
International Journal of Pancreatology, vol. 25, no. 3, 195-210, June 1999 
�9 Copyright 1999 by Humana Press Inc. 
All rights of any nature whatsoever reserved. 
0169-4197/99/25:195-210/$14.00 

Diagnosis, Objective Assessment of Severity, 
and Management of Acute Pancreatitis 

Santorini Consensus Conference 

C. Dervenis ,  *a C. D. Johnson ,  2 C. Bassi,  3 E. Bradley,  4 C. W. Imrie,  5 
M. J. M c M a h o n ,  6 and  I. Modl in  7 

tKonstantopoulion, "Agia Olga" Hospital, Athens, Greece, 2Southampton General Hospital, Southampton, UK, 
3Borgo Roma Hospital, Verona, Italy, 4The Buffalo General Hospital, Buffalo, NY; SGlasgow Royal Infirmary, 

Glasgow, UK; 6The General Infirmal~, Leeds, UK: and 7Yale Universtity, New Haven, CT 

Summary 

Background: The diagnosis, early assessment, and management of severe acute pancreatitis remain dif- 
ficult clinical problems. This article presents the consensus obtained at a meeting convened to consider the 
evidence in these areas. The aim of the article is to provide outcome statements to guide clinical practice, 
with an assessment of the supporting evidence for each statement. 

Method: Working groups considered the published evidence in the areas of diagnosis, assessment of 
severity, nonoperative treatment, and surgicaI treatment of severe acute pancreatitis. Outcome statements 
were defined to summarize the conclusions on each point considered. The findings were discussed and 
agreed on by all participants. A careful assessment was made of the strength of the available evidence 
(proven, probable, possible, unproven, or inappropriate). 

Findings and Conclusions: There is reliable evidence to support much current  practice. Clear guid- 
ance can be given in most areas examined, and several areas were identified where further investiga- 
tion would be helpful. Diagnosis using plasma concentrations of pancreatic enzymes is reliable. Rapid 
advances are taking place in the assessment of severity. Several new therapeutic strategies show real 
promise for the reduction of morbidity and mortality rates. Surgical debridement is required for 
infected pancreatic necrosis, but is less often necessary for sterile necrosis. 

Introduction 

Acute pancreatit is is a potentially lethal disease 
with wide variation in clinical features and severity, 
ranging from mild  and self-limited to a rapidly pro- 
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gressive illness leading to multiple organ failure and 
death. Mortality rate ranges f rom nil in mild disease 
to 10% with sterile and 25% with infected pancre- 
atic necrosis. 

Acute pancreatitis can be difficult to diagnose 
accurately. Autopsy studies show a high incidence 
of acute pancreatit is  not d iagnosed in life (1,2). 
Therefore, improvements  in the diagnosis of  acute 
pancreatitis are essential. 

There is a lack of precise criteria for accurately 
predicting severity and monitor ing the course of  dis- 
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Table 1 
Categories of the Evidence Base for Conclusions on Diagnostic Methods, 

Including Assessment of Severity, and for Treatments of Severe Acute Pancreatitis 

Category Diagnosis or severity prediction Treatment 

A. Proven Clear evidence of efficacy in diagnosis or 
severity prediction in at least two 
adequately powered studies 

B 1. Probable 

B2. Possible 

C. Consensus 

Inappropriate 

Evidence of efficacy in one large and/or 
more than one small study 

Accepted practice for which supportive or 
contrary evidence does not exist, 
agreed opinion 

Diagnostic or prognostic features that 
have been shown to have no or poor 
correlation with outcome 

Statistically significant reduction in 
mortality in two or more well-designed 
studies, without conflicting evidence 
to suggest a lack of effect on mortality 

Statistically significant reduction in 
mortality in a single, well-designed 
randomized study or evidence of 
efficacy from two or more such studies, 
but with conflicting evidence from 
other well-designed randomized studies 

Theoretical basis for efficacy supported 
by limited randomized studies or well- 
documented, but nonrandomized 
studies, or significant influence 
on morbidity in well-designed 
randomized studies 

Theoretically justified or accepted 
practice for which supportive or 
contrary evidence does not exist 

Treatment shown to be without effect on 
mortality, or to be harmful, in well- 
conducted randomized studies 

ease (3,4). It is essential to evaluate the existing pre- 
dictive systems and/or biochemical  markers and 
develop new ones. 

A variety of medical treatments have failed to 
show any benefit to patients with severe acute pan- 
creatitis. However, the use of antibiotics or new anti- 
inflammatory drugs to prevent infection and reduce 
complications shows promise. Additionally, the role 
and the timing of surgical debridement remain con- 
t roversial ,  since a number  of  pat ients  still die, 
although they have sterile pancreatic necrosis (5). 

The aim of  this article is to clarify the concepts 
of diagnosis and severity prediction in acute pancre- 
atitis and to review the current primary management 
of  severe acute pancreatitis (but not of its late com- 
plications, abscess and pseudocyst) to determine those 
aspects best supported by the published evidence. 

Method 

Thirty-one specialists in pancreatic disease, espe- 
cially in acute pancreatitis, from a wide range of  dis- 
ciplines, such as anatomy, gastroenterology, internal 

medicine, pathology, radiology, and surgery, met in 
September 1997 in the Greek island Santorini to 
review the evidence concerning the diagnosis, the 
assessment of severity, and the management of  acute 
pancreatitis, and to produce an agreed outcome state- 
ment, which would be useful for medical profes- 
sionals dealing with the care of  individual patients. 
Three groups were established to evaluate the evi- 
dence relating to diagnosis, prediction of severity, 
and management. Members of  each group reviewed 
specific topics, which were discussed by the partic- 
ipants who graded the available evidence (Table 1), 
and reported back to a plenary session for open dis- 
cussion and final agreement. One or two members of  
each group drafted sections of  the final document, 
which was agreed to by all authors. 

