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cute pancreatitis remains a disease characterized by
significant morbidity and mortality, with several re-

orts noting an increasing annual incidence of disease.1

linical practice position papers, such as this one, are de-
igned to educate and guide physicians in patient care
ecisions. These guidelines attempt to summarize the best
vailable data and to describe best clinical practice. It is
orthwhile to state directly that this approach is somewhat

imited in the area of acute pancreatitis, owing to the rela-
ive paucity of large randomized controlled trials. Guide-
ines such as these, in the absence of this type of supporting
cientific proof, must include a healthy measure of less solid
vidence-based recommendations, including a wealth of ex-
ert opinion. It is certainly possible that future large ran-
omized trials might lead to changes in yet-to-be-written
uidelines similar to this one. Acute pancreatitis is a disease
f such variability that it cannot be effectively managed by
ollowing blindly any set of recommendations, and these
uidelines are not intended as tantamount to the legal
tandard of care. Rather, it is hoped this position paper can
ombine the available scientific studies and evidence base
or lack thereof) with expert opinion into a useful tool for
linicians.

Diagnosis
The diagnosis of acute pancreatitis is usually sus-

ected based on compatible clinical features including ab-
ominal pain, nausea, and vomiting. It has been estimated
hat in 40%–70% of patients, the classic pattern of pain
adiation to the back is present. Pain usually reaches its
eak over 30–60 minutes and persists for days or weeks. It

s clear that not all patients may experience pain, or alter-
atively that the presence of pain may not be appreciated by
he clinician caring for the patient. Several retrospective
nalyses of fatal acute pancreatitis have noted that in 30%–
0% of patients, the diagnosis of acute pancreatitis was only
ade at autopsy.2–4 The diagnosis of acute pancreatitis was

ot suspected in these patients because abdominal pain was
ot present or because other clinical symptoms (eg, coma or
ultiorgan system failure) dominated the clinical picture.

n some of these patients, the serum amylase level was also
ormal or only minimally elevated.
The clinical suspicion of acute pancreatitis is supported

y the finding of elevations in serum amylase and/or lipase
evels. Measurement of amylase is more widely used. The
ancreas is responsible for about 40% of total serum amy-
ase, with the rest originating primarily in the salivary
lands. Elevations in total serum amylase are therefore not
pecific for pancreatitis, and a number of other intra-ab-
ominal conditions should be considered (Table 1). Most
extbooks and most expert opinions suggest a level of at
east 3 times the upper limit of normal as the most accurate
utoff. In one prospective analysis of 500 patients present-
ng to an emergency department with acute abdominal
ain, the sensitivity of serum amylase estimation was 85%,
ith a specificity of 91%.5 A retrospective analysis of 95
atients with nonpancreatic abdominal pain and 75 pa-
ients with acute pancreatitis estimated a sensitivity for
erum amylase of 72% and specificity of 99%.6 A prospective
nalysis of serum amylase measurements at a single hospital
ver 3 years noted a sensitivity of 45% and a specificity of
7%, using a post-hoc diagnostic threshold of 176 U/L
about 2 times the upper limit of normal).7 Serum amylase
s hampered as a diagnostic tool by the fact that elevations

ay not occur (or be missed, depending on the timing of
ollection of serum) in mild attacks, in acute flares super-
mposed on chronic pancreatitis (especially chronic alco-
olic pancreatitis), and in some patients with marked hy-
ertriglyceridemia (elevated triglyceride levels can interfere
ith the assay). Amylase may be falsely elevated in several
onpancreatic conditions, including renal insufficiency and
acroamylasemia.
Elevation in serum lipase is purported to be more specific

han that of amylase for the diagnosis of acute pancreatitis.
he widespread use of lipase in the past was prevented by

he difficulty in precise measurement of lipase on commer-
ially available analyzers. This is generally no longer the
ase, but there may still be variability in local laboratory
ethods of analysis. Superior specificity can likely be ex-

lained by the fact that there are no other significant
ources of lipase that reach the serum. Lipase may also be
lightly more sensitive than amylase, owing to the fact that
t remains elevated in the serum longer than amylase.8 In
ne study noted previously,6 the sensitivity of lipase was
00% and the specificity was 96%, compared with 72% and

Abbreviations used in this paper: APACHE, Acute Physiology and
hronic Health Evaluation; CECT, contrast-enhanced computed tomo-
raphic scan; CI, confidence interval; CT, computed tomography;
RCP, endoscopic retrograde cholangiopancreatography; EUS, endo-
copic ultrasonography; FNA, fine-needle aspiration; ICU, intensive
are unit; MRCP, magnetic resonance cholangiopancreatography;
RI, magnetic resonance imaging; NPV, negative predictive value; OR,
dds ratio; PPV, positive predictive value; SIRS, systemic inflammatory
esponse syndrome; SOD, sphincter of Oddi dysfunction; TPN, total
arenteral nutrition.

© 2007 by the AGA Institute
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9%, respectively, for amylase. These results for lipase are
mpressive, but other studies have noted sensitivities rang-
ng as low as 55% using a cutoff of 3 times the upper limit
f normal.9 Some studies that show superior specificity of
erum lipase compared with amylase used less reliable

ethods of lipase determination than are currently used,10

ut some modern studies also note better specificity.11

ipase may also be elevated in certain conditions that might
imic acute pancreatitis (Table 1) and in the setting of

enal insufficiency. Both serum amylase and lipase may be
levated in patients with renal insufficiency due to de-
reased clearance. At a creatinine clearance between 13 and
9 mL/min, amylase is elevated in somewhat more than half
f patients and lipase is only elevated in approximately one
ourth of patients,12 suggesting an additional advantage for
ipase. There are no data that measuring both amylase and
ipase adds significant diagnostic accuracy. Once the diag-
osis is established, measuring either amylase or lipase on a
aily basis has little value in gauging clinical progress or
rognosis.

A variety of other pancreatic enzymes can be measured
n serum or urine and might have utility as a diagnostic
ool. These include pancreatic isoamylase, phospholipase
2, elastase 1, anionic trypsinogen (trypsinogen-2), and
thers.13 Although some studies have shown impressive
esults,5 these tests have not become available for routine

able 1. Causes of Increased Amylase and Lipase Levels

Amylase Lipase

cute pancreatitis Acute pancreatitis

iseases that might mimic acute
pancreatitis

Pancreatic pseudocyst Pancreatic pseudocyst
Chronic pancreatitis Chronic pancreatitis
Pancreatic carcinoma Pancreatic carcinoma
Biliary tract disease

(cholecystitis, cholangitis,
choledocholithiasis)

Biliary tract disease (cholecystitis,
cholangitis, choledocholithiasis)

Intestinal obstruction, pseudo-
obstruction, ischemia, or
perforation

Intestinal obstruction, pseudo-
obstruction, ischemia, or
perforation

Acute appendicitis Acute appendicitis
Ectopic pregnancy

ther disorders

Renal failure Renal failure
Parotitis
Macroamylasemia
Ovarian cyst or cystic neoplasm
Carcinoma of the lung
Diabetic ketoacidosis
Human immunodeficiency virus

infection
Head trauma with intracranial

bleeding
linical use. b
The lack of specificity of both amylase and lipase as
iagnostic tests implies that these can be used to support
he diagnosis of acute pancreatitis but may not defini-
ively provide a secure diagnosis, particularly if the levels
re not dramatically elevated. The diagnosis of acute
ancreatitis, if in doubt, is best corroborated by imaging
ests, particularly computed tomography (CT).

Transabdominal ultrasonography is not able to image
he pancreas in a substantial number of patients with
cute pancreatitis, often due to overlying bowel gas. Ul-
rasonography is not accurate at identifying necrosis of
he gland or in accurately assessing the severity of
eripancreatic inflammation and fluid. The primary role
f abdominal ultrasonography in patients with acute pan-
reatitis is to identify gallstones or dilation of the common
ile duct due to choledocholithiasis. The sensitivity of trans-
bdominal ultrasonography to detect gallstones in patients
ith acute biliary pancreatitis is about 70%.14 Some studies
ave noted that repeating ultrasonography after recovery

ncreases the yield for identifying gallstones.15

The role of CT in patients with acute pancreatitis can
e to confirm the diagnosis, exclude alternative diag-
oses, determine severity, and identify complications. It
as been stated that 15%–30% of patients with mild
ancreatitis may have a normal CT scan.16,17 This opin-

on is not able to be directly corroborated, because CT is
ften used as the gold standard for the confirmation of
cute pancreatitis. Presumably, multidetector CT utiliz-
ng a pancreas protocol will have improved diagnostic
ccuracy, because it has improved accuracy to detect
everity and complications.18 CT findings of acute pan-
reatitis can range from isolated diffuse or focal enlarge-
ent of the gland to peripancreatic stranding and

eripancreatic fluid collections and, at its most severe,
ancreatic gland necrosis. Pancreatic necrosis is identi-
ed by the absence of enhancement of the pancreatic pa-
enchyma after intravenous contrast administration (typi-
ally remaining �30 Hounsfield units after intravenous
ontrast) on a contrast-enhanced CT scan (CECT). Pancre-
tic necrosis may not be fully apparent on a CECT for up to

days after disease onset, and a very early CECT may
nderestimate the severity of pancreatitis. A recent concern
as been the potential for intravenous contrast to impair
ancreatic microcirculation and potentially aggravate the
egree of pancreatic necrosis and worsen the course of
cute pancreatitis.19,20 This can be demonstrated in some,
ut not all, animal models. Several retrospective studies

n humans noted that those patients who underwent a
ECT seemed to have a worse outcome than those who
id not, but these results may easily be explained by
reexisting differences in severity in the 2 groups. The
nly randomized trial21 showed no detrimental effect of
ECT in patients with severe acute pancreatitis, but the
umber of patients in this study was too small to exclude
type II error. This topic has been recently reviewed,22
ut the evidence is not convincing that intravenous con-
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rast worsens the severity of acute pancreatitis. Nonethe-
ess, a CECT is not needed in all patients and, if not
eeded to confirm the diagnosis or exclude alternative
iagnoses, can usually be delayed for 2–3 days after the
nset of the attack to most accurately determine severity.
T without intravenous contrast may also be useful to

xclude alternative causes of abdominal pain in patients
ith unexplained symptoms but is not able to quantify

he degree of pancreatic necrosis.
Magnetic resonance imaging (MRI) with gadolinium en-

ancement is as accurate as CT in imaging the pancreas and
taging the severity of acute pancreatitis, including docu-

enting the degree of pancreatic necrosis.18,23–25 It is more
ifficult, however, to perform MRI scanning in critically ill
atients and hence CT is usually preferred.

Although a number of conditions may mimic the clin-
cal features of acute pancreatitis and may even be asso-
iated with elevations in amylase and/or lipase levels, the
ombination of clinical features, laboratory tests, and
maging studies, if needed, should allow the diagnosis to
e reliably made within 48 hours of admission. Lipase
as some advantages over amylase and is preferred if the
esult is rapidly available. Clinicians should be attuned to
he possibility of acute pancreatitis in patients presenting
ith atypical clinical features, particularly with altered
ental status, organ system failure, or the systemic in-

ammatory response syndrome (SIRS).

Assessment of Severity
The assessment of severity is one of the most

mportant issues in the management of acute pancreati-
is. Approximately 15%–20% of patients with acute pan-
reatitis will develop severe disease and follow a pro-
onged course, typically in the setting of pancreatic
arenchymal necrosis. Patients with severe acute pancre-
titis associated with SIRS typically have a prolonged
ospital stay and are the ones most likely to die from
heir disease process. The ability to quantify severity of
isease allows clinical studies to be compared. For clini-
ians, however, the ability to predict severe acute pancre-
titis would be most helpful, allowing the managing
hysician to be proactive in management such as triage
o an intensive care unit (ICU), vigorous fluid resuscita-
ion, correction of metabolic abnormalities (eg, acidosis,
ypocalcemia), and administration of therapies to reduce
everity (if such therapies become available). A variety of
redictive systems have been developed with the goal of
ssisting clinicians in predicting prognosis. These include
easurement of markers in serum or urine, CT, and
ultiple factor scoring systems. Determining the utility

f these predictive systems requires a clear definition of
hat constitutes severe disease. Death from acute pan-

reatitis is certainly a clear end point of severe disease,
ut only about 2%–3% of patients overall die from acute
ancreatitis.26 Most series from tertiary referral centers

ote mortality rates of 5%–15%,27–30 but some go as high f
s 30%. Approximately half the deaths occur in the first
eek due to multiorgan system failure.30 Deaths after the
rst week are also usually due to multiorgan system

ailure but secondary to the development of infected
ancreatic necrosis.31 Other potential end points defin-

ng severe diseases include organ failure, extent of pan-
reatic necrosis, length of stay, need for ICU care or
ancreatic surgery, cost, and others. There have been a
ariety of end points and definitions of severity used in
arious studies, making comparisons difficult. A widely
ccepted clinical classification of severity of acute pancre-
titis appears in the proceedings of an international sym-
osium held in Atlanta, Georgia, in September 1992.32 In
his document, severe acute pancreatitis was defined as
he presence of organ failure and/or local pancreatic
omplications, complemented by the presence of unfa-
orable prognostic signs (using Ranson’s criteria or Acute
hysiology and Chronic Health Evaluation [APACHE] II).
he definition included therefore both criteria that pre-
ict severe disease, along with the actual development of
evere disease. Specific definitions of organ failure were
dopted, including shock (systolic blood pressure �90
m Hg), pulmonary insufficiency (PaO2 �60 mm Hg),

enal failure (serum creatinine level �2 mg/dL), and
astrointestinal bleeding (�500-mL blood loss within 24
ours). Local pancreatic complications were defined as
he development of a pseudocyst, abscess, or parenchy-

al necrosis (more than 30% or more than 3 cm of
ecrosis) (Table 2). Unfortunately, many of the primary
tudies that define the overall accuracy of various predic-
ive systems were performed before the acceptance of
hese consensus definitions. Even many studies per-
ormed after the acceptance of these clinically based def-
nitions of severity did not use the definitions correctly
nd instead developed new definitions of severity or mod-
fied the definitions from the Atlanta symposium. These
actors limit the ability to compare systems that predict
rognosis of acute pancreatitis.
The Atlanta criteria include unfavorable prognostic

igns, either Ranson’s criteria or APACHE II, in the def-
nition of severe acute pancreatitis. The initial report of
anson’s criteria33 was based on 100 patients (21 of
hom underwent early surgery as part of a randomized

rial or for uncertainty of diagnosis) (Table 3). The study
dentified 11 factors that predicted severe diseases (de-
ned as death or an ICU stay beyond 7 days). The 11-
oint scoring system is measured in 2 stages: 5 initial
ata points on admission and a further 6 data points
ithin the subsequent 48 hours. The initial report dem-
nstrated a linear relationship between the number of
riteria and the likelihood of mortality. Subsequently,
odifications were made on the 11-point system for

hose with gallstone pancreatitis (the original studies
ere a mixture of alcoholic and biliary pancreatitis).
hese modifications reduced the number of criteria to 10
or those with gallstone pancreatitis.34
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In the original publication, the sensitivity of 3 or more
riteria to predict severe disease was 65% with a specificity
f 99%, yielding a positive predictive value (PPV) of 95%
nd a negative predictive value (NPV) of 86%. Undoubt-
dly, the mortality of severe acute pancreatitis has pro-
ressively fallen with improvements in intensive care and
he management of acid-base and other metabolic disor-
ers and infection. Today, the overall mortality rate of
cute pancreatitis is about 2%–3%,26 versus about 15% in
he initial report of Ranson’s criteria. A meta-analysis of
2 published series using Ranson’s criteria and encom-
assing 1307 patients reported an overall sensitivity for
redicting severe acute pancreatitis of 75%, a specificity of
7%, a PPV of 49%, and an NPV of 91%.35 These data
ighlight a very high false-positive rate of Ranson’s cri-
eria; many patients with a Ranson’s score �3 will not
evelop clinically severe pancreatitis.
Ranson’s criteria are cumbersome to use. If using both

he gallstone and nongallstone criteria, 22 factors need to
e remembered. It is also rare for all 11 Ranson’s criteria
o actually be measured; in an analysis at one of the
uthors’ institutions (J. B.), on average only 8 were rou-
inely available in retrospective chart review.

Another multiple factor scoring system was developed
n Scotland and has become known as the Imrie or

lasgow criteria. The Glasgow criteria reduced the num-
er of data points required to 8 (from 11). It was modi-
ed twice to improve the performance in patients with
allstone-induced acute pancreatitis.36 –38 The Glasgow
riteria are utilized in areas of the world using SI units
ut not in the United States, despite an overall accuracy
imilar to the more complex Ranson’s criteria.35 Simpler
coring systems have been developed39,40 but have not
een validated.

