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Definitions 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 define it. Numerous attempts to define pancre-
atitis have been made over the years. In 1992,
under the leadership of Edward Bradley [1], the
Atlanta Classification 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 classification
system was revised in 2012, with a goal to pro-
vide more objective, clear terms to better classify
and define the severity of pancreatitis and its
local complications [2]. This modern classifica-
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
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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, defined 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 first
weeks of illness is important in stratification 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
defined in the original and revised Atlanta
Classifications [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 inflammatory changes in the surrounding fat.
The defining 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 first 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 defining 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) find-
ings of necrosis include non-enhancement of
pancreatic parenchyma as well as inflammatory
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 first 7 days) is likely to under-
estimate the extent of tissue necrosis.

Necrotizing pancreatitis can be further classi-
fied 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-
sison 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 first
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
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cytokine cascade that this elicits and is characterized
by the systemic inflammatory 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 inflammation continues and
leads to further disease processes. This continued
systemic inflammation defines 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 inflammatory response
syndrome (SIRS)

General variables
Fever (core temp >38.3 °C)
Hypothermia (core temp <36 °C)
Heart rate >90 bpm
Tachypnea
Altered mental status

Significant edema or positive fluid balance (>20 mL/kg
over 24 h)

Hyperglycemia in the absence of diabetes
Inflammatory 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 filling
Created with data from [7]
bpm beats per minute, MAP mean arterial pressure, SBP

systolic blood pressure, s.d. standard deviations, SvO,
venous oxygen saturation, WBC white blood cell count
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Stratification of Severity

Stratification 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 stratifica-
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 Classification
of Acute Pancreatitis provides clear clinical char-
acteristics that help to define the degree of pan-
creatitis that is present [2]. The presence or
absence of organ failure, local complications,
and/or systemic complications defines 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 defined 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].
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Moderately Severe Acute Pancreatitis

MSAP is defined 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 fluid 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 fluid 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 Definitions of severity in acute pancreatitis, modified from the Revised Atlanta Classification System

Mild acute pancreatitis

Transient organ failure No
(<48 h duration)
Persistent organ failure No

(>48 h duration)

Local complications
collections which usually

Rare, can develop acute fluid

Moderately severe Severe acute

acute pancreatitis pancreatitis
Yes Yes
No Yes

Can be present Usually present

resolve without intervention

Mortality risk Rare

Created with data from [2]

<8 % 30-50 %
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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].

Defining 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 Classification divides these into
four distinct groups, defined by their contents and
architecture. Correct diagnosis is important, as
management and potential complications of these
collections can differ significantly. Collections
containing only fluid are defined as either acute
peripancreatic fluid collections or pancreatic
pseudocysts, whereas acute necrotic collections
or walled-off necrosis are collections of necrotic
tissue with or without a fluid component.

Acute peripancreatic fluid collections are fluid
collections that develop during the early phase of
edematous pancreatitis in the fascial planes of the
retroperitoneum. They do not have any defining
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 fluid, with no solid
components, that have a well-defined, circum-
scribing wall. The fluid 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 fluid accumulates
within the necrosectomy space.

Acute necrotic collections are defined as a
collection of variable amounts of necrotic tissue
with or without fluid, which occurs within
4 weeks of an episode of pancreatitis. These col-
lections may be loculated and may be difficult to
differentiate from acute pancreatic fluid collections
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when imaging performed during the first week of
the disease process; therefore, sequential imag-
ing is often helpful to fully define the collection.
MRI and ultrasound may help to better define 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
identification 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 findings of
necrosis and fluid collection, has been shown to
correlate with statistical significance 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 first 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 inflamma-
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 difficult given the
severe inflammation 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
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intervention was futile and associated with high
mortality. Identification of patients likely to benefit
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 significantly 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 fluid
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
benefit 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 benefit compared to jejunal feeding [17,
18]. Any abdominal interventions should be lim-
ited in this acute phase of active inflammation,
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 inflamma-
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 defined 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 fluid 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
inflammation 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 difficult 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 inflammatory 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
first step. If feasible, repair and exclusion of the
pseudoaneurysm is performed, however, given
the massive inflammation in the area surrounding
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Fig. 16.1 Intraoperative findings 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
fluid 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

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. Definitive 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 inflammatory phase
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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 finding of gas in necrotic tissue spaces on
cross-sectional imaging confirms the diagnosis.
In our experience, the presence of gas is fre-
quently associated with duodenal or enteric fistulae.
Without gas within the necrotic area on imaging,
infected necrosis can be diagnosed via image-
guided fine-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
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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 proinflammatory
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 inflamma-
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 confirmed 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
definitive 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 defined for
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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 field and the guide-
wire from retroperitoneal approach in right camera field

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
significantly lower rates of new-onset organ fail-
ure, as well as fewer longer-term complications
such as pancreatic insufficiency. In addition,
health care resource utilization and ICU readmis-
sion rates were significantly 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 benefit of these approaches
is that pancreatic fistulas will not develop, as all
pancreatic fluid produced will be drained into the
stomach or intestine. However, a significant disad-
vantage is that multiple procedures are needed to
remove sufficient 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.

e 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, fis-
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 first 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



16 Surgical Approaches

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 fistula
development occur with high rates in this approach
[23]. Endoscopic drainage, either via transpapil-
lary or transmural approach, has a high success
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Fig. 16.3 Specimen of the duodenum and pancreatic
head after Whipple procedure resection for recurrent pan-
creatitis in a patient with persistent pancreatic fistula.
Note the enteric staining of cut surface of pancreatic head

rate in experienced hands, and lower risk of fistula
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 difficult 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 fistulas due to acute
pancreatitis is managed in a similar fashion to
fistulas of other etiologies. Conservative manage-
ment is usually attempted first (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 fis-
tulas, as the stenting decreases the intraductal
pressure and helps shunt the pancreatic secretions
into the duodenum instead of the fistula [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 fistula, the patient may undergo Whipple pro-
cedure (Fig. 16.3), Roux-en Y pancreaticojeju-
nostomy, cystojejunostomy, or distal pancreatic
resection [25].
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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 benefit 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 benefit [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 unfit
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 difficult and
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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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