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Introduction

Acute pancreatitis encompasses a wide range of severity,
from mild and self-limited to lethal. This chapter will focus
on medical and surgical management of severe pancreatitis
requiring intensive care unit admission. We address the most
common clinical questions related to care of severe acute
pancreatitis, such as which patients should receive antibiot-
ics, the best method of nutrition, which patients require sur-
gery, what is the optimal surgical approach, and others.

Epidemiology and Etiology

Acute pancreatitis is the most common gastrointestinal dis-
order requiring hospitalization in the United States with an
estimated 274,000 hospitalizations in 2009, and its incidence
appears to be increasing [1, 2]. The most common causes of
acute pancreatitis are ethanol ingestion and gallstones. Less
frequent causes include instrumentation of the bile or pan-
creatic ducts (endoscopic retrograde cholangiopancreatogra-
phy [ERCP]), medications (especially  diuretics,
antiepileptics, and protease inhibitors), hypertriglyceride-
mia, hypercalcemia, congenital anatomic or genetic condi-
tions (e.g., pancreas divisum or CFTR mutation), mumps,
pancreatic neoplasm, and trauma or hypoperfusion. In
10—15% of cases, the cause is not identified, though evidence
is increasing that a significant percentage of these cases may
be due to occult biliary tract disease [3]. The overall mortal-
ity is 2—4%, though the mortality rate of patients requiring
intensive care is significantly higher [2, 4].

P. Fagenholz
Division of Trauma/Acute Care Surgery, Massachusetts General
Hospital, Harvard Medical School, Boston, MA, USA

M. de Moya (<)

Division of Trauma, Acute Care Surgery, Medical College
of Wisconsin, Froedtert Hospital, Milaukee, WI, USA
e-mail: mdemoya@mcw.edu

© Springer International Publishing AG, part of Springer Nature 2018

Pathophysiology

The pathophysiology of acute pancreatitis is poorly
understood. The most common causes of acute pancreatitis
can generally be broken down into mechanical (gallstones,
ERCP) or systemic (alcohol, medications, hypercalcemia,
hypertriglyceridemia). There are two suggested mechanisms
whereby the mechanical causes result in acute pancreatitis:
obstruction of the ampulla or bile reflux into the pancreatic
ductal system. How systemic agents trigger acute pancreati-
tis is even less clear.

Most investigators agree that, whatever the inciting mech-
anism, acute pancreatitis results from activation of trypsin
within the pancreatic acinar cells. The pancreas has mecha-
nisms for preventing intracellular trypsin activation and
counteracting low levels of activation, but when these mech-
anisms are overwhelmed, pancreatic autodigestion ensues,
which can progress beyond the gland itself and into the sur-
rounding peripancreatic tissues. This local injury can in turn
activate a variety of local, regional, and systemic inflamma-
tory mediators (complement, interleukins, phospholipase
A2) which may be responsible for the systemic effects seen
in severe acute pancreatitis [5]. For the intensivist, the rele-
vance is that acute pancreatitis can trigger a profound SIRS
response and septic shock-like physiology even in the
absence of infection.

Diagnosis, Classification, and Severity

The diagnosis of acute pancreatitis is based on the identifica-
tion of two of the following three criteria: (1) clinical (central
upper abdominal pain, often with associated nausea and
vomiting, and sometimes radiating to the back), (2) labora-
tory (serum amylase or lipase greater than three times the
upper limit of normal), and (3) radiographic (imaging (usu-
ally CT or MRI) characteristic of acute pancreatitis). Imaging
is rarely required to make the diagnosis of acute pancreatitis,
which can usually be made on the basis of clinical and
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biochemical parameters alone. Imaging should only be used
acutely when the diagnosis is unclear and is typically more
valuable later in the course of disease to better define local
complications (discussed below). In critically ill patients in
which the diagnosis is unclear, CT with intravenous contrast
is highly sensitive and specific and can also assess for many
critical alternative diagnoses such as perforated peptic ulcer,
aortic pathology, or mesenteric ischemia. The etiology of
any episode of pancreatitis should be sought, as it may allow
prevention of recurrent episodes. When there is no obvious
inciting factor such as heavy alcohol use or recent ERCP,
abdominal ultrasound should be performed to evaluate for
gallstones as a potential cause.