One drawback of both Ranson’s criteria and the Glas-
ow criteria is that they can only be determined after 48
ours, a fact that limits their usefulness as predictive

able 2. Atlanta Criteria for Severity

Feature

rgan failure Shock (systolic blood pressure �90 mm Hg)
Pulmonary insufficiency (PaO2 �60 mm Hg)
Renal failure (serum creatinine level �2

mg/dL after rehydration)
Gastrointestinal bleeding (�500 mL/24 h)

ocal complications Pancreatic necrosis (more than 30% of the
parenchyma or more than 3 cm)

Pancreatic abscess (circumscribed collection
of pus containing little or no pancreatic
necrosis)

Pancreatic pseudocyst (collection of
pancreatic juice enclosed by a wall of
fibrous tissue or granulation tissue)

nfavorable
prognostic signs

Ranson’s score �3
APACHE II score �8

dapted from Bradley.32
ystems. The APACHE II score provides equally useful A
rognostic information and has the advantage of being
ble to be calculated at any time and to be recalculated as
onditions change. The accuracy of prediction depends
n the timing of calculating the APACHE II score and the
utoff chosen. Various studies have used APACHE II
cores at admission, at 24 hours, and at 48 hours and
ave used cutoffs varying from 5 to 10. At admission, the
ensitivity of an APACHE II score �7 to predict severe
cute pancreatitis is 65%, with a specificity of 76%, a PPV
f 43%, and an NPV of 89%.35 At 48 hours, the sensitivity
f an APACHE II score �7 to predict severe acute pan-
reatitis is 76%, with a specificity of 84%, a PPV of 54%,
nd an NPV of 93%.35 Raising the cutoff to �9 improves
he specificity and PPV but at a cost of less sensitivity and

reduced NPV.41– 43 A simplified APACHE II system
alled the Simplified Acute Physiology Score and a sub-
equent variation (Simplified Acute Physiology Score II,
ith “only” 17 variables) have been developed and vali-
ated in predicting prognosis in ICU patients.44 Limited
ata in patients with acute pancreatitis suggest that these
ystems may be nearly as accurate as the APACHE II
ystem.43 A more complex system has also been devel-
ped (APACHE III) that incorporates an additional 5
hysiologic factors, but this has not been fully validated

n patients with acute pancreatitis.45

Other multiple factor scoring systems continue to be
eveloped.46,47 The judgment of an experienced clinician
an also be used to estimate prognosis. The factors that

clinician might use to gauge severity vary but might
nclude age, comorbid medical or surgical conditions,
ital signs, urine output, body mass index, presence of
ebound tenderness or guarding, delirium, abdominal
all or flank bruising, and the results of radiographic

tudies or a variety of laboratory tests (eg, oxygen satu-

able 3. Ranson’s Criteria

At admission Within next 48 hours

ge older than 55 years
(older than 70 years)

Decrease in hematocrit by �10% (same)

hite blood cell count
�16,000/�L
(�18,000/�L)

Estimated fluid sequestration of �6 L
(�4 L)

lood glucose level
�200 mg/dL (�220
mg/dL)

Serum calcium level �8.0 mg/dL (same)

erum lactate
dehydrogenase level
�350 IU/L (�400
IU/L)

PaO2 �60 mm Hg (omitted)

erum aspartate
aminotransferase
level �250 IU/L
(same)

Blood urea nitrogen level increase �5
mg/dL after intravenous fluid
hydration (�2 mg/dL)

Base deficit of �4 mmol/L (�6)

OTE. The criteria for nongallstone (alcoholic) acute pancreatitis are
isted first; the changes (if any) in the criteria for gallstone pancreatitis
re in parentheses.

dapted from Ranson et al.33,34
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ation on pulse oximetry, white blood cell count, platelet
ount, hematocrit, blood urea nitrogen level, creatinine
evel, calcium level).

Patients who develop a poor outcome in acute pancre-
titis typically have SIRS, characterized by tachycardia,
achypnea, hypocarbia, high or low core body tempera-
ure, and/or high or low peripheral white blood count,
hich an experienced clinician will recognize (Table 4).48

recent retrospective analysis of 759 patients admitted
ith acute pancreatitis noted much more frequent organ

ystem failure and a mortality rate of 25% in those who
resented with SIRS and had persistent SIRS during
ospitalization.49 In this same analysis, those with SIRS
n admission who did not develop persistent SIRS had a
ortality rate of only 8%, and those who did not present

nitially with SIRS had 0% mortality. In a sense, clinical
udgment is also a multiple factor scoring system, al-
hough the factors scored are variable and not defined. In
tudies of the predictive ability of seasoned clinicians, the
ensitivity of predicting severe disease at admission is
9%, with a specificity of 93%, a PPV of 66%, and an NPV
f 82%.35 At 48 hours, however, the accuracy of experi-
nced clinical judgment is equivalent to APACHE II and
ther multiple factor scoring systems.

Several clinical predictors of poor outcome are worth
entioning directly. Age is a predictive factor for mor-

ality in acute pancreatitis. Patients with more numerous
nd more severe comorbid illnesses are similarly more
ikely to experience morbidity and mortality during an
pisode of acute pancreatitis. Obesity is also a risk factor
or severe disease. In a recent meta-analysis of 5 studies
omprising 739 patients,50 the odds ratio (OR) for severe
cute pancreatitis was 2.9 (95% confidence interval [CI],
.8 – 4.6), for systemic complications was 2.3 (95% CI,
.4 –3.8), for local complications was 3.8 (95% CI, 2.4 –
.6), and for mortality was 2.1 (95% CI, 1.0 – 4.8). The
bservation that obesity is a risk factor for severe acute
ancreatitis has led to the development of another vari-
tion of the APACHE II system, which includes up to 2
dditional points for obesity. This system, the
PACHE-O system, is superior in predicting outcome in

ome51 but not all52 studies.
These multiple factor scoring systems all have a sub-

tantial false-positive rate. Many patients with an
PACHE II score �8 (or Ranson’s score �3) do not
evelop complications or die. This is an unavoidable
onsequence of the fact that severe disease (organ failure,

able 4. Features of SIRS

eart rate �90 beats/min
emperature �38°C or �36°C
espiratory status Respiratory rate �20 breaths/min or PaCO2

�32 mm Hg
hite blood cell count �12,000 cells/�L or �4000 cells/�L or
�10% band forms
D

ancreatic necrosis, death) is not highly prevalent (about
5% of patients). In this situation, even tests of high
pecificity will have a low PPV.

Pancreatic necrosis has long been recognized as a ma-
or negative prognostic factor in acute pancreatitis and is
ncluded in the Atlanta criteria of severity. Balthazar et al
roduced a scoring system for acute pancreatitis based on
he presence or absence of necrosis (Tables 5 and 6).16,17,53

his system analyzes CT scans for evidence of both pan-
reatitis and necrosis and allows calculation of a CT
everity index (Table 6). In a study of 88 patients,53 the

ortality of those with any degree of pancreatic necrosis
as 23%, compared with 0% for those without necrosis.
his study noted that the presence of more than 30%
ecrosis of the pancreas was most strongly associated
ith morbidity and mortality. Another study from the
nited Kingdom in 73 patients, of whom only 32 under-
ent CT, noted that necrosis predicted a severe outcome

death, major complication, or hospital stay longer than
0 days) with a sensitivity of 83% but a specificity of only
5% and noted no relationship between extent of necrosis
nd outcome.54 A larger retrospective report in 268 pa-
ients55 reported that a CT severity index of �5 corre-
ated significantly with death (P � .0005), prolonged
ospital stay (P � .0001), and need for necrosectomy (P

.0001).
Extent of necrosis is one of the important factors of

he CT severity index. Patients with a CT severity index
5 were 8 times more likely to die, 17 times more likely

o have a prolonged hospital course, and 10 times more
ikely to undergo necrosectomy than their counterparts

able 5. Balthazar CT Score

Grade CT findings

A Normal
B Focal or diffuse enlargement of the pancreas, including

irregularities of contour and inhomogeneous
attenuation

C Pancreatic gland abnormalities in grade B plus per
pancreatic inflammation

D Grade C plus a single fluid collection
E Grade C plus 2 or more fluid collections and/or the

presence of gas in or adjacent to the pancreas

ata from Balthazar et al53 and Hirota et al.60

able 6. CT Severity Index

CT grade Assigned score Percent necrosis Assigned score

A 0 None 0
B 1 �30 2
C 2 30–50 4
D 3 �50 6
E 4

OTE. CT grade based on Balthazar score (see Table 5) plus pancre-
tic necrosis with a maximum score of 10 points.

ata from Balthazar et al53 and Hirota et al.60
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ith CT scores �5.55 In a retrospective analysis of 99
atients with necrotizing pancreatitis admitted to a sin-
le referral center, more extensive necrosis was associated
ith increased need for intubation but no overall differ-

nce in organ failure, need for dialysis, or mortality.56 A
ecent retrospective analysis from a referral center in
ndia, however, described 276 patients (104 with necro-
izing pancreatitis) and noted an association of increas-
ng extent of necrosis and organ failure and mortality.57

n this report, organ failure occurred in 5% of those with
30% necrosis, compared with 24% of those with 30%–

0% necrosis and 50% of those with �50% necrosis. A
umber of studies have documented that only about half
f patients with necrotizing pancreatitis develop organ
ailure.56,58,59 The role of CT as a method to assess sever-
ty has been reviewed.17

In summary, the finding of necrosis on a CECT is
enerally associated with a worse prognosis, but only half
f patients with necrosis develop organ failure. The mor-
ality of patients with pancreatic necrosis is increased
ompared with those without. Data are conflicting on
hether more extensive necrosis is associated with a
orse clinical outcome, but the weight of the evidence

uggests that more extensive necrosis is more likely to be
ssociated with organ failure and poor outcome.

Gadolinium-enhanced MRI is reported to be equiva-
ent to intravenous CECT for assessing the severity of
cute pancreatitis, especially the presence or absence of
ecrosis.23–25,60,61 The contrast agent (gadolinium) used

or MRI does not carry the risk of renal impairment asso-
iated with iodinated contrast agents used for CT scanning.
xperience with this technique is limited, and it can be
ifficult to perform MRI in critically ill individuals.

The judgment of prognosis should be based on all
vailable evidence (clinical judgment, multiple factor
coring systems, CT, laboratory tests). The results of one
ecent study suggested that the Balthazar CT score is
uperior to Ranson’s criteria and APACHE II and
PACHE III in predicting necrosis but less accurate in
redicting organ failure.45 In one head-to-head compar-

son of Ranson’s criteria, the Glasgow score, APACHE II,
T, and various serologic markers, APACHE II outper-

ormed Ranson’s criteria and the Glasgow criteria, whereas
he combination of CT findings and the APACHE II results
mproved predictive ability over APACHE II alone.62 In
nother recent report, CT scores outperformed APACHE
I.63 Other studies have found opposite results, with
PACHE II outperforming CT.64 These data alert clinicians

hat the wisest choice is to incorporate all available infor-
ation into our estimate of prognosis.
The presence of organ failure is not truly a predictive

ystem but rather a marker of severe disease. The Atlanta
riteria define only 4 types of organ failure (shock, pul-
onary insufficiency, renal failure, and gastrointestinal

leeding), although disseminated intravascular coagula-

ion and metabolic abnormalities (severe hypocalcemia) g
re mentioned in the original report. In the Atlanta
riteria, organ failure is either present or absent and no
ifferentiation is made between single and multiple or-
an failure or between transient and persistent organ
ailure. Isenmann et al65 reported that a subgroup of
atients with severe acute pancreatitis had a significantly
igher mortality than expected. They described these
atients as having early severe acute pancreatitis. They
ere more likely to develop intractable organ failure. In

his report, early severe acute pancreatitis was character-
zed by the presence of extended pancreatic necrosis and
complicated clinical course. The mortality in this group
as substantial (42% vs 14%, P � .0003, in a comparison
f 47 patients with early severe acute pancreatitis and 111
ithout organ failure). In the retrospective analysis men-

ioned previously,56 mortality was noted to be especially
ncreased in those presenting with organ failure at ad-

ission (47% vs 8% in those without) or in those with
ultiple organ failure (48% vs 0% with single organ

ailure). Another study of 121 patients66 noted that the
resence of organ failure on admission carried an overall
ortality rate of 21% (vs 3% in those without organ

ysfunction). This mortality was restricted to the group
hat had both organ failure on admission and deterio-
ating organ failure over time. Those with organ failure
n admission who did not have deteriorating organ fail-
re had no mortality. An analysis of 290 patients with
redicted severe pancreatitis who had participated in a
andomized trial of a platelet-activating factor antago-
ist, later shown to be ineffective, reported a mortality
ate of 35% and a complication rate of 77% in those with
arly and persistent organ failure, versus 15% and 29%,
espectively, for those with early but not persistent organ
ailure.67 Other studies have reached very similar conclu-
ions.68 The presence of early organ failure and persistent
r deteriorating organ failure are therefore the best mark-
rs of a poor outcome and mortality. Planned revisions to
he Atlanta criteria will include definitions of severity
hat incorporate not only the presence of organ failure
ut also its timing and persistence. Organ failure can be
uantified by several systems, including the Atlanta def-

nitions as well as scoring systems developed for use in
he ICU such as the modified Marshall system69 or the
equential Organ Failure Assessment system.70

A variety of laboratory markers have been identified
hat might allow clinicians to identify patients with se-
ere acute pancreatitis (Table 7). Data are limited for
hese markers, and they have not been incorporated into
outine clinical use with the exception of hematocrit and
-reactive protein. Hemoconcentration (along with oli-
uria, tachycardia, hypotension, and azotemia) would be
xpected in patients with massive third-space loss from
evere acute pancreatitis. Brown et al reported in a pro-
pective cohort study that an admission hematocrit
44% and a failure of this to decrease at 24 hours were
ood indicators of pancreatic necrosis and predictors of
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rgan failure.71 In this study, the NPV of hematocrit at 24
ours was 96% for necrotizing pancreatitis and 97% for
rgan failure. Patients who did not experience hemocon-
entration were unlikely to develop pancreatic necrosis or
rgan failure. A number of other retrospective analyses,
sing a wide variety of definitions of hemoconcentration,
eached differing conclusions. While some investigators
oted reasonable accuracy for admission hematocrit, oth-
rs have found hemoconcentration less useful in predict-
ng outcome in acute pancreatitis72–74 (Table 8). A high
erum creatinine level (�2.0 mg/dL) and/or marked hy-
erglycemia (�250 mg/dL) on admission were also
hown in one recent study to be predictive of mortality.75

he level of serum amylase or lipase on admission is not
useful predictor of outcome.
C-reactive protein is widely used in Europe as a pre-

ictor of severe pancreatitis. C-reactive protein values at
dmission are not predictive of outcome,49 but measure-
ent at 48 hours has reasonable accuracy.76 Most studies

se a cutoff of 150 mg/L. In one systematic review of
-reactive protein,35 the sensitivity at 48 hours for severe
ancreatitis was 80% with a specificity of 76%, a PPV of
7%, and an NPV of 86%. These values are comparable
and in some studies superior) to the predictive value of
anson’s criteria or the Glasgow criteria and APACHE II

able 7. Potential Laboratory Markers of Severe Acute
Pancreatitis

rypsinogen activation peptide Serum or urine
-reactive protein Serum
olymorphonuclear leukocyte elastase Serum
nterleukin-6 Serum
nterluekin-1� Serum
umor necrosis factor or soluble tumor necrosis
factor receptors

Serum

hemokines (eg, interleukin-8) Serum
latelet activating factor Serum
rocalcitonin Serum
ntithrombin III Serum
ubstance P Serum

able 8. Relationship of Hematocrit and Severity

Authors
(reference), year Study design n Definition of

aillargeon et al,73

1998
Case control 32 cases,

32
control

Hematocrit �47
decrease at 2

rown et al,71

2000
Cohort 53 Hematocrit �44

decrease at 2

ankisch et al,72

2001
Cohort 316 Hematocrit �43

�39.6% (fema

emes-Troche et Cohort 336 Hematocrit �44

al,74 2005 �40% (females)
cores. C-reactive protein is not widely used in the United
tates for this purpose but deserves more widespread
linical application.

In summary, no highly sensitive and specific test or
ystem exists that can accurately measure prognosis at
dmission. At the time of admission, clinical judgment
hould take into account clinical risk factors (age, comor-
id conditions, obesity) as well as evidence of the pres-
nce or absence of SIRS, evidence of other worrisome
eatures (delirium, coma), organ failure on admission,
nd routinely available laboratory abnormalities (hyp-
xia, azotemia, hemoconcentration). The use of the
PACHE II scoring system at admission is a reasonable
djunct to clinical decision making. This approach has
elatively good NPV (patients lacking any of these risk
actors are exceedingly unlikely to have severe pancreati-
is) but only modest PPV (many patients with some of
hese features will not develop severe acute pancreatitis).
onetheless, these considerations are reasonable in de-

ermining whether patients should be managed in the
CU or intermediate care unit or whether a regular med-
cal floor bed is adequate. A refined prediction of severity
t 48 hours can be achieved by use of the APACHE II
coring system, C-reactive protein level, and/or ongoing
linical judgment. CT scans can provide additional prog-
ostic information at 72 hours. By this time, of course, it
ay already be obvious that the patient has severe disease

ased on persistent SIRS or the development of single or
ultiple organ failure. The development of organ failure

efines severe acute pancreatitis, but not all organ failure
s equally morbid. Early (on admission) organ failure,
ersistent organ failure (beyond 48 –72 hours), and mul-
iple organ failure are particularly associated with mor-
idity and mortality.

