
EDUCATIONAL OBJECTIVE: Readers will recognize acute pancreatitis early in its course and will initiate 
fluid resuscitation

Managing severe acute pancreatitis

■■ ABSTRACT

Severe acute pancreatitis causes high rates of illness and 
death. Simple scoring predictors can help identify pa-
tients at risk so that treatment, primarily supportive, can 
begin promptly after presentation. Medical therapy is the 
mainstay, with supportive therapy consisting of controlled 
volume resuscitation and enteral feeding. Minimally inva-
sive drainage and debridement play a role in managing 
infective pancreatic necrosis but in general should not be 
used until at least 4 weeks after the acute illness.

■■ KEY POINTS

Routine early computed tomography to evaluate patients 
with severe acute pancreatitis wastes time and is neces-
sary only if the diagnosis at presentation is not clearly 
consistent with acute pancreatitis.

Optimum fluid resuscitation is now recommended, using 
lactated Ringer’s solution at a rate of 5 to 10 mL/kg per 
hour, with 2,500 to 4,000 mL given in the first 24 hours. 

Enteral feeding with either an elemental diet or a poly-
meric enteral formulation is first-line nutritional therapy.

Antibiotics are no longer routinely used to prevent infec-
tion.

Relief of abdominal compartment syndrome should be 
attempted by multiple means before resorting to open 
abdominal decompression.

S evere acute pancreatitis has been known 
since the time of Rembrandt, with Nico-

laes Tulp—the physician credited as first de-
scribing it—immortalized in the famous paint-
ing, The Anatomy Lesson. However, progress in 
managing this disease has been disappointing. 
Treatment is mainly supportive, and we lack 
any true disease-modifying therapy. But we are 
learning to recognize the disease and treat it 
supportively better than in the past.
 The early hours of severe acute pancreatitis 
are critical for instituting appropriate interven-
tion. Prompt fluid resuscitation is key to prevent-
ing immediate and later morbidity and death. 
This article focuses on identifying and managing 
the most severe form of acute pancreatitis—nec-
rotizing disease—and its complications. 

 ■ NECROTIZING DISEASE ACCOUNTS FOR 
MOST PANCREATITIS DEATHS 

The classification and definitions of acute 
pancreatitis were recently revised from the 
1992 Atlanta system and published early in 
2013.1 In addition, the American Pancreatic 
Association and the International Associa-
tion of Pancreatology met in 2012 to develop 
evidence-based guidelines on managing severe 
pancreatitis. 
 An estimated 210,000 new cases of acute 
pancreatitis occur each year in the United 
States. About 20% of cases of severe acute 
pancreatitis are necrotizing disease, which ac-
counts for nearly all the morbidity and death 
associated with acute pancreatitis. 
 The clinical spectrum of acute pancreatitis 
ranges from mild to life-threatening, reflecting 
interstitial (death rate < 1%) to necrotizing 
histology (the latter associated with a 25% risk 
of death if the pancreatitis becomes infected 
and a 10% risk if it is sterile). When death oc-
curs early in the disease course, it tends to be 
from multiorgan failure; when death occurs 
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later in the course, it tends to be from infec-
tion. Appropriate early treatment may pre-
vent death in both categories. 

 ■ DIAGNOSING ACUTE PANCREATITIS  
AND PREDICTING ITS SEVERITY 

The diagnosis of acute pancreatitis requires 
two of the following three criteria:
• Clinical presentation—epigastric pain, 

nausea, vomiting
• Biochemical—amylase level more than 

three times the upper limit of normal, 
or lipase more than three times the upper 
limit of normal

• Evidence from computed tomography 
(CT), ultrasonography, or magnetic reso-
nance imaging.

 Although the biochemical criteria are 
variably sensitive for detecting acute pancre-
atitis (55%–100%), the specificity is very high 
(93% to 99%). 
 Recently, urinary trypsinogen-2, measured 
by dipstick, has also been used to aid diagno-
sis. It has a reasonable sensitivity (53%–96%) 
and specificity (85%) if positive (> 50 ng/mL).

