clinical 
course of MSAP is variable. Transient organ failure 
and acute fl uid collections may resolve without fur-
ther intervention, whereas other local complications 
may require debridement or drainage. Mortality in 
this class of pancreatitis is higher than in acute pan-
creatitis; however its mortality remains much lower 
than that of SAP, with rates reported as <8 % [ 8 ].  

    Severe Acute Pancreatitis 

 SAP is characterized by persistent organ failure 
(organ failure that does not resolve after 48 h). 
Persistent organ failure can involve one or multiple 
organs. While the presence of local complications is 
not explicitly contained in the diagnosis of SAP, the 
vast majority of patients with persistent organ failure 
have local complications as well. Those who develop 
persistent organ failure during the early phase of pan-
creatitis have a higher rate of death, with mortality 
rates reported to range between 36 and 50 % [ 2 ]. 

   Table 16.2    Defi nitions of severity in acute pancreatitis, modifi ed from the Revised Atlanta Classifi cation System   

 Mild acute pancreatitis 
 Moderately severe 
acute pancreatitis 

 Severe acute 
pancreatitis 

 Transient organ failure 
(<48 h duration) 

 No  Yes  Yes 

 Persistent organ failure 
(>48 h duration) 

 No  No  Yes 

 Local complications  Rare, can develop acute fl uid 
collections which usually 
resolve without intervention 

 Can be present  Usually present 

 Mortality risk  Rare  <8 %  30–50 % 

  Created with data from [ 2 ]  
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 Development of infected necrosis, in the pres-
ence of SAP, is associated with a high mortality 
rate and should be aggressively managed [ 2 ].   

    Defi ning Pancreatic Collections 

 CT or MRI imaging is helpful in identifying and 
classifying local complications which typically 
present as peripancreatic collections; however, the 
term “peripancreatic collections” encompasses a 
heterogeneous group of entities. Therefore, the 
Revised Atlanta Classifi cation divides these into 
four distinct groups, defi ned by their contents and 
architecture. Correct diagnosis is important, as 
management and potential complications of these 
collections can differ signifi cantly. Collections 
containing only fl uid are defi ned as either acute 
 peripancreatic fl uid collections or pancreatic 
pseudocysts , whereas  acute necrotic collections  
or  walled - off necrosis  are collections of necrotic 
tissue with or without a fl uid component. 

  Acute peripancreatic fl uid collections  are fl uid 
collections that develop during the early phase of 
edematous pancreatitis in the fascial planes of the 
retroperitoneum. They do not have any defi ning 
wall, are homogenous-appearing on imaging, and 
are sterile. They may be single or multiple and 
tend to resolve without intervention. 

  Pancreatic pseudocysts  are peripancreatic col-
lections composed solely of fl uid, with no solid 
components, that have a well-defi ned, circum-
scribing wall. The fl uid is usually high in amylase 
and results from disruption of a pancreatic duct 
with persistent leakage. Pseudocysts can also 
develop following parenchymal necrosis of the 
pancreatic gland that isolates a viable, function-
ing distal pancreas, leading to localized leakage 
from the separated duct. These pseudocysts often 
develop after necrosectomy, as fl uid accumulates 
within the necrosectomy space. 

  Acute necrotic collections  are defi ned as a 
 collection of variable amounts of necrotic tissue 
with or without fl uid, which occurs within 
4 weeks of an episode of pancreatitis. These col-
lections may be loculated and may be diffi cult to 
 differentiate from acute pancreatic fl uid collections 

when imaging performed during the fi rst week of 
the disease process; therefore, sequential imag-
ing is often helpful to fully defi ne the collection. 
MRI and ultrasound may help to better defi ne the 
solid components of these collections. 

  Walled - off necrosis  is a collection of necrotic 
tissue with an enhancing wall that implies matu-
rity and encapsulation of acute necrotic collec-
tions. These usually require greater than 4 weeks 
to develop. These may be single or multiple, near 
to the gland or located at sites distant from 
the pancreas. These may be sterile or infected. 
Similarly to acute necrotic collections, these may 
be misdiagnosed as pancreatic pseudocysts due to 
CT imaging limitations, which is why additional 
imaging such as MRI and ultrasound techniques 
is useful to correctly identify these collections. 

    Prognostic Measures of Acute 
Pancreatitis 

 Given the wide spectrum of pancreatitis, early 
identifi cation of those patients at risk for severe 
disease, complications, and mortality is impera-
tive. See also Chaps.   4     and   6    . Patients with obvi-
ous organ dysfunction or severe disease warrant 
intensive care monitoring; however, predicting 
patients who will develop severe disease on admis-
sion is not always straightforward. Multiple scor-
ing systems have been proposed to attempt to 
identify patients at risk. One of the earliest prog-
nostic scores was developed by Dr. JH Ranson in 
1974 using clinical criteria at admission and 48 h 
to evaluate the severity and mortality risk of acute 
pancreatitis based on clinical data. Several other 
prognostication systems have been proposed. The 
CT Severity Index (CTSI), which grades pancre-
atitis severity based on radiographic fi ndings of 
necrosis and fl uid collection, has been shown to 
correlate with statistical signifi cance with mortal-
ity of pancreatitis [ 9 ]. APACHE II score [ 10 ] uses 
physiologic variables to calculate risk. Although it 
can be calculated at 24 h, the score at this time has 
a poor predictive value for severe disease [ 5 ]; how-
ever, because it can be calculated daily, following 
the trend can be very useful. Increasing APACHE 
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II scores during the fi rst 48 h are associated with 
development of severe pancreatitis, whereas 
decreases point toward mild, resolving disease. 
SIRS [ 7 ] (see Table  16.1 ) has also been used to 
predict mortality. In one study, patients with acute 
pancreatitis and the absence of SIRS on admission 
had a mortality rate of 0.7 %, patients with SIRS 
on admission that resolved after 48 h had a mortal-
ity rate of 8 %, whereas patients with persistent 
SIRS at 48 h had a mortality rate of 25 % [ 11 ]. 
None of these scoring systems have been conclu-
sively proven to most accurately predict severe 
disease and mortality, rather they should be used to 
triage patients and identify those at risk for more 
severe disease.   

    Surgical Management of Severe 
Acute Pancreatitis 

 In current practice, surgical interventions in acute 
pancreatitis are aimed at the management of 
complications of SAP and the ensuing infl amma-
tory process as well as at prevention of recurrent 
pancreatitis, as in cases of gallstone pancreatitis. 
Surgical intervention during the early phase of 
acute pancreatitis is extremely diffi cult given the 
severe infl ammation and should be limited to 
life-threatening complications. 

    Historical Approach: Surgical 
Indications 

 Early in the twentieth century, the mainstay of 
treatment of SAP was early debridement. Lord 
Moynihan, a prominent British surgeon in the 
1920s went so far as to say that “… recovery from 
this disease, apart from operation, is so rare that no 
case should be left untreated” [ 12 ]. Surgical inter-
ventions ranged from debridement with gauze 
drainage, marsupialization of the gland, to com-
plete resection, with the main goal of treatment to 
remove all necrotic tissue early in the disease pro-
cess. Surgical practice in the 1970s and 1980s, 
however, shifted to emphasis on conservative man-
agement, with teaching suggesting that surgical 

intervention was futile and associated with high 
mortality. Identifi cation of patients likely to benefi t 
from surgical intervention and surgical techniques 
promoting safe removal of infected, necrotic tissue 
were pioneered by Bradley et al. [ 13 ]. This land-
mark study demonstrated a signifi cantly improved 
survival with pancreatic debridement in those 
patients with infected necrosis. The optimal timing 
of surgical intervention was investigated over the 
ensuing decade, with evidence suggesting later sur-
gical intervention preferable to early intervention 
in most patients. This was proven via a randomized 
clinical study by Mier et al. that was ultimately 
stopped prior to completion given the extremely 
high mortality rate in patients who underwent 
early debridement (58 %) compared to those who 
underwent late debridement (27 %) [ 14 ].  

    Indications for Surgery: Acute 
Complications 

 During the early phase of pancreatitis, the main 
tenet of current therapy is conservative and sup-
portive management. Adequate and early fl uid 
resuscitation is critically important in the care of 
these patients and may help reduce the incidence 
of SIRS and organ failure [ 15 ]. Early enteral feed-
ing can be accomplished in most patients, with the 
benefi t of decreased infectious complications and 
mortality [ 16 ]. Enteral feeding has most often 
been accomplished via nasojejunal tube place-
ment, to decrease stimulation of the pancreas; 
however, multiple studies have demonstrated that 
nasogastric or nasoduodenal feeding is safe and of 
similar benefi t compared to jejunal feeding [ 17 , 
 18 ]. Any abdominal interventions should be lim-
ited in this acute phase of active infl ammation, 
with the main recommendation to only to treat 
severe, catastrophic conditions, such as hemor-
rhage, perforation of a hollow viscus organ, and 
abdominal compartment syndrome (ACS). 

    Catastrophic Abdomen 
 Pancreatitis is primarily a destructive infl amma-
tory process, which not only destroys its own 
parenchyma, but can erode into adjacent structures 
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and lead to injury and compromise of surrounding 
structures, with devastating complications. Rare 
abdominal catastrophes, such as bowel ischemia, 
ACS, and uncontrolled hemorrhage, require 
emergent surgical intervention, even in the early 
phases of pancreatitis. 

 Bowel ischemia can develop due to ACS and 
occasionally needs to be treated emergently. ACS 
by itself, without bowel ischemia, is also a 
 surgical emergency regardless of stage of pancre-
atitis. ACS is defi ned as sustained intra-abdomi-
nal pressure >20 mmHg that is associated with 
the onset of new organ failure. This can occur due 
to the massive fl uid resuscitation required during 
the treatment of the early phase of pancreatitis. 
Emergent decompressive laparotomy for relief of 
ACS is imperative, with removal of any non- 
viable bowel occasionally warranted, although 
complications of this intervention are high. 

 Additionally, bowel ischemia can be due to 
infl ammation from pancreatitis surrounding the 
mesenteric vessels, resulting in compromise of 
the small bowel and occasionally the colon. 
The most common presentation in this case is a 
patient who fails to respond appropriately to 
apparently adequate resuscitative measures. 
Diagnosis is diffi cult and is typically made at 
exploration (Fig.  16.1 ).