Determination of Etiology
The accurate determination of etiology allows a

linician to choose the most appropriate therapy for an
ndividual patient. Advances in cross-sectional imaging

concentration Sensitivity Specificity

d/or failure to
rs

34% at
admission, 81%
at 24 hours

91% at admission, 88%
at 24 hours

d/or failure to
rs

72% at
admission, 94%
at 24 hours

83% at admission, 69%
at 24 hours

ales), hematocrit 74% at admission
(35% if use
cutoff of
hematocrit
�47%)

45% at admission (87% if
use cutoff of
hematocrit �47%)

ales), hematocrit 59% at admission 35% at admission
hemo

% an
4 hou

% an
4 hou

% (m
les)

% (m
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nd molecular biology and genetics have greatly broad-
ned the spectrum of possible etiologies, although per-
aps 10%–15% of cases of acute pancreatitis remain un-
xplained (Table 9). The commonest cause of acute
ancreatitis in most areas of the world is gallstones

including microlithiasis), accounting for at least 35%–
0% of cases77,78 and significantly more in some regions.
lcohol abuse is usually listed as the second commonest
ause, despite the fact that acute pancreatitis rarely oc-
urs in alcoholic patients without underlying changes of
hronic pancreatitis already being established (ie, a single
binge” is unlikely to result in acute pancreatitis). Alco-
ol is responsible for about 30% of all cases of acute
ttacks in the United States.

The diagnosis of gallstone or biliary pancreatitis
hould be suspected based on patient demographics, ab-
ormal liver chemistries at the time of an attack, and/or
he results of abdominal ultrasonography demonstrating
holelithiasis or bile duct dilation. Gallstone pancreatitis
s much more common in women and in more elderly
ndividuals. If an attack of pancreatitis is associated with
levation of the serum alanine aminotransferase level to
3 times the upper limit of normal, there is a 95%

ikelihood that the source of the pancreatitis is bili-
ry.14,15 A number of studies have analyzed the predictive
ccuracy of liver chemistries for biliary pancreatitis and

able 9. Causes of Acute Pancreatitis

Biliary
Gallstones, microlithiasis, “biliary sludge”

Alcohol
Anatomic variants

Pancreas divisum, choledochal cyst, duodenal duplication,
santorinicele, duodenal diverticula

Mechanical obstructions to flow of pancreatic juice
Ampullary: benign and malignant tumors, stricture or dysfunction

of SOD
Ductal: stones, strictures, masses (including tumors), mucus (eg, in

intraductal papillary mucinous neoplasms), parasites (Ascaris)
Metabolic

Hypercalcemia, hypertriglyceridemia
Drugs
Toxins
Trauma

Blunt and penetrating, instrumentation (ERCP, pancreatic biopsy)
Ischemia

Hypotension, arteritis, embolic
Hypothermia
Infections

Viral (mumps, Coxsackie A, human immunodeficiency virus)
Bacterial/other: M tuberculosis, mycoplasma
Parasites (Ascaris)

Venoms (spider, Gila monster)
Autoimmune

With or without associated autoimmune diseases (sicca
syndrome, primary sclerosing cholangitis, autoimmune
hepatitis, celiac disease)

Genetic (familial, sporadic)
Idiopathic
ave proposed a variety of different cutoffs (eg, alanine s
minotransferase level �2 times the upper limit of nor-
al, serum bilirubin level �2 mg/dL). In general, any

ignificant abnormality of liver chemistries in a patient
ith acute pancreatitis should raise the possibility of a
iliary source. Most patients with acute pancreatitis will
ndergo abdominal ultrasonography. If gallstones or a
ilated bile duct are identified, gallstone pancreatitis is
lso quite likely. Gallstones may be missed on ultra-
onography in some patients with gallstone pancreatitis
usually due to poor visualization from overlying gas);
epeating ultrasonography after recovery is usually diag-
ostic in these patients. The most accurate method to

dentify cholelithiasis or choledocholithiasis in a patient
ith acute pancreatitis is endoscopic ultrasonography

EUS). Several recent reports document the accuracy of
his technique but also note that the combination of
linical (age, sex), laboratory, and transabdominal ultra-
ound features remain quite accurate in identifying pa-
ients with acute biliary pancreatitis.79 – 83

There is no definitive method to test for alcohol as the
ause of pancreatitis and no lower threshold of alcohol
onsumption below which alcohol cannot cause pancre-
titis. Most patients, however, will have a history of
rolonged and substantial use of alcohol or, rarely, a
erious binge. The CAGE questions (Have you ever felt
ou should cut down on your drinking? Have people
nnoyed you by criticizing your drinking? Have you ever
elt bad or guilty about your drinking? Have you ever had
drink first thing in the morning [eye opener] to steady

our nerves or get rid of a hangover?) and discussions
ith family members are useful adjuncts for identifying
lcohol abuse as a potential cause.

In patients without cholelithiasis, or who have already
ad their gallbladder removed, and who do not obviously
rink alcohol, a number of less common causes can be
onsidered. Anatomic abnormalities predisposing to
cute pancreatitis include pancreas divisum, choledochal
ysts (with or without anomalous pancreaticobiliary duc-
al union), duodenal duplication, ampullary adenomas
nd carcinomas, and other mechanical obstructions to
he pancreatic duct, including stones, benign and malig-
ant strictures, mucin (associated with mucin-secreting
umors), parasites, and sphincter of Oddi dysfunction
SOD). One cause, malignancy (typically ductal adeno-
arcinoma but occasionally neuroendocrine and other
umors), deserves particular mention. Episodes of pan-
reatitis may precede the development of overt malig-
ancy in the pancreas by many months. Unexplained
ecurrent pancreatitis in middle age and beyond should
aise the suspicion of underlying malignancy, which
hould be looked for carefully. Pancreas divisum is com-

on in the population (7%– 8% of white people, although
t is rare in black and Asian people), but very few of these
atients actually develop pancreatitis. SOD refers to a
ollection of syndromes associated with stenosis or

pasm of the sphincter muscle controlling the flow of bile
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nd pancreatic juice into the duodenum. There are clas-
ification systems for pancreatic SOD, ranging from type
(documented episodes of relapsing pancreatitis) to type

II (“pancreatic-type” pain in the absence of documenta-
ion of relapsing attacks). The relative importance of
OD as a cause of unexplained relapsing pancreatitis is
ot known, and the effect of endoscopic therapy is not
learly defined.84 – 86 The workup of SOD requires special-
zed manometry of the pancreatic duct sphincter at the
ime of endoscopic retrograde cholangiopancreatography
ERCP), which is available only in certain specialist (re-
erral) centers.

Metabolic abnormalities predisposing to acute pancre-
titis include hypercalcemia (almost always the result of
yperparathyroidism) and hypertriglyceridemia (typically
ith serum triglyceride levels �1000 mg/dL). It should
e remembered that acute pancreatitis can cause eleva-
ions in triglyceride levels as well, but not to this high
evel. Idiosyncratic drug reactions are often blamed for
cute pancreatitis, although the “culprit” drug is fre-
uently found later to be an innocent bystander. More
han 300 drugs have been associated with attacks of
cute pancreatitis (Table 10).87,88 Antimetabolites, such
s azathioprine and 6-mercaptopurine, are particularly
rone to cause acute pancreatitis, as are many of the
rugs used in the treatment of acquired immunodefi-
iency syndrome (by direct toxicity or by inducing hyper-
riglyceridemia). Toxins, such as organophosphate pesti-
ides, have been noted to cause acute pancreatitis

able 10. Association of Drugs With Acute Pancreatitis

efinite association
minosalicylates Pentamidine
(sulfasalazine, mesalamine) Sulfonamide

-asparaginase Tetracycline
zathioprine Thiazides
idanosine Valproic acid
strogen Vinca alkaloids
urosemide 6-Mercaptopurine
robable association
hlorthalidone HMG-CoA reductase inhibitors
yclosporine Metronidazole
thacrynic acid Rifampin
K-506 Steroids
ossible association
cetaminophen
miodarone
tenolol
arbamazepine
hlorpromazine
holestyramine
isplatin
ontrast media
anazol
iazoxide
iphenoxylate
rgotamine

dapted from Runzi and Layer.87
hrough cholinergic hyperstimulation. Blunt or penetrat- m
ng trauma may cause pancreatitis; included in this
ould be instrumentation of the gland, as in ERCP.
ortunately, post-ERCP pancreatitis is usually mild, but

n 2%–3% of cases the illness is severe (associated with
ecrosis of the gland) and fatalities do occur. Ischemia of
he pancreas associated with hypotension, arterial in-
ammation (arteritis, as in systemic lupus erythemato-
us), and systemic arterial embolism (eg, after cardiac
atheterization) can cause acute pancreatitis, as can hy-
othermia (the effects typically being masked until the
ecovery phase). Infection with certain viruses, including

umps, Coxsackie A, and human immunodeficiency vi-
us, can cause acute pancreatitis. Certain bacterial infec-
ions, including those caused by M tuberculosis and
ther mycobacteria, and mycoplasma, may also be cul-
rits. The venoms of certain arachnids and reptiles (eg,
rown recluse spider, some scorpions, and the Gila mon-
ter lizard) can be toxic to the pancreas, causing pancre-
titis through cholinergic hyperstimulation.

Recently identified causes of otherwise unexplained
cute pancreatitis include autoimmune pancreatitis and
enetic forms of pancreatitis. It has been recognized that
ome patients with autoimmune disorders ranging from
icca syndrome to primary sclerosing cholangitis to au-
oimmune hepatitis may have an autoimmune process
nvolving the pancreas as well. These patients may have
levated serum immunoglobulin G subclass 4 (IgG4)
evels, a bulky pancreas on cross-sectional imaging, and
bnormalities in the pancreatic duct on ERCP (typically
ong or multifocal strictures, usually without marked
ilation of the pancreatic duct).89,90 These patients rarely
resent with acute or subacute pancreatitis, more com-
only presenting with chronic pancreatitis or a pancre-

tic mass, which can be mistaken for pancreatic carci-
oma. Because there are some data to suggest that this
isorder may regress or even be cured with corticoste-
oids, the diagnosis should be actively considered in
cute pancreatitis of uncertain origin. Familial (or ge-
etic) pancreatitis refers to an interesting group of con-
itions in which the predisposition to develop chronic

and occasionally acute) pancreatitis is genetically deter-
ined. Families with clustering of pancreatitis have been

nown to researchers for half a century, but the pivotal
nding by Whitcomb et al91 of a classic single-gene mis-
ense mutation affecting cationic trypsinogen and the
ubsequent identification of other mutations in this mol-
cule in affected families has opened the door to a much
ider understanding of genetic susceptibility to both
cute and chronic pancreatitis. Patients with trypsinogen
utations ultimately develop chronic pancreatitis, which

arly in the clinical course may present as unexplained
cute pancreatitis. These trypsinogen mutations are au-
osomal dominant, and the family history is usually sug-
estive of that type of inheritance.92

Patients who are mixed heterozygotes for a variety of

utations in the cystic fibrosis transmembrane conduc-
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ance regulator (CFTR) gene may develop pancreatitis in
he absence of classic sinopulmonary features of cystic
brosis.93,94 While most of these patients with CFTR
utations are evaluated for unexplained chronic pancre-

titis, some will also develop acute flares and be consid-
red to have acute pancreatitis. Mutations in CFTR might
lso set the stage for susceptibility to acute pancreatitis
rom a separate insult to the gland. As an example, a link
ppears to have been established between CFTR gene
utations and the occurrence of acute pancreatitis in

atients with pancreas divisum.95 Mutations in the serine
rotease inhibitor Kazal type 1 (SPINK-1) have also been
escribed in patients with unexplained (mainly chronic
ut occasionally acute) pancreatitis.96,97 A detailed dis-
ussion of the genetics of pancreatitis is beyond the scope
f this review. While some of these mutations may be
ssociated with acute pancreatitis, the primary presenta-
ion is chronic pancreatitis (or pancreatic malignancy).

any patients with these mutations may not even de-
elop pancreatitis. Genetic screening for these mutations
s not currently recommended in patients with unex-
lained acute pancreatitis for a number of reasons, in-
luding complexity, cost, and relatively low yield. How-
ver, it is likely that genetic screening may play an
ncreasingly prominent role in the workup of idiopathic
ancreatitis in the near future.
A detailed clinical history, simple laboratory tests, and

maging studies such as abdominal ultrasonography will
eveal the likely cause of acute pancreatitis in many cases.
hese rather simple initial steps will identify the majority
f patients with the 2 most common causes of acute
ancreatitis: gallstones and alcohol. The history may also

dentify a history of hyperlipidemia, a drug exposure,
atrogenic events (eg, emboli after cardiac catheterization,
ost-ERCP pancreatitis), or associated autoimmune dis-
rders (eg, sicca syndrome) that may provide important
lues to etiology. Laboratory testing should include liver
hemistries and serum calcium and triglyceride levels.
ypertriglyceridemia may be missed if the blood is drawn

fter the patient has been fasting for any prolonged
eriod. In this situation, it is appropriate to repeat esti-
ation of fasting triglyceride levels after recovery. Occa-

ionally, patients with a fasting triglyceride level that is
levated but not to the level that typically causes pancre-
titis will have a dramatically elevated postprandial tri-
lyceride level. In patients with a suspicion of autoim-
une pancreatitis, levels of antinuclear antibody and

erum IgG4 should also be obtained, although elevation
n IgG4 level is no longer considered pathognomonic for
his condition.

When these more common potential etiologies are
xcluded by history, laboratory studies, and imaging
ests, more rare or unusual conditions should be consid-
red. In patients with an intact gallbladder, occult cho-
elithiasis or microlithiasis is the most likely etiology.
ccult cholelithiasis (missed by transabdominal ultra- w
onography) is best detected by repeating the transab-
ominal ultrasonography or by EUS or magnetic reso-
ance cholangiopancreatography (MRCP). The gold
tandard for diagnosis of microlithiasis is microscopic
nalysis of gallbladder bile, usually obtained by adminis-
ering cholecystokinin and obtaining the darker “B” bile
hrough an endoscope, tube, or catheter. There is no
niversally accepted method for analyzing bile and no
niversal criteria for what constitutes an abnormal test
esult.98 There is some evidence that EUS can identify
atients with microlithiasis, with a sensitivity of about
0%.80 – 83 The finding of “sludge” in the gallbladder on
US or transabdominal ultrasonography can be difficult

o interpret because “sludge” may form with prolonged
asting (common in pancreatitis) and may represent the
onsequence rather than the cause of pancreatitis. Given
he lack of a standardized method for diagnosing micro-
ithiasis, empiric cholecystectomy may be considered in
atients with gallbladder in situ and unexplained relaps-

ng acute pancreatitis.84,99,100 This is not an unreasonable
pproach in selected patients with gallbladder in situ
ho have recurrent attacks and in whom other common

tiologies (alcohol, metabolic, structural) have been ruled
ut by history, screening laboratory tests, and imaging
ests.

The consideration of malignancy as a potential etiol-
gy of unexplained acute pancreatitis would be appropri-
te in patients at risk (age older than 40 years) and/or
atients with worrisome associated features (weight loss,
ew-onset diabetes mellitus). In such a patient, if not
lready done, cross-sectional imaging of the pancreas and
ancreatic duct is appropriate. This could include a CT
ith pancreas protocol or MRI, often coupled with
RCP. Alternatively, EUS could be used in this situation

o screen not only for malignancy but also to assess for
mpullary masses, pancreatic ductal dilatation, signs of
nderlying chronic pancreatitis, and microlithiasis. EUS

s particularly well suited to this situation. If EUS is not
vailable, MRI and MRCP are preferred before consider-
ng ERCP.

If ERCP is ultimately performed, it should be done in
setting with appropriate expertise and technical sup-

ort to evaluate and treat pancreas divisum, benign and
alignant ductal strictures, ampullary lesions, and con-

enital abnormalities such as choledochocele or anoma-
ous pancreaticobiliary junction. If these etiologies are
ot identified, SOD manometry should be considered
nd ideally would be performed in the same setting. If
erformed, it is appropriate to measure pressures in both
iliary and pancreatic sphincters because elevations in
phincter resting pressure may not always affect both
egments of the sphincter. Sustained elevations of basal
over duodenal baseline) sphincter pressure �40 mm Hg
re believed to be an indication for biliary and/or pancreatic
phincterotomy. The role and timing of ERCP in patients

ith unexplained pancreatitis and the importance of pan-
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reas divisum and SOD are controversial.84–86,98–101 ERCP is
ost appropriate in patients with recurrent or relapsing

cute pancreatitis.100,101 Typically, ERCP is not performed
fter a single episode of acute pancreatitis unless there is
aboratory or imaging evidence of a bile duct stone. It is
mportant for clinicians to remember that the majority of
atients with a single episode of unexplained acute pan-
reatitis do not have a second attack.102,103

The rare case of acute pancreatitis (rather than
hronic) associated with genetic disorders can only be
lucidated by specific tests for the most common muta-
ions (eg, in cationic trypsinogen, CFTR, SPINK-1). Un-
ortunately, at present there is no specific treatment for
ancreatitis of genetic origin. It is a wise precaution to
end patients with a suspected genetic basis for their
ancreatitis to a genetics counselor before testing, be-
ause genetic screening has the potential to raise uncom-
ortable questions regarding paternity or maternity that
he gastroenterologist is ill equipped to deal with.

Management
The management of patients with acute pancre-

titis should include closely monitored general support-
ve care, efforts to limit complications and appropriate
reatment if complications occur, and prevention of re-
urrences.