Speed is critical
Over the years, many clinical prediction rules 
have been used for predicting the severity of 
acute pancreatitis. The Ranson criteria,2 from 
1974, and the Acute Physiology and Chronic 
Health Evaluation (APACHE) II system3 are 
cumbersome and require waiting up to 48 
hours after the onset of acute pancreatitis to 
obtain a complete score. The Imrie-Glasgow 
score is another predictor.  
 The systemic inflammatory response syn-
drome (SIRS) is currently the most important 
indicator of prognosis.4 Originally adopted for 
predicting the development of organ failure 
with sepsis, it requires at least two of the fol-
lowing criteria:
• Heart rate > 90 beats/min
• Core temperature < 36°C or > 38°C
• White blood cells < 4,000 or > 12,000/mm3

• Respirations > 20/min.
 The advantages of this system are that it 
identifies risk very early in the course of the 
disease and can be assessed quickly in the 
emergency department. 
 The Bedside Index for Severity of Acute 

Pancreatitis (BISAP) score is another simple, 
easy-to-perform prognostic index,5,6 calculated 
by assigning 1 point for each of the following if 
present within the first 24 hours of presentation:
• Blood urea nitrogen > 25 mg/dL
• Abnormal mental status (Glasgow coma 

score < 15)
• Evidence of systemic inflammatory re-

sponse syndrome
• Age > 60 years
• Pleural effusion seen on imaging study.
 A score of 3 points is associated with a 
5.3% rate of hospital death, 4 points with 
12.7%, and 5 points with 22.5%.
 At its most basic, severe acute pancreatitis 
is defined by organ failure (at least one organ 
from the respiratory, renal, or cardiovascular 
system) lasting for more than 48 hours. Failure 
for each organ is defined by the Marshall scor-
ing system.1

 ■ EARLY MANAGEMENT  
IS KEY TO OUTCOME

The window of opportunity to make a signifi-
cant difference in outcome is within the first 
12 to 24 hours of presentation. Volume resus-
citation is the cornerstone of early manage-
ment. By the time of presentation for severe 
acute pancreatitis, the pancreas is already ne-
crotic, so the aim is to minimize the systemic 
inflammatory response syndrome with the 
goals of reducing rates of organ failure, mor-
bidity, and death. Necrotizing pancreatitis is 
essentially an ischemic event, and the goal of 
volume resuscitation is to maintain pancreat-
ic and intestinal microcirculation to prevent 
intestinal ischemia and subsequent bacterial 
translocation.7

Early resuscitation with lactated Ringer’s 
solution recommended
The evidence supporting a specific protocol 
for fluid resuscitation in severe acute pancre-
atitis is not strong, but a few studies provide 
guidance. 
 Wu et al8 randomized 40 patients with 
acute pancreatitis to one of four arms: “goal-di-
rected fluid resuscitation” with either lactated 
Ringer’s solution or normal saline, or standard 
therapy (by physician discretion) with either 
lactated Ringer’s solution or normal saline. 

Death tends 
to occur early 
from multi-
organ failure 
or late from 
infection; early 
treatment may 
prevent both.
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Goal-directed therapy involved a bolus of 20 
mL/kg given over 30 to 45 minutes at presenta-
tion followed by infusion with rates dependent 
on an algorithm based on change in blood urea 
nitrogen level at set times. Patients receiving 
either goal-directed or standard therapy had 
significantly lower rates of systemic inflamma-
tory response syndrome at 24 hours than at ad-
mission. Most striking was that treatment with 
lactated Ringer’s solution was associated with 
dramatically improved rates, whereas normal 
saline showed no improvement. 
 In a retrospective study of patients with 
acute pancreatitis, Warndorf et al9 identified 
340 patients who received early resuscitation 
(more than one-third of the total 72-hour 
fluid volume within 24 hours of presentation) 
and 90 patients who received late resuscita-
tion (less than one-third of the total 72-hour 
fluid volume within 24 hours of presentation). 
Patients who received early resuscitation de-
veloped less systemic inflammatory response 
syndrome and organ failure, and required few-
er interventions.