   Intra-abdominal hemorrhage associated with 
acute pancreatitis is most often due to bleeding 
from a pseudoaneurysm. Pseudoaneurysms 
develop due to weakening of the vessel 
wall after exposure to proteolytic enzymes and 
other infl ammatory mediators of pancreatitis. 
Fortunately, this complication occurs with rela-
tive infrequency, affecting only 1–3 % of acute 
pancreatitis patients; however, it is associated 
with high mortality [ 19 ,  20 ]. Acute catastrophic 
hemorrhage from pseudoaneurysmal bleeding 
has been increasingly managed by angiographic 
and interventional techniques and is the pre-
ferred initial management. If noninvasive techniques 
fail or are unavailable, surgical intervention 
becomes necessary. Immediate laparotomy fol-
lowed by packing to control the bleeding is the 
fi rst step. If feasible, repair and exclusion of the 
pseudoaneurysm is performed, however, given 
the massive infl ammation in the area surrounding 

the pseudoaneurysm it is often not possible. 
At this time, packing of the wound cavity is the 
next step, most often in the context of damage 
control surgery. Defi nitive repair of the pseudoa-
neurysm is undertaken once the patient can 
 tolerate further surgical intervention and the 
early phase of pancreatitis is past. 

 In addition to pseudoaneurysm formation, 
pancreatitis can cause diffuse bleeding from 
tissue necrosis, and bleeding can occur from 
hemorrhagic pseudocysts, which can lead to 
uncontrolled hemorrhage in the event of pseu-
docyst rupture. Similarly to pseudoaneurysms, 
these complications present more often during 
the late phase of pancreatitis, but can occur dur-
ing the early phase as well. Typically, selective 
mesenteric angiography can identify the site of 
bleeding [ 19 ]. Initial management remains the 
same, control of bleeding, hopefully via nonin-
vasive angiography or via abdominal packing. 
Further management, such as removal of 
necrotic tissue and management of pseudo-
cysts, is discussed later in this chapter and 
should be attempted once the patient can toler-
ate surgery and the active infl ammatory phase 

  Fig. 16.1    Intraoperative fi ndings in during exploratory 
laparotomy performed in a 65-year-old male who initially 
presented to an outside hospital with acute abdominal pain 
found to be due to gallstone pancreatitis. His clinical condi-
tion worsened overnight, during which time he required 6 L 
fl uid for the treatment of oliguria and hypotension. He was 
transferred to our hospital and received 18 h of aggressive 
resuscitation, but continued to have worsening lactate and 
subsequent development of intra-abdominal compartment 
syndrome. Upon exploration he was found to have a large 
section of ischemic and necrotic bowel       
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is over. This further management is important, 
as without removal of the necrotic tissue, intra-
abdominal hemorrhage has a very high rate of 
recurrence [ 20 ].   

    Indications for Surgery: Later 
Complications 

    Infected Necrosis 
 Infection of necrotic tissue during SAP is an 
important determinant of mortality; therefore, it 
is essential to differentiate between sterile and 
infected necrosis. Ongoing sepsis or acute clini-
cal deterioration should raise suspicion of 
infected necrosis and its presence can be proven 
by imaging or culture. The presence of the patho-
gnomic fi nding of gas in necrotic tissue spaces on 
cross-sectional imaging confi rms the diagnosis. 
In our experience, the presence of gas is fre-
quently associated with duodenal or enteric fi stulae. 
Without gas within the necrotic area on imaging, 
infected necrosis can be diagnosed via image-
guided fi ne-needle aspiration (FNA) sent for 
gram stain and culture. It should be noted that 
current recommendations of the International and 
American Pancreatic Associations (APA) state 
that FNA should not routinely be performed, in 
part due to the risk of false negative results (12–
25 %) [ 4 ]. Infection can develop de novo in previ-
ously sterile necrotic tissue via bacterial 
translocation from the gastrointestinal tract; 
 however, it is important to recognize that second-
ary infection can occur after instrumentation, via 
FNA, endoscopy, and ERCP. These procedures 
should be performed only when necessary, and 
fever or worsening of the patient’s condition 
 following these interventions should prompt con-
cern for infection. Clinical scenarios that should 
arouse suspicion of the presence of infected pan-
creatic necrosis include patients with severe 
 pancreatitis whose severe SIRS now progresses 
to severe sepsis, or in patients with sepsis who 
continues to decline clinically despite targeted 
antibiotic therapy. In the critically ill pancreatitis 
patient, all other sources for infection must be 
thoroughly searched for and either ruled out or 
treated promptly, such as pneumonia, urinary 

tract infection, line infection, sinusitis, and 
cholecystitis. 

 Once infected necrosis is diagnosed, timely 
intervention must be undertaken with the goal of 
surgical treatment being debridement and removal 
of the infected tissue, thereby controlling the infec-
tion and halting the release of proinfl ammatory 
mediators. If patient condition permits, removal of 
the necrotic tissue should be postponed until 3–4 
weeks after the onset of pancreatitis. This leads to 
safer operating conditions, as decreased infl amma-
tion leads to decreased operative bleeding and bet-
ter delineation of necrotic tissue, which allows the 
surgeon to minimize the amount of viable tissue 
that is removed, thereby reducing the exocrine and 
endocrine complications with pancreatic insuffi -
ciency [ 20 ]. Surgical removal of necrotic tissue is 
also indicated if the necrotic tissue is, or has previ-
ously been, hemorrhagic, if the necrotic tissue 
leads to ongoing gastric, intestinal, or biliary 
obstruction continuing >4 to 8 weeks after pancre-
atitis, or the patient continues to have ongoing 
organ failure after several weeks of acute pancre-
atitis without improvement. 

 The most current recommendations from the 
International Association of Pancreatology (IPA) 
and APA state that the optimal interventional 
strategy for suspected or confi rmed infected 
necrosis is initial management with  image- guided 
percutaneous catheter drainage or endoscopic 
transluminal drainage, followed by endoscopic or 
surgical debridement only if necessary [ 4 ]. This is 
following the results of the PANTER trail, a ran-
domized controlled trial comparing open surgical 
necrosectomy to a minimally invasive approach 
[ 21 ]. This study compared 88 patients randomized 
to either open necrosectomy or a minimally-inva-
sive “step-up” approach involving percutaneous 
drainage and post-procedural irrigation of the 
drained space. If necessary, this was followed by 
defi nitive tissue debridement via a video-assisted 
retroperitoneal debridement (VARD) (Fig.  16.2 ) 
and continued postoperative irrigation and 
drainage. These patients were  followed through 
6 months after discharge. The primary endpoint 
was a composite of either “death” or the occur-
rence of “major complications” comprised of: 
new-onset organ failure (parameters defi ned for 
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pulmonary, circulatory, and renal failure), any 
system complications such as DIC, severe meta-
bolic disturbances or GI bleeding, or visceral 
organ perforation, ECF, or intra-abdominal hem-
orrhage. The secondary endpoints were the indi-
vidual components of the primary endpoint. This 
study demonstrated that there was no difference in 
mortality between the groups, and the minimally 
invasive step-up approach was associated with 
signifi cantly lower rates of new-onset organ fail-
ure, as well as fewer longer-term complications 
such as pancreatic insuffi ciency. In addition, 
health care resource utilization and ICU readmis-
sion rates were signifi cantly lower in the mini-
mally invasive step-up group. The medical costs, 
both direct and indirect, per admission and at 
6-month follow-up were shown to be lower by 
12 % in the step-up group.

   Endoscopic procedures have also been per-
formed in conjunction with percutaneous or VARD 
procedures to remove necrotic pancreatic tissue. 
They can be performed via transluminal or trans-
gastric approach. The benefi t of these approaches 
is that pancreatic fi stulas will not develop, as all 
pancreatic fl uid produced will be drained into the 
stomach or intestine. However, a signifi cant disad-
vantage is that multiple procedures are needed to 
remove suffi cient necrotic tissues [ 22 ].   

    Open Techniques 

 If open necrostomy is performed, a variety of 
techniques have been employed. The mortality 
rates for the following techniques have been 
shown to be equivalent in experienced hands, 
with rates less than 15 % for any of the listed 
techniques [ 20 ]. Thus, surgeon preference dic-
tates the approach, although the distinct advan-
tages and disadvantages of each are worth 
mentioning. All four of these methods have in 
common initial debridement, which can often be 
completed during the initial visit, and these meth-
ods then vary by the manner in which they estab-
lish continued debridement or lavage of the 
necrosectomy space to facilitate continued egress 
of stubbornly attached necrotic tissue.
•    Transperitoneal laparotomy with open pack-

ing—open midline laparotomy, surgical 
necrosectomy, packing the retroperitoneal 
space with the abdomen left open, requiring 
multiple re-laparotomies.  

•   Transperitoneal laparotomy with staged re- 
laparotomy—open midline laparotomy, surgi-
cal necrosectomy, no packing left within, open 
abdomen requiring multiple re-laparotomies.  

•   Closed lavage of the retroperitoneum—open 
laparotomy, surgical necrosectomy, drains left 
within the retroperitoneum, closure of lesser 
sac, postoperative continuous irrigation.  

•   Closed packing—open laparotomy, surgical 
necrosectomy, packing left within the retro-
peritoneum, return to OR for removal of pack-
ing, and closure of the abdomen.    
 Complications of the open procedures above 

include extensive bleeding in the necrosectomy 
space and increased cumulative blood loss, fi s-
tula formations to the GI tract, gastric outlet 
obstruction, and incisional hernia [ 20 ]. 