Modifications to the Atlanta 
Classification System of Acute 
Pancreatitis 

The classification of  acute pancreatitis established 
in Atlanta (0) was an important step forward in the 
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management of the disease, since it is clinically 
based, using information obtained by contrast- 
enhanced computed tomography (CT) and clarified 
definitions of the different complications. With the 
increased clinical use of the Atlanta system, it has 
become apparent to many clinical investigators that 
it did not provide definitive characterization for local- 
ized collections of necrotic tissues seen after necro- 
tizing pancreatitis. Although the Atlanta system 
included these patients under the general heading of 
pancreatic necrosis, clinical differentiation of local- 
ized necrotic collections from acute pancreatic fluid 
collections and acute pseudocysts was often diffi- 
cult. Low CT densities (<15 HU) can be seen in all 
three conditions and can lead to the mistaken clini- 
cal diagnosis of "pseudocysts." Moreover, if inter- 
nal drainage of these "pseudocysts" is attempted, 
necrotic tissue may be encountered, and internal 
drainage can result in infection of the necrosis (7). 
In order to distinguish these localized collections of 
necrotic tissues from acute pseudocysts and fluid 
collections, additional imaging studies are neces- 
sary. Either ultrasound or magnetic resonance pan- 
creatography can be used to differentiate primary 
fluid-filled lesions (acute fluid collections or [after 
4 wk] acute pseudocysts) from these collections of 
necrotic tissue. In clinical practice, it is wise to con- 
sider all localized collections following necrotizing 
pancreatitis to be localized necrosis until proven oth- 
erwise (evidence category C). The remaining defi- 
nitions agreed to at Atlanta appear to be helpful in 
the discussion of severe acute pancreatitis. 

Diagnosis 
Blood Tests 

Amylase and lipase are both enzymes released 
from the pancreas during acute pancreatitis. Plasma 
levels of both enzymes peak within the first 24 h of 
symptoms, but the half-life of amylase in plasma is 
shorter than that of lipase. Analysis of all published 
series (Table 2) shows that lipase estimation has 
slightly superior sensitivity and specificity and 
greater overall accuracy than amylase (8-14). This 
difference becomes more marked when there is a 
delay in initial blood sampling. The difference in 
performance of these two tests, though small, is def- 
inite (evidence category A). There are no other tests 
on blood or plasma currently available for the diag- 
nosis of acute pancreatitis. 

Table 2 
Diagnostic Sensitivity and Specificity 

of Different Pancreatic Enzymes 
in the Diagnosis of Acute Pancreatitis" 

Sensitivity, % Specificity, % 

Total amylase 67-100 85-98 
Pancreatic amylase 67-100 83-98 
Lipase 82-100 82-100 
Trypsin 89-100 79-83 
Etastase 97-100 79-96 

"Data are expressed as reported ranges (7-13). 

Ultrasonography 

It is accepted that ultrasonography plays little part 
in the diagnosis or staging of acute pancreatitis. This 
is because of the high frequency of incomplete exam- 
inations, owing to overlying bowel gas (15,16). Early 
ultrasonography is, however, useful in the determi- 
nation of gallstone etiology, by the demonstration 
of stones in the gallbladder, or by common bile duct 
dilatation (15) (evidence category B). 

Computed Tomography (CT) 

In cases of diagnostic doubt, particularly with 
atypical presentation when abdominal pain is not a 
feature or when hyperamylasaemia or hyperli- 
pasemia have been discovered unexpectedly, pan- 
creatic imaging by CT provides good evidence of 
the presence or absence of pancreatitis. Diagnostic 
CT signs include pancreat ic  swell ing,  peri- 
pancreatic infiltrates, peri-pancreatic fluid collec- 
tions, and areas of nonenhancement of the pancreas 
(17,18) (evidence category C). 

Outcome Statement--Diagnosis 
The conclusions reached in this section are listed 

in Table 3. 

Objective and Early 
Assessment of Severity 
The Need 

The established management of severe acute pan- 
creatitis includes aggressive fluid replacement, 
oxygen supplementation as required, and full inten- 
sive care support of any failing organ or system. 
Early identification of severely ill patients is help- 
ful to ensure rapid and appropriate treatment. Fur- 
thernlore~ recently, endoscopic sphincterotomy has 
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Table 3 
Outcome Statements for the Diagnosis 

of Acute Pancreatitis 

In clinical practice, it is wise to consider all localized 
collections following necrotizing pancreatitis to be 
localized necrosis until proven otherwise (evidence 
category C) 

Lipase estimation has slightly superior sensitivity 
and specificity and greater overall accuracy than 
amylase (evidence category A) 

It is accepted that ultrasonography plays little part 
in the diagnosis or staging of acute pancreatitis 
(evidence category C) 

Pancreatic imaging by CT provides good evidence 
of the presence or absence of pancreatitis 

(evidence category C) 

become more widely applied for the management of 
severe gal ls tone- induced acute pancreatit is  (see 
below), and other specific therapies are available 
(e.g., antibiotic prophylaxis) or undergoing devel- 
opment (platelet-activating factor antagonists). It 
seems likely that the earlier these treatments are 
applied, the more effective they will be in the pre- 
vention of complications. There is therefore a need 
for an early objective measure of  severity (evidence 
category C). Severity markers should show most of 
the features described in Table 4. 