There have been several classification systems for acute
pancreatitis severity through the years, each with its inherent
strengths and weaknesses. In theory such systems are most
practically useful to the intensivist for triage and early iden-
tification of patients at high risk of complications who might
benefit from initial resuscitation in an ICU setting. The pres-
ence of SIRS or organ failure on presentation and at 48 h is
considered the best predictor of severity of acute pancreati-
tis. Complex or pancreatitis-specific severity scoring sys-
tems (e.g., Ranson, Glasgow, Balthazar, APACHE II) do not
perform better and need not be calculated [6, 7]. Overall, at
least 80% of acute pancreatitis is mild, and 20% is severe or
moderately severe.

Initial Management

Fluid Resuscitation Severe or moderately severe pancreati-
tis patients often manifest systemic signs of inflammation.
Fluid resuscitation is required in the acute phase with a bal-
anced electrolyte solution, e.g., Ringer’s lactate [8]. The rate
and total amount of fluid used during initial resuscitation can
be difficult to predict. The consequences of under-
resuscitation include end-organ damage, in particular renal
failure. Over-resuscitation can be complicated by pulmonary
edema, respiratory failure, and abdominal compartment syn-
drome. The “sweet spot” between under- and over-
resuscitation can be difficult to identify. Studies have shown
increased morbidity and mortality when initial resuscitation
is undertaken with 10—15 mL/kg/hr. compared to 5—-10 mL/
kg/hr. We suggest initial resuscitation with Ringer’s lactate
solution at 5—10 mL/kg/hr. with continuous reassessment of
the endpoints of resuscitation. Relevant endpoints include
clinical (e.g., heart rate, blood pressure, urine output), inva-
sive (e.g., stroke volume variation), and biochemical (e.g.,
base deficit, lactate) parameters [9].

Pancreatitis patients can typically be divided into respond-
ers and nonresponders to initial fluid resuscitation. Most
responders will manifest signs of improvement clinically and
in measured endpoints of resuscitation within the first 4 L of

fluid administration. Those who do not respond after 2—4 L
may need vasopressor support (i.e., norepinephrine, vaso-
pressin) in addition to ongoing volume resuscitation. Many
of the patients who do not respond to this early resuscitation
may never respond favorably even to massive resuscitation.
One pitfall is to persist with high-volume fluid resuscitation
in the hopes of achieving endpoints (low HR, improved urine
output, whatever it may be) that will never be achieved with
any volume of fluid administration, due to the severity of the
underlying inflammation. In these patients, the complica-
tions of fluid overload can accumulate without any concomi-
tant improvement in perfusion or organ function. Ask
yourself in patients who have not shown significant improve-
ment after high-volume fluid administration (e.g., 6-8 L):
what will the ninth or tenth liter of fluid accomplish that the
first eight did not? Starting early aggressive fluid resuscita-
tion is the cornerstone of medical therapy of severe acute
pancreatitis and is simple but must be judicious in nature.
Knowing when to stop is just as important but can be a more
difficult and nuanced decision. A balance between fluid
resuscitation to meet the needs of the capillary leak and the
use of vasopressors to meet the needs of a dilated distributive
shock state is important.