General Supportive Care
Supportive care includes appropriate triage, ade-

uate fluid resuscitation, correction of electrolyte and
etabolic imbalances, effective pain control, and provi-

ion of nutrition if a prolonged period of “nothing by
outh” is anticipated. Triage decisions on the use of an

ntermediate care unit or ICU are based on the presence
f SIRS, organ failure, severe comorbid conditions, or
ther factors such as hemoconcentration or multiple
actor scoring systems. These decisions will be influenced
y the relative intensity of nursing support available in
hese units in individual hospitals. The presence of hy-
oxia, tachypnea, delirium, significant gastrointestinal
leeding, features of massive third-space loss (hypoten-
ion, tachycardia, azotemia, marked hemoconcentration),
r evidence of SIRS would merit consideration of triage
o an ICU environment.

Adequate early fluid resuscitation is crucial in appro-
riate management. Even in rather mild acute pancreati-
is, fluid losses may be significant. In severe acute pan-
reatitis, fluid needs of 5 L or more daily are not
ncommon. In animal models, adequate fluid resuscita-
ion reduces morbidity and mortality.104,105 Hemocon-
entration, a marker of more substantial third-space
osses, is associated in some studies with a higher likeli-
ood of pancreatic necrosis and organ failure.71 In one
etrospective analysis, all patients who developed wors-
ning hemoconcentration after 24 hours of hospital ad-

ission despite attempts at fluid resuscitation developed m
ecrotizing pancreatitis.106 Hypotension or shock may
ccur not only as a consequence of massive fluid losses
ut also due to a decrease in peripheral and pulmonary
ascular resistance and a compensatory increase in car-
iac index, similar to the sepsis syndrome.107 Finally, the
bility of the pancreatic microcirculation to vasodilate in
esponse to hypoperfusion is quite limited. Taken to-
ether, these observations support the role of vigorous
uid resuscitation. Crystalloid is preferred in most in-
tances. Colloid may be considered in limited situations:
acked red blood cells when the hematocrit falls below
5% and albumin if the serum albumin level drops to �2
/dL. Adequate fluid resuscitation should produce a
rine output of at least 0.5 mL · kg body wt�1 · h�1 in
he absence of renal failure. Complications of fluid ther-
py include electrolyte disturbances and fluid overload.
he latter is most concerning, especially in patients who
ave developed cardiovascular dysfunction or a pulmo-
ary capillary leak syndrome (acute respiratory distress
yndrome) as a consequence of acute pancreatitis. In this
ituation, the use of a central venous or pulmonary artery
atheter may be helpful in gauging fluid needs.

Supplemental oxygen is needed in many patients. Hy-
oxia is quite common in acute pancreatitis due to
plinting, atelectasis, pleural effusions, and the opening
f intrapulmonary shunts.108 The acute respiratory dis-
ress syndrome occurs in up to 20% of patients with
evere acute pancreatitis. Patients with severe or moder-
tely severe acute pancreatitis should be monitored by
ulse oximetry for the first 48 –72 hours. Persistent or
rogressive hypoxia will usually require admission to an
CU and possibly the use of mechanical ventilation. Pleu-
al effusions do not usually require thoracentesis unless
hey are large and interfering with ventilation.

A number of electrolyte or other metabolic abnormal-
ties can develop in the setting of acute pancreatitis.108

ypocalcemia is relatively common and is included on
ome of the prognostic multiple factor scoring systems as

marker of poor prognosis. Hypoalbuminemia is the
ost important factor causing low serum calcium levels,

ecause most patients have normal levels of ionized cal-
ium. Correction of hypocalcemia is usually not needed
nless ionized levels of calcium are low or signs of neu-
omuscular instability develop (tetany, Chvostek’s sign,
r Trousseau’s sign). Magnesium levels are also often low

n this setting and may, in fact, explain some of the
ypocalcemia. Hyperglycemia is also common and, like
alcium, is included as a marker of poor prognosis in
ultiple factor scoring systems. Hyperglycemia can be

ue to parenteral nutritional therapy, inappropriately
ecreased insulin release, increased gluconeogenesis, and
ecreased glucose utilization. Insulin, at least on a tem-
orary basis, is needed in most patients with severe acute
ancreatitis and many with milder disease. Hyperglyce-
ia substantially worsens neutrophil function109 and

ay increase the risk of secondary pancreatic infections
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see following text), so careful monitoring of serum glu-
ose levels and the use of sliding-scale insulin to keep
lood sugar levels under good control are warranted.
ypertriglyceridemia is associated with acute pancreati-

is, both as an etiology and as a consequence. Hypertri-
lyceridemia occurs in about 20% of patients with acute
ancreatitis. Levels of serum triglycerides �1000 mg/dL
re the cause, rather than the consequence, of acute
ancreatitis. These patients usually have an underlying
ype IV or V hyperlipoproteinemia, often associated with
iabetes mellitus.110 Triglyceride levels usually drop
romptly when the patient is prescribed nothing by
outh, but occasional patients may require plasma-

heresis to reduce triglyceride levels (those with very
evere hypertriglyceridemia or pregnant women with hy-
ertriglyceridemic pancreatitis). Close control of blood
lucose levels is also needed to facilitate control of serum
riglyceride levels.

Adequate control of pain is important for appropriate
anagement. Parenteral analgesics are usually needed.
he use of patient-controlled analgesia is usually advan-

ageous. A number of parenteral narcotics are used, in-
luding meperidine, morphine, hydromorphone, and
thers. In the past, morphine was avoided due to a
oncern that it might cause spasm of the SOD and thus
orsen acute pancreatitis, although there is no evidence

n humans that this is so.111 Meperidine is not without
ide effects, including the accumulation of a neurotoxic

etabolite (normeperidine) and a relatively short dura-
ion of action, and many hospitals have severely limited
he availability of intravenous meperidine. Hydromor-
hone may thus be preferred.
The approach to nutrition support has undergone

ubstantial changes in the past several years. Nutritional
upport should be considered when patients are unlikely
o be able to eat for at least 7 days. Artificial feeding has
o role or benefit in patients with mild acute pancreatitis
ho are expected to begin eating within 7 days. In the
ast, the use of total parenteral nutrition (TPN) was
onsidered standard. TPN was believed to allow feeding
ithout stimulating the pancreas and potentially wors-

ning acute pancreatitis. TPN is associated with a num-
er of complications, particularly hyperglycemia and
atheter sepsis. Both complications may be related, at
east in part, to overfeeding and excessive carbohydrate
oads. The delivery of enteral elemental nutrition into the

id- or distal jejunum does not stimulate pancreatic
ecretion.112,113 A number of trials have now been con-
ucted comparing enteral with parenteral nutritional
herapy in patients with acute pancreatitis. A meta-anal-
sis of 6 randomized trials of TPN compared with enteral
utrition114 delivered by a nasojejunal tube placed be-
ond the ligament of Treitz noted an overall reduction in
nfections in those receiving enteral nutrition (relative
isk, 0.45; 95% CI, 0.26 – 0.78) and a reduction in the need

or pancreatic surgery (relative risk, 0.48; 95% CI, 0.23– m
.99) but no reduction in other complications (organ
ailure) or mortality. All of these studies have also shown
nteral nutrition to be less costly than TPN. The advan-
age in cost and improvement in at least some important
utcomes has led to a general shift toward enteral nutri-
ion in patients with acute pancreatitis. While most stud-
es have incorporated nasojejunal feeding, some have
sed nasogastric or nasoduodenal feeding instead. The
elivery of an elemental or semielemental supplement to
he duodenum reduces pancreatic stimulation by about
0%, compared with the delivery of complex polymeric
ormulas.115 The inflamed pancreas may also be less re-
ponsive to stimulation by nutrients in the duodenum
han previously believed, but it is not completely insen-
itive to stimulation.116 One recent small randomized
rial compared nasojejunal with nasogastric feeding, uti-
izing a low-fat semielemental formula, in 50 patients
ith predicted severe acute pancreatitis and found no
ifferences in morbidity or mortality.117 A second even
maller study reached similar conclusions,118 but another
mall study comparing nasogastric feeding with TPN
oted increased pulmonary and total complications in
he nasogastric group.119 These studies are not definitive,
nd confirmatory studies in larger groups of patients are
eeded before acceptance of nasogastric or nasoduodenal

eeding into widespread clinical practice.
In summary, there is accumulating evidence that na-

ojejunal tube feeding is less expensive and less morbid
han TPN and is the preferred method of delivering
utrition in patients with severe acute pancreatitis. A few
aveats are important. The presence of severe ileus may
imit the tolerance of enteral feeding and TPN may be
equired. The tubes are somewhat difficult to place and

ay require endoscopy for placement. A number of tech-
iques have been described, most using a guidewire with
lacement of the tube over a wire after removal of the
ndoscope. Techniques using small-caliber endoscopes
ransnasally and standard endoscopes transorally with a
asal transfer device to bring the wire out of the nose are
qually effective. Maintaining the tube in position may be
hallenging, and placing a clip to anchor the tube to the
ejunal wall may be necessary.

Therapies to Limit the Frequency or Severity
of Complications
There have been a wide variety of therapies pro-

osed as a method to reduce complications. The goal of
hese therapies is to reduce complications of organ fail-
re and secondary infections. These strategies have been

argely ineffective, with a few notable exceptions.
Efforts to “rest” the pancreas. The presumption

hat limiting stimulation of pancreatic secretion im-
roves outcome seems logical and has been part of man-
gement strategies for many years. The simplest method
f limiting pancreatic secretion is prescribing nothing by

outh. There is actually no evidence that this manage-
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ent strategy reduces organ failure or secondary infec-
ions, but patients with pancreatitis are rarely able to eat
n any event due to nausea and pain. A number of
trategies have been studied as methods to reduce pan-
reatic stimulation further, beyond that which might be
ccomplished by prescribing nothing by mouth. These
nclude nasogastric suction, H2-receptor antagonists,
roton pump inhibitors, atropine, 5-fluorouracil, soma-
ostatin, and octreotide. The data supporting the use of
hese maneuvers and agents are not very convincing.
welve small controlled trials comparing somatostatin
ith supportive treatment or placebo have been reported,
f which 6 were randomized. A meta-analysis of these
andomized trials120 found no improvement in mild pan-
reatitis but a reduction in overall mortality in patients
ith severe pancreatitis (OR, 0.39; 95% CI, 0.18 – 0.86). A

imilar meta-analysis of 7 randomized trials of oct-
eotide120 found no effect on mild pancreatitis and no
tatistically significant reduction in overall mortality in
evere pancreatitis (OR, 0.64; 95% CI, 0.38 –1.09). If 3
dditional controlled but nonrandomized studies using
ctreotide were included, the improvement in overall
ortality reached statistical significance. Of note, the

argest single randomized trial (by far) of octreotide in
02 patients with moderate to severe acute pancreatitis
ound absolutely no effect on mortality, organ failure, or
econdary infections.121 Somatostatin is not easily avail-
ble in the United States, and the data on octreotide are
ontroversial, so neither can currently be recommended
s routine management for acute pancreatitis. Some of
hese other strategies may be useful in patients with
cute pancreatitis, despite the fact that they have no
ffect on the outcome of acute pancreatitis. For example,

nasogastric tube may be beneficial for nausea and
omiting and an H2-receptor antagonist may help pre-
ent stress ulceration, although neither has an impact on
he outcome from the pancreatitis itself.

Efforts to reduce or remove activated proteases.
he role of activated proteases in producing organ failure

s not clear. In the past, these proteases were believed to
e central to the systemic complications of severe acute
ancreatitis. More recent data suggest that a proinflam-
atory cytokine cascade is primarily at fault. Studies

sing aprotinin (a synthetic antiprotease), fresh frozen
lasma (to provide natural antiproteases), and peritoneal

avage (to remove proteases) have been ineffective in
uman acute pancreatitis. More recently, the small-mo-

ecular-weight antiprotease gabexate mesilate has been
tudied. Meta-analyses120,122 of 5 randomized studies
oted no decrease in overall mortality (OR, 0.94; 95% CI,
.55–1.62) but found a reduction in the overall compli-
ation rate (OR, 0.7; 95% CI, 0.56 – 0.88). Gabexate mesi-
ate is not available in the United States.

Efforts to reduce SIRS. The release of proinflam-
atory cytokines and chemokines with a sepsis-like syn-
rome (SIRS) and multiorgan failure produce much of r
he early morbidity and mortality of severe acute pancre-
titis. One cytokine that was proposed as a central player
n SIRS is platelet-activating factor. The drug lexipafant,
n antagonist of platelet-activating factor, has been
ested in several randomized trials. While initial studies
ere positive, a large randomized trial of more than 1500
atients noted no beneficial effect.46,123

The removal of common bile duct stones. This
ethod of limiting complications is obviously only ap-

licable to those with gallstone pancreatitis. It has been
elieved that by the time most patients with gallstone
ancreatitis present to the hospital, or shortly thereafter,
he offending common bile duct stone has usually al-
eady passed into the duodenum. A proportion of pa-
ients may have persistent common bile duct stones,
ither those that are too large to easily pass the ampulla
r multiple common bile duct stones with repeated epi-
odes of stone migration through the ampulla. This
roup of patients has been believed to be at increased risk
or complications (organ failure) and associated cholan-
itis.124 In this subgroup of patients, removal of common
ile duct stones might reduce or prevent complications.
his was first attempted by early surgery, but this was
bandoned when randomized trials documented in-
reased morbidity and mortality in the early surgery
roup. Subsequent studies have focused on ERCP and
phincterotomy. There are now 4 randomized trials of
RCP and sphincterotomy in these patients.125–128 The
arliest study randomized 121 patients to ERCP within
2 hours or conventional treatment.125 Sphincterotomy
as only performed if common bile duct stones were
resent. This study noted an overall reduction in com-
lications in the group randomized to early ERCP, but
his advantage was entirely accounted for by the reduc-
ion in complications in those patients who were pre-
icted to have severe pancreatitis (based on a modified
lasgow score �3). There was no improvement in out-

ome in those with predicted mild pancreatitis. There
as also no difference in mortality. There was no differ-

nce in the rates of cholangitis in the 2 groups, and if
atients with associated cholangitis were excluded from
he analysis, the reduction in complications was still
resent. A subsequent study126 randomized 195 patients
o early ERCP (within 24 hours). Of these, only 127 had
allstone pancreatitis. This study did not document any
eduction in local or systemic complications of severe
cute pancreatitis but did note a reduction in biliary
epsis in the early ERCP group. There was no difference
n mortality. The third study127 randomized 238 patients
ith acute biliary pancreatitis but without jaundice to

arly ERCP within 72 hours. This study was not able to
emonstrate any reduction in complications (including
holangitis) or mortality from early ERCP. These 3
andomized trials have been subjected to several meta-
nalyses.129 –131 In the most recent Cochrane Database

eview,131 early ERCP was calculated to reduce complica-
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ions of acute biliary pancreatitis nearly in half (OR, 0.56;
5% CI, 0.38 – 0.83). This improvement in outcome is
ntirely accounted for by the group with predicted severe
ancreatitis (OR, 0.27; 95% CI, 0.14 – 0.53); there was no
eduction in complications in the group with predicted

ild pancreatitis. The same analysis showed no reduc-
ion in overall mortality for early ERCP, although an-
ther meta-analysis did calculate a reduction in mortality

n the subgroup with predicted severe pancreatitis.130 The
ourth and most recent randomized trial128 has not been
ncluded in these meta-analyses. In this most recent trial,
03 patients with acute biliary pancreatitis who also had
dilated bile duct (�8 mm) on initial ultrasonography

nd a bilirubin level �1.2 mg/dL were randomized to
arly ERCP within 72 hours of admission. Patients with
holangitis were excluded. Although bile duct stones
ere seen and removed in 72% of the group randomized

o early ERCP, there was no difference in the primary
utcomes of organ failure, mean CT severity index, local
omplications, overall morbidity, or mortality.

Taken together, these data and clinical experience pro-
ide important guidelines for ERCP in the management
f acute biliary pancreatitis. ERCP should be urgently
erformed when acute cholangitis has complicated acute
iliary pancreatitis (about 10% of patients). ERCP should
lso be performed when clinical or radiographic features
uggest a persistent common bile duct stone (a dilated
ommon bile duct or visible common bile duct stone, or
aundice or persistently abnormal liver chemistry values).
n some centers, EUS is used to identify patients with
cute biliary pancreatitis who have persistent bile duct
tones and thus select patients for early ERCP.

Early ERCP may also be considered in the absence of
hese situations, when biliary pancreatitis is severe or is
redicted to be severe (based on APACHE II, Ranson’s
riteria, or modified Glasgow criteria). Early ERCP in this
ituation (for severe or predicted severe pancreatitis in
he absence of concomitant cholangitis or a high suspi-
ion of a persistent common bile duct stone) is more
ontroversial, and the data from randomized trials are
ot uniform in support of this practice. If early ERCP is
erformed, it should be undertaken within 48 –72 hours
f the onset of illness. In these randomized trials, sphinc-
erotomy was not performed in the absence of stones in
he common bile duct; it is not known if this strategy is
ustified. The decision whether to perform sphincterot-
my if no stones are visualized in the common bile duct
t the time of ERCP is individualized and may be influ-
nced by the size of the cystic duct, the size of stones
emaining within the gallbladder, the size of the common
ile duct, and the expected wait until cholecystectomy.