Monitoring for optimum fluid resuscitation
Fluid resuscitation should be carefully man-
aged to avoid administering either inadequate 
or excessive amounts of fluid. Inadequate fluid 
resuscitation can result in renal failure, pro-
gression of necrosis, and possibly infectious 
complications. Excessive resuscitation—de-
fined as more than 4 L in the first 24 hours—is 
associated with respiratory failure, pancreatic 
fluid collections, and abdominal compartment 
syndrome.
 Optimum resuscitation is controlled fluid 
expansion averaging 5 to 10 mL/kg per hour, 
with 2,500 to 4,000 mL given in the first 24 
hours. 
 Adequate volume resuscitation can be 
evaluated clinically with the following goals: 
• Heart rate < 120 beats per minute
• Mean arterial pressure 65–85 mm Hg
• Urinary output > 1 mL/kg per hour
• Hematocrit 35%–44%.

 ■ EARLY CT IS JUSTIFIED  
ONLY IF DIAGNOSIS IS UNCLEAR

The normal pancreas takes up contrast in the 
same way as do the liver and spleen, so its 

enhancement on CT is similar. If there is in-
terstitial pancreatitis, CT shows the pancreas 
with normal contrast uptake, but the organ 
appears “boggy” with indistinct outlines. With 
necrotizing pancreatitis, only small areas of 
tissue with normal contrast may be apparent. 
 Peripancreatic fat necrosis may also be 
visible on CT. Obese patients tend to have a 
worse clinical course of necrotizing pancreati-
tis, probably because of the associated peri-
pancreatic fat that is incorporated into the 
pancreatic necrosis. 
 For clear-cut cases of acute pancreatitis, 
time is wasted waiting to obtain CT imag-
es, and this could delay fluid resuscitation. 
Results from immediate CT almost never 
change the clinical management during the 
first week of acute pancreatitis, and obtain-
ing CT images is usually not recommended 
if the diagnosis of acute pancreatitis is clear. 
CT’s sensitivity for detecting necrosis is only 
70% in the first 48 hours of presentation, so 
it is easy to be fooled by a false-negative scan: 
frequently, a scan does not show necrotizing 
pancreatitis until after 72 hours. In addition, 
evidence from animal studies indicates that 
contrast agents might worsen pancreatic ne-
crosis. 
 Immediate CT is justified if the diagnosis 
is in doubt at presentation, such as to evaluate 
for other intra-abdominal conditions such as 
intestinal ischemia or a perforated duodenal 
ulcer.  
 Contrast-enhanced CT is recommended 
72 to 96 hours after presentation, or earlier 
if the patient is worsening despite treatment. 
Specific CT protocols will be included in new 
management guidelines, expected to be pub-
lished soon. 

 ■ PREVENTING INFECTIOUS  
COMPLICATIONS 

Risk of infection is associated with the degree 
of pancreatic necrosis. Patients with less than 
30% necrosis have a 22.5% chance of infec-
tion, whereas those with more than 50% ne-
crosis have a 46.5% risk of infection.10

 Infection can develop from a variety of 
sources:
 Bacterial translocation from the colon 
and small bowel is thought to be one of the 

In clear-cut 
cases, waiting
for CT results 
before starting 
fluid 
resuscitation 
wastes time
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major sources of infection in necrotic pan-
creatitis. Volume resuscitation and maintain-
ing gut integrity with early enteral nutrition 
are believed to minimize the risk of bacterial 
translocation.
 Hematogenous spread of bacteria is an-
other suspected source of infection into the 
pancreas. Again, enteral nutrition also reduc-
es the risk by minimizing the need for central 
catheters. 
 Biliary sources may also play a role. Bile 
duct stones or gall bladder infection can lead to 
infected pancreatic necrosis. 