Nutrition In mild pancreatitis oral intake can be resumed as
soon as abdominal pain and laboratory parameters are
improving, often within the first 24 h after presentation.
Neither needs to be completely resolved before resuming
oral intake. Oral intake can be rapidly advanced to a full
solid diet. Indeed, one randomized controlled trial showed
that initial oral intake can be with a full solid diet [10, 11]. In
patients with severe pancreatitis requiring nutritional supple-
mentation, enteral feeding should be the primary therapy and
initiated early (24—48 h after initiation of resuscitation). No
specific formulation or immunonutrition has been shown to
improve outcomes. Nasogastric feeding if tolerated is equiv-
alent to nasojejunal feeding, acknowledging that it may be
less well tolerated in pancreatitis patients than in other criti-
cally ill patients due to mechanical compression of the gas-
tric outlet or relative gastric dysmotility induced by
inflammation in the lesser sac, since the pancreas abuts the
posterior gastric wall and the duodenum. Parenteral nutrition
should only be used in patients who cannot reach nutritional
goals with enteral nutrition within 5-7 days [12-15].

Prevention, Diagnosis, and Treatment of Infection About
20% of pancreatitis is associated with detectable necrosis of
pancreatic or peripancreatic tissue. About 20-30% of the
time, this necrosis is complicated by infection. This is the
primary indication for mechanical intervention (drainage or
debridement) in acute pancreatitis, which is discussed in
more detail below. Preventing infection could reduce the
need for intervention and any associated morbidity, while
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prompt diagnosis and treatment of infection can limit the
morbidity when infection does occur.

A relatively large literature exists on the administration of
intravenous antibiotics to patients with either predicted
severe acute pancreatitis or radiographic evidence of necro-
sis for the purpose of preventing infection of the necrosis. A
recent meta-analysis and review of 14 randomized controlled
trials concluded that there is no evidence to support the rou-
tine use of antibiotics in patients with predicted severe pan-
creatitis. It remains possible that subgroups may be identified
and could benefit from antibiotic prophylaxis, but current
guidelines recommend against systemic antibiotic adminis-
tration for prophylactic purposes. Systemic antibiotics
should be reserved for the treatment (not the prophylaxis) of
infected pancreatic and peripancreatic necrosis [16]. In
observational studies, early enteral feeding, as discussed
above, is associated with a reduced incidence of infected
necrosis. The presumed mechanism is by reducing the per-
meability of the gut’s mucosal barrier. This benefit has not
been supported in randomized trials. Alternative methods of
preventing infection include intra-arterial antibiotic adminis-
tration [17]. There is some evidence that prophylactic selec-
tive digestive decontamination (SDD) with enteral antibiotics
may be effective in reducing the rate of infected pancreatic
necrosis, but this is not strong enough to make SDD a stan-
dard recommendation [18]. In one randomized trial, “probi-
otics” have been found to be harmful [19].

The incidence of infected necrosis increases over the early
course of acute pancreatitis and probably peaks in the third
and fourth weeks after the onset of the disease. Infected necro-
sis can be diagnosed definitively by the finding of air in an area
of pancreatic necrosis on CT scanning or by gram stain and
culture of a fine-needle aspirate of the necrosis. However,
infected necrosis remains a clinical diagnosis. It is important
to remember that FNA is only approximately 75-90% sensi-
tive for the diagnosis of infection. Thus, patients who are clini-
cally unwell with suspicion for infected necrosis should be
treated as if they have infection, since there is no reliable
means to exclude it. The common clinical scenario is a patient
whose fever curve, leukocytosis, and systemic inflammatory
response are improving but begin to return at 3—4 weeks.

When treatment is initiated, carbapenems comprise the
best initial regimen based on evidence of effective pancreatic
tissue penetration and an appropriate spectrum of antimicro-
bial activity [20]. Since fungal infection is not uncommon
(25%), patients with persistently worsening clinical condi-
tion or with microbiologic evidence for fungal infection
should be treated with antifungals. If cultures show Candida
albicans, fluconazole is appropriate. Although good evi-
dence on the optimal antifungal agents in pancreatitis are
lacking, if the indication is severe sepsis, we recommend
using broader spectrum antifungal agents until definitive cul-
ture and sensitivities are available.