Irrespective of these issues, cholecystectomy is indi-
ated as soon as possible and in no case beyond 2– 4
eeks after discharge to prevent relapses of acute pancre-
titis. In patients who are not fit for surgery, endoscopic

phincterotomy alone provides acceptable protection b
rom subsequent attacks of acute biliary pancreatitis.132

n 8 case series comprising 320 patients with gallstone
ancreatitis or choledocholithiasis and gallbladder in
itu managed by ERCP and sphincterotomy alone, only 3
1%) developed recurrent biliary pancreatitis but 56 (17%)
eveloped other biliary symptoms or complications (such
s acute cholecystitis or biliary colic).132–139 This rate of
iliary symptoms and complications is high enough to
arrant laparoscopic cholecystectomy if the patient is fit

or surgery.
In patients with mild or resolved acute biliary pancre-

titis who are scheduled for cholecystectomy, there is
sually little need for preoperative ERCP because the risk
f persistent common bile duct stones is low. There is no
vidence that routine preoperative ERCP reduces compli-
ations, cost, or length of stay.140 A randomized trial of
outine preoperative ERCP compared with selective use
f postoperative ERCP based on the results of intraoper-
tive cholangiography noted shorter hospital stays and
ower cost in the postoperative ERCP group.141 This trial
xcluded patients with associated cholangitis; urgent
RCP is obviously required in these patients. In patients
ith a high likelihood of persistent common bile duct

tones, preoperative ERCP is appropriate. In one analysis,
reoperative ERCP was the most cost-effective approach
hen the prevalence of common bile duct stones reached
80%.142 In situations in which the prevalence of com-
on bile duct stones was �80%, laparoscopic common

ile duct exploration or, if unavailable, postoperative
RCP were most cost effective. In patients in whom a
reoperative question exists as to the presence of persis-
ent common bile duct stones, preoperative EUS or

RCP is appropriate rather than proceeding directly to
RCP.143

Prophylactic Antibiotics
Infection of pancreatic necrosis is the major cause

f morbidity and mortality in acute pancreatitis after the
rst week of illness. The prevention of infection in pa-
ients with pancreatic necrosis has therefore been a
ought-after clinical goal. Early trials of antibiotic pro-
hylaxis used antibiotics that were later shown to have

nadequate penetration into pancreatic necrosis. Several
ecent randomized trials have assessed the efficacy of
ntibiotic prophylaxis using agents with better tissue
enetration.144 –151 These trials have used different pa-
ient selection criteria, different antibiotics, different out-
ome measures, and different durations of treatment.
nly 2 of these studies are double blinded.150,151 Several

ystematic reviews and meta-analyses have been per-
ormed on these studies, but the heterogeneity of the
tudies reduces the reliability of such analyses. The most
ecent Cochrane Database review152 combined data from

studies (not including the 2 most recent studies that
re double blind) and concluded that prophylactic anti-

iotics reduced mortality (OR, 0.32; P � .02) and pan-
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reatic sepsis (OR, 0.51; P � .04). The combined data did
ot demonstrate a statistically significant reduction in
xtrapancreatic sepsis, need for surgery, or secondary
ungal infections. Another recent systematic review in-
luded data from one of the more recent double-blind
rials150; the raw data demonstrated a 13% absolute risk
eduction in pancreatic sepsis and an 8% absolute risk
eduction in mortality.153 Another recent meta-analy-
is130 of the 5 highest-quality and most comparable stud-
es noted a reduction in sepsis and mortality but not in
ancreatic sepsis. In a subgroup analysis, the group that
eceived imipenem also had a reduction in pancreatic
epsis.130 A recent analysis compared the methodological
uality of these studies with the absolute risk reduction

n pancreatic sepsis and noted that the highest-quality
tudies demonstrated the least effect of antibiotic pro-
hylaxis.154 Finally, a recent double-blind trial of antibi-
tic prophylaxis using meropenem, which is available for
eview but still in press, showed no effect of antibiotic
rophylaxis.151 The fact that the only 2 double-blind
rials150,151 show no benefit of prophylactic antibiotics is
oteworthy. The variety of possible interpretations of
hese conflicting studies has led to a variety of opinions
n the relative benefits and advisability of prophylactic
ntibiotics.

Not unexpectedly, most of the original studies had
igh rates of antibiotic use in the conservative treatment
roups, which makes for confusing interpretation. In
ddition, broad-spectrum antibiotics are not benign and
re associated with increased risk of resistant organisms
nd possibly fungal superinfection. These considerations
ave led to a variety of opinions on the use of prophy-

actic antibiotics, despite the number of positive meta-
nalyses. The most recent practice guidelines from the
nited Kingdom make no recommendation for prophy-

actic antibiotic therapy.155 It is quite reasonable, based
n current data, to utilize antibiotics on demand (for
linical features of infection) rather than prophylacti-
ally. Most experts agree that if antibiotic prophylaxis is
onsidered, it should be restricted to patients who are at
easonable risk of developing infected pancreatic necrosis
a cutoff of at least 30% of the gland being necrotic on
ECT is a reasonable one). The choice of antibiotic

hould be one with adequate penetration into the ne-
rotic material, either imipenem-cilastatin, meropenem,
r a combination of a quinolone and metronidazole. In
he meta-analysis mentioned previously,130 only the sub-
roup receiving imipenem had a decrease in pancreatic
epsis. One randomized trial comparing imipenem with
erfloxacin noted that imipenem was superior to per-
oxacin.156 The large randomized blinded study using
iprofloxacin and metronidazole noted no benefit of
hese antibiotics compared with placebo.150 These data
uggest that imipenem may have advantages over quin-
lones. However, the recent negative trial using the re-
ated drug meropenem raises questions about this possi- w
le advantage. Prophylactic antibiotic therapy, once
tarted, should continue for no more that 14 days. If
nfection does develop, either within the pancreas or
lsewhere, antibiotics should be tailored to the infecting
rganism. Long-term use of broad-spectrum antibiotics

s associated with the development of resistant organ-
sms. There has also been concern over the emergence of
ungal superinfection in these patients, although a meta-
nalysis of 4 trials that reported on fungal superinfec-
ion130 noted no difference (4.9% rate of fungal superin-
ection in the antibiotic group vs 6.7% in the placebo
roups).

Management of Complications
General complications. The development of or-

an failure, circulatory instability, or severe metabolic
erangements requires the coordinated care of a team of
hysicians and health care personnel, including surgeons,
adiologists, gastroenterologists, and critical care special-
sts. The management of infected pancreatic necrosis may
ikewise require the services of a group of experienced
linicians. Referral of patients to a major specialist center
s appropriate for such patients, depending on the par-
icular expertise available at the referring institution.

Pancreatic necrosis. The development of necro-
is per se is not an indication for any specific interven-
ion. The natural history of necrosis is quite variable. It

ay produce symptoms, become infected, or, in some
atients, remain asymptomatic. Over time, necrotic ma-
erial will evolve from a composition that is mainly solid
hrough a mixture of solid and thick viscous liquid to

ainly viscous liquid with few solid components. During
his evolution, which may take weeks or even months,
here is a tendency for the necrotic material to become
alled off by a surrounding capsule of granulation tissue,

n much the same way a pseudocyst is walled off by
ranulation tissue. This evolution from mainly solid to
ainly liquid composition allows progressively less inva-

ive therapies to be applied. When the collection is
ainly solid, debridement generally requires laparotomy.
hen the collection is mainly liquid, endoscopic, percu-

aneous, and minimally invasive surgical techniques can
uccessfully deal with the collection. These collections,
hich had been termed “organized pancreatic necrosis,”
re now generally termed “walled-off pancreatic necro-
is,” a term that is meant to denote this circumscribed
ollection undergoing this change in composition and
ncapsulation. The presence of an area of walled-off pan-
reatic necrosis is not an indication, in and of itself, for
ny treatment but may require treatment for secondary
nfection or other symptoms (such as obstruction of a
urrounding hollow viscus).

Identifying walled-off or organized pancreatic necrosis
equires first identifying the presence of necrosis and
econd, assessing the characteristics of the material

ithin the collection. Identifying the presence of necrosis
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s best achieved by a CECT. Because these patients are
ften weeks or months into their illness, reviewing a
eries of previous CT scans with a radiologist can usually
ssist the clinician in this process. MRI and EUS are best
t characterizing the contents of the collection, particu-
arly at assessing the amount of residual solid necrotic

aterial within the collection. Although CT is probably
est at identifying the presence of necrosis, it is not
ccurate at identifying the amount of residual solid ma-
erial within an area of necrosis. Many collections of
alled-off necrosis appear to be bland liquid collections
n CT scan, while in fact they contain large quantities of
olid material. The more solid material in the collection,
he more difficult it is to manage with less invasive or
oninvasive techniques.

Pancreatic infections. Infected necrosis. The diag-
osis of infected pancreatic necrosis is usually based on
ram stain and culture of material obtained from the
ecrotic area by fine-needle aspiration (FNA). The diag-
osis should be suspected based on clinical features

worsening abdominal pain, fever, leukocytosis), usually
–2 weeks after disease onset. In this clinical situation, it

s appropriate to obtain a CECT to assess for the location
f necrotic areas of pancreas. The finding of gas within
he pancreas is highly suggestive, although not diagnos-
ic, of infected necrosis. FNA of necrotic areas is safe and
as a high sensitivity and specificity for detecting infec-
ion.157–159 In general, sterile necrosis should be managed
onservatively, whereas infected necrosis usually requires
ome definitive therapy. The decision to perform FNA
nd the subsequent management decision should always
e undertaken in conjunction with the surgeon who is
onsulting on the case.

The standard approach to infected necrosis has been
pen surgical debridement. A number of different surgi-
al approaches have been reported, including single-stage
nd multistage approaches and with a variety of drainage
nd closure techniques.130 The technique of necrosec-
omy is relatively standardized with a variety of methods
o control subsequent drainage, including marsupializa-
ion of the lesser sac, wide-closed pancreatic drainage,
ontinuous lavage of the cavity, and planned repeat ne-
rosectomy with delayed primary closure. Less invasive
urgical approaches have also been described, using lapa-
oscopic techniques and equipment along the track of
xisting percutaneous drains.160 –162

The choice of surgical approach largely depends on
ocal expertise and preferences. There has been an in-
reasing trend to delay surgery as long as possible, even in
he face of a positive result on FNA, if the clinical situ-
tion allows. This delay has the advantage of allowing
ecrotic material to demarcate and begin to liquefy, mak-

ng complete initial necrosectomy more likely, and reduc-
ng the need for repeated debridement. The delay-until-
iquefaction strategy also allows nonsurgical therapies to

e considered. There are numerous reports of successful (
adiologic163–166 and endoscopic167–171 treatment for ster-
le and infected pancreatic necrosis. The difficulty in
chieving debridement of semisolid material through
mall-caliber tubes is substantial, and successful radio-
ogic or endoscopic treatment requires multiple tubes
nd a committed patient and clinician. Minimally inva-
ive surgery, and endoscopic and radiographic drainage,
ecome much more straightforward as the necrosis soft-
ns and eventually liquefies. The consistency of the ne-
rotic material can therefore play a large role in selecting
herapeutic options. The process takes time, often a num-
er of weeks, and it is a mistake to assume that a large
ollection of necrotic material is soft or liquefied based
n the CT appearance alone. It can be difficult to define
he internal character of such a collection, but MRI and
US provide the most reliable information. The choice of

herapy for infected (or rarely sterile) necrosis is largely
riven by local expertise. There are even reports of suc-
essful medical therapy of infected necrosis,172,173 al-
hough this would not be expected of a reliably effective
herapy. Increasingly, however, patients with infected ne-
rosis are being managed expectantly with intravenous
ntibiotics and definitive therapy is delayed (if the clinical
ituation allows it) to allow the necrosis to partially
iquefy and become walled off and hence allow less inva-
ive therapy.

Pancreatic fluid collections and pseudocyst. Col-
ections of fluid in and around the pancreas are common
n patients with moderate or severe acute pancreatitis.
hese amorphous fluid collections rarely require specific

herapy. Approximately half of these fluid collections will
esolve within 6 weeks, and up to 15% will persist as
ncapsulated pseudocysts.174,175 Many pseudocysts can
e managed conservatively, particularly if they are small
�6 cm) and asymptomatic. Pseudocysts may produce
ymptoms (generally abdominal pain), obstruct sur-
ounding organs (duodenum, stomach, or bile duct),
ecome infected, rupture, or bleed. These complications
equire therapy.

Surgical, radiologic, and endoscopic options are avail-
ble for the management of large or symptomatic or
omplicated pseudocysts. The choice of approach de-
ends on location, size, pancreatic ductal anatomy, and,
ost importantly, local expertise. It is worthwhile to

tate that endoscopic treatment, utilizing EUS guidance,
s becoming much more common and in many institu-
ions is the primary procedure for pseudocysts with ame-
able anatomy. Before choosing therapy, it is incumbent
n the clinician to make sure the collection is actually a
seudocyst and not a cystic neoplasm. In addition, it is
ery important to have some idea as to the character of
he contents of the collection. On occasion, a large area
f necrotic pancreas may appear to be a pseudocyst on
T, and it may not be easily apparent that the collection

ontains solid and semisolid material. Placing a tube

percutaneous or endoscopic) into this type of collection
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ill not achieve drainage and will instead just convert an
ninfected “necroma” into an infected one. If any doubt
xists, an MRI or EUS can be helpful in gauging the
onsistency of the cystic collection.

A few pseudocyst complications deserve specific men-
ion. Infected pseudocysts are generally easy to manage
ith any of the available techniques, because the contents
re generally fluid and easily drained through even small-
aliber tubes. Bleeding from a pseudocyst may occur
rom an associated visceral pseudoaneurysm. This bleed-
ng may remain within the pseudocyst or may reach the
ut through a spontaneous rupture with fistula or
hrough the pancreatic duct (hemosuccus pancreaticus).
hese patients may present with gastrointestinal bleed-

ng or an unexplained drop in hematocrit. Urgent upper
ndoscopy is indicated in patients with pancreatitis and
astrointestinal bleeding, and the absence of any defin-
ble explanation for bleeding should prompt an emer-
ent CT scan. Evidence of bleeding into the pseudocyst is
sually visible on CT and the pseudoaneurysm may also
e evident, although angiography may be required to

dentify the actual pseudoaneurysm. The therapy should
e emergent angiography with embolization, rather than
ny attempt to drain the cystic collection. Unexplained
astrointestinal bleeding in a patient with pancreatitis or
history of a pseudocyst warrants emergent CT to assess

or pseudoaneurysm.

Surgery
Surgery has no immediate role in patients with

ild acute pancreatitis. Patients with sterile pancreatic
ecrosis should be managed conservatively. Surgery for
terile pancreatic necrosis is only rarely required, and
hen usually only when a large necrotic collection is
ausing persistent unremitting symptoms due to its size
eg, a large necrotic collection compressing the stomach
nd preventing oral intake). In this situation, it is often
orthwhile to delay therapy until the collection is walled
ff and becomes more liquefied, which will allow less

nvasive therapies to be applied. The development of
nfected pancreatic necrosis is an indication for interven-
ion, with surgery or an alternative technique as de-
cribed previously depending on the characteristics of the
ollection. Early surgery (within the first 14 days) should
e avoided because it is associated with increased mor-
ality.