In order to make comparisons of different thera- 
peutic series, it is important to clarify the number of  
patients with a predicted severe attack, based on 
prognostic factors or scores, and the actual severity, 
as defined by the presence of a complication. Fur- 
ther, it is helpful to define the number of patients 
with organ failure at admission, since this value may 
vary, and gives an indication of  the severity of the 
disease in the population studied. 

Clinical Features 

Clinical examination in the first 24 h of  admis- 
sion is unreliable. After 48 h, clinical assessment is 
almost as accurate as the Ranson or Glasgow Scores 
(19,20) (evidence category A). However, 48 h after 
admission is probably  too late to begin specific 
therapy. 

Body wall bruising (Grey Turner's and Cullen's 
signs) is associated with a particularly severe out- 
come: one paper documented a 37% mortality rate 
when this sign was present (21). However, bruising 
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Table 4 
Desirable Features of Markers of Severity 

High sensitivity and positive 
Accuracy predictive value 

Availability Early (<48 h) in the course of disease 

Rapid (<4 h) to be clinically useful 

Widespread: suitable for use in all 
hospitals receiving patients with 
acute pancreatitis 

Not observer-dependent Reliability 

Inexpensive 

is seen relatively rarely, which limits its usefulness. 
Furthermore, bruising often appears 48-72 h after 
onset of symptoms. There is therefore a need to define 
other, objective measures of severity, which can be 
applied early in the course of the disease. 

Multiple Factor Scoring Systems 
In the 1970s, two systems were developed to assist 

in the categorization of  patients with acute pancre- 
atitis. The system proposed by Ranson was compli- 
cated by the requirement for two separate systems 
dependent on alcohol or gallstone etiology (22,23). 
The Glasgow System, and its subsequent modifica- 
tion (24-26) works well in all types of  pancreatitis. 
However,  both these systems require  48 h f rom 
admission for full assessment. 

There have been two comparisons of  the two pan- 
creatitis-specific systems described above, with other 
multiple factor scoring systems. Larvin and McMa- 
hon (27) compared them with the acute physiology 
and chronic health evaluation (APACHE II) and the 
simplified acute physiology score (SAPS), and found 
that at 48 h, APACHE II worked at least as well as 
the Ranson or Glasgow Scores, and was superior to 
the SAPS. However, the advantage of  APACHE II 
was that prediction using this system at 24 h was as 
effective as the other scores at 48 h. The superiority 
and earlier assessment with APACHE II have been 
confirmed (28). If a multiple factor  scoring sys- 
tem is to be used, the best choice at present appears 
to be APACHE II calculated at 24 h (evidence cate- 
gory A). 

Individual or Group Scores? 
The scoring systems studied to date have all been 

designed to categorize levels of risk in populations. 
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The main benefit of this is that it allows comparison 
of different series with an objective measure of sever- 
ity. However, for an individual, there is an in-built, 
often unquantified inaccuracy in the allocation to 
the category of either "predicted severe" or "pre- 
dicted mild." Of greater clinical utility would be a 
prognostic score, which used the data acquired by 
the multiple factor scoring systems to calculate the 
individual's risk (probability) of development of a 
complication. This individual value could then be 
used for individual treatment decisions. No such 
system is currently available. 

Single Factor Risk Assessment 
Currently the best prediction of an individual's 

risk of a complication lies in the use of a number of 
factors (44), which have been shown independently 
to predict a severe outcome. These include clinical 
features, markers of pancreatic injury, and markers 
of the inflammatory response. Some of these factors 
have been tested in clinical use, but the majority have 
been studied only in a research setting. There is 
urgent need for comparative studies of clinical, pan- 
creatic, and inflammatory markers to determine their 
relative clinical utility (evidence category C). 

Predictive Clinical Observations 
The value of body wall ecchymosis as a specific 

marker of complications and death has been noted 
above (21) (evidence category B). In four large stud- 
ies, obesity has been confirmed as a risk factor for 
serious complications, and in two of these, it was a 
useful marker of a fatal outcome (29-32). Obesity 
can be characterized objectively by calculation of 
body mass index (BMI) (weight [kg]/height2[M] 
> 30). There is a suggestion that intermediate obe- 
sity (BMI 25-30) predicts a lesser, but nevertheless 
increased risk compared with normal body habitus 
(29). Obesity predicts a severe outcome indepen- 
dently of age and acute physiology score (the two 
major components of APACHE II). Obesity, as shown 
by a BMI > 30 is a reliable predictor of a severe out- 
come (evidence category A). 

A number of studies have shown that a chest radi- 
ograph within 24 h of admission can be useful for 
the prediction of complications. Pulmonary infil- 
trates or lung field opacities are, however, too 
observer-dependent to be widely reliable. Two stud- 
ies have indicated a significant association between 
pleural effusion on the early chest X-ray and sub- 

sequent complications or fatal outcome. Although 
there is some increased risk with a right pleural effu- 
sion, the predictive value is maximal with left-sided 
or bilateral effusions (33-35) (evidence category B). 

One study has shown additional predictive value 
from the observation of plasma creatinine levels in 
excess of twice the upper limit of normal (33). This 
finding requires confirmation (evidence category B). 

Computed Tomography (CT) 
It is generally accepted that evidence on CT of 

areas ofhypoperfusion (nonenhancement) correlates 
well with pancreatic necrosis. The Atlanta sympo- 
sium (6) recognized areas of nonenhancement >30% 
of the pancreas or >3 cm diameter as diagnostic of 
necrosis. Consequently, this CT sign correlates with 
other complications of acute pancreatitis. 