 A few comments regarding the technical 
approach to the open debridement of pancreatic 
necrosis seem appropriate. It is the habit of this 
author to perform a transverse incision in the 
upper abdomen and to remove the gallbladder at 
the fi rst operation. Typically, a surgical jejunos-
tomy tube is placed, then the transverse colonic 
mesentery is divided, opening the lesser sac. 
At this point, pancreatic sequestrum is usually 

  Fig. 16.2    An image from a video-assisted retroperitoneal 
debridement for infected necrosis of the pancreas. This is a 
view of the retroperitoneal approach in a patient with 
infected necrosis tracking down left gutter. A stent has been 
placed through stomach in left upper fi eld and the guide-
wire from retroperitoneal approach in right camera fi eld       
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easily entered. It is important to  gently  debride the 
pancreatic tissue, as bleeding may ensue with 
more vigorous debridement. Irrigation typically 
frees additional tissue. The inferior transverse 
colonic omentum is tacked to the peritoneum at 
the inferior margin of the incision, to keep puru-
lence in the lesser sac from spreading to the lower 
abdomen. The lesser sac is packed with laps or 
kerlex gauze, and the wound is temporarily closed 
with a vacuum-assisted dressing, with planned 
reoperation every 48 h until no further necrotic 
tissue is encountered. At this point the fascia can 
be closed with drains placed in the lesser sac. 

    Pancreatic Abscess 
 Pancreatic abscess is the most common complica-
tion of pancreatitis that mandates re- intervention 
after necrosectomy [ 20 ]. These generally occur 
after 5 weeks of the onset of pancreatitis. Pancreatic 
abscesses usually remain contained and are less 
destructive than infected pancreatic necrosis, and 
thus can be managed typically with percutaneous 
drainage. Failure of percutaneous approach would 
mandate operative intervention for drainage.  

    Pancreatic Pseudocyst 
 The management of pancreatic pseudocysts is a 
continually evolving paradigm. Previous dogma 
recommending drainage of pseudocysts that per-
sisted greater than 6 weeks no longer holds true. 
The majority will resolve on their own, follow a 
benign course, and can be managed with no fur-
ther intervention [ 20 ]; however, if they become 
symptomatic or are noted to grow during a period 
of observation, intervention becomes necessary. 
A diameter of >6 cm is often quoted as an indica-
tion for intervention; however, this remains con-
troversial. Treatment can be performed in many 
ways, and the management is best decided via 
interdisciplinary team discussions. Percutaneous 
drainage is currently indicated only for emergency 
drainage of infected cysts, especially early in the 
course of pancreatitis, since recurrence and fi stula 
development occur with high rates in this approach 
[ 23 ]. Endoscopic drainage, either via transpapil-
lary or transmural approach, has a high success 

rate in experienced hands, and lower risk of fi stula 
formation, as the drainage of pancreatic secretions 
can be directed enterally [ 23 ]. Surgical interven-
tions that can be used to drain pseudocysts cysts 
enterally include cystgastrostomy or a Roux loop 
cystojejunostomy. Pseudocysts located in the pan-
creatic tail are diffi cult to drain enterally and may 
be best treated by pancreatic resection. However, 
the mortality and morbidity following resection 
are higher than after surgical drainage [ 20 ].  

    Pancreatic Fistula 
 Treatment of pancreatic fi stulas due to acute 
 pancreatitis is managed in a similar fashion to 
 fi stulas of other etiologies. Conservative manage-
ment is usually attempted fi rst (e.g., jejunal tube 
feeds, bowel rest, TPN, octreotide); however, if 
this fails, further interventions are necessary. 
Endoscopic transpapillary stenting has also been 
proposed as an intervention to treat pancreatic fi s-
tulas, as the stenting decreases the intraductal 
pressure and helps shunt the pancreatic secretions 
into the duodenum instead of the fi stula [ 24 ]. 
Surgical management is reserved for those 
patients who are not responding to the above mea-
sures. In this setting, depending on the location of 
the fi stula, the patient may undergo Whipple pro-
cedure (Fig.  16.3 ), Roux-en Y pancreaticojeju-
nostomy, cystojejunostomy, or distal pancreatic 
resection [ 25 ].

  Fig. 16.3    Specimen of the duodenum and pancreatic 
head after Whipple procedure resection for recurrent pan-
creatitis in a patient with persistent pancreatic fi stula. 
Note the enteric staining of cut surface of pancreatic head       
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        Special Considerations with Biliary 
Pancreatitis 

 The two leading causes of acute pancreatitis in 
the United States are gallstones and alcohol con-
sumption. Although it may seem intuitive to 
perform ERCP in patients with gallstone pancre-
atitis, early ERCP has not been routinely recom-
mended for patients with mild or severe gallstone 
pancreatitis. The only group that has been 
 demonstrated in prospective, randomized clinical 
trials to benefi t from early ERCP with stone 
extraction and sphincterotomy has been the 
 subset of patients with gallstone pancreatitis  
who have obstructive jaundice and / or cholangitis . 
Without these features, early ERCP has been 
shown to lead to high complication rates with no 
observable benefi t [ 26 ,  27 ]. 

 In patients with biliary pancreatitis, patients 
discharged after resolution of pancreatitis have a 
high recurrence rate if the causative factor is not 
controlled. One review reported that 18 % of 
patients who had an interval cholecystectomy per-
formed a median of 40 days after the initial pan-
creatitis admission were readmitted prior to 
cholecystectomy for biliary-related complications 
[ 28 ]. Current recommendations are that patients 
with MAP undergo laparoscopic cholecystectomy 
during their index admission [ 4 ]. In elderly or unfi t 
patients with biliary pancreatitis who are unable to 
tolerate same-admission cholecystectomy, an 
alternative or bridge to surgery is elective ERCP 
with sphincterotomy to lower the risk of recurrent 
SAP. For patients with concurrent cholecystitis, if 
the patient is at high risk for cholecystectomy, a 
cholecystostomy tube can be placed [ 29 ]. For 
severe biliary pancreatitis with peripancreatic col-
lections, cholecystectomy should be delayed until 
the collections resolve, typically 6 weeks after the 
onset of pancreatitis [ 4 ]. Cholecystectomy is 
advised in all patients that can tolerate the proce-
dure, as the risk of recurrent pancreatitis is 
decreased following ERCP with sphincterotomy, 
but has no effect on the risk of acute cholecystitis 
and other gallstone- related gallbladder disease [ 28 ]. 
It is important for the surgeon to recognize the fact 
that these procedures are frequently diffi cult and 

may require an open approach. This requires 
appropriate counseling of the patient and appropri-
ate preoperative planning.   

    Conclusion 

 Acute pancreatitis and its complications make up 
a diverse and nuanced disease, whose manage-
ment is characterized by complex issues and 
many subtleties. Multidisciplinary management 
is best for the patient and provides a greater 
breadth of treatment options. Surgical manage-
ment continues to play an important role in the 
care of patients with acute pancreatitis and its 
sequelae.     
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          Introduction 

 Acute pancreatitis (AP) is a dynamic infl amma-
tory process involving the pancreas, peripan-
creatic tissues, and less commonly remote organ 
systems [ 1 – 6 ]. The most widely used defi nitions 
for acute pancreatitis are derived from the 
recently revised Atlanta classifi cation, which 
has undergone extensive revision by an interna-
tional panel of experts from multiple disciplines 
[ 7 ]. According to these revisions, AP is either 
interstitial or necrotizing. Pancreatic necrosis is 
 typically defi ned by non-enhancement of 
 pancreatic parenchyma on contrast-enhanced 
computed tomography (CECT). Necrosis can 
involve either pancreatic parenchyma alone (less 

commonly), both the pancreatic  parenchyma and 
the  peripancreatic tissues (more commonly), or 
isolated peripancreatic tissue alone (least com-
monly). Isolated  peripancreatic or extrapancre-
atic necrosis may be associated with improved 
long-term outcomes compared to pancreatic 
necrosis [ 8 ]. However, peri- or extrapancreatic 
necrosis carries a worse prognosis than acute 
interstitial pancreatitis. Both pancreatic and peri-
pancreatic necrosis can be either sterile or 
infected. Mortality of necrotizing pancreatitis has 
traditionally varied from approximately 15 % in 
patients with sterile necrosis, to as much as 39 % 
in patients with infected necrosis, which occurs 
in approximately 40–70 % of patients. 

 According to the recent revisions, there are 
only four kinds of collections associated with 
interstitial and necrotizing pancreatitis [ 7 ] 
(Table  17.1 ). Of importance is that many walled- 
off collections formerly referred to as pseudo-
cysts in fact represent walled-off necrosis 
(WON), a distinction that has major implications 
for management [ 9 ]. Simple drainage is almost 
always effective for pseudocysts, but only for the 
minority of WON. In general, sterile necrosis 
does not require intervention, while infected 
necrosis usually requires evacuation. The tradi-
tional management of infected necrosis has 
 centered on open surgical debridement, with 
additional percutaneous drainage and peritoneal 
lavage, all of which usually require multiple 
operative sessions and interventions. Open surgi-
cal debridement is accompanied by signifi cant 
risk of perioperative stress, organ failure, and 
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long-term complications including external 
 fi stulas, diabetes, pancreatic exocrine insuffi -
ciency, and incisional hernias [ 5 ,  10 – 18 ]. Over 
the past decade, the management of pancreatic 
necrosis has evolved substantially with introduc-
tion and refi nement of a variety of minimally 
invasive approaches to drainage and evacuation 
of necrosis. The aim of the current review is to 
give an insight into the various minimally inva-
sive modalities available for necrosectomy. 
Regardless of approach, in order to achieve 
 optimal outcomes, emphasis is placed on the 
necessity for multidisciplinary management in 
advanced medical centers with specialized exper-
tise in the management of severe acute pancreati-
tis. Such an approach involves routine coordinated 
involvement of dedicated interventional endosco-
pists, surgeons, and interventional radiologists, 
all with specifi c understanding of and experience 
with management of necrotizing pancreatitis. 
Ongoing consultation and ideally weekly confer-
ences are essential to the systematic management 
of these challenging patients.