Prevention
Prevention of post-ERCP pancreatitis. Pancreati-

is occurring after ERCP provides a rare opportunity for
herapies designed to prevent pancreatitis. The risk of
ost-ERCP pancreatitis is dependent on a number of
atient, endoscopist, and procedural factors. In one large
rospective study, a number of risk factors were identi-
ed by multivariate analysis; these include a history of

ost-ERCP pancreatitis, normal serum bilirubin level, t
uspected SOD, female gender, moderate-to-difficult can-
ulation, �1 pancreatic duct contrast injection, pancre-
tic sphincterotomy, balloon dilation of the biliary
phincter, and the absence of chronic pancreatitis.176 In
his study, these risk factors were additive. ERCP for
resumed SOD in a woman with a normal serum biliru-
in level in whom there was a difficult cannulation (an
ll-too-common scenario) resulted in a post-ERCP pan-
reatitis risk of more than 40%. A second large prospec-
ive study also identified a number of risk factors in

ultivariate analysis.177 In this study, risk factors in-
luded minor papilla sphincterotomy, suspected SOD,
istory of post-ERCP pancreatitis, age younger than 60
ears, �2 contrast injections into the pancreatic duct,
nd trainee involvement in the procedure. It is worth
oting the slight difference in the findings from these 2
tudies, but the similarities are more substantial. These
isk factors have been confirmed in several additional
tudies,178 –181 and a recent meta-analysis182 of 15 studies
omprising �10,000 patients identified 5 risk factors:
uspected SOD, previous pancreatitis, female gender, pre-
ut sphincterotomy, and injection of contrast in the
ancreatic duct. These studies provide clinicians with a
echanism to estimate the risk of post-ERCP pancreati-

is in individual patients, which should be part of any
iscussion with the patient during the informed consent
rocess. Performing ERCP to investigate unexplained ab-
ominal pain in the absence of surrogate markers of
iliary pathology, such as a dilated bile duct or abnormal

iver chemistry values, is a risky business. The benefit of
ndoscopic therapy (ie, sphincterotomy) is limited and
npredictable in this type of patient. As Dr Peter Cotton,
ne of the pioneers of ERCP, has pointed out, those most
t risk from ERCP are those who need it the least.183

The exact mechanism of post-ERCP pancreatitis is
nknown, but risk factors for its development are
nown. Reducing the risk of post-ERCP pancreatitis is
ossible with the following approaches. First, avoid
RCP if possible. This is obvious, but clinicians should

ocus on using noninvasive and less invasive techniques
o answer the same question (particularly high-quality

ultidetector CT, MRI, MRCP, and EUS). Second, do not
erform ERCP without appropriate training and/or ex-
erience. Multiple retrospective and some prospective
tudies note that better trained and/or more experienced
iliary endoscopists have fewer complications (including
ancreatitis) and have more successful outcomes. The
uidelines for ERCP training are now publicly promul-
ated by professional societies, such as the American
ociety for Gastrointestinal Endoscopy.184 Because �90%
f ERCPs are now therapeutic, the “bar” has been raised
onsiderably in terms of the training and experience
eeded to be a safe and proficient ERCP endoscopist.
hird, keep up to date on new therapies that reduce the

isk of post-ERCP pancreatitis. Although pharmacologic

herapies using drugs such as somatostatin and gabexate
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esilate are of questionable benefit, other agents con-
inue to be tried and may ultimately be shown to be
ffective.185–189 The data on endoscopic techniques to
educe the risk of post-ERCP pancreatitis have now
hown that stenting the pancreatic duct orifice can re-
uce the risk of post-ERCP pancreatitis.190 In a meta-
nalysis of 5 randomized controlled trials,190 the risk of
ancreatitis after stenting was estimated to be one third
he rate in the nonstented patients (5.8% vs 15.5%, re-
pectively). The number needed to treat to prevent one
pisode of post-ERCP pancreatitis is 10. There are some
aveats. It is not always possible to place a pancreatic
tent. The risk of post-ERCP pancreatitis is very high
hen placement of a pancreatic duct stent is attempted
ut fails191; the rate of failure seems to be less with
mall-gauge (3F) stents placed over a 0.018”-diameter
ire. Another advantage of the 3F gauge, single pigtail,
nflanged, 6- to 8-cm-long pancreatic stents is that most
igrate out into the bowel spontaneously within 72

ours or so, avoiding the need for a second endoscopy to
emove them. There is also some evidence that smaller
tents are less likely to cause damage to the pancreatic
uct. In most situations, these stents should be removed
–5 days after placement if they do not spontaneously
igrate. Some endoscopists may be unfamiliar with these

tents and the small-diameter wires over which they are
laced. Still, in high-risk situations (as described previ-
usly), an attempt to place a stent in the pancreatic duct
hould be made (and documented).

Prevention of other forms of pancreatitis. In
hose patients with a definitive cause of pancreatitis,
herapy directed at the cause is usually effective at pre-
enting recurrences. Patients with gallstone pancreatitis
re likely to experience a recurrence without definitive
herapy, and cholecystectomy is indicated during the
ndex hospitalization or shortly thereafter. Prolonged
aits (more than 4 – 6 weeks) before definitive therapy are

o be avoided because recurrent biliary pancreatitis is
ighly likely. In those who have already had cholecystec-
omy or in those too ill to tolerate surgery, endoscopic
phincterotomy provides reasonable protection for fur-
her attacks. Convincing those with alcoholic pancreatitis
o stop drinking has unpredictable effects on further
ttacks but has many other benefits and hence is encour-
ged. Control of triglyceride levels can prevent additional
ttacks of hyperlipidemic pancreatitis, and control of
ypercalcemia also reduces the risk of recurrent pancre-
titis in those rare patients with pancreatitis due to
ypercalcemia. Corticosteroids have a beneficial effect on
he natural history of autoimmune pancreatitis. Endo-
copic treatment of pancreatic duct strictures, SOD, or
ancreas divisum may also be effective in reducing future
ttacks of pancreatitis.

In patients without a clear etiology (idiopathic acute
ancreatitis), recurrences are infrequent. In one study,

nly one of 31 patients had a recurrence over 36 months
f follow-up.102 In another analysis of 106 patients with
diopathic acute pancreatitis, the recurrence rate was 9%
ver at least 2 years of follow-up.103 These data would
uggest that extensive and invasive evaluations (such as
RCP) are not needed after a single episode of acute

diopathic pancreatitis. One exception to this rule might
e in patients in whom pancreatic cancer is more likely
older than 40 years of age, smokers), and even in this
roup an evaluation using MRI, MRCP, or EUS is pref-
rable to using ERCP initially.
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University of Florida
Gainesville, Florida

JOHN BAILLIE
Gastroenterology Section
Wake Forest University School of Medicine
Winston-Salem, North Carolina

References

1. Lowenfels AB, Sullivan T, Fiorianti J, Maisonneuve P. The epide-
miology and impact of pancreatic diseases in the United States.
Curr Gastroenterol Rep 2005;7:90–95.

2. Corfield AP, Cooper MJ, Williamson RC. Acute pancreatitis; a
lethal disease of increasing incidence. Gut 1985;26:724–729.

3. Wilson C, Imire CW, Carter DC. Fatal acute pancreatitis. Gut
1988;29:782–788.

4. Lankisch PG, Schirren CA, Kunze E. Undetected fatal acute
pancreatitis: why is the disease so frequently overlooked? Am J
Gastroenterol 1991;86:322–326.

5. Kemppainen EA, Hedstrom JI, Puolakkainen PA, Sainio VS, Haa-
piainen RK, Perhoniemi V, Osman S, Kivilaakso EO, Stenman
UH. Rapid measurement of urinary trypsinogen-2 as a screening
test for acute pancreatitis. N Engl J Med 1997;337:1394–
1395.

6. Gumaste VV, Roditis N, Mehta D, Dave PB. Serum lipase levels
in nonpancreatic abdominal pain versus acute pancreatitis.
Am J Gastroenterol 1993;88:2051–2055.

7. Treacy J, Williams A, Bais R, Willson K, Worthley C, Reece J,
Bessell J, Thomas D. Evaluation of amylase and lipase in the
diagnosis of acute pancreatitis. ANZ J Surg 2001;71:577–582.

8. Gwozdz GP, Steinberg WM, Werner M, Henry JP, Pauley C.
Comparative evaluation of the diagnosis of acute pancreatitis
based on serum and urine enzyme assays. Clin Chim Acta
1990;187:243–254.

9. Kylanpaa-Back ML, Kemppainen E, Puolakkaninen P, Hedstrom J,
Haapiainen R, Korvuo A, Stenman UH. Comparison of urine
trypsinogen-2 test strip with serum lipase in the diagnosis of acute
pancreatitis. Hepatogastroenterology 2002;49:1130–1134.

10. Steinberg WM, Goldstein SS, Davis ND, Shamma’a J, Anderson
K. Diagnostic assays in acute pancreatitis. A study of sensitivity
and specificity. Ann Intern Med 1985;102:576–580.

11. Sternby B, O’Brien JF, Zinsmeister AR, DiMagno EP. What is the
best biochemical test to diagnose acute pancreatitis? A pro-
spective clinical study. Mayo Clin Proc 1996;71:1138–1144.

12. Seno T, Harada H, Ochi K, Tanaka J, Matsumoto S, Choudhury
R, Mizushima T, Tsuboi K, Ishida M. Serum levels of six pan-
creatic enzymes as related to the degree of renal dysfunction.

Am J Gastroenterol 1995;90:2002–2005.



A
G

A
IN

STITU
TE

2040 AGA INSTITUTE GASTROENTEROLOGY Vol. 132, No. 5
13. Yadav D, Agarwal N, Pitchumoni CS. A critical evaluation of
laboratory tests in acute pancreatitis. Am J Gastroenterol 2002;
97:1309–1318.

14. Wang SS, Lin XZ, Tsai YT, Lee SD, Pan HB, Chou YH, Su CH, Lee
CH, Shiesh SC, Lin CY, et al. Clinical significance of ultrasonog-
raphy, computed tomography, and biochemical tests in the
rapid diagnosis of gallstone-related pancreatitis: a prospective
study. Pancreas 1988;3:153–158.

15. Neoptolemos JP, Hall AW, Finlay DF, Berry JM, Carr-Locke DL,
Fossard DP. The urgent diagnosis of gallstones in acute pan-
creatitis: a prospective study of three methods. Br J Surg 1984;
71:230–233.

16. Balthazar EJ. CT diagnosis and staging of acute pancreatitis.
Radiol Clin North Am 1989;27:19–37.

17. Balthazar EJ. Acute pancreatitis: assessment of severity with
clinical and CT evaluation. Radiology 2002;223:603–613.

18. Kalra MK, Maher MM, Sahani DV, Digmurthy S, Saini S. Current
status of imaging in pancreatic diseases. Comput Assist To-
mogr 2002;26:661–675.

19. Foitzik T, Bassi DG, Schmidt J, Lewandrowski KB, Fernandez-del
Castillo C, Rattner DW, Warshaw AL. Intravenous contrast me-
dium accentuates the severity of acute necrotizing pancreatitis
in the rat. Gastroenterology 1994;106:207–214.

20. Balthazar EJ, Freeny PC. Contrast-enhanced computed tomog-
raphy in acute pancreatitis: is it beneficial or harmful? Gastro-
enterology 1994;106:259–262.

21. Hwang TL, Chang KY, Ho YP. Contrast-enhanced dynamic com-
puted tomography does not aggravate the clinical severity of
patients with severe acute pancreatitis: reevaluation of the
effect of intravenous contrast medium on the severity of acute
pancreatitis. Arch Surg 2000;135:287–290.

22. Plock JA, Schmidt J, Anderson SE, Sarr MG, Roggo A. Contrast-
enhanced computed tomography in acute pancreatitis: does
contrast medium worsen its course due to impaired microcircu-
lation? Langenbecks Arch Surg 2005;390:156–163.

23. Pamuklar E, Semelka RC. MR imaging of the pancreas. Magn
Reson Imaging Clin North Am 2005;13:313–330.

24. Matos C, Bali MA, Delhaye M, Deviere J. Magnetic resonance
imaging in the detection of pancreatitis and pancreatic neo-
plasms. Best Pract Res Clin Gastroenterol 2006;20:157–178.

25. Arvanitakis M, Delhaye M, De Maertelaere V, Bali M, Winant C,
Coppens E, Jeanmart J, Zalcman M, Van Gansbeke D, Deviere J,
Matos C. Computed tomography and magnetic resonance im-
aging in the assessment of acute pancreatitis. Gastroenterol-
ogy 2004;126:715–723.

26. Russo MW, Wei JT, Thiny MT, Gangarosa LM, Brown A, Ringel Y,
Shaheen NJ, Sandler RS. Digestive and liver diseases statis-
tics, 2004. Gastroenterology 2004;126:1448–1453.

27. Talamini G, Bassi C, Falconi M, Sartori N, Frulloni L, Di
Francesco V, Vesentini S, Pederzoli P, Cavallini G. Risk of death
from acute pancreatitis. Role of early, simple “routine” data. Int
J Pancreatol 1996;19:15–24.

28. Mann DV, Hershman MJ, Hittinger R, Glazer G. Multicentre audit
of death from acute pancreatitis. Br J Surg 1994;81:890–893.

29. Carnovale A, Rabitti PG, Manes G, Esposito P, Pacelli L, Uomo
G. Mortality in acute pancreatitis: is it an early or late event? JOP
2005;6:438–444.

30. McKay CJ, Evans S, Sinclair M, Carter CR, Imrie CW. High early
mortality rate from acute pancreatitis in Scotland, 1984-1995.
Br J Surg 1999;86:1302–1305.

31. Gloor B, Muller CA, Worni M, Martignoni ME, Uhl W, Buchler MW.
Late mortality in patients with severe acute pancreatitis. Br J
Surg 2001;88:975–979.

32. Bradley EL III. A clinically based classification system for acute
pancreatitis. Summary of the International Symposium on Acute
Pancreatitis, Atlanta GA, September 11, through 13, 1992. Arch

Surg 1993;128:586–590.
33. Ranson JH, Rifkind KM, Roses DF, Fink SD, Eng K, Spencer FC.
Prognostic signs and the role of operative management in acute
pancreatitis. Surg Gynecol Obstet 1974;139:69–81.

34. Ranson JH. The timing of biliary surgery in acute pancreatitis.
Ann Surg 1979;189:654–663.

35. Larvin M. Assessment of clinical severity and prognosis. In:
Beger HG, Warshaw AL, Buchler MW, Carr-Locke D, Neop-
tolemos JP, Russell C, Sarr MG, eds. The pancreas. Oxford:
Blackwell Science, 1998:489–502.

36. Imrie CW, Benjamin IS, Ferguson JC, McKay AJ, Mackenzie I,
O’Neill J, Blumgart LH. A single-centre double-blind trial of Tra-
sylol therapy in primary acute pancreatitis. Br J Surg 1978;65:
337–341.

37. Osborne DH, Imrie CW, Carter DC. Biliary surgery in the same
admission for gallstone-associated acute pancreatitis. Br J Surg
1981;68:758–761.

38. Blamey SL, Imrie CW, O’Neill J, Gilmour WH, Carter DC. Prog-
nostic factors in acute pancreatitis. Gut 1984;25:1340–1346.

39. Agarwal N, Pitchumoni CS. Simplified prognostic criteria in acute
pancreatitis. Pancreas 1986;1:69–73.

40. Rabeneck L, Feinstein AR, Horwitz RI, Wells CK. A new clinical
prognostic staging system for acute pancreatitis. Am J Med
1993;95:61–70.

41. Larvin M, McMahon MJ. APACHE-II score for assessment and
monitoring of acute pancreatitis. Lancet 1989;2:201–205.

42. Wilson C, Heath DI, Imrie CW. Prediction of outcome in acute
pancreatitis: a comparative study of APACHE II, clinical assess-
ment and multiple factor scoring system. Br J Surg 1990;77:
1260–1264.

43. Dominguez-Munoz JE, Carballo F, Garcia MJ, de Diego JM, Cam-
pos R, Yanguela J, de la Morena J. Evaluation of the clinical
usefulness of APACHE II and SAPS systems in the initial prog-
nostic classification of acute pancreatitis: a multicenter study.
Pancreas 1993;8:682–686.

44. Le Gall JR, Lemeshow S, Saulnier F. A new Simplified Acute
Physiology Score (SAPS II) based on a European/North Ameri-
can multicenter study. JAMA 1993;270:2957–2963.

45. Chatzicostas C, Roussomoustakaki M, Vardas E, Romanos J,
Kouroumalis EA. Balthazar computed tomography severity index
is superior to Ranson criteria and APACHE II and III scoring
systems in predicting acute pancreatitis outcome. J Clin Gas-
troenterol 2003;36:253–260.

46. Spitzer AL, Barcia AM, Schell MT, Barber A, Norman J, Grendell
J, Harris HW. Applying Ockham’s razor to pancreatitis prognos-
tication: a four-variable predictive model. Ann Surg 2006;243:
380–388.

47. Pearce DB, Gunn SR, Ahmed A, Johnson CD. Machine learning
can improve prediction of severity in acute pancreatitis using
admission values of APACHE II score and C-reactive protein.
Pancreatology 2006;6:123–131.

48. Werner J, Feuerbach S, Uhl W, Buchler MW. Management of
acute pancreatitis: from surgery to interventional intensive care.
Gut 2005;54:426–436.

49. Mofidi R, Duff MD, Wigmore SJ, Madhavan KK, Garden OJ, Parks
RW. Association between early systemic inflammatory re-
sponse, severity of multiorgan dysfunction and death in acute
pancreatitis. Br J Surg 2006;93:738–44.

50. Martinez J, Johnson CD, Sanchez-Paya J, de Madaria E, Robles-
Diaz G, Perez-Mateo M. Obesity is a definitive risk factor of
severity and morality in acute pancreatitis: an updated meta-
analysis. Pancreatology 2006;6:206–209.

51. Johnson DC, Toh SK, Campbell MJ. Combination of APACHE-II
score and an obesity score (APACHE-O) for the prediction of
severe acute pancreatitis. Pancreatology 2004;4:1–6.

52. Papachristou GI, Papachristou DJ, Avula H, Slivka A, Whitcomb

DC. Obesity increases the severity of acute pancreatitis: perfor-



A
G

A
IN

ST
IT

U
TE

May 2007 AGA INSTITUTE 2041
mance of APACHE-O score and correlation with the inflammatory
response. Pancreatology 2006;6:279–285.

53. Balthazar EJ, Robinson DL, Megibow AJ, Ranson JH. Acute
pancreatitis: value of CT in establishing prognosis. Radiology
1990;174:331–336.

54. London NJ, Leese T, Lavelle JM, Miles K, West KP, Watkin DF,
Fossard DP. Rapid-bolus contrast-enhanced dynamic computed
tomography in acute pancreatitis: a prospective study. Br J Surg
1991;78:1452–1456.

55. Simchuk EJ, Traverso LW, Nukui YM, Kozarek RA. Computed
tomography severity index is a predictor of outcomes for severe
pancreatitis. Am J Surg 2000;179:352–355.

56. Perez A, Whang EE, Brooks DC, Moore FD Jr, Hughes MD, Sica
GT, Zinner MJ, Ashley SW, Banks PA. Is severity of necrotizing
pancreatitis increased in extended necrosis and infected necro-
sis? Pancreas 2002;25:229–233.