 ■ ANTIBIOTICS NOT ROUTINELY  
RECOMMENDED

Treating acute pancreatitis with antibiotics 
has fallen in and out of favor over the past 
decades. From being standard practice in the 
1970s, it dropped off in the 1980s and 1990s 
and then became more common again. 
 Current recommendations from the 
American Pancreatic Association and the 
International Association of Pancreatology 
are not to routinely use intravenous antibi-
otics to prevent infection in necrotizing pan-
creatitis because of lack of evidence that it 
changes overall outcome. Antibiotic usage 
may be associated with more bacterial resis-
tance and the introduction of fungal infec-
tions into the pancreas.
 Selective gut decontamination, involving 
oral and rectal administration of neomycin 
and other antibiotics, was shown in a single 
randomized trial to reduce the incidence of 
infection, but it is very cumbersome and is 
not recommended for acute pancreatitis.  
 Treatment with probiotics is also not rec-
ommended and was shown in one study to 
lead to a worse outcome.11 

 ■ ENTERAL BETTER THAN  
TOTAL PARENTERAL NUTRITION

Enteral tube feeding with either an elemental 
diet or a polymeric enteral formulation is the 
first-line therapy for necrotizing pancreatitis. 
Compared with total parenteral nutrition, it re-
duces infection, organ failure, hospital length of 
stay, the need for surgical intervention, and the 
risk of death. Total parenteral nutrition should 

be considered only for patients who do not toler-
ate enteral feeding because of severe ileus. 
 Conventional thinking for many years was 
to provide enteral feeding with a tube passed 
beyond the ligament of Treitz, thinking that 
it reduced stimulation to the pancreas. How-
ever, recent studies indicate that nasogastric 
feeding is equivalent to nasojejunal feeding in 
terms of nutrition, maintaining gut integrity, 
and outcome. 

 ■ INTRA-ABDOMINAL HYPERTENSION  
AND ABDOMINAL COMPARTMENT  
SYNDROME

Movement of fluid into the intracellular 
space (“third-spacing”) occurs in acute pan-
creatitis and is exacerbated by fluid resus-
citation. Intra-abdominal hypertension is 
associated with poor outcomes in patients 
with severe acute pancreatitis. Especially for 
patients with severe pancreatitis who are on 
mechanical ventilation, pressure should be 
monitored with transvesicular bladder mea-
surements. 
 Intra-abdominal hypertension is defined 
as a sustained intra-abdominal pressure of 
more than 12 mm Hg, with the following 
grades: 
• Grade 1: 12–15 mm Hg 
• Grade 2: 16–20 mm Hg
• Grade 3: 21–25 mm Hg 
• Grade 4:  > 25 mm Hg.
 Abdominal compartment syndrome is de-
fined as a sustained intra-abdominal pressure 
of more than 20 mm Hg. It is associated with 
new organ dysfunction or failure. It should first 
be managed with ultrafiltration or diuretics to 
try to reduce the amount of fluid in the ab-
domen. Lumenal decompression can be tried 
with nasogastric or rectal tubes for the stom-
ach and bowels. Ascites or retroperitoneal flu-
id can be drained percutaneously. In addition, 
analgesia and sedation to reduce abdominal 
muscle tone can help the patient become bet-
ter ventilated. Neuromuscular blockade can 
also relax the abdomen.
 Open abdominal decompression is the 
treatment of last resort to relieve abdominal 
compartment syndrome. The abdominal wall 
is not closed surgically but is allowed to heal 
by secondary intention (it “granulates in”).12

Volume 
resuscitation is 
the cornerstone 
of early 
management
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 ■ IDENTIFYING INFECTION 

Fine-needle aspiration if clinical 
and imaging signs are not clear 
Untreated infected pancreatitis is associated 
with a much higher risk of death than sterile 
pancreatic necrosis. Unfortunately, it can be 
difficult to determine if a patient with nec-
rotizing pancreatitis has an infection because 
fever, tachycardia, and leukocytosis are usu-
ally present regardless. It is important to de-
termine because mechanically intervening for 
sterile necrosis does not improve outcome. 
 Fine-needle aspiration, either guided by 
CT or done at the bedside with ultrasonogra-
phy, with evaluation with Gram stain and cul-
ture, was widely used in the 1990s in cases of 
necrotizing pancreatitis to determine if infec-
tion was present. There has been a shift away 
from this because, although it can confirm the 
presence of infection, the false-negative rate is 
15%. Clinical and imaging signs can be relied 
on in most cases to determine the presence of 
infection, and it is now recognized that fine-
needle aspiration should be used only for select 
cases. Clinical studies have not shown that 
fine-needle aspiration improves outcomes. 
 Clinical scenarios typical of infected pan-
creatic necrosis include patients who have 
obvious signs of infection with no identifiable 
source, such as those who stabilize after acute 
severe acute pancreatitis, and then 10 to 14 
days later become worse, with a dramatically 
higher white blood cell count and tachycar-
dia. Such a patient likely needs an interven-
tion regardless of the results of fine-needle as-
piration. 
 On the other hand, a patient with a con-
tinually up-and-down course that never stabi-
lizes over 3 weeks, with no identifiable source 
of infection, and with no peripancreatic gas 
apparent on imaging would be a good candi-
date for fine-needle aspiration.  
 If peripancreatic gas is seen on imaging, 
fine-needle aspiration is unnecessary. Peripan-
creatic gas is traditionally attributed to gas-
forming bacteria within the pancreas, but in 
my experience, it is usually from a fistula from 
the necrosis to the duodenum or the colon, 
the fistula being caused as the necrosis erodes 
at the hepatic flexure, the transverse colon, or 
the splenic flexure.

