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ABSTRACT
Objective The aim of this study was to
determine the factors related to the
development of systemic complications,
mortality and pancreatic necrosis in patients
with severe acute pancreatitis.
Patients Thirty-nine patients (22.3%) out of
175 patients with acute pancreatitis who were
admitted to our center, had an APACHE II
score greater than 8; they were classified as
having severe acute pancreatitis and were
evaluated in the study.
Main outcome measures Sepsis-related
Organ Failure Assessment (SOFA) and
Marshall scores were obtained. The variables
analyzed were age, sex, etiology, hematocrit,
leukocyte count, CRP level, CT findings and
length of hospital stay. These variables were
related to the development of systemic
complications, mortality and necrotizing
pancreatitis.
Results The mean APACHE II value of the
patients included was 11.6±3.1, the mean
SOFA score was 3.2±2.0 and the Marshall
score was 1.5±1.9. Eleven patients developed
necrotizing pancreatitis. The mortality rate
among severe acute pancreatitis patients was
3 out of 39 (7.7%). Variables found to be
related to systemic complications were the
APACHE II score as well as SOFA and
Marshall scores greater than 3. The variables
related to mortality were SOFA score greater
than 3 and leukocytosis greater than 19,000

mm-3. CRP greater than 19.5 mg/dL and
length of hospital stay were related to
necrotizing pancreatitis.
Conclusions The scoring systems, especially
the SOFA score, were related to the
development of systemic complications and
mortality. CRP showed a relationship to
necrotizing pancreatitis. There was no
relationship between the evaluated scoring
systems and necrotizing pancreatitis in
patients with severe acute pancreatitis.
INTRODUCTION
Acute pancreatitis is a relatively common
illness, with incidence rates varying from 50
to 80 cases per 100,000 people per year in the
United States [1, 2]. In 2006, the incidence in
Brazil was 15.9 cases per 100.000 people per
year and, in the city of São Paulo, it was 19.2
per 100.000 people per year (unpublished
original data).
According to the Atlanta Classification, acute
pancreatitis should be classified as mild or
severe depending on the development of
organ failure and/or local complications [3].
The majority of acute pancreatitis cases are of
mild manifestation, and they generally resolve
themselves spontaneously within a few days,
without the need for specific treatment. The
severe form of acute pancreatitis is defined by
the presence of one or more of the following
criteria: a Ranson score equal to, or greater
than 3 or an APACHE II score equal to, or
greater than 8, failure of one or more systems,
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such as shock, respiratory insufficiency, renal
failure, gastrointestinal bleeding, severe
thrombocytopenia and hypokalemia, and local
complications,
such
as
necrotizing
pancreatitis, abscess formation, or pancreatic
pseudocyst [3]. The severe form of the
disease, defined in this way, is present in up
to 25% of cases, with a mortality rate of 1020% [1, 2, 3, 4].
Severe acute pancreatitis has two clinical
phases. The first is characterized by SIRS and
lasts for the first ten days of the disease. The
second phase starts at the end of the second
week when infectious complications occur [5,
6]. The first four days are crucial to the
evolution of acute pancreatitis, during which
15-25% of patients develop the severe form of
the disease [7].
Early identification of these critical patients
allows an appropriate intensive treatment plan
to be undertaken and reduces the chances of
organ failure, thus lowering mortality rates.
The two most common methods for
evaluating organ failure in acute pancreatitis
are the Ranson criteria score [8] and the
APACHE II score [9]. The main issues with
the Ranson criteria score are the need to wait
48 hours to confirm whether a patient should
be considered critically ill and the fact that it
does not allow for scores to be reevaluated on
a daily basis. The APACHE II is commonly
used in intensive care units and permits a
daily score to be calculated as needed.
However, it also presents problems, such as
the complexity of calculating the score, the
age factor (i.e., someone with an age of 45
full years gets two more points than someone
in the middle of their 45th year of life), and
difficulty
in
distinguishing
between
necrotizing and interstitial pancreatitis as well
as between infected and sterile necrotizing
pancreatitis [10]. In addition, APACHE II can
overestimate the severity of acute pancreatitis,
characterizing as critical some patients who
do not actually have organ failure. For this
reason, other criteria, such as the Sepsisrelated Organ Failure Assessment (SOFA)
[11] and Marshall [12] scores, have been
suggested in recent years for evaluating
patients with severe acute pancreatitis.