Imaging CT is the most common imaging modality used for
diagnosis of acute pancreatitis and its complications. It is
highly sensitive and specific for acute pancreatitis and rele-
vant complications but is overused in general. As noted
above, CT is rarely needed to make the diagnosis of acute
pancreatitis and should not be used routinely at the time of
presentation but should be reserved for cases in which there
is diagnostic uncertainty or clinical deterioration in spite of
appropriate initial treatment [21-23]. Whenever possible,
CT should be performed with oral and intravenous contrast.
If CT is performed to assess for local complications and the
severity of the pancreatitis, the optimal timing is 72-96 h
after presentation, as CT scans performed in the first 72 h
frequently underestimate the degree of pancreatic and peri-
pancreatic necrosis. Even when early CT shows significant
abnormalities, follow-up imaging is not recommended
unless there is clinical deterioration or lack of improvement.
A patient who continues to improve after an episode of acute
pancreatitis, even a severe episode with documented necro-
sis, does not require serial imaging to monitor resolution.
MRI can provide most of the same information as
CT. Potential advantages include the lack of ionizing radia-
tion and superiority in delineating liquid and solid compo-
nents within peripancreatic necrosis. As noted above in the
diagnosis section, early ultrasonography should also be used
to assess for gallstones as the source of the pancreatitis epi-
sode if no other etiology is apparent.

ERCP ERCP with sphincterotomy and common bile duct
stone extraction is most commonly used to relieve biliary
obstruction in cases of gallstone pancreatitis associated with
cholangitis. Since the vast majority of gallstones responsible
for gallstone pancreatitis pass spontaneously out of the com-
mon bile duct, ERCP is usually not necessary. Routine ERCP
for all cases of biliary pancreatitis increases the rate of com-
plications, so ERCP should only be employed when there is
ongoing biliary obstruction. Sphincterotomy has the added
benefit of reducing the risk of recurrent biliary complica-
tions. Occasionally biliary obstruction may result later in the
course of disease when inflammation or necrosis in the
region of the pancreatic head compresses the common bile
duct; this usually requires biliary stenting to relieve the
obstruction.

Abdominal Compartment Syndrome

As noted above, abdominal compartment syndrome in acute
pancreatitis is usually related to high-volume fluid resuscita-
tion, through retroperitoneal mass effect from peripancreatic
edema and bowel edema. Diagnosis in acute pancreatitis is
as for ACS of other etiologies with intra-abdominal pres-
sures estimated by transduction of bladder pressures. The
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difficulty in diagnosing ACS in acute pancreatitis is that even
in the absence of intra-abdominal hypertension, acute pan-
creatitis can result in all the clinical hallmarks of ACS such
as acute kidney injury, respiratory failure with high peak
inspiratory pressures, hypotension, and a tense distended
abdomen. When these signs and symptoms occur in a patient
with severe pancreatitis, it can be difficult to know if they are
a manifestation of the systemic inflammation induced by
pancreatitis or if they are a direct result of the intra-abdominal
hypertension and thus whether they will improve with treat-
ment of the intra-abdominal hypertension. Treatment is as
for ACS of any etiology usually beginning with nasogastric
and rectal decompression, volume removal with diuresis or
ultrafiltration, and sedation or neuromuscular blockade to
increase abdominal wall compliance. Ascites is often a major
contributor to intra-abdominal hypertension in acute pancre-
atitis patients with ACS, and if significant ascites is present,
it should be percutaneously drained [24]. When all of these
measures fail, surgical decompression of the abdomen is the
last resort. If abdominal decompression is performed, pan-
creatic necrosectomy should not be undertaken. ACS typi-
cally occurs early in the course of pancreatitis when surgical
necrosectomy increases mortality. Although tempting, do
not perform necrosectomy “just because you are there.” If
the indication for surgery is ACS, then treat the ACS. After
decompression, diuresis and staged closure should achieve a
high rate (>90%) of primary fascial closure [25].

Intervention

Initial medical management for pancreatitis can be easily
provided at most hospitals, but intervention requires a facil-
ity with a multidisciplinary team including at least sur-
geons, interventional radiologists, and gastroenterologists
experienced in managing the disease [26]. The clearest
consensus indication for intervention is infected pancreatic
Necrosis.