 ■ MECHANICAL INTERVENTIONS  
FOR INFECTIVE NECROSIS

Late, minimally invasive procedures  
preferred 
Conventional management has shifted away 
from removing the necrosis with early surgical 
debridement of the pancreas. Experience with 
myocardial infarction shows that it is not nec-
essary to remove a sterile necrotic organ, and 
studies with sterile pancreatic necrosis have 
found that surgical intervention is associated 
with a higher risk of death than medical man-
agement. 
 Documented infection has traditionally 
been considered a definite indication for de-
bridement, but even that is being called into 
question as more studies are emerging of in-
fected necrosis treated successfully with anti-
biotics alone. 
 Sterile necrosis with a fulminant course is 
a controversial indication for surgery. It was 
traditionally felt that surgery was worth trying 
for such patients, but this is no longer com-
mon practice. 
 For cases in which debridement was 
deemed advisable, surgery was done more fre-
quently in the past. Now, a minimally inva-
sive approach such as with endoscopy or per-
cutaneous catheter is also used. Waiting until 
at least 4 weeks after the onset of acute pan-
creatitis is associated with a better outcome 
than intervening early. 

 ■ WALLED-OFF NECROSIS

Watchful waiting or minimally invasive 
intervention
Patients who survive multiorgan failure but 
are still ill more than 4 weeks after the onset 
of pancreatitis should be suspected of having 
walled-off necrosis, formerly referred to as a 
pancreatic phlegmon. This term was aban-
doned after the 1992 Atlanta symposium.13 In 
the mid to late 1990s, the process was referred 
to as organized pancreatic necrosis. It is char-
acterized by a mature, encapsulated collection 
of pancreatic or peripancreatic necrosis that 
contains variable amounts of amylase-rich 
fluid from pancreatic duct disruption. 
 Walled-off pancreatic necrosis (WOPN) 
is often confused with pancreatic pseudocyst; 

Fluid 
resuscitation 
of more 
than 4 L 
in the first 
24 hours 
is considered 
excessive
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these may appear similar on CT, and higher- 
density solid debris may be visible in walled-
off necrosis within an otherwise homogenous-
appearing collection. Magnetic resonance 
imaging defines liquid and solid much better 
than CT.   
 The best way to distinguish WOPN from 
pseudocyst is by clinical history: a patient with 
a preceding history of clinically severe acute 
pancreatitis almost always has necrotizing 
pancreatitis that evolves to walled-off necro-
sis, usually over 3 to 4 weeks. 
 Endoscopic removal and other minimally 
invasive approaches, such as aggressive per-
cutaneous interventions, have replaced open 

necrosectomy for treatment, which was as-
sociated with high morbidity and mortality 
rates.14–16

 Intervening for sterile walled-off necrosis 
is still a controversial topic: although systemi-
cally ill, the patient is no longer having life-
threatening consequences, and watchful wait-
ing might be just as expedient as intervention. 
Evidence to support either view is lacking. 
Most experts believe that intervention should 
be done if the patient has gastric outlet ob-
struction and intractable pain and is unable to 
eat 4 to 6 weeks after the onset of pancreatitis 
with WOPN. Infected WOPN is considered an 
indication for drainage.	 ■
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