It seems likely that the appearances of necrosis 
become more clearly defined during the first 96 h 
after admission. There are no published data to sup- 
port the routine use of CT within the first 24 h of 
admission, to diagnose necrosis or to predict sever- 
ity. Indeed, it seems likely that such a policy would 
lack sensitivity. 

CT is useful for the diagnosis of pancreatic necro- 
sis, with close to 100% sensitivity between 4 and 10 
days (36---44) (evidence category A). There are a lack 
of data on the diagnostic and predictive value of CT 
using modern spiral scanners. Further studies are 
desirable to determine the value of early CT in 
prediction of complications other than necrosis, 
using modern scanners and protocols (evidence cate- 
gory C). 

Markers of Pancreatic Injury 
Plasma levels of the pancreatic enzymes amylase 

and lipase have no value in prediction of severity, 
probably related to the rapid fall off after the early 
peak (22,26) (evidence category A). Measurement 
of serum trypsinogen may be of predictive value, but 
is not currently available in any clinically useful 
assay (45). 

Phospholipase A 2, produced in the pancreas and 
also produced by neutrophil activation, is a good 
early marker of severe pancreatitis, confirmed in sev- 
eral studies (46-48). (evidence category A). How- 
ever, the assay is cumbersome and is not currently 
available in a clinically useful form. 

Pancreatitis-associated protein (PAP) is synthe- 
sized in response to pancreatic injury and is expressed 

International Journal of Pancreatology Volume 25, 1999 



200 

in acute pancreatitis. However, it appears to have no 
role in the assessment of severity (49) (evidence 
category B). These markers of pancreatic injury 
have no clinical application at present (evidence cat- 
egory C). 

Activation Peptides 
Trypsinogen activation peptide has been known 

for a decade to be a marker of severe pancreatitis. 
Raised plasma levels and raised urinary levels of 
trypsin activation peptide (TAP) correlate well with 
severity (50). However, it has taken many years to 
develop a clinically applicable assay, and the small 
TAP molecule is present in very low concentrations 
in urine. It is rapidly cleared from plasma. Although 
a recent publication indicates that a recently intro- 
duced test may be of value (51), further clinical data 
are awaited. If a reliable assay can be developed, 
TAP is a useful predictor of severity (evidence cat- 
egory A). 

The activation peptide of l-prophospholipase A 2 
has been proposed as an additional indicator of sever- 
ity (52). Further data are required to allow evalua- 
tion of this claim. 

Carboxypeptidase activation peptide (CAPAP) is 
also released from the pancreas in severe acute pan- 
creatitis. This molecule is l 0 times larger than TAP 
and is robust in blood and urine, where it is found 
in large quantities in severe pancreatitis. Prelimi- 
nary data suggest that this may be a useful marker 
of severe pancreatitis, but confirmation is awaited 
(53,54) (evidence category B) Activation peptides 
TAP and CAPAP show great promise as markers of 
severity (evidence category A/B). Further develop- 
ment is required for these assays to be clinically 
useful. 

Markers o f  Immune Activation 
A number of inflammatory mediators and mark- 

ers have been shown to be significantly associated 
with severe outcome in acute pancreatitis (Table 5). 
Interleukin (IL) 8 (55,56) and IL-6 (55-60) have 
been shown to peak within the first 24 h after onset 
of symptoms, and to provide good discrimination 
between mild and severe acute pancreatitis. Rapid 
dipstick methods of analysis for IL-8 (60)are under- 
stood to be nearing the final stages of development, 
but these have not been tested in clinical practice. 
The anti-inflammatory cytokine IL-10 has been 
shown to reduce the inflammatory response in exper- 
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Table 5 
Immune Markers Elevated in Severe Acute Pancreatitis 

Peak Clinically useful 

IL-8 12-24 h <24-72 h 
IL-6 24 h 24-48 h? 
PMN elastase 12-24 h Up to 48 h 
CRP 3-4 d After 48 h 

imental pancreatitis. Clinical evidence suggests that 
this may also occur in human disease, and that higher 
levels of IL-10 are found in the serum of patients 
with mild disease (61). Although of interest in under- 
standing the pathophysiology of the disease, the rel- 
evance of this observation for prediction of severity 
remains to be established. 

Tumor necrosis factor (TNF) is released in bursts 
in severe acute pancreatitis, and elevated levels may 
be detected in this condition (62,63). However, the 
variable and phasic release of TNF make it unsuit- 
able for use as a predictor of a severe attack (64). de 
Beaux et al. (65) showed clear separation of mild, 
severe, and fatal attacks by measurement of the serum 
concentrat ion of soluble TNF receptors,  and 
Sch61merich's group (66) has reported preliminary 
data confirming that TNF receptor estimations may 
be of value in the early prediction of severity. Devel- 
opment of this assay for clinical use is awaited. 

Polymorphonuclear (PMN) elastase has been 
shown to have a good predictive value for severe 
acute pancreatitis (66-68). However, there have been 
some difficulties with the assay system, which is still 
not suitable for routine use. An improved assay is 
likely to be available in the near future, but this will 
require testing in clinical practice. 

A number of markers are suitable for the urgent 
assessment of severity including IL-8 and IL-6 (evi- 
dence category A), TNF soluble receptors (evidence 
category B), and PMN elastase (evidence category 
A). Because of their likely usefulness, development 
of rapid tests suitable for clinical application is 
urgently required (evidence category C). 

