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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 

        E.   Afghani ,  M.D., M.P.H.     
  Department of Gastroenterology , 
 Johns Hopkins Hospital ,   1830 East Monument , 
 Baltimore ,  MD   21205 ,  USA   
 e-mail: eafghan1@jhmi.edu  

    V.  K.   Singh ,  M.D., M.Sc.      (*)
  Division of Gastroenterology , 
 Pancreatic islet autotransplantation program , 
  Johns Hopkins Hospital ,  Baltimore ,  MD ,  USA   
 e-mail: vsingh1@jhmi.edu  

 3      Sterile and Infected 
Pancreatic Necrosis 

           Elham     Afghani       and     Vikesh     K.     Singh     

http://dx.doi.org/10.1007/978-1-4939-0971-1_1
mailto:eafghan1@jhmi.edu
mailto:vsingh1@jhmi.edu


30

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 )       

 

E. Afghani and V.K. Singh



33

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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