Once the diagnosis of infected necrosis is made, treat-
ment is with the supportive care described above. When
possible intervention should be delayed to 28 days or more
from the onset of the pancreatitis episode. This may be
impossible if patients are clinically unstable. Whenever the
first intervention is undertaken, a minimally invasive percu-
taneous or endoscopic drainage procedure should be the ini-
tial procedure as the first step in a so-called “step-up”
approach [27, 28]. Between 20% and 45% of patients with
infected necrosis can be successfully treated with percuta-
neous drainage alone, though this may require several repeat
drainage procedures. Drains should be placed taking into
account the planned strategies for subsequent stages of the
step-up approach. When possible, this may involve placing
at least one drain into the area of infected necrosis via a

retroperitoneal route to allow for video-assisted
retroperitoneal debridement (VARD) along the drain tract.
This involves a small subcostal flank incision, dissection
along the drain tract into the necrosis cavity, and blunt
debridement of the necrotic and infected fluid and tissue.
Long retractors are used to expose the tract and cavity, and
a standard laparoscope is used to improve visualization of
the cavity, though there is typically no insufflation [29]. For
patients with necrosis anatomically amenable to such a
“step-up” approach, short-term benefits include the ability
to avoid any surgery in a significant subset of the population
and less new-onset organ failure. Long-term benefits include
reduced incidence of diabetes mellitus and incisional her-
nia. For patients debrided entirely via an endoscopic route,
there may also be a mortality advantage compared to open
surgery without any preoperative drainage procedure [30].
When no retroperitoneal drainage route is available, sinus
tract endoscopy can utilize even transperitoneal drain tracts
for debridement of necrosis that does not resolve with per-
cutaneous drainage. This technique involves dilation of the
drain tract to allow introduction of a debriding instrument
(rigid nephroscopes, flexible endoscopes, and laparoscopic
instruments have all been used) into the necrosis cavity [31].
Rarely, some patients with infected pancreatic necrosis will
not be amenable to endoscopic or retroperitoneal debride-
ment, in which case laparotomy or laparoscopy may be used
for transperitoneal debridement. Additionally, it must be
noted that while minimally invasive drainage — either percu-
taneous or endoscopic — as a first step likely confers signifi-
cant advantages, when surgery is subsequently required, the
evidence is less compelling that any one surgical approach
is superior to others. The general principles of delay beyond
4 weeks and preoperative drainage of some form should still
be applied whatever the approach is. Tansabdominal
debridement should involve removal of all or nearly all
infected or necrotic pancreatic and peripancreatic tissue
with closed suction drainage of the necrotic cavity. The use
of different incisions (midline versus subcostal), approaches
to the pancreas (transmesocolic, through the gastrocolic
omentum, or retroperitoneal), and drainage (closed packing,
closed suction alone, continuous lavage) is at the discretion
of the surgeon [32].

Intervention is less often needed for sterile pancreatic
necrosis. The most common indication is gastric outlet
obstruction. Intervention can often be delayed longer, as
this complication will often resolve with time. If patients
with presumed sterile necrosis remain persistently
unwell, the possibility of occult infection must be con-
sidered. Intervention can include surgical debridement
or bypass.

Other complications that may prompt intervention in
the acute setting include abdominal compartment syn-
drome (ACS), hemorrhage of a visceral artery (usually
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splenic artery) pseudoaneurysm, and bowel perforation or
fistula. When these complications arise in the acute set-
ting, they should, as a rule, be treated by the least invasive
methods possible. The treatment of ACS is discussed
above. Bleeding from a visceral artery pseudoaneurysm
should be controlled endovascularly by angioembolization
whenever possible as direct surgical control in a region of
active or recent pancreatitis is extremely difficult [33].
Intestinal perforation is similarly difficult to manage.
Contained perforations or controlled fistulas may be man-
ageable with drainage or diversion. When there is bowel
ischemia or uncontrolled enteric spillage, resection will
likely be necessary.