57. Garg PK, Madan K, Pande GK, Khanna S, Sathyanarayan G, Bohi-
dar NP, Tandon RK. Association of extent and infection of pancre-
atic necrosis with organ failure and death in acute necrotizing
pancreatitis. Clin Gastroenterol Hepatol 2005;3:159–166.

58. Karimgani I, Porter KA, Langevin RE, Banks PA. Prognostic
factors in sterile pancreatic necrosis. Gastroenterology 1992;
103:1636–1640.

59. Tenner S, Sica G, Hughes M, Noordhoek E, Feng S, Zinner M,
Banks PA. Relationship of necrosis to organ failure in severe
acute pancreatitis. Gastroenterology 1997;113:899–903.

60. Hirota M, Kimura Y, Ishiko T, Beppu T, Yamashita Y, Ogawa M.
Visualization of the heterogeneous internal structure of so-
called “pancreatic necrosis” by magnetic resonance imaging in
acute necrotizing pancreatitis. Pancreas 2002;25:63–67.

61. Matos C, Bali MA, Delhaye M, Deviere J. Magnetic resonance
imaging in the detection of pancreatitis and pancreatic neo-
plasms. Best Pract Clin Gastroenterol 2006;20:157–178.

62. Robert JH, Frossard JL, Mermillod B, Soravia C, Mensi N, Roth
M, Rohner A, Hadengue A, Morel P. Early prediction of acute
pancreatitis: prospective study comparing computed tomogra-
phy scans, Ranson, Glasgow, Acute Physiology and Chronic
Health Evaluation II scores, and various serum markers. World
J Surg 2002;26:612–619.

63. Gurleyik G, Emir S, Kilicoglu G, Arman A, Saglam A. Computed
tomography severity index, APACHE II score, and serum CRP
concentration for predicting the severity of acute pancreatitis.
JOP 2005;6:562–567.

64. De Sanctis JT, Lee MJ, Gazelle GS, Boland GW, Halpern EF,
Saini S, Mueller PR. Prognostic indicators in acute pancreatitis:
CT vs. APACHE II. Clin Radiol 1997;52:842–848.

65. Isenmann R, Rau B, Beger HG. Early severe acute pancreatitis:
characteristics of a new subgroup. Pancreas 2001;22:274–
278.

66. Buter A, Imrie CW, Carter CR, Evans S, McKay CJ. Dynamic
nature of early organ dysfunction determines outcome in acute
pancreatitis. Br J Surg 2002;89:298–302.

67. Johnson CD, Abu-Hilal M. Persistent organ failure during the first
week as a marker of fatal outcome in acute pancreatitis. Gut
2004;53:1340–1344.

68. Poves Prim I, Fabregat Pous J, Garcia Borobia FJ, Jorba Marti R,
Figueras Felip J, Jaurrieta Mas E. Early onset of organ failure is
the best predictor of morality in acute pancreatitis. Rev Esp
Enferm Dig 2004;96:705–713.

69. Marshall JC, Cook DJ, Christou NV, Bernard GR, Sprung CL,
Sibbald WJ. Multiple organ dysfunction score: a reliable descrip-
tor of a complex clinical outcome. Crit Care Med 1995;23:
1638–1652.

70. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A,
Bruining H, Reinhart CK, Suter PM, Thijs LG. The SOFA (Sepsis-
related Organ Failure Assessment) score to describe organ

dysfunction/failure. On behalf of the Working Group on Sepsis-
Related Problems of the European Society of Intensive Care
Medicine. Intensive Care Med 1996;22:707–710.

71. Brown A, Orav J, Banks PA. Hemoconcentration is an early
marker for organ failure and necrotizing pancreatitis. Pancreas
2000;20:367–372.

72. Lankisch PG, Mahlke R, Blum T, Bruns A, Bruns D, Maisonneuve
P, Lowenfels AB. Hemoconcentration: an early marker of severe
and/or necrotizing pancreatitis? A critical appraisal. Am J Gas-
troenterol 2001;96:2081–2085.

73. Baillargeon JD, Orav J, Ramagopal V, Tenner SM, Banks PA.
Hemoconcentration as an early risk factor for necrotizing pan-
creatitis. Am J Gastroenterol 1998;93:2130–2134.

74. Remes-Troche JM, Duarte-Rojo A, Morales G, Robles-Diaz G.
Hemoconcentration is a poor predictor of severity in acute pan-
creatitis. World J Gastroenterol 2005;11:7018–7023.

75. Blum T, Maisonneuve P, Lowenfels AB, Lankisch PG. Fatal
outcome in acute pancreatitis: its occurrence and early predic-
tion. Pancreatology 2001;1:273–241.

76. Rettally C, Skarda S, Garza MA, Schenker S. The usefulness of
laboratory tests in the early assessment of severity of acute
pancreatitis. Crit Rev Clin Lab Sci 2003;40:117–149.

77. Kingsnorth A, O’Reilly D. Acute pancreatitis. BMJ 2006;332:
1072–1076.

78. Whitcomb DC. Clinical practice. Acute pancreatitis. N Engl J Med
2006;354:2142–2150.

79. Chak A, Hawes RH, Cooper GS, Hoffman B, Catalano MF, Wong
RC, Herbener TE, Sivak MV Jr. Prospective assessment of the
utility of EUS in the evaluation of gallstone pancreatitis. Gas-
trointest Endosc 1999;49:599–604.

80. Liu CL, Lo CM, Chan JK, Poon RT, Lam CM, Fan ST, Wong J.
Detection of choledocholithiasis by EUS in acute pancreatitis: a
prospective evaluation in 100 consecutive patients. Gastroin-
test Endosc 2001;54:325–330.

81. Ammori BJ, Boreham B, Lewis P, Roberts SA. The biochemical
detection of biliary etiology of acute pancreatitis on admission:
a revisit in the modern era of biliary imaging. Pancreas 2003;
26:e32–e35.

82. Levy P, Boruchowicz A, Hastier P, Pariente A, Thevenot T,
Frossard JL, Buscail L, Mauvais F, Duchmann JC, Courrier A,
Bulois P, Gineston JL, Barthet M, Licht H, O’Toole D,
Ruszniewski P. Diagnostic criteria in predicting a biliary origin of
acute pancreatitis in the era of endoscopic ultrasound: multi-
centre prospective evaluation of 213 patients. Pancreatology
2005;5:450–456.

83. Liu CL, Fan ST, Lo CM, Tso WK, Wong Y, Poon RT, Lam CM,
Wong BC, Wong J. Clinico-biochemical prediction of biliary cause
of acute pancreatitis in the era of endoscopic ultrasonography.
Aliment Pharmacol Ther 2005;22:423–431.

84. Steinberg WM, Chari ST, Forsmark CE, Sherman S, Reber HA,
Bradley EL III, DiMagno E. Controversies in clinical pancreatol-
ogy: management of acute idiopathic recurrent pancreatitis.
Pancreas 2003;27:103–117.

85. Steinberg WM. Controversies in clinical pancreatology: should
the sphincter of Oddi be measured in patients with idiopathic
recurrent acute pancreatitis, and should sphincterotomy be per-
formed if the pressure is high? Pancreas 2003;27:118–121.

86. Petersen BT. Sphincter of Oddi dysfunction, part 2: evidence-
based review of the presentations, with “objective” pancreatic
findings (types I and II) and of presumptive type III. Gastrointest
Endosc 2004;59:670–687.

87. Runzi M, Layer P. Drug-associated pancreatitis: facts and fic-
tion. Pancreas 1996;13:100–109.

88. Lancashire RJ, Cheng K, Langman MJ. Discrepancies between
population-based data and adverse reaction reports in assess-
ing drugs as causes of acute pancreatitis. Aliment Pharmacol

Ther 2003;17:887–893.



1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

A
G

A
IN

STITU
TE

2042 AGA INSTITUTE GASTROENTEROLOGY Vol. 132, No. 5
89. Lara LP, Chari ST. Autoimmune pancreatitis. Curr Gastroenterol
Rep 2005;7:101–106.

90. Chari ST, Smyrk TC, Levy MJ, Topazian MD, Takahashi N, Zhang
L, Clain JE, Pearson RK, Petersen BT, Vege SS, Farnell MB.
Diagnosis of autoimmune pancreatitis: the Mayo Clinic experi-
ence. Clin Gastroenterol Hepatol 2006;4:1010–1016.

91. Whitcomb DC, Gorry MC, Preston RA, Furey W, Sossenheimer
MJ, Ulrich CD, Martin SP, Gates LK Jr, Amann ST, Toskes PP,
Liddle R, McGrath K, Uomo G, Post JC, Ehrlich GD. Hereditary
pancreatitis is caused by a mutation in the cationic trypsinogen
gene. Nat Genet 1996;14:141–145.

92. Vitone LJ, Greenhalf W, Howes NR, Raraty MG, Neoptolemos JP.
Trypsinogen mutations in pancreatic disorders. Endocrinol
Metab Clin North Am 2006;35:271–287.

93. Cohn JA, Noone PG, Jowell PS. Idiopathic pancreatitis related to
CFTR: complex inheritance and identification of a modifier gene.
J Invest Med 2002;50:247S–255S.

94. Cohn JA, Bornstein JD, Jowell PS. Cystic fibrosis mutations and
genetic predisposition to idiopathic chronic pancreatitis. Med
Clin North Am 2000;84:621–631.

95. Gelrud A, Sheth S, Banerjee S, Weed D, Shea J, Chuttani R,
Howell DA, Telford JJ, Carr-Locke DL, Regan MM, Ellis L, Durie
PR, Freedman SD. Analysis of cystic fibrosis gene product
(CFTR) function in patients with pancreas divisum and recurrent
acute pancreatitis. Am J Gastroenterol 2004;99:1557–1562.

96. Schneider A. Serine protease inhibitor kazal type 1 mutations
and pancreatitis. Clin Lab Med 2005;25:61–78.

97. Tukiainen E, Kylanpaa ML, Kemppainen E, Nevanlinna H, Paju A,
Repo H, Stenman UH, Puolakkainen P. Pancreatic secretory
trypsin inhibitor (SPINK1) gene mutations in patients with acute
pancreatitis. Pancreas 2005;30:239–242.

98. NIH state-of-the-science statement on endoscopic retrograde
cholangiopancreatography (ERCP) for diagnosis and therapy.
NIH Consens State Sci Statements 2002;19:1–26.

99. Evans WB, Draganov P. Is empiric cholecystectomy a reason-
able treatment option for idiopathic pancreatitis? Nat Clin Pract
Gastroenterol Hepatol 2006;3:356–357.

00. Draganov P, Forsmark CE. “Idiopathic” pancreatitis. Gastroen-
terology 2005;128:756–763.

01. Wilcox MC, Varadarajulu S, Eloubeidi M. Role of endoscopic
evaluation in idiopathic pancreatitis: a systematic review. Gas-
trointest Endosc 2006;63:1037–1045.

02. Ballinger AB, Barnes E, Alstead EM, Fairclough PD. Is interven-
tion necessary after a first episode of acute pancreatitis? Gut
1996;38:293–295.

03. Lankisch PG, Breuer N, Bruns A, Weber-Dany B, Maisonneuve P,
Lowefels P. The natural course of acute idiopathic pancreatitis
(abstr). Pancreas 2006;33:476.

04. Knol JA, Inman MG, Strodel WE, Eckhauser FE. Pancreatic
response to crystalloid resuscitation in experimental pancreati-
tis. J Surg Res 1987;43:387–392.

05. Niederau C, Crass RA, Silver G, Ferrell LD, Grendell JH.
Therapeutic regimens in acute experimental hemorrhagic pan-
creatitis. Effects of hydration, oxygenation, peritoneal lavage,
and a potent protease inhibitor. Gastroenterology 1988;95:
1648–1657.

06. Brown A, Baillargeon JD, Hughes MD, Banks PA. Can fluid
resuscitation prevent pancreatic necrosis in severe acute pan-
creatitis? Pancreatology 2002;2:104–107.

07. Beger HG, Bittner R, Buchler M, Hess W, Schmitz JE.. Hemody-
namic data pattern in patients with acute pancreatitis. Gastro-
enterology 1986;90:74–79.

08. Forsmark CE, Grendell JH. Complications of pancreatitis. In:
Sleisenger MH, Fordtran JS, Cello JP, Grendell JH, eds. Semi-
nars in gastrointestinal disease: diagnosis and treatment of
acute and chronic pancreatitis. Philadelphia, PA: Saunders,

1991:165–176.
09. Turina M, Fry DE, Polk HC Jr. Acute hyperglycemia and the
innate immune system: clinical, cellular, and molecular as-
pects. Crit Care Med 2005;33:1624–1633.

10. Yadav D, Pitchumoni CS. Issues in hyperlipidemic pancreatitis.
J Clin Gastroenterol 2003;36:54–62.

11. Thompson DR. Narcotic analgesic effects on the sphincter of
Oddi: a review of the data and therapeutic implications in treat-
ing pancreatitis. Am J Gastroenterol 2001;96:1266–1272.

12. Kaushik N, Pietraszewski M, Holst JJ, O’Keefe SJ. Enteral feed-
ing without pancreatic stimulation. Pancreas 2005;31:353–
359.

13. Vu MK, van der Veek PP, Frolich M, Souverijn JH, Biemond I,
Lamers CB, Masclee AA. Does jejunal feeding activate exocrine
pancreatic secretion? Eur J Clin Invest 1999;29:1053–1059.

14. Marik PE, Zaloga GP. Meta-analysis of parenteral nutrition ver-
sus enteral nutrition in patients with acute pancreatitis. BMJ
2004;328:1407.

15. O’Keefe SJ, Lee RB, Anderson FP, Gennings C, Abou-Assi S,
Clore J, Heuman D, Chey W. Physiological effects of enteral and
parenteral feeding on pancreaticobillary secretion in humans.
Am J Physiol Gastrointest Liver Physiol 2003;284:G27–G36.

16. O’Keefe SJ, Lee RM, Li J, Stevens S, Abou-Assi S, Zhou W.
Trypsin secretion and turnover in patients with acute pancreati-
tis. Am J Physiol Gastrointest Liver Physiol 2005;289:G181–
G187.

17. Eatock FC, Chong P, Menezes N, Murray L, McKay CJ, Carter CR,
Imrie CW. A randomized study of early nasogastric versus na-
sojejunal feeding in severe acute pancreatitis. Am J Gastroen-
terol 2005;100:432–439.

18. Kumar A, Singh N, Prakash S, Saraya A, Joshi YK. Early enteral
nutrition in severe acute pancreatitis: a prospective randomized
controlled trial comparing nasojejunal and nasogastric routes.
J Clin Gastroenterol 2006;40:431–434.

19. Eckerwall GE, Axelsson JB, Andersson RG. Early nasogastric
feeding in predicted severe acute pancreatitis: a clinical, ran-
domized study. Ann Surg 2006;244:959–967.

20. Andriulli A, Leandro G, Clemente R, Festa V, Caruso N, Annese
V, Lezzi G, Lichino E, Bruno F, Perri F. Meta-analysis of soma-
tostatin, octreotide and gabexate mesilate in the therapy of
acute pancreatitis. Aliment Pharmacol Ther 1998;12:237–245.

21. Uhl W, Buchler MW, Malfertheiner P, Beger HG, Adler G, Gaus
W. A randomised, double blind, multicentre trial of octreotide in
moderate to severe acute pancreatitis. Gut 1999;45:97–104.

22. Messori A, Rampazzo R, Scroccaro G, Olivato R, Bassi C, Fal-
coni M, Pederzoli P, Martini N. Effectiveness of gabexate mesi-
late in acute pancreatitis. A metaanalysis. Dig Dis Sci 1995;
40:734–738.

23. Larvin M. A double-blind randomized multi-centre trial of
lexipafant in acute pancreatitis (abstr). Pancreas 2001;23:448.

24. Forsmark CE. The clinical problem of biliary acute necrotizing
pancreatitis: epidemiology, pathophysiology, and diagnosis of
biliary necrotizing pancreatitis. J Gastrointest Surg 2001;5:
235–239.

25. Neoptolemos JP, Carr-Locke DL, London NJ, Bailey IA, James D,
Fossard DP. Controlled trial of urgent endoscopic retrograde
cholangiopancreatography and endoscopic sphincterotomy ver-
sus conservative treatment for acute pancreatitis due to gall-
stones. Lancet 1988;2:979–983.

26. Fan ST, Lai EC, Mok FP, Lo CM, Zheng SS, Wong J. Early
treatment of acute biliary pancreatitis by endoscopic papil-
lotomy. N Engl J Med 1993;328:228–232.

27. Folsch UR, Nitsche R, Ludtke R, Hilgers RA, Creutzfeldt W. Early
ERCP and papillotomy compared with conservative treatment
for acute biliary pancreatitis. The German Study Group on Acute
Biliary Pancreatitis. N Engl J Med 1997;336:237–242.

28. Oria A, Cimmino D, Ocampo C, Silva W, Kohan G, Zandalazini H,

Szelagowski C, Chiappetta L. Early endoscopic intervention ver-



1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

A
G

A
IN

ST
IT

U
TE

May 2007 AGA INSTITUTE 2043
sus early conservative management in patients with acute
gallstone pancreatitis and biliopancreatic obstruction. A
randomized clinical trial. Ann Surg 2007;245:10–17.

29. Sharma VK, Howden CW. Metaanalysis of randomized con-
trolled trials of endoscopic retrograde cholangiography and en-
doscopic sphincterotomy for the treatment of acute biliary pan-
creatitis. Am J Gastroenterol 1999;94:3211–3214.