C-reactive protein is a widely available assay 
that is cheap to perform and gives rapid results. 
However, it only rises after the early peaks of the 
inflammatory mediators. CRP becomes a good 
discriminator of severe and mild disease 48 h after 
onset of symptoms. A cutofflevel of 150 mg/L is now 
accepted (56,57,59,05,66) (evidence category A). 
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Table 6 
Suggested Cutoff Values 

for Proven Markers of Severity 

Obesity BMI > 30 
Chest radiography Left/bilateral effusion 
APACHE II _>6 
APACHE O a _>6 
CRP >150 mg/L 

aAPACHE II plus 1 point BMI 25-30, 2 points BMI > 30. 

Outcome Statement--Assessment of Severity 
The conclusions of this section are listed in Tables 

6 and 7. Attention is drawn particularly to the value 
of simple clinical markers of severity, such as obe- 
sity and pleural effusion, and to the usefulness of  
APACHE II within 24 h of admission to hospital. 

Prevention of Complications 
and Conservative Management 

Previous failure to identify therapeutic agents that 
unquestionably influence the course of acute pan- 
creatitis has led to an attitude of nihilism. However, 
new candidates  for  preventat ive t reatments  are 
emerging, which hold much greater promise. This 
emphasizes the need for early diagnosis and early 
assessment of  severity. Severe pancreatitis is a com- 
plex and multifaceted disease, which places great 
demands on the skill, experience, and endurance of 
those who manage it. 

The management of acute pancreatitis must start 
as soon as possible with abundant fluid replacement 
and supportive care. Early restoration of circulating 
Volume and arterial oxygen tension to normal should 
reduce the risk of extensive necrosis and other com- 
plications (evidence category C). 

A specialist center for the management of severe 
acute pancreatitis should meet the following criteria: 

�9 A large general hospital with a full range of prin- 
cipal medical and surgical specialities. 

�9 Surgeons, physicians, radiologists, intensivists, 
pathologists, and microbiologists with special- 
ist skill and experience in the management of 
severe acute pancreatitis. 

~  available 24 h/d. 
. Experienced endoscopists with endoscopic ret- 

rograde cholangiopancreatography (ERCP) and 
endoscopic sphincterotomy available daily as a 
routine service, and at weekends and during hol- 
idays as an emergency service. 
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These criteria are broadly similar to those pro- 
posed in the UK guidelines for the management  of 
acute pancreatitis (69). It is recommended that wher- 
ever possible, patients with severe acute pancreati- 
tis be transferred, as rapidly as possible, to recognized 
specialist centers (evidence category C). 

Efficacy o f  Treatment f o r  Acute Pancreatitis 

Most patients with acute pancreatitis suffer little 
or no sequelae of the attack if it has been managed 
successfully. Accordingly, mortality rate is by far 
the most important yardstick by which to gauge effi- 
cacy, and treatment cannot be regarded as success- 
ful in this condition unless mortality rates can be 
reduced. Nevertheless, the impact of treatment on 
complications may be a helpful end point by which 
to gauge the potential value of  treatments in studies 
that lack the power to demonstrate an influence on 
mortality rate, 

Antibiotics 
The value of prophylactic antibiotics in severe 

pancreatitis has been continuously debated on for 
more than half a century (70). Results from recent 
controlled clinical trials suggest that there probably 
is a role for antibiotics in the prevention of  compli- 
cations and probably for the reduction of mortality 
rates (70-76). There is also a large body of experi- 
mental evidence to support this conclusion, and the 
observations that Gram-negative bacteria are the 
most important with regard to prognosis and that 
they originate from the gut (77-79). 

All the recent studies, apart from one (72), showed 
a significant reduction of infected necrosis and pan- 
creatic abscess in the treated patients when com- 
pared to controls. Mortality rate was reduced only 
in two trials (72,75). In particular, systemic antibi- 
otics with selective gut decontamination (75) reduced 
the late mortality (>2 wk from disease onset) as a 
secondary effect to a decrease of Gram-negative 
infection. 

Regardless of the criticisms that may be made of 
each of these clinical studies, taken together, they 
indicate that prophylactic antibacterial treatment is 
strongly recommended in severe pancreatitis (evi- 
dence category B1). However ,  it remains to be 
decided which drugs should be used, and whether 
they should be given alone or in combination, or 
together with gut decontamination. There is no evi- 
dence to help decide when to start prophylactic treat- 
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Table 7 
Features That Predict a Severe Attack of Acute Pancreatitis 

There is a need for an early objective measure of severity (evidence category C) 

Clinical examination in the first 24 h of admission is unreliable (evidence category A) 

If a multiple-factor scoring system is to be used, the best choice at present appears to be APACHE II calculated 
at 24 h (evidence category A) 

There is an urgent need for comparative studies of clinical, pancreatic and inflammatory markers to determine their 
relative clinical utility (evidence category C) 

Obesity as shown by a BMI > 30 is a reliable predictor of a severe outcome (evidence category A) 

Two studies have indicated significant association between pleural effusion on the early chest X-ray and subsequent 
complications or fatal outcome (evidence category B) 

Evidence on CT of areas of hypoperfusion (nonenhancement) correlates well with pancreatic necrosis (evidence 
category C) 

CT is useful for the diagnosis of pancreatic necrosis, with close to 100% sensitivity between 4 and 10 d (evidence 
category A) 

Further studies are desirable to determine the value of early CT in prediction of complications other than necrosis, 
using modem scanners and protocols (evidence category C) 

Plasma levels of the pancreatic enzymes amylase and lipase have no value in prediction of severity, probably related 
to the rapid fall off after the early peak (23,27) (evidence category A) 