       Diagnosis of Pancreatic, 
Peripancreatic, and Infected 
Necrosis 

 CECT remains the “gold standard” for imaging 
in severe acute pancreatitis [ 1 – 6 ] (Figs.  17.1  and 
 17.2 ). CECT aids in the diagnosis of pancreatic 
parenchymal necrosis, in determining the extent 

   Table 17.1       Revised Atlanta Criteria terminology for 
 collections in acute pancreatitis   

 Interstitial edematous pancreatitis 
 Acute infl ammation of the pancreatic parenchyma and 
peripancreatic tissues, but without recognizable tissue 
necrosis 
 CECT criteria 
 •  Pancreatic parenchyma enhancement by intravenous 

contrast agent 
 • No fi ndings of peripancreatic necrosis (see below) 
 Necrotizing pancreatitis 
 Infl ammation associated with pancreatic parenchymal 
necrosis and/or peripancreatic necrosis 
 CECT criteria 
 •  Lack of pancreatic parenchymal enhancement by 

intravenous contrast agent and/or 
 •  Presence of fi ndings of peripancreatic necrosis (see 

below—ANC and WON) 
 1. APFC (acute peripancreatic fl uid collection) 
 Peripancreatic fl uid associated with interstitial edematous 
pancreatitis with no associated peripancreatic necrosis. 
Applies only to areas of peripancreatic fl uid seen within 
fi rst 4 weeks after onset, not a pseudocyst 
 CECT criteria 
 •  Occurs in the setting of interstitial edematous 

pancreatitis 
 • Homogeneous collection with fl uid density 
 • Confi ned by normal peripancreatic fascial planes 
 • No defi nable wall encapsulating the collection 
 •  Adjacent to pancreas (no intrapancreatic extension) 
 2. Pancreatic pseudocyst 
 An encapsulated collection of fl uid with a well-defi ned 
infl ammatory wall usually outside the pancreas with 
minimal or no necrosis. This entity usually occurs more 
than 4 weeks after onset 
 CECT criteria 
 • Well circumscribed, usually round or oval 
 • Homogeneous fl uid density 
 • No nonliquid component 
 • Well-defi ned wall; that is, completely encapsulated 
 •  Maturation usually requires >4 weeks after onset of 

acute interstitial edematous pancreatitis 
 3. ANC (acute necrotic collection) 
 A collection containing variable amounts of both fl uid 
and necrosis associated with necrotizing pancreatitis; the 
necrosis can involve the pancreatic parenchyma and/or 
the peripancreatic tissues 
 CECT criteria 
 •  Occurs only in the setting of acute necrotizing 

pancreatitis 
 •  Heterogeneous and nonliquid density of varying 

degrees in different locations (some appear 
homogeneous early in their course) 

 • No defi nable wall encapsulating the collection 
 • Location—intrapancreatic and/or extrapancreatic 
 4. WON (walled-off necrosis) 
 A mature, encapsulated collection of pancreatic and/or 
peripancreatic necrosis that has developed a well- defi ned 
infl ammatory wall. WON usually occurs >4 weeks after 
onset of necrotizing pancreatitis CECT criteria 
 •  Heterogeneous with liquid and nonliquid density with 

varying degrees of loculations (some may appear 
homogeneous) 

 • Well-defi ned wall, that is, completely encapsulated 
 • Location—intrapancreatic and/or extrapancreatic 
 •  Maturation usually requires 4 weeks after onset 

of acute necrotizing pancreatitis 
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of necrosis, and can identify local complications 
including venous thrombosis and pseudoaneu-
rysm. Complete evolution of pancreatic necrosis 
may take up to 5 days. Hence, CECT can under-
estimate or underdiagnose necrosis if performed 
before this interval. Disadvantages of CECT 
include radiation exposure, especially with 
repeated imaging, and contrast-induced nephrop-
athy. MRI with MRCP is considered as an alter-
native for the diagnosis of necrosis. Even without 
the use of intravenous gadolinium, MRI can 
 demonstrate the presence of pancreatic necrosis, 
based on fat-suppressed T1-weighted images, 
enabling its use in renal insuffi ciency. Avoidance 
of radiation exposure, enhanced detection of non-
liquid material in pancreatic and peripancreatic 
fl uid collections, and ability of MRCP to detect 
bile duct stones and image the pancreatic duct 
above and below any disruption make MR imag-
ing attractive when compared to CT imaging. 
Comparative drawbacks of MR include more 

variable quality and interpretation, longer acqui-
sition times, diffi cult patient tolerance in the set-
ting of critical illness, toxicity of gadolinium in 
patients with chronic kidney disease, and contra-
indication of MRI in pacemakers and other 
metallic objects. EUS can be performed at bed-
side in critically ill patients, allows the most pre-
cise identifi cation of gallbladder and bile duct 
stones, and, if necrosis is present, enables the 
combination of imaging with intervention and 
drainage with the same procedure. On the other 
hand, EUS has potential for adverse events in 
profoundly ill patients, especially cardiopulmo-
nary risk in patients who are not on ventilator 
support, and may overestimate the necrotic debris 
content of pancreatic collections.

    The peak incidence of infection of pancreatic 
or peripancreatic necrosis is between 2 and 
4 weeks after presentation, but can occur at 
any time during the clinical course [ 1 – 6 ]. 
Clinically, infected necrosis should be suspected 

  Fig. 17.2    CECT (coronal image) showing complete 
 resolution of WON in Fig.  17.1 , after combined dual entry 
endoscopic transmural drainage and necrosectomy, com-
bined with left fl ank retroperitoneal percutaneous catheter 
drainage (PCD) and sinus tract endoscopic necrosectomy 
(see Fig.  17.7 )       

  Fig. 17.1    CECT (coronal image) showing very large 
walled-off necrotic collections involving the pancreas 
itself (central collection outlined by  arrows ) and peripan-
creatic tissues extending deep into left pelvis ( arrows  to 
screen  lower right ). These types of complex WON will 
often fail to resolve using a single approach and require 
adjunctive techniques       
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when there is new onset of sepsis in a previously 
stable patient, or progressive clinical deteriora-
tion such as worsening renal function, rising 
white blood cell count, or persistent tachycardia 
despite maximal support, and without an alter-
nate source for infection. 

 In a minority of patients, there are characteris-
tic fi ndings on CT including intra- or peripancre-
atic gas due to gas-forming organisms or fi stulous 
communication with the stomach, small intes-
tine, or colon (with introduction of organisms 
and air). The microbial spectrum in infected 
necrosis includes monomicrobial fl ora in 
60–87 % of patients and polymicrobial fl ora in 
13–40 % of patients with a predominance of 
gram-negative aerobic organisms [ 19 ,  20 ]. In the 
past, a positive aspirate from a diagnostic image- 
guided fi ne-needle aspiration (FNA) was consid-
ered an indication for immediate surgical 
intervention, and such procedures were com-
monly performed [ 21 ]. However, FNA has been 
demonstrated to have a false-negative rate of 
10 % or more and with the acceptance of the 
“step-up” approach to intervention, diagnostic 
FNA has largely been deemed unnecessary. 
Rather, the decision to intervene is made on clini-
cal grounds including strong suspicion of infected 
and symptomatic necrosis. Once minimally inva-
sive intervention is undertaken, cultures for bac-
teria and fungi can be obtained to further guide 
antimicrobial therapy. Using a clinical strategy 
for management of infected necrosis in the 
PANTER trial, cultures obtained during mini-
mally invasive intervention yielded a defi nitive 
evidence for infected necrosis in over 90 % of 
patients [ 16 ]. Currently, one of the few remaining 
indications for diagnostic FNA in necrotizing 
pancreatitis is to detect fungal superinfection 
when a patient remains febrile despite ongoing 
treatment with broad-spectrum antibiotics [ 1 ,  4 ].  

    Indications and Timing 
for Intervention 

 Indications for intervention including endoscopic, 
percutaneous, or surgical in necrotizing pancreati-
tis are shown in Table  17.2 . The primary indication 

for intervention in necrotizing pancreatitis is 
 presence of infected necrosis. Sterile acute necrotic 
collections almost never warrant intervention early 
in the course of the disease, i.e., in the fi rst 4 weeks. 
Interventions should be considered later in the 
course of sterile necrotizing pancreatitis only in 
the presence of persistent organ failure, disabling 
symptoms such as persistent pain requiring nar-
cotics or preventing oral intake, gastric outlet or 
biliary obstruction, or presence of disconnected 
pancreatic duct. In order to optimize outcomes, 
interventions should be delayed as much as possi-
ble until there is “walled-off” necrosis (WON), 
which typically takes 4 weeks or more, but may be 
highly variable. Asymptomatic WON does not 
mandate intervention, regardless of the size and 
extension of the collection, and may resolve spon-
taneously over time.

   Interventions of any kind, whether endoscopic, 
percutaneous, or surgical, for pancreatic or peripan-
creatic necrosis within the fi rst few weeks are gen-
erally associated with adverse outcomes and are 
typically reserved for infected necrosis in severely 
deteriorating patients [ 4 ,  5 ]. The primary exception 
is in the setting of abdominal compartment syn-
drome, wherein surgical or image- guided decom-
pression is potentially lifesaving, but involves 
primarily fasciotomy and does not include debride-
ment or drainage of acute necrotic collections [ 5 ].  

   Table 17.2    Indications for intervention (endoscopic, 
radiologic, or surgical) in necrotizing pancreatitis   

 1.  Clinical suspicion or documented infected necrotizing 
pancreatitis with clinical deterioration, preferably 
when the necrosis has become walled off 

 2.  In absence of documented infection, ongoing organ 
failure for several weeks after the onset of acute 
pancreatitis, preferably when the necrosis has 
become walled off 

 3.  In sterile necrosis: ongoing gastric outlet, intestinal, 
or biliary obstruction due to mass effect 

 4.  In sterile necrosis: persistent symptoms (e.g., 
intractable pain, “persistent unwellness”) in patients 
with walled-off necrosis 

 5.  Disconnected duct syndrome (i.e., transection of the 
pancreatic duct in the presence of pancreatic necrosis) 
with persisting symptomatic collection(s) 

  Adapted from Working Group IAP/APA Acute Pancreatitis 
Guidelines. IAP/APA evidence-based guidelines for the 
management of acute pancreatitis  
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    Minimally Invasive Approaches 
to Necrosectomy 

 The presence of infected necrosis has tradition-
ally been thought to be an indication for debride-
ment or necrosectomy [ 21 ]. Recently, several 
studies have suggested the possibility of treat-
ment of infected necrosis without formal drain-
age or necrosectomy; several studies have 
described nonsurgical treatment of infected 
necrosis by management in an ICU setting with 
targeted antibiotics (third-generation cephalo-
sporin with beta-lactamase inhibitors and car-
bapenems), aggressive nutritional support, and 
judicious percutaneous intervention in the event 
of infected WON [ 22 – 26 ]. They have suggested 
signifi cantly decreased length of hospitalization, 
duration of external drainage, and number of 
radiological procedures, and a mortality that was 
comparable to surgery. It is, however, unclear 

which patients could be safely and effectively 
managed without any form of necrosectomy, as 
these studies do not consider percutaneous drain-
age as an intervention, or consider endoscopic 
methods at all. 