Late Complications

Pancreatic fistulas and pseudocysts result from disruption of
the pancreatic duct due to destruction of the surrounding
parenchyma. Fistulas may result from severe pancreatitis or
as a complication of pancreatic debridement, after which
they are common. One advantage of endoscopic translumi-
nal debridement may be that such leaks from the pancreatic
duct drain internally, rather than forming external fistulas.
Whatever the cause, when the fistula is controlled with per-
cutaneous drains, it will usually close, though it may require
many weeks. Pancreatic duct stenting, octreotide adminis-
tration, and restriction of enteral nutrition have all been
advocated to aid in fistula closure but are not routinely help-
ful and should be used very selectively. In the special situa-
tion of a disconnected distal pancreatic remnant in which a
segment of the gland has been completely separated from
any route of drainage into the gastrointestinal tract, sponta-
neous closure is impossible. Such patients may either be
treated endoscopically by transluminal stenting to attempt
to convert the external fistula into a controlled internal fis-
tula or may be treated surgically by either Roux-en-Y jeju-
nostomy to the distal pancreatic remnant or resection of the
disconnected distal segment.

Pseudocysts form when the ductal disruption is walled
off by the body into an organized collection of pancreatic
juice encased by reactive inflammatory tissue — a process
that occurs 4 weeks or more after damage to the pancreatic
duct. Asymptomatic pseudocysts do not require interven-
tion. The most common symptoms are early satiety and
abdominal pain. Pseudocysts may also cause true gastric
outlet obstruction, become infected, or lead to pseudoan-
eurysm formation. Internal drainage is the treatment of
choice for pseudocysts requiring intervention. For pseudo-
cysts closely opposed to the stomach or duodenum, endo-
scopic pseudocyst-gastrostomy or duodenostomy is the
treatment of choice. For very large or endoscopically inac-
cessible pseudocysts, surgical cyst gastrostomy or Roux-
en-Y cyst jejunostomy is necessary [34].

Vascular complications of pancreatitis include arterial pseu-
doaneurysm and venous thrombosis. These most commonly
involve the splenic vessels, but in pancreatitis primarily affect-
ing the head, pseudoaneurysms of the pancreaticoduodenal or
gastroduodenal arteries may occur along with thrombosis of the
superior mesenteric or portal veins. Pseuodaneurysms result
from the action of pancreatic enzymes on the arterial wall. They
may be identified incidentally on contrast-enhanced CT or can
present with catastrophic hemorrhage. We recommend inter-
vening even on asymptomatic pseudoaneurysms in most cases,
since there is no reliable way to predict hemorrhage. As above,
whether elective or emergent, they are best treated with angio-
embolization [33]. Splenic vein thrombosis due to pancreatitis
can usually be observed. We occasionally anticoagulate if clot
extends into the main portal vein. Even without anticoagulation
the thrombus can resolve. If it does not, the most common late
complication is gastric varices. If these result in gastrointestinal
bleeding, they can be eliminated by splenectomy [35].

Efforts should be made to prevent recurrence after an epi-
sode of pancreatitis by cessation of ethanol abuse for alcoholic
pancreatitis, treatment of the underlying condition in hypercal-
cemia and hypertriglyceridemia, and cessation of any offending
medications in cases of medication-induced pancreatitis. In
patients with gallstone pancreatitis, cholecystectomy during the
same hospitalization is recommended for mild cases. In patients
undergoing transperitoneal necrosectomy, cholecystectomy at
the time of necrosectomy is safe and reduces recurrent biliary
complications [36]. In patients with peripancreatic fluid collec-
tions, cholecystectomy should be delayed for 6 weeks. In espe-
cially poor operative candidates, ERCP with sphincterotomy
reduces the risk of recurrent gallstone pancreatitis and can be
considered as an alternative to cholecystectomy.
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