Phospholipase A 2 is a good early marker of severe pancreatitis (evidence category A); other markers of pancreatic 
injury have no clinical application at present (evidence category C) 

Activation peptides TAP and CAPAP show great promise as markers of severity (evidence category A/B); further 
development is required for these assays to be clinically useful 

A number of markers are suitable for the urgent assessment of severity including IL-8 and IL-6 (evidence category 
A), TNF soluble receptors (evidence category B), and PMN elastase (evidence category A); because of their likely 
usefulness, development of rapid tests suitable for clinical application is urgently required (evidence category C) 

CRP becomes a good discriminator of severe and mild disease 48 h after onset of symptoms; a cutoff level of 150 
mg/L is now accepted (evidence category A) 

ment or how long to continue therapy. Most clini- 
cians now use antibiotics, alone or with selective 
digestive decontaminat ion for the management  of  
severe pancreatitis. Appropriate  antibiotics are those 
that are active against a wide variety of  organisms, 
in particular Gram-negat ive  pathogens.  Antibacter- 
ial therapy should be commenced  as early as possi- 
ble after the identification of a severe attack (evidence 
category C). 

Endoscopic Sphincterotomy 
Over the last 10 years, there has been an increas- 

ing body of evidence supporting the rationale for 
endoscopic treatment (endoscopic sphincterotomy 
[ES] and related procedures)  in patients with acute 
biliary pancreatitis (ABP) (80). To date, there have 
been four randomized control led trials of  urgent 
ERCP and ES in ABP, in which ERCP was per- 

formed within 24 h (81) or within 72 h (82-84) f rom 
admission. 

Three studies showed a significant reduction of  
complications and reduction of  mortali ty rate in those 
patients undergoing endoscopic treatment in com- 
parison with those conventionally treated: the British 
(82) and Hong Kong studies (81) for  patients with 
severe forms of  ABP, the Polish study (83), at pre- 
sent available only in abstract form, for patients with 
predicted severe and mild pancreatit is.  The German 
trial (84) did not show benefit of  early ERCP and 
ES in gallstone pancreatitis, but this study excluded 
(and offered ERCP to all) patients with evidence of  
cholangitis or jaundice. These patients are most likely 
to have persisting bile duct stones and are most likely 
to benefit from endoscopic treatment.  

Urgent endoscopic treatment is r ecommended  in 
patients with severe forms of  ABP and abnormal 
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liver function, which includes patients with cholan- 
gitis. The timing of ERCP and ES should be as early 
as possible and no longer than 72 h from hospital 
admission (evidence category B 1). 

Endoscopic sphincterotomy during the early 
stages of acute biliary pancreatitis should be carried 
out only in specialist centers (evidence category C). 
Appropriate circumstances for the consideration of 
urgent endoscopic sphincterotomy are: 

�9 Severe pancreatitis (presence of organ failure or 
predicted severe disease). 

, Symptoms of < 72 h duration. 
, Gallstones demonstrated by ultrasonography, 

alanine transaminase or aspartate transaminase 
levels of at least of twice the upper limit of 
normal, or jaundice or bilirubin level equal to or 
greater than twice the upper limit of normal. 

~ It is recommended that ERCP and ES be carried 
out as part of the routine daily service by an 
experienced endoscopist as soon as possible after 
the need for ES is identified. 

Entera[ Nutrition 
Three relatively small randomized studies have 

suggested a reduction of complications and possi- 
bly mortality from the early institution of enteral 
feeding delivered beyond the ligament of Treitz 
(85,86). This is associated with a reduction in the 
markers of immune stimulation in patients receiv- 
ing enteral nutrition (87). Enteral feeding, started 
early in the course of severe acute pancreatitis, is 
safe, theoretically attractive, and probably reduces 
the risk of complications (evidence category B2). 

Experience with nutritional support is needed, and 
when enteral nutrition is administered in the early 
stages of severe acute pancreatitis, appropriate safe- 
guards should be undertaken to ensure jejunal place- 
ment of the tube and to avoid vomiting and aspiration 
if ileus is present. There may be an important role 
for enteral nutrition in the postoperative manage- 
ment of patients undergoing operations for severe 
acute pancreatitis (evidence category C). 

Inhibitors of PAF 
Evidence of probable efficacy of lexipafant (a 

potent inhibitor of PAF) is based on two small ran- 
domized studies (88,89). In both studies, a signifi- 
cant reduction of organ failure was demonstrated in 
patients with predicted severe acute pancreatitis who 
received lexipafant treatment within 72 h of the onset 

of symptoms. Another large multicenter randomized 
study has been completed, but is published only in 
abstract form (90). This suggests that mortality rates 
may be reduced if treatment is started within 48 h 
of onset of symptoms. A further large randomized 
multicenter study is in progress. Lexipafant treat- 
ment within 48 h of onset of symptoms can reduce 
complications, especially organ failure, and possi- 
bly mortality rate, in patients with predicted severe 
acute pancreatitis (evidence category B2). Lexipafant 
cannot be recommended for the treatment of acute 
pancreatitis until the current mutticenter study has 
been completed. 

Antiprotease and Antisecretory Drugs 
Randomized studies have failed to show signifi- 

cant impact of these agents on mortality rates. A 
wide variety of antiprotease and antisecretory agents, 
including aprotinin, glucagon, anticholinergics, and 
fresh frozen plasma, have no effect in severe acute 
pancreatitis (69) (evidence category A). 