 Traditional approaches to debridement involve 
open surgery, either via an anterior transperitoneal 
approach or via retroperitoneal approach through 
a fl ank incision [ 5 ,  10 – 18 ]. Alternative techniques 
continue to evolve and undergo refi nement, and 
are collectively referred to as minimally invasive 
necrosectomy. They can be classifi ed based on 
the method of visualization (open, radiologic, 
endoscopic, hybrid, or other) and route (per oral, 
transpapillary, or transmural, percutaneous retro-
peritoneal, percutaneous transperitoneal, percu-
taneous transmural, or other) according to a 
taxonomy developed by Windsor and colleagues 
[ 27 ] (Fig.  17.3 ). Minimally invasive procedures 
are thought to induce less physiological stress 
as compared with open surgical debridement.

  Fig. 17.3    Illustrations of a comprehensive classifi cation 
of invasive procedures for treating the local complications 
of acute pancreatitis, as described by Loveday, Windsor, 
and coauthors at University of Auckland, Auckland, New 
Zealand. R1, Per-os transpapillary; I, internal route tra-
versing duodenal papilla to enter pancreatic duct; R2, 
Per-os transmural; External orifi ce entry point, internal 
route traversing gastrointestinal wall; R3, Percutaneous 
retroperitoneal; Skin-external entry point, internal route 
traversing retroperitoneum; R4, Percutaneous transperito-

neal; Skin-external entry point, internal route traversing 
peritoneum; R5, Percutaneous transmural; Skin-external 
entry point, internal route traversing gastrointestinal wall. 
Reprinted from Pancreatology, 11/4, Loveday BPT, 
Petrov MS, Connor S, Rossaak JI, Mittal A, Phillips ARJ, 
et al., A comprehensive classifi cation of invasive proce-
dures for treating the local complications of acute pancre-
atitis based on visualization, route, and purpose, 406–13, 
Copyright 2011, with permission from Elsevier       
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       Percutaneous Catheter Drainage 

 Percutaneous catheter drainage (PCD) of pancre-
atic and peripancreatic necrosis involves place-
ment of single or multiple catheters, which are 
subsequently upsized, irrigated, and manipulated, 
sometimes along with direct percutaneous necro-
sectomy (Figs.  17.4  and  17.5 ). Freeny et al. fi rst 
described a series of 34 patients with infected 
acute necrotizing pancreatitis who were treated 
primarily with imaging-guided PCD as an alter-
native to primary surgical necrosectomy, using 
PCD with active percutaneous necrosectomy by 
placement of multiple large-bore catheters and 
vigorous irrigation [ 28 ]. PCD was successful in 
postponing surgical intervention for a median of 
4 weeks in 9 months and in obviating the need for 
surgical necrosectomy in 47 % of patients. Over 
the past two decades, PCD has been increasingly 
utilized to stabilize critical patients both as “a 
bridge to surgery” and sometimes as defi nitive 
therapy. The preferred route for PCD is via a 
fl ank approach through the retroperitoneum, 
because it avoids enteric leaks and dissemination 
of infected material into the peritoneal cavity. In 
addition, a retroperitoneal approach for PCD 
allows the tract to be used as guidance for surgi-
cal video-assisted retroperitoneal necrosectomy 
(VARD) or sinus tract endoscopy (Figs.  17.6  and 

 17.7 ). The Dutch Pancreatitis group recently 
reported a nationwide multicenter prospective 
study primarily of patients with infected necrosis. 
In that study, 63 % ( n  = 130) of patients under-
went PCD as a primary intervention [ 30 ]. Of this 
group 35 % of patients  recovered without addi-
tional necrosectomy. Further a comprehensive 
systematic review of 11 retrospective studies 
involving 384 patients (both sterile and infected) 
showed that 56 % of patients who underwent 
PCD for sterile or infected necrosis did not need 
surgical intervention [ 31 ]. However care should 
be taken with interpretation of the conclusions of 
this systematic review, as selection bias and the 
design of the included studies may lead to over-
estimation of the proportion of patients who 
could be treated with PCD alone. The authors 
acknowledged the wide variation in techniques 
with drains varying from 8 to 28 Fr; only one 
study utilized routine stepwise dilation for upsiz-
ing the drains. Prospective studies have suggested 
a more realistic primary success rate of PCD of 
approximately 33 % [ 16 ].

      PCD is a relatively simple and well- established 
radiologic procedure. It is benefi cial especially as 

  Fig. 17.4    CECT (axial image) showing dual PCD of 
WON; ( a ) shows anterior transperitoneal (R4) approach; 
( b ) shows retroperitoneal (R3) approach       

  Fig. 17.5    CT angiogram showing two percutaneous cath-
eters placed to treat patient with infected peripancreatic 
necrosis that was poorly encapsulated and extending deep 
into left retroperitoneum and intraperitoneally under liver; 
catheter through left fl ank is retroperitoneal (R3), and 
catheter in right upper quadrant is transperitoneal (R4)       
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a prelude to defi nitive necrosectomy or when 
combined with another modality of treatment 
such as endoscopic drainage. It remains an 
adjunctive treatment in situations where the col-
lection cannot be accessed endoscopically, such 
as deep retroperitoneal extension, or when the 
collection is poorly demarcated or walled off. Of 
note, percutaneous drains placed before 3 weeks 
are associated with a prolonged course and more 
frequent drain exchanges, underscoring the 
importance of maturation of WON before inter-
vention. PCD is technically not adequate or fea-
sible when retroperitoneal hemorrhage, bowel 
necrosis, or duodenal/biliary obstruction further 
complicates necrotizing pancreatitis. One of 
the main drawbacks of PCD is persistent external 
fi stulae, which occur in up to 27 % of patients [ 5 ]. 
Other drawbacks include limited ability to 
remove necrotic debris. Dilatation of the percuta-
neous tract up to 26 Fr and use of grasping for-
ceps to extract the debris have been described, as 
has the use of assist devices such as stone retrieval 
baskets, but these techniques are seldom per-
formed in clinical practice [ 29 ,  32 ]. A dedicated 
team    of radiologists willing to assiduously follow 

  Fig. 17.7    Fluoroscopic image of patient (same patient as 
in Figs.  17.1 ,  17.2 , and  17.6 ) showing maximal combined 
multimodality approaches to extensive WON including 
minimally invasive retroperitoneal debridement via sinus 
tract endoscopy, after dual endoscopic transluminal 
drainage and necrosectomy via cystogastrostomy and 
cystoduodenostomy, plus biliary stenting;  arrows  from 
 left  to  right : biliary stents, cystoduodenostomy stent, 
endoscope passed from left fl ank tract through retroperi-
toneum into lesser sac; self-expanding metallic stent in 
cystogastrostomy       

  Fig. 17.6    Patient (same patient as Figs.  17.1  and  17.2 ) in 
prone position under general anesthesia showing left fl ank 
retroperitoneal percutaneous catheter ( red tube ) about to 

undergo minimally invasive retroperitoneal debridement 
via sinus tract endoscopy       
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these patients and perform meticulous catheter 
care, with frequent upsizing of drainage catheters 
and frequent imaging to localize the loculated 
undrained areas is critical for successful percuta-
neous management of necrotizing pancreatitis as 
a primary strategy.  

    Endoscopic Transluminal Drainage 
and Necrosectomy 

 Endoscopic transluminal drainage and necro-
sectomy represent true natural orifi ce translu-
minal endoscopic surgical (NOTES) approaches 
(Figs.  17.8 ,  17.9 ,  17.10 ,  17.11 ,  17.12 ,  17.13 , 
 17.14 ,  17.15 , and  17.16 ). Endoscopic necrosec-
tomy is increasingly gaining traction as primary 
therapy for infected pancreatic necrosis in  carefully 
selected patients. Transmural drainage of chronic 
pancreatic pseudocysts is a well- established 
modality particularly when performed by experi-
enced interventional endo scopists [ 33 – 35 ], and 
has been extrapolated to the management of WON 
[ 36 ,  37 ]. However, the principal difference is that 
unlike with pseudocysts, endoscopic necrosec-
tomy involves direct debridement of solid debris 
[ 38 ]. Endoscopic approaches also offer simulta-
neous ability to treat biliary obstruction and also 
to treat disconnected pancreatic duct by perform-
ing transpapillary and/or internal cystenteros-
tomy stenting.

           Endoscopic transmural necrosectomy (ETN) 
was fi rst reported by Seifert and colleagues [ 39 ]. 
ETN involves creation of a cystenterostomy, 
 followed by large-diameter (10–20 mm) balloon 
dilation, and direct entry into the necrotic cavity 
using a forward-viewing endoscope. Necro sectomy 
is performed under direct endoscopic vision using 
forceful irrigation, suction, snares, rat toothed- 
forceps, tripod retrieval, stone removal baskets, 
and a range of other endoscopic accessories. 
Endoscopic necrosectomy is generally repeated 

  Fig. 17.8    Endoscopic ultrasound-guided transgastric puncture of WON       

  Fig. 17.9    Endoscopic ultrasound-guided transgastric 
puncture of WON; fl uoroscopic view showing guidewire 
coiled in cavity       
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until the necrotic cavity is thoroughly evacuated 
and healthy granulation tissue is evident. 