30. Heinrich S, Schafer M, Rousson V, Clavien PA. Evidence-based
treatment of acute pancreatitis: a look at established para-
digms. Ann Surg 2006;243:154–168.

31. Aybu K, Imada R, Slavin J. Endoscopic retrograde cholangiopan-
creatography in gallstone-associated acute pancreatitis. Co-
chrane Database Syst Rev 2004;CD003630.

32. Davidson BR, Neoptolemos JP, Carr-Locke DL. Endoscopic
sphincterotomy for common bile duct calculi in patients with gall
bladder in situ considered unfit for surgery. Gut 1988;29:114–
120.

33. Shemesh E, Czerniak A, Schneabaum S, Nass S. Early endo-
scopic sphincterotomy in the management of acute gallstone
pancreatitis in elderly patients. J Am Geriatr Soc 1990;38:893–
896.

34. Hill J, Martin DF, Tweedle DE. Risks of leaving the gallbladder in
situ after endoscopic sphincterotomy for bile duct stones. Br J
Surg 1991;78:554–557.

35. Siegel JH, Veerappan A, Cohen SA, Kasmin FE. Endoscopic
sphincterotomy for biliary pancreatitis: an alternative to chole-
cystectomy in high-risk patients. Gastrointest Endosc 1994;40:
573–575.

36. Wellbourn CR, Beckly DE, Eyre-Brook IA. Endoscopic sphincter-
otomy without cholecystectomy for gall stone pancreatitis. Gut
1995;37:119–120.

37. Uomo G, Manes G, Laccetti M, Cavallera A, Rabitti PG. Endo-
scopic sphincterotomy and recurrence of acute pancreatitis in
gallstone patients considered unfit for surgery. Pancreas 1997;
14:28–31.

38. Gislason H, Vetrhus M, Horn A, Hoem D, Sondenaa K, Soreide
O, Viste A, Andren-Sandberg A. Endoscopic sphincterotomy in
acute gallstone pancreatitis: a prospective study of the late
outcome. Eur J Surg 2001;167:204–208.

39. Kaw M, Al-Antably Y, Kaw P. Management of gallstone pancre-
atitis: cholecystectomy or ERCP and endoscopic sphincterot-
omy. Gastrointest Endosc 2002;56:61–65.

40. Erickson RA. Carlson B. The role of endoscopic retrograde
cholangiopancreatography in patients with laparoscopic chole-
cystectomies. Gastroenterology 1995;109:252–263.

41. Chang L, Lo S, Stabile BE, Lewis RJ, Toosie K, de Virgilio C.
Preoperative versus postoperative endoscopic retrograde
cholangiopancreatography in mild to moderate gallstone pan-
creatitis: a prospective randomized trial. Ann Surg 2000;231:
82–87.

42. Urbach DR, Khajanchee YS, Jobe BA, Standage BA, Hansen PD,
Swanstrom LL. Cost-effective management of common bile duct
stones: a decision analysis of the use of endoscopic retrograde
cholangiopancreatography (ERCP) intraoperative cholangiogra-
phy, and laparoscopic bile duct exploration. Surg Endosc 2001;
15:4–13.

43. Liu CL, Fan ST, Lo CM, Tso WK, Wong Y, Poon RT, Lam CM,
Wong BC, Wong J. Comparison of early endoscopic ultrasonog-
raphy and endoscopic retrograde cholangiopancreatography in
the management of acute biliary pancreatitis: a prospective
randomized study. Clin Gastroenterol Hepatol 2005;3:1238–
1244.

44. Pederzoli P, Bassi C, Vesentini S, Campbedelli A. A randomized
multicenter clinical trial of antibiotic prophylaxis of septic com-
plications in acute necrotizing pancreatitis with imipenem. Surg

Gynecol Obstet 1993;176:480–483.
45. Luiten EJ, Hop WC, Lange JF, Bruining HA. Controlled clinical
trial of selective decontamination for the treatment of severe
acute pancreatitis. Ann Surg 1995;222:57–65.

46. Sainio V, Kemppainen E, Puolakkainen P, Taavitsainen M,
Kivisaari L, Valtonen V, Haapiainen R, Schroder T, Kivilaakso E.
Early antibiotic treatment in acute necrotizing pancreatitis. Lan-
cet 1995;346:663–667.

47. Delcenserie R, Yzet T, Ducrois JP. Prophylactic antibiotics in
treatment of severe acute alcoholic pancreatitis. Pancreas
1996;13:198–201.

48. Schwarz M, Isenmann R, Meyer H, Berger HG. Antibiotic use in
necrotizing pancreatitis. Results of a controlled study. Dtsch
Med Wochenschr 1997;122:356–361.

49. Nordback I, Sand J, Saaristo R, Paajanen J. Early treatment with
antibiotics reduces the need for surgery in acute necrotizing
pancreatitis—a single-center randomized study. J Gastrointest
Surg 2001;5:113–118; discussion 118–120.

50. Isenmann R, Runzi M, Kron M, Kahl S, Kraus D, Jung N, Maier
L, Malfertheiner P, Goebell H, Beger HG; German Antibiotics in
Severe Acute Pancreatitis Study Group. Prophylactic antibiotic
treatment in patients with predicted severe acute pancreatitis:
a placebo-controlled, double-blind trial. Gastroenterology 2004;
126:997–1004.

51. Dellinger RP, Tellado JM, Soto NE, Ashley SW, Barie PS, Dug-
ernier T, Imrie CW, Johnson CD, Knaebel HP, Laterre PF, Maravi-
Poma E, Kissler JJO, Sanchez-Garcia M, Utzolino S. Early anti-
biotic treatment for severe acute necrotizing pancreatitis:
Randomized, double-blind, placebo-controlled study. Ann Surg
(in press).

52. Bassi C, Larvin M, Villatoro E. Antibiotic therapy for prophylaxis
against infection of pancreatic necrosis in acute pancreatitis.
Cochrane Database Syst Rev 2003;CD002941.

53. Moyshenyat I, Mandell E, Tenner S. Antibiotic prophylaxis of
pancreatic infection in patients with necrotizing pancreatitis:
rationale, evidence, and recommendations. Curr Gastroentrol
Rep 2006;8:121–126.

54. Besselink MGH, de Vries AC, van de Kraats CIB, Buskens E, Van
Erpecum KJ, Gooszen HG. Antibiotic prophylaxis in necrotizing
pancreatitis: relationship of methodological quality of random-
ized trials to outcome (abstr). Pancreas 2006;33:446.

55. Working Party of the British Society of Gastroenterology;
Association of Surgeons of Great Britain and Ireland: Pancre-
atic Society of Great Britain and Ireland: Association of Upper
GI Surgeons of Great Britain and Ireland. UK guidelines for
the management of acute pancreatitis. Gut 2005;54(Suppl
3):iii1–iii9.

56. Bassi C, Falconi M, Talamini G, Uomo G, Papaccio G, Dervenis
C, Salvia R, Minelli EB, Pederzoli P. Controlled clinical trial of
perfloxacin versus imipenem in severe acute pancreatitis. Gas-
troenterology 1998;115:1513–1517.

57. Gerzof SG, Banks PA, Robbins AH, Johnson WC, Spechler SJ,
Wetzner SM, Snider JM, Langevin RE, Jay ME. Early diagnosis of
pancreatic infection by computed tomography-guided aspira-
tion. Gastroenterology 1987;93:1315–1320.

58. Banks PA, Gerzof SG, Langevin RE, Silverman SG, Sica GT,
Hughes MD. CT-guided aspiration of suspected pancreatic in-
fection: bacteriology and clinical outcome. Int J Pancreatol
1995;18:265–270.

59. Rau B, Pralle U, Mayer JM, Berger HG. Role of ultrasonographi-
cally guided fine-needle aspiration cytology in the diagnosis of
infected pancreatic necrosis. Br J Surg 1998;85:179–184.

60. Connor S, Ghaneh P, Raraty M, Sutton R, Rosso E, Garvey CJ,
Hughes ML, Evans JC, Rowlands P, Neoptolemos JP. Minimally
invasive retroperitoneal pancreatic necrosectomy. Dig Surg

2003;20:270–277.



1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1
1

1

1

1

1

1

1

n
D
(

p
t
a

f
v

A
G

A
IN

STITU
TE

2044 AGA INSTITUTE GASTROENTEROLOGY Vol. 132, No. 5
61. Parekh D. Laparoscopic-assisted pancreatic necrosectomy: a
new surgical option for treatment of severe necrotizing pancre-
atitis. Arch Surg 2006;141:895–902, discussion 902–903.

62. Chang YC, Tsai HM, Lin XZ, Chang CH, Chuang JP. No debride-
ment is necessary for symptomatic or infected acute necrotizing
pancreatitis: delayed, min-retroperitoneal drainage for acute
necrotizing pancreatitis without debridement and irrigation. Dig
Dis Sci 2006;51:1388–1395.

63. Freeny PC, Hauptmann E, Althaus SJ, Traverso LW, Sinanan M.
Percutaneous CT-guided catheter drainage of infected acute
necrotizing pancreatitis: techniques and results. AJR Am J
Roentgenol 1998;170:969–975.

64. Szentkereszty Z, Kerekes L, Hallay J, Czako D, Sapy Y. CT-
guided percutaneous peripancreatic drainage: a possible ther-
apy in acute necrotizing pancreatitis. Hepatogastroenterology
2002;49:1696–1698.

65. Endilcher E, Volk M, Feruerbach S, Scholmerich J, Schaffler A,
Messmann H. Long-term follow-up of patients with necrotizing
pancreatitis treated by percutaneous necrosectomy. Hepato-
gastroenterology 2003;50:2225–2228.

66. Echenique AM, Sleeman D, Yrizarry J, Scagnelli T, Guerra JJ Jr,
Casillas VJ, Huson H, Russell E. Percutaneous catheter-di-
rected debridement of infected pancreatic necrosis: results in
20 patients. J Vasc Interv Radiol 1998;9:565–571.

67. Baron TH, Thaggard WG, Morgan DE, Stanley RJ. Endoscopic
therapy for organized pancreatic necrosis. Gastroenterology
1996;111:755–764.

68. Baron TH, Harewood GC, Morgan DE, Yates MR. Outcome dif-
ferences after endoscopic drainage of pancreatic necrosis
acute pancreatic pseudocysts, and chronic pancreatic pseudo-
cysts. Gastrointest Endosc 2002;56:7–17.

69. Baron TH. Endoscopic drainage of pancreatic fluid collections
and pancreatic necrosis. Gastrointest Endosc Clin North Am
2003;13:743–764.

70. Seewald S, Groth S, Omar S, Imazu H, Seitz U, de Weerth A,
Soetikno R, Zhong Y, Sriram PV, Ponnudurai R, Sikka S, Thonke
F, Soehendra N. Aggressive endoscopic therapy for pancreatic
necrosis and pancreatic abscess: a new safe and effective
treatment algorithm (videos). Gastrointest Endosc 2005;62:
92–100.

71. Vege SS, Baron TH. Management of pancreatic necrosis in
severe acute pancreatitis. Clin Gastroenterol Hepatol 2005;3:
192–196.

72. Dubner H, Steinberg W, Hill M, Bassi C, Chardavoyne R, Bank S.
Infected pancreatic necrosis and peripancreatic fluid collec-
tions: serendipitous response to antibiotics and medical ther-
apy in three patients. Pancreas 1996;12:298–302.

73. Ramesh H, Prakash K, Lekha V, Jacob G, Venugopal A. Are
some cases of infected pancreatic necrosis treatable without
intervention? Dig Surg 2003;20:296–299.

74. Baillie J. Pancreatic pseudocysts (part I). Gastrointest Endosc
2004;59:873–879.

75. Baillie J. Pancreatic pseudocysts (part II). Gastrointest Endosc
2004;60:105–113.

76. Freeman ML, DiSario JA, Nelson DB, Fennerty MB, Lee JG,
Bjorkman DJ, Overby CS, Aas J, Ryan ME, Bochna GS, Shaw MJ,
Snady HW, Erickson RV, Moore JP, Roel JP. Risk factors for
post-ERCP pancreatitis: a prospective, multicenter study. Gas-
trointest Endosc 2001;54:425–434.

77. Cheng C-L, Sherman S, Watkins JL, Barnett J, Freeman M,
Geenen J, Ryan M, Parker H, Frakes JT, Fogel EL, Silverman WB,
Dua KS, Aliperti G, Yakshe P, Uzer M, Jones W, Goff J, Lazzell-
Pannell L, Rashdan A, Temkit M, Lehman GA. Risk factors for
post-ERCP pancreatitis: a prospective multicenter study. Am J

Gastroenterol 2006;101:139–147. M
78. Freeman ML, Nelson DB, Sherman S, Haber GB, Herman ME,
Dorsher PJ, Moore JP, Fennerty MB, Ryan ME, Shaw MJ, Lande
JD, Pheley AM. Complications of endoscopic biliary sphincter-
otomy. N Engl J Med 1996;335:909–918.

79. Vandervoort J, Soetikno RM, Tham TC, Wong RC, Ferrari AP Jr,
Montes H, Roston AD, Slivka A, Lichtenstein DR, Ruymann FW,
Van Dam J, Hughes M, Carr-Locke DL. Risk factors for compli-
cations after performance of ERCP. Gastrointest Endosc 2002;
56:652–656.

80. Friedland S, Soetikno RM, Vandervoort J, Montes H, Tham T,
Carr-Locke DL. Bedside scoring system to predict the risk of
developing pancreatitis following ERCP. Endoscopy 2002;34:
483–438.

81. Masci E, Toti G, Mariani A, Curioni S, Lomazzi A, Dinelli M,
Minoli G, Crosta C, Comin U, Fertitta A, Prada A, Passoni GR,
Testoni PA. Complications of diagnostic and therapeutic ERCP:
A prospective multicenter study. Am J Gastroenterol 2001;96:
417–423.

82. Masci E, Mariani A, Curioni S, Testoni PA. Risk factors for
pancreatitis following endoscopic retrograde cholangiopancre-
atography: a meta analysis. Endoscopy 2003;35:830–834.

83. Cotton PB. ERCP is not dangerous for people who need it least.
Gastrointest Endosc 2001;54:535–536.

84. ERCP core curriculum. Gastrointest Endosc 2006;63:361–376.
85. Pande H, Thuluvath P. Pharmacologic prevention of post-endo-

scopic retrograde cholangiopancreatography pancreatitis. Drugs
2003;63:1799–1812.

86. Freeman ML, Guda NM. Prevention of post-ERCP pancreati-
tis: a comprehensive review. Gastrointest Endosc 2004;59:
845–864.

87. Andruilli A, Leandro G, Niro G, Mangia A, Festa V, Gambassi G,
Villani MR, Facciorusso D, Conoscitore P, Spirito F, De Maio G.
Pharmacologic treatment can prevent pancreatic injury after
ERCP: a meta-analysis. Gastrointest Endosc 2000;51:1–7.

88. Andriulli A, Caruso N, Quitadamo M, Forlano R, Leandro G,
Spirito F, De Maio G. Antisecretory vs. antiproteases drugs in
the prevention of post-ERCP pancreatitis: the evidence-based
medicine derived from a meta-analysis study. JOP 2003;4:
41–48.

89. Murray B, Carter R, Imrie C, Evans S, O’Suilleabhain C. Diclofe-
nac reduces the incidence of acute pancreatitis after endo-
scopic retrograde cholangiography. Gastroenterology 2003;
124:1786–1791.

90. Singh P, Das A, Isenberg G, Wong RC, Sivak MV Jr, Agrawal D,
Chak A. Does prophylactic pancreatic stent placement reduce
the risk of post-ERCP acute pancreatitis? A meta-analysis of
controlled trials. Gastrointest Endosc 2004;60:544–550.

91. Freeman ML, Overby C, Qi D. Pancreatic stent insertion: conse-
quences of failure and results of a modified technique to max-
imize success. Gastrointest Endosc 2004;59:8–14.

Address requests for reprints to: Chair, Clinical Practice and Eco-
omics Committee, AGA Institute National Office, c/o Membership
epartment, 4930 Del Ray Avenue, Bethesda, Maryland 20814. Fax:

301) 654-5920.
This literature review and the recommendations therein were pre-

ared for the AGA Institute Clinical Practice and Economics Commit-
ee. The paper was approved by the Committee on February 14, 2007,
nd by the AGA Institute Governing Board on March 15, 2007.
The Clinical Practice and Economics Committee acknowledges the

ollowing individuals whose critiques of this review paper provided
aluable guidance to the authors: Peter Banks, MD, James Grendell,

D, Theodore Pappas, MD, and Charles Melbern Wilcox, MD.


	AGA Institute Technical Review on Acute Pancreatitis
	Diagnosis
	Assessment of Severity
	Determination of Etiology
	Management
	General Supportive Care
	Therapies to Limit the Frequency or Severity of Complications
	Efforts to “rest” the pancreas
	Efforts to reduce or remove activated proteases.
	Efforts to reduce SIRS
	The removal of common bile duct stones

	Prophylactic Antibiotics
	Management of Complications
	General complications
	Pancreatic necrosis
	Pancreatic infections
	Pancreatic fluid collections and pseudocyst

	Surgery
	Prevention
	Prevention of post-ERCP pancreatitis
	Prevention of other forms of pancreatitis


	References