Gabexate mesilate showed negative results at 
90 d observation in a German trial (91), whereas 

positive results on early complication rates (<2 wk) 
have been reported in an Italian comparison against 
aprotinin (92) and in a metaanalysis (93). Somato- 
statin showed beneficial effects only in a meta-analy- 
sis (94). Recently, in two randomized trials (from 
UK and Germany), octreotide failed to show any 
benefit on mortality rate and complications (95,96). 
Modem antiprotease therapy (gabexate mesilate) and 
antisecretory therapy (somatostatin, octreotide) have 
no effect on mortality rates (evidence category A). 
Gabexate and somatostatin may have some effect on 
reducing complications, but the evidence is weak 
(evidence category B2). 

Outcome Statement--Prevention of Complications 
The conclusions of this section are listed in 

Table 8. 

Recommendations f o r  Further  
Trials o f  Treatment 

A further randomized trial of lexipafant is being 
carried out at the present time. There is a need for 
large multicenter, well-designed randomized trials 
of enteral nutritional support and antibiotic therapy 
or selective digestive decontamination. In view of 
conflicting evidence concerning the role of ES, a 
further randomized study with careful patient selec- 
tion on a multicenter basis is suggested. 
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Table 8 
Outcome Statement for Preventative and Nonoperative Treatment of Complications 

Early restoration of circulating volume and arterial oxygen tension to normal will reduce the risk of extensive 
necrosis and other complications (evidence category C) 

It is recommended that wherever possible, patients with severe acute pancreatitis be transferred, as rapidly as 
possible, to recognized specialist centers (evidence category C) 

Prophylactic antibacterial treatment is strongly recommended in severe pancreatitis (evidence category A) 

Appropriate antibiotics are those that are active against a wide variety of organisms, in particular Gram-negative 
pathogens; antibacterial therapy should be commenced as early as possible after the identification of a severe 
attack (evidence category C) 

Urgent endoscopic treatment is recommended in patients with severe forms of ABP and abnormal liver function, 
which includes patients with cholangitis. The timing of ERCP and ES should be as early as possible and no 
longer than 72 h from hospital admission (evidence category B I) 

Endoscopic sphincterotomy during the early stages of acute biliary pancreatitis should be carried out only in 
specialist centers (evidence category C) 

Enteral feeding, started early in the course of severe acute pancreatitis, is safe, theoretically attractive, and probably 
reduces the risk of complications (evidence category B 1) 

There may be an important role for enteral nutrition in the postoperative management of patients undergoing 
operations for severe acute pancreatitis (evidence category C) 

Lexipafant treatment within 48 h of onset of symptoms can reduce complications, especially organ tkailure, and 
possibly mortality rate in patients with predicted severe acute pancreatitis (evidence category B2) 

A wide variety of antiprotease and antisecretory agents, including aprotinin, glucagon, anticholinergics, and fresh 
frozen plasma, have no effect in severe acute pancreatitis (evidence category A) 

Modem antiprotease therapy (gabexate mesilate) and antisecretory therapy (somatostatin, octreotide) have no effect 
on mortality rates (evidence category A) 

Gabexate and somatostatin may have some effect to reduce complications, but the evidence is weak (evidence 
category B2) 

Prevention of  Acute Pancreatitis 

The principal opportunity for the prevention of 
acute pancreatitis is in patients undergoing ERCP. 
Antienzyme preparations may have a role, despite 
their lack of efficacy on the mortality in the man- 
agement  of  es tab l i shed  pancreat i t is .  One well- 
designed randomized study showed an influence of 
Gabexate mesilate on mortality (97) (evidence cat- 
egory B 1). It is suggested that further randomized 
studies be carried out. In view of the desirability of 
administration of prophylactic agents prior to the 
commencement  of  ERCP, further information is 
required about the selection process for high-risk 
patients. 

Surgical Treatment 

Concepts regarding the nature of appropriate sur- 
gical intervention in acute pancreatitis have varied 

widely in the last decade. The pendulum has swung 
from early major intervention to limited interven- 
tion and intervention at a later phase with specific 
criteria governing the timing of  surgical therapy 
(98-100). Careful but nonrandomized assessment 
of the outcome of  early intervention has led to the 
conclusion that the results have failed to support this 
approach, and some authors specifically attempt to 
delay surgical intervention (101-103). In late-phase 
intervention, the surgical thrust is focused on deal- 
ing with specific complications, such as abscess and 
necrosis (100-103). 

Given that the biology of  acute pancreatitis is still 
poorly understood, the rationale for surgical inter- 
vention is not easy to define. Moreover, the surgical 
intervention itself is not always based on clear guide- 
lines to which the clinician can refer; indeed, other 
guidelines avoid discussion of surgical management 
altogether (69). This is owing largely to (1) the intrin- 
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sic complexity of pancreatitis in its early toxic stages 
and (2) the difficulty in understanding the relevant 
information reported in the literature, which is 
incomplete and based on confused terminology. The 
terminology defined in the Atlanta criteria (6) should 
be used (with the modification suggested above) 
to clarify discussion of the management of local 
complications. 

In some cases, an early laparotomy may be 
required, when the diagnosis is uncertain and CT or 
magnetic resonance (MR) imaging is not avalaible, 
and an operation is needed to establish the pathol- 
ogy of the intra-abdominal event (evidence category 
C). Early laparotomy and exposure of the pancreas 
may be helpful in a patient with rapid progression 
of multiple-organ failure despite full intensive care 
(evidence category C). 

Undoubtedly, the development of pancreatic 
parenchymal and/or extrapancreatic necrosis is the 
critical feature determining the prognosis of and the 
need for surgery in acute pancreatitis (100,103,104) 
(evidence category A). 