 Several retrospective studies of ETN have 
been reported [ 39 – 51 ]. It must be emphasized 
that these represent selected groups of patients 
with endoscopically accessible collections that 
were deemed feasible to treat by this route, and 

are thus not directly comparable to series of 
 surgical or PCD without adjustment for other 
variables. Some but not all series of ETN/ETD 
involve selective use of adjunctive techniques 
such as nasocystic lavage or PCD. The GEPARD 
study involved 93 patients at six centers in 
Germany, with 6-year follow-up. Initial clinical 
success was reported in 80 % of patients, with an 
overall complication rate of 26 and a 7.5 % mor-
tality rate at 30 days [ 41 ]. At a mean follow-up 

  Fig. 17.10    Endoscopic ultrasound-guided transgastric 
puncture of WON; fl uoroscopic view showing two double 
pigtail 10F stents placed through cystogastrostomy       

  Fig. 17.11    Endoscopic transgastric view of freshly 
accessed infected WON, demonstrating obviously puru-
lent partially liquefi ed necrosis poorly amenable to 
mechanical debridement, and prompting endoscopic 
drainage, plus minus lavage, with attempts at debriding 
solid necrosis best deferred       

  Fig. 17.13    Endoscopic view of transluminal necrosec-
tomy using an endoscopic net. Just below the necrosis, a 
percutaneous large-bore drain is visible, which has fl ushed 
away the liquid component, leaving only solid debris for 
necrosectomy       

  Fig. 17.12    Endoscopic view of initial placement of fully 
covered metallic stent into infected WON via a transgas-
tric route, with drainage of obviously purulent contents       
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of nearly 4 years, 84 % of initially successful 
patients had a sustained clinical improvement, 
with 10 % needing further endoscopic drainage 
and only 4 % needing surgery. An American 
 multicenter study included 104 patients at six 
American centers undergoing endoscopic necro-
sectomy for symptomatic WON. A minority of 
patients had infected necrosis, and like other 
series included only patients selected as suitable 
for endoscopic necrosectomy, rather than as 

“intent-to-treat” [ 42 ]. Successful resolution was 
achieved in 91 % of patients, with a mean duration 
of treatment of 4 months. Two patients  underwent 
operative drainage for    persistent WON, one 
required surgery for massive bleeding on fi stula 
tract dilation, and one died during intraprocedure 
presumably due to an air embolus. The study by 
Gardner and colleagues confi rmed ETN to be an 
effi cacious and reproducible technique with 
an acceptable safety profi le. Overall, retrospec-
tive studies of endoscopic necrosectomy report a 

  Fig. 17.15    Endoscopic view of clean cavity after success-
ful endoscopic transluminal necrosectomy       

  Fig. 17.16    Pan containing large amounts of solid necrotic material extracted through cystenterostomy after combined 
endoscopic transluminal and PCD and lavage of very large infected WON       

  Fig. 17.14    Another view showing careful net debride-
ment of solid necrosis just underneath a very large vessel, 
possibly the splenic artery       
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clinical success rate of approximately 70–95 %, 
requiring typically three to six sessions for com-
pletion with surgery required in anywhere from 
2 to 25 % of cases, a morbidity of 11–70 %, and 
a mortality from 0 to 15 % [ 52 ]. As with all retro-
spective series of a single technique, case selec-
tion may be a primary determinant of outcome. 

 The Dutch Pancreatitis Study Group recently 
reported the results of the fi rst randomized 
 control trial comparing endoscopic transgastric 
necrosectomy ( n  = 10) and surgical necrosectomy 
(video-assisted retroperitoneal debridement or, 
if not feasible open necrosectomy,  n  = 10) in 
patients with infected necrotizing pancreatitis 
[ 53 ]. Patients underwent PCD, via a step-up 
approach, and if that failed, were randomized 
either to endoscopic necrosectomy or VARD. 
In the PENGUIN trial, the investigators utilized a 
surrogate marker post-procedural serum interleukin 
as the primary outcome rather than clinical end-
points due to small sample size. Secondary out-
comes included a composite clinical endpoint of 
death or major morbidity including new-onset 
multi-organ failure, intra-abdominal hemorrhage, 
perforation of a visceral organ needing interven-
tion, enterocutaneous or pancreatic fi stula. IL-6 
rose rapidly within the fi rst 24 h after surgical 
necrosectomy, but did not increase in the endo-
scopic group ( p  = 0.004). There were also strik-
ingly improved clinical outcomes in the 
endoscopic group. Major complications were 
signifi cantly reduced in the endoscopic group 
(20 % vs. 80 %, risk difference 0.6,  p  = 0.03). 
New-onset multi-organ failure did not occur in 
the endoscopic group and fewer patients devel-
oped pancreatic fi stula. The authors attributed the 
superior outcome to the use of a natural orifi ce as 
access route to the retroperitoneal cavity as com-
pared to surgical dissection which contributed to 
more physiological stress. Endoscopic interven-
tions were performed under moderate conscious 
sedation, obviating the need for general anesthe-
sia. General anesthesia is known to provoke or 
prolong systemic infl ammation in critically ill 
patients, but is widely utilized for ETD/ETN in 
the United States. These promising results need 
to be replicated in larger trials before being 
extrapolated into routine clinical practice. 

 There are many variations of technique and 
approaches for endoscopic necrosectomy. 
Varadarajulu et al. described a multi-gateway 
approach which uses multiple transmural entry 
sites created under EUS guidance, to facilitate 
rapid drainage in large symptomatic WON (mea-
suring >80 mm in diameter) [ 54 ] (see Fig.  17.6 ). 
Through the creation of two to three fi stulous 
tracts from the enteric lumen to the necrotic col-
lection, one tract may serve as a channel for irri-
gation while the other acts as an egress conduit for 
drainage of the necrotic contents and also mini-
mizes the probability of closed-space infection. 
However, the authors cautioned that this tech-
nique may not be feasible in smaller sized WON 
and those which are not in close approximation to 
the lumen. The Virginia Mason group has advo-
cated another variation consisting of combining 
percutaneous large-bore catheter drainage and 
debridement with internal transmural endoscopic 
drainage, in order to blend the advantages of 
both techniques, and in particular to avoid exter-
nal fi stulas [ 55 ,  56 ]. Lavage through the percuta-
neous approach with egress through the 
transmural fi stula theoretically facilitates more 
rapid debridement than either technique alone. 
Combined modality therapy was retrospectively 
compared with standard PCD alone, suggesting 
signifi cantly decreased hospitalization (26 vs. 55 
days,  p  < 0.0026), duration of external drainage 
(83.9 vs. 189 days,  p  < 0.002), number of CECTs 
(8.95 vs. 14.3,  p  < 0.002), drain studies (6.5 vs. 
13,  p  < 0.0001), and lower rate of external fi stula 
(0 vs. 3 patients) in favor of the combined modal-
ity therapy over percutaneous catheter-based 
management alone [ 56 ]. The authors postulated 
that the decreased need for external drainage and 
fi stula was the result of luminal exit for pancre-
atic secretions in those patients with discon-
nected pancreatic ducts, which was maintained 
by leaving cystogastrostomy stents in place 
indefi nitely. A major advantage of combining 
PCD and endoscopic internal drainage is the abil-
ity to perform “one-way” fl ushing of the percuta-
neous catheter on the fl oor at regular intervals (up 
to once every 8 h) that washes debris out of the 
cystenterostomy into the bowel lumen, rather 
than requiring egress through sometimes limited 
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size of percutaneous catheters (Figs.  17.17 , 
 17.18 ,  17.19 , and  17.20 ). Limitations of any tech-
nique based primarily on PCD are diffi culty 
reaching central collections and long duration of 
external drainage catheters, which may be quite 

limiting for ambulatory patients once discharged. 
However, the principle of combining endoscopic 
and percutaneous techniques is a sound one that 
deserves wider application.

      Two factors render endoscopic visualization 
of the contact point with a collection and GI tract 
diffi cult. One is the location in the tail of the pan-
creas. The second is the low serum albumin which 
is prevalent in profoundly moribund patients and 
results in diffuse edema of the gastrointestinal 
mucosa. The use of endoscopic ultrasound-
guided drainage has been shown in two random-
ized controlled trials involving pseudocysts to 
signifi cantly increase rate of successful access 
to the collection, with a trend towards reduced 
complications, likely because of enhanced visual-
ization and transluminal targeting of the collection, 
and because of ability to identify and avoid vascu-
lar structures [ 57 ,  58 ] (see Figs.  17.8  and  17.9 ). 

 Complications are relatively common with 
endoscopic transluminal necrosectomy. A recent 
systematic review of endoscopic necrosectomy 
pooling the results of ten studies involving 260 
patients (60 % infected necrosis) showed a 

  Fig. 17.19    Endoscopic placement of jejunal feeding tube 
to ligament of Treitz through percutaneous endoscopic 
gastrostomy tube that was just inserted during same pro-
cedure. Enteral feeding is a critical component of treat-
ment of WON in ill patients and may interfere with or 
delay endoscopic treatments unless stomach is fi xated to 
abdominal wall using sutures or T-tacks       

  Fig. 17.17    Fluoroscopy showing “one way” fl ushing 
possible via left fl ank percutaneous catheter drain that 
communicated with endoscopic cystogastrostomy.  Arrows  
show direction of fl ow of contrast through left fl ank drain, 
through cavity, and out into stomach       

  Fig. 17.18    Fluoroscopy showing “rendezvous” between 
endoscopic transluminal necrosectomy with endoscope 
passed though cystogastrostomy and meeting with percu-
taneous left fl ank retroperitoneal catheter       
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  Fig. 17.20    External view 
of same patient in 
Fig.  17.19  showing gastros-
tomy tube ( red  clamp to 
screen left) with jejunal 
extension receiving jejunal 
feeds, because of inability 
to tolerate oral nutrition. To 
screen right (posterior left 
fl ank) is retroperitoneal 
percutaneous catheter with 
drainage of purulent con-
tents placed as adjunct to 
endoscopic transmural 
drainage and necrosectomy 
for very large WON extend-
ing to left fl ank and pelvis       

  Fig. 17.21    Different 
patient than Fig.  17.20 , 
showing bleeding through 
left fl ank percutaneous 
drain in very large infected 
WON after aggressive 
endoscopic transluminal 
necrosectomy. This proved 
to be herald bleeding from 
a pseudoaneurysm of the 
splenic artery requiring 
angiographic embolization 
(see Fig.  17.22 )       

procedure- related morbidity in 27 % of patients. 
The most commonly reported complication was 
bleeding, which may occur during access to the col-
lection, particularly if a vessel is punctured during 
dilatation of the transmural tract, and during the 
actual debridement of the necrotic material [ 52 ] 

(Figs.  17.21  and  17.22 ). Other serious and occa-
sionally fatal complications have been reported 
[ 39 – 58 ]. Perforation may be due to  dissection of 
air (or preferably carbon dioxide used for insuffl a-
tion during necrosectomy) (Fig.  17.23 ). Stents or 
untreated necrosis may fi stulize to vessels, bowel, 
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or even through the diaphragm (Fig.  17.24 ). Air 
embolism is a very rare but potentially fatal 
 complication due to dissection of air through 
 retroperitoneal veins into the systemic circula-
tion. Carbon dioxide is increasingly used for 
insuffl ation during necrosectomy and endoscopy 
in general for many reasons, and is thought to 
reduce risk of embolism.

      Not all necrotic collections are amenable for 
endoscopic necrosectomy; when necrosis is poorly 
organized, does not abut the lumen of the stomach 
or duodenum, or extends deeply into the retroperi-
toneum or other areas, use of substitute or adju-
vant approaches needs to be considered. Although 
the balloon size utilized to dilate the cystenteros-
tomy may be correlated with the success of the 
procedure [ 38 ], the ideal balloon size is yet to be 
determined. Probably the aspect most in fl ux is 
which type of stent to use in the cystenterostomy. 
While two or more 10F double pigtail stents have 
been utilized traditionally, increasingly large bore 
(10-20 mm) fully covered metallic stents, includ-
ing even larger covered esophageal stents, are 
being used more commonly. A newly designed 
“spool-shaped” shallow wide bore stent specifi -
cally designed for cystenterostomy have also been 
developed, one of which (Axios) has recently 

  Fig. 17.23    CECT (axial image) showing extensive intra-
peritoneal free air after fi nal session of endoscopic trans-
luminal necrosectomy (cystogastrostomy stents and 
collapsed necrotic cavity can be seen to screen right). 
Patient was managed conservatively with nasogastric suc-
tion, bowel rest, and antibiotics       

  Fig. 17.22    Angiography showing very large extravasa-
tion of contrast from splenic artery due to pseudoaneu-
rysm (same patient as Fig.  17.21 )       

  Fig. 17.24    CECT (coronal image) showing complication 
of endoscopic transmural drainage of infected WON just 
under diaphragm: a large fi stula has developed ( arrows ) 
through the diaphragm into the left pleural space resulting 
in empyema. The defect was thought to be due to erosion 
of the stent through the diaphragm, combined with unre-
solved infected necrosis. The patient recovered fully after 
requiring two chest tubes and one session of video- 
assisted thoracic surgery to close the diaphragmatic defect       
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become available in the US [ 59 – 63 ]. Potential 
advantages of large-bore fully covered metallic 
stents include creation of a very large (up to 2 cm) 
cystenterostomy, allowing spontaneous digestion 
and egress of necrotic material with less need for 
mechanical debridement. 

 The optimal schedule for endoscopic debride-
ment, the completeness of required necrosectomy 
required once undertaken, and need for repeat 
imaging remain uncertain. ETD/ETN is a time- 
consuming and labor-intensive process, which 
demands a special commitment by the patient 
and the entire team of physicians. It is best to 
undertake these procedures either in the operat-
ing room or in the endoscopic suite in close prox-
imity to the operating room. Since the training 
requirement and the learning curve are unknown, 
this procedure is best performed by highly expe-
rienced and specialized endoscopists with the 
support of surgeons, interventional radiologists, 
and intensivists. Despite these limitations, the 
promising outcomes and the safety profi le sug-
gest that endoscopic necrosectomy is a central 
addition to the evolving techniques for the man-
agement of WON.  

    Laparoscopic Debridement 

 Laparoscopic-assisted pancreatic debridement is 
performed with laparoscopic visualization fol-
lowed by hand-assisted or laparoscopic necrosec-
tomy through a separate port, or alternatively by 
creation of a cystenterostomy via a transgastric or 
retrogastric approach [ 5 ,  64 – 69 ]. Laparoscopic 
debridement, although conceptually appealing, 
has gained little acceptance, especially in ill 
patients with infected necrosis, because it usually 
involves a transperitoneal route and thus risk of 
disseminating retroperitoneal infection into the 
peritoneal cavity [ 5 ]. 

 Gagner and colleagues pioneered the treat-
ment of pancreatic necrosis using three different 
minimally invasive approaches: transgastric, ret-
rogastric retrocolic, and a full retroperitoneo-
scopic technique in eight patients [ 65 ]. Bucher 
et al. demonstrated the successful use of single- 
port laparoscopic necrosectomy in 8 patients 

with infected WON patients not responding to 
radiological drainage [ 64 ]. The authors reported 
that the use of a single large port laparoscopic tro-
car enabled good visualization for debridement 
and extraction. Only one patient needed a repeat 
minimally invasive necrosectomy. No periopera-
tive complications or postoperative morbidity 
was reported. Parekh and colleagues reported on 
a series of 19 patients undergoing laparoscopic 
hand-assisted necrosectomy through a transperi-
toneal infracolic approach [ 66 ]. Only 1 of the 19 
patients needed conversion to open necrosec-
tomy. The authors demonstrated a signifi cantly 
reduced local peritoneal and systemic immune 
response following laparoscopic approach 
compared to open necrosectomy, as well as no 
postoperative complications such as wound 
dehiscence or external bowel fi stulae, and a 
shorter hospital stay. Fischer et al. described 
a novel laparoendoscopic rendezvous maneuver 
which was successful in fi ve out of six cases of 
symptomatic WON [ 69 ]. 

 Overall, laparoscopic necrosectomy has a 
clinical success rate of 70–95 %, morbidity of 
approximately 20 %, and mortality of 0–18 %. 
Laparoscopic debridement through a transgastric 
route via cystenterostomy is less likely to injure 
major vessels and thus may avoid the associated 
risk of visceral ischemia and bleeding. A trans-
peritoneal approach enables access to areas 
 inaccessible through endoscope to the lesser sac, 
right and left paracolic gutters, perinephric space, 
retroduodenal space, and root of the mesentery. 
Single large-port laparoscopic necrosectomy 
 permits resection of a large amount of necrotic 
debris and may obviate the need for repeated 
interventions. It also permits simultaneous lapa-
roscopic cholecystectomy in patients with biliary 
pancreatitis. However, it is unclear if the pneu-
moperitoneum created during laparoscopy has 
deleterious effects in hemodynamically unstable 
patients. The laparoscopic approach to WON 
should be undertaken by highly experienced min-
imally invasive surgeons, and the transgastric 
approach only in cases in which the collection 
closely abuts the stomach lumen. Laparoscopic 
debridement appears to be a valid therap eutic 
option which defi nitely warrants further 
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 refi nement and investigation. At present, it may 
be most widely applicable for patients with well- 
organized necrosis who are scheduled to undergo 
simultaneous cholecystectomy late in the course 
of the disease [ 5 ].  

    Minimally Invasive Retroperitoneal 
Approach 

 Once a radiological image-guided percutaneous 
tract is established by a retroperitoneal route, a 
wide array of minimally invasive techniques are 
available to perform necrosectomy [ 5 ,  32 ,  70 –
 75 ]. Minimally invasive necrosectomy via a fl ank 
tract has evolved from an adjunct to open debride-
ment through lumbar incision (as guided by the 
percutaneous drain) to a primarily endoscopic 
technique for thorough irrigation and debride-
ment (see Figs.  17.6  and  17.7 ). All variants of 
retroperitoneoscopy are collectively known as 
either sinus tract endoscopy or VARD [ 32 ,  70 –
 76 ]. Sinus tract endoscopy involves intraopera-
tive dilatation of the percutaneous drain tract 
followed by irrigation, lavage, and suction using 
a nephroscope or fl exible endoscope. Gambiez 
et al. was the fi rst to report this technique by 
using a mediastinoscope in a series of 20 patients 
with infected necrosis, and reported a success 
rate of 75 % with 10 % mortality [ 71 ]. Carter 
et al. used a nephroscope and long grasping for-
ceps for debridement and continuous irrigation 
after serial dilation to 30F tract under fl uoro-
scopic guidance [ 74 ]. Multiple sessions were 
needed to adequately evacuate all of the necrotic 
debris. Horvath et al. subsequently described the 
VARD technique, which involved a small sub-
costal incision (5 cm or less) to access the retro-
peritoneal necrotic collection, followed by 
limited blunt dissection and then placement of a 
port through which a videoscope was inserted 
[ 70 ,  72 ]. Debridement was achieved with hydro- 
dissection and a long laparoscopic spoon forceps 
inserted through a second port. Only loosely 
adherent debris was removed, thereby mini-
mizing the risk of trauma to underlying blood 
vessels and other structures. Following irrigation 
with normal saline, the percutaneous drain was 

replaced by two large-bore single-lumen drains, 
one placed at the deepest point of the cavity, and 
the other positioned closer to the incision. 
Continuous postoperative lavage was performed 
with normal saline until the effl uent was clear. 
A repeat CECT was performed to evaluate reso-
lution of the collection. 

 While theoretically appealing, the benefi ts of 
a minimally invasive retroperitoneal approach 
were not initially apparent. The Liverpool pan-
creas group retrospectively compared 137 
patients who underwent retroperitoneal mini-
mally invasive techniques to a cohort of patients 
who underwent open necrosectomy during the 
same period. The reported complications and 
mortality rates were lower in the minimally inva-
sive group than in the open surgically treated 
group (55 % vs. 81 %, and 19 % vs. 38 %, 
 p  = 0.009, respectively) [ 73 ]. A Taiwanese group 
recently proposed a “delay until liquefaction” 
strategy wherein surgery was delayed until the 
retroperitoneal necrosis liquefi ed and reached the 
left fl ank [ 75 ]. A sump drain was placed via a 
small left fl ank incision that remained in place for 
an average period of 4 months. They reported 
success in 17 out of 19 patients without the need 
for multiple dilations and debridement proce-
dures. Other case series of minimally invasive 
retroperitoneal approaches have estimated peri- 
procedural complication rates to be less than 
5 %, median number of interventions to be less 
than 3, and mortality ranging from 0 to 20 %. 