The determination of the presence of pancreatic 
necrosis by enhanced CT is still regarded as the 
appropriate investigative modality necessary for 
determining therapeutic intervention. CT can also 
be used as a "road map" for identifying retrocolic 
and in t ramesenter ic  extensions  of  necrosis  
(36,38-42). As noted above, this may be delayed for 
7-10 d to help decide the need for surgical inter- 
vention after the early acute inflammatory phase, or 
when operation is indicated on clinical grounds. Peri- 
toneal aspiration with the fluid subjected to a "smell 
test" and then immediate Gram stain can also be very 
valuable in facilitating the decision of the appropri- 
ate treatment (44). 

The available data do not support a general oper- 
ative policy toward patients with sterile necrosis (evi- 
dence category A). The principal reasons for this are 
twofold: first, patients with sterile necrosis may be 
managed nonoperatively (101,102) and a significant 
improvement in mortality has not been demonstrated 
following necrosectomy in patients with sterile 
necrosis (105-107), and second, operative inter- 
vention may convert sterile necrosis to secondarily 
infected pancreatic necrosis, with attendant doubling 
of the mortality rate (100,107,108). Nevertheless, 
subgroups of patients with sterile necrosis might 
benefit from necrosectomy (evidence category C): 

1. Patients continuing to deteriorate from systemic 
inflammatory response syndrome (SIRS) despite 
maximal support positive end-expiratory pres- 
sure ([PEEP] > 15 with progressive deoxy- 
genation; pulmonary capillary wedge pressure 
[PCWP] > 20 with hypotension and oliguria). 

2 Patients continuing to exhibit a "septic" picture 
10 d or more after onset. 

3. Recurrent abdominal pain and hyperamylasemia 
following attempts at oral feeding 3-4 wk after 
onset (many if not all of these patients will be 
found to have pancreatic ductal disruption). 

The difficult to define, but important criterion of 
clinical judgment appears to be at least as important 
as the establishment of the level or rate of deterio- 
ration, particularly in cases (1) and (2). 

Infected Necrosis 

Special attention was given to the necessity for 
fine needle aspiration (FNA) as the appropriate 
method for determining whether pancreatic necro- 
sis is infected or not. Apart from surgical necrosec- 
tomy, FNA is the only reliable test to diagnose 
infected necrosis (109-112) (evidence category A). 
Despite concerns about possible introduction of 
infection or dissemination of organisms by intesti- 
nal puncture, this need not be a problem (110,111) 
(evidence category B). 

Unroofing of all retroperitoneal collections and 
thorough debridement are necessary in the man- 
agement of infected necrosis (100,102,103) (evi- 
dence category A). However, there is no general 
agreement on the type of operation that should be 
used. The UK guidelines avoid this difficult area 
altogether (69). Necrosectomy with continuous 
closed lavage, debridement with open packing, with 
or without secondary closure, and necrosectomy and 
drainage with planned reoperation all have similar 
results (100,i02-104,113-117), No specific crite- 
ria for the determination of  the ideal technique 
are available. The choice of surgical technique can 
be based on clinically derived experience (evidence 
category B2). 

Outcome Staternent~ul~ical Treatment 
of Pancreatic Necrosis 
The principles that govern the decis ion to 

operate and the choice of operation are shown in 
Table 9. 
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Table 9 
Surgical Treatment for Severe Acute Pancreatitis and Pancreatic Necrosis 

In some cases, an early laparotomy may be required, when the diagnosis is uncertain and an operation is needed to 
establish the pathology of the intra-abdominal event (evidence category C) 

Early laparotomy and exposure of the pancreas may be helpful in a patient with rapid progression of multiple-organ 
failure despite full intensive care (evidence category C) 

The development of pancreatic parenchymal and/or extrapancreatic necrosis is the critical feature determining the 
prognosis of and the need for surgery in acute pancreatitis (evidence category A) 

The data available do not support a general operative policy toward patients with sterile necrosis (evidence 
category A) 

It is possible that subgroups of patients with sterile necrosis might benefit from necrosectomy (evidence category C) 

FNA is the only reliable test to diagnose infected necrosis (evidence category A); introduction of infection or 
dissemination of organisms by intestinal puncture during FNA need not be a problem (evidence category B) 

Unroofing of all retroperitoneal collections and thorough debridement are necessary in the management of infected 
necrosis (evidence category A) 

No specific criteria for the detemlination of the ideal technique are available; the choice of surgical technique can 
be based on clinically derived experience (evidence category B2) 

Areas for Future Investigation 

Continued re-evaluation of the indications for 
surgery in sterile necrotizing pancreatitis will be nec- 
essary. In particular, it will be important to deter- 
mine whether or not necrosectomy confers any 
survival benefit to patients with progressive organ 
failure despite maximum support. At the moment, 
no single study exists that compares operative vs 
nonoperative therapy in this challenging group. 
Resolution of technical controversies surrounding 
surgical drainage options awaits creation of a multi- 
institutional study. 

Conclusions 

This article considers the diagnosis, assessment 
of severity, and management of patients with severe 
acute pancreatitis. Previous consensus on definitions 
(6) remains broadly acceptable; clarification was 
required of the terminology and significance of acute 
fluid collections. There have been several recent 
developments in the assessment of severity and in 
the prevention of complications, which are barely 
touched on in the UK guidelines (69). Although pub- 
lished in 1998, preparation of that document began 
in 1995, and updating has been required in these 
areas. Furthermore, the present document makes 
clear statements about surgical management of pan- 
creatic and peripancreatic necrosis, which were pre- 
viously lacking. 
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