 VARD and sinus tract endoscopy are rela-
tively simple and cost-effective techniques that 
can be performed by any gastrointestinal surgeon 
with basic laparoscopic or endoscopic skills. 
Utilizing minimal or no incisions, surgeons have 
been able to perform large necrosectomies, 
resulting in shorter operating time and lesser 
need for repetitive procedures. These techniques 
are particularly suitable for collections extending 
deep into the left side of the retroperitoneum that 
are partly liquefi ed. Collectively, minimally inva-
sive retroperitoneal debridement techniques have 
a clinical success rate of 60–84 %, morbidity of 
up to 90 %, and mortality of 0–40 % [ 5 ]. As in all 
series, case selection and patient comorbidity are 
likely dominant factors in outcomes. 
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 Limitations of minimally invasive retroperito-
neal approaches include limited applicability to 
WON of the head and the uncinate process, 
which may not be readily amenable for percuta-
neous drainage via a retroperitoneal approach. 
Also, any technique that involves an external per-
cutaneous approach is associated with a substan-
tial risk of external pancreatic fi stula, especially 
in patients with disconnected pancreatic duct 
(Fig.  17.25 ). Sinus tract endoscopy involves the 
use of C-arm fl uoroscopy and thereby additional 
risks of radiation exposure and possible increased 
costs. Although a reduction in morbidity has 
been clearly demonstrated using these techniques 
in comparison to open necrosectomy, a reduction 
in mortality or reduction in hospital stay has not 
been clearly demonstrated for minimally invasive 
retroperitoneal techniques.

       Step-Up Approach 

 The Dutch Pancreatitis Study Group recently pub-
lished the fi ndings of a landmark trial comparing 
a minimally invasive “step-up” approach with tra-
ditional open necrosectomy for patients with 

infected necrosis [ 16 ]. The PANTER trial involved 
seven university and 12 major teaching hospitals 
across the Netherlands. Eighty-eight patients with 
proven or suspected infected necrosis were ran-
domly assigned to undergo either primary open 
necrosectomy with continuous postoperative 
lavage ( n  = 45) or the step-up approach ( n  = 43). 
Step-up approach consisted of initial percutane-
ous (or in a few cases endoscopic) drainage, and if 
there was no clinical improvement within 72 h, a 
second drainage was performed followed by 
VARD; patients then underwent open necrosec-
tomy if that strategy failed. Combined endpoints 
of death or major morbidity were signifi cantly 
lower in the step-up approach than in the open 
surgery group (40 % vs. 69 %,  p  = 0.006). 
Similarly, rates of new-onset multi-organ failure 
(12 % vs. 40 %), incisional hernia (7 % vs. 24 %), 
new-onset diabetes mellitus (16 % vs. 38 %), 
and pancreatic enzyme use (7 % vs. 33 %) were 
all signifi cantly lower in the step-up group. The 
PANTER trial provides compelling evidence for a 
minimally invasive strategy for patients with sus-
pected or confi rmed infected necrosis. The same 
group has recently embarked on a nationwide 
 randomized trial comparing the outcomes of 
the percutaneous and the endoscopic step-up 
approach, with initial drainage and debridement 
as needed both performed by the same route as the 
initial drainage, i.e., VARD or endoscopic necro-
sectomy (TENSION trial, registration number 
ISRCTN09186711) [ 76 ].  

    Disconnected Pancreatic Duct 

 Disconnected pancreatic duct represents isola-
tion of an upstream portion of viable pancreas 
caused by dissolution or disruption of a central 
portion of the pancreas either by necrosis or by 
surgical or instrumental intervention. Subsequent 
fi stulas either to internal organs or to the skin are 
common, as are recurrent pancreatic fl uid col-
lections after necrosis is evacuated. Management 
of disconnected duct represents a challenge for 
all disciplines involved [ 5 ]. Options include 
endoscopic transpapillary stenting, which often 
fails in the long term, leaving cystenterostomy 

  Fig. 17.25    CECT (axial image) showing disconnected 
pancreatic duct ( arrow ) 2 years after endoscopic translumi-
nal necrosectomy, with dual double pigtail stents left in 
place indefi nitely to prevent recurrent fl uid collections. The 
patient developed infl ammatory pancreatitis around the dis-
connected tail after the central end of the remnant pancre-
atic duct closed off, with subsequent ischemic colitis and 
requiring distal pancreatectomy and left hemicolectomy       
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stents in place indefi nitely, endoscopic and/or 
percutaneous rendezvous to reconnect the duct, 
percutaneous techniques for gluing or occluding 
fi stulas, and surgery including internal drainage 
operations, or resection of remaining upstream 
isolated pancreas with or without islet cell auto-
transplantation [ 77 ]. As such, careful consider-
ation of all options should be evaluated with 
input from all relevant specialties.  

    Overall Strategy for Interventions 
in Necrotizing Pancreatitis 

 As there are now so many options for interven-
tions in necrotizing pancreatitis, in reality the 
strategy at any center tends to be led by the spe-
cialist or specialists with the most interest and 
experience, be they surgeons, interventional 
 radiologists, or endoscopists. A center focused on 
necrotizing pancreatitis should have all three 
 specialists available and collaborating in man-
agement decisions regarding all incoming 
patients with necrotizing pancreatitis. 

 Our center’s approach has been to individual-
ize the approach depending on the acuity and sta-
bility of the patient, and the size, location, extent, 
and maturity of the collection or collections. All 
decisions for intervention are made in collabora-
tion between interventional endoscopy, critical 
care surgery, and interventional radiology. Ill 
patients are generally managed in the surgical 
intensive care unit. All active patients are reviewed 
at a weekly interdisciplinary conference specifi -
cally dedicated to acute pancreaticobiliary dis-
ease management. 

 One of the central challenges is providing 
early and adequate nutrition. Enteral nutrition has 
been shown consistently to be superior to paren-
teral nutrition, with best outcomes when started 
within fi rst day or two of hospitalization for 
severe acute pancreatitis. Nasojejunal or nasogas-
tric tube feeding is limited for long-term nutri-
tion, especially once patients become ambulatory. 
Percutaneous endoscopic gastrostomy with jeju-
nal tube extension is advisable for many patients. 
However, conventional passive gastrostomy 
allows risk of dehiscence or leakage, especially 

during repeated endoscopic interventions. As 
such, use of T-fasteners as commonly performed 
by interventional radiology, or a newly described 
endoscopic full-thickness suturing technique for 
gastrostomy is advised if the patient is to undergo 
endoscopic necrosectomy (Attam R, personal 
communication) see (Figs.  17.19  and  17.20 ). 

 For walled-off collections abutting the stom-
ach or duodenum, and especially central collec-
tions, endoscopic approach is recommended as 
the primary technique. For very large collections, 
two separate cystenterostomies, usually transgas-
tric and transduodenal, are recommended. 
However, many situations call for combining per-
cutaneous techniques. Especially if collections 
require early intervention because of infection but 
are poorly demarcated, or extend deeply into the 
abdomen, typically into the pelvis, percutaneous 
techniques should be primarily utilized,  followed 
by minimally invasive retroperitoneal necrosec-
tomy if insuffi cient. It is always preferable for a 
percutaneous catheter to be placed via a retroperi-
toneal posterior route rather than anterior/trans-
peritoneally, as that will allow subsequent sinus 
tract endoscopy or VARD without dissemination 
of infection throughout the peritoneal cavity. 
Endoscopic transluminal drainage can be per-
formed as an adjunct to avoid external fi stulae, 
which then provides a major advantage in that 
aggressive fl ushing of percutaneous catheter on 
the fl oor results in one-way lavage of necrotic 
material through the cystenterostomy, rather than 
requiring egress out the percutaneous catheter. 

 For deep collections that persist after PCD, 
 retroperitoneal fl exible endoscopic approaches 
through the percutaneous tract are ideal, and are 
essentially identical to those performed via an 
endoscopic transluminal route but with greater 
reach into the pelvis, and can be performed during 
the same anesthesia as the per-oral necrosectomy.  

    Consensus Recommendations 
and Future Directions 

 Results of a multidisciplinary consensus confer-
ence on interventions for necrotizing pancreatitis 
have been published recently, representing the fi rst 
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contemporary consensus guidelines incorporating 
minimally invasive interventions for necrotizing 
pancreatitis. Subsequently, a consensus meeting 
was convened by the International Association 
of Pancreatology and the American Pancreatic 
Association regarding management of acute pan-
creatitis. Both consensus meetings included leading 
surgeons, endoscopists, radiologists, and medical 
pancreatologists with special interest and expertise 
in severe acute pancreatitis. Findings and recom-
mendations were similar between both. When inter-
vention was indicated   , a step-up approach utilizing 
percutaneous or endoscopic drainage followed by 
minimally invasive or endoscopic necrosectomy 
was recommended, with traditional open necrosec-
tomy reserved as a second- line intervention for 
patients who fail minimally invasive approaches. 
No specifi c recommendations were made as to 
combining approaches. 

 In the future, areas of further studies include 
improved ways for recognizing and predicting 
patients at risk for developing pancreatic necrosis, 
optimal early strategies to minimize risk of pro-
gression to pancreatic necrosis, and identifying 
factors associated with development of infection 
and organ failure in patients who develop necro-
sis. On the technical front, refi nements in endo-
scopic and minimally invasive retroperitoneal 
necrosectomy will likely include larger remov-
able covered stents for cystenterostomy, and 
hopefully devices allowing performance of secure 
large-bore stapled cystenterostomy. In addition, 
there will no doubt be improved devices for direct 
endoscopic debridement, and  perhaps dissolution 
agents to facilitate liquefaction and evacuation of 
solid necrosis. Most importantly, combinations of 
techniques such as endoscopic transluminal and 
minimally invasive retroperitoneal necrosectomy 
may prove superior to single techniques for very 
extensive collections. Laparoscopic and percuta-
neous techniques will also progress to the point 
that any minimally invasive intervention will 
likely become defi nitive rather than require 
repeated procedures as is currently typical. 

 It should be emphasized that no single 
approach can be applied universally to all patients 
with necrotizing pancreatitis, so that the ideal 
approach for a particular patient should be deter-

mined based on the individual clinical scenario. 
Combinations of techniques in the same patient 
may prove superior to any single approach. Given 
the complexity associated with minimally inva-
sive techniques for necrosectomy, patients with 
severe acute pancreatitis should be managed by a 
multidisciplinary team consisting of specialists 
from surgery, interventional endoscopy, interven-
tional radiology, and critical care.     
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