The initial determination of necrotizing
pancreatitis plays an important role in
defining a patient’s risk of infection during
the second phase of the disease, and for the
prophylactic introduction of antibiotics in
those patients with a necrosis of more than
30% [6, 13]. Thus, the rapid identification of
patients likely to develop organ failure and
necrotizing pancreatitis is fundamental for
providing adequate treatment and for
improving the prognosis for patients with
severe pancreatitis. The aim of this study was
to determine which factors are related to the
development of systemic complications,
mortality and necrotizing pancreatitis in
patients with severe acute pancreatitis.
METHODS
Data were collected from 175 consecutive
patients with acute pancreatitis who were
admitted to the Emergency Unit of the Santa
Casa of São Paulo between August 2003 and
December 2005. The criterion for inclusion in
this analysis was the presence of an APACHE
II score greater than eight at admission. The
39 (22.3%) patients with severe acute
pancreatitis according to this criterion were
included in the analysis. Patients who
transferred from other hospitals were
excluded.
All patients included underwent computerized
tomography (CT) 72 hours after onset. The
CT findings were classified according to the
Balthazar-Ranson index which assesses
edema, fluid collection and necrosis. Patients
with necrotizing pancreatitis greater than 30%
were given antibiotics (ciprofloxacin and
metronidazol) prophylactically for a period of
10 to 14 days [6]. The preferred nutritional
support for these patients was enteral through
an enteral feeding tube, placed in the first
jejunum segment by endoscopy.
The SOFA and Marshall scores were
calculated when these patients were admitted.
The SOFA score includes the evaluation of
six organ systems (pulmonary, hematologic,
hepatic, renal, cardiovascular and central
nervous system), considering the worst values
on each day and a scoring system from 0
(normal) to 4 (most abnormal) [11]. The
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Marshall score considers three organ systems
(pulmonary, cardiovascular and renal) using a
scoring system from 0 (normal) to 4 (most
abnormal) [12]. Organ failure was defined
according to the Atlanta Classification [3].
The variables analyzed were age, sex, acute
pancreatitis
etiology,
hematocrit
and
leukocyte count at admission, CRP 48 hours
after the onset of the disease, BalthazarRanson CT index and length of stay. These
variables
were
correlated
with
the
development of systemic complications,
mortality, and necrotizing pancreatitis.
ETHICS
This protocol for treating acute pancreatitis
was approved by the Committee on Research
Ethics of the Surgery Department of the Santa
Casa of São Paulo.
STATISTICS
Data are reported as mean±standard deviation
(DS) and frequencies. Statistically significant
findings were revealed by the application of
the Student’s t test and the Fisher’s exact test.
A two-tailed P value less than 0.05 was
considered significant in all cases. Data were

analyzed by means of the SPSS version 16.0
software (SPSS, Inc., Chicago, IL, U.S.A.).
RESULTS
The mean age in the group evaluated was
62.9±14.5 years; 24 of the 39 (61.5%)
patients were men. The principal etiology was
gallstones in 21 of the patients (53.8%),
followed by alcoholism in 13 patients
(33.3%). The average length of hospital stay
was 10.0±7.8 days.
The patients’ mean APACHE II score was
11.6±3.1, with a mean SOFA score of 3.2±2.0
and a mean Marshall score of 1.5±1.9. Eleven
of these patients (28.2%) developed
necrotizing pancreatitis, six with necrosis of
up to 30%, three with necrosis between 30
and 50% and two with necrosis of more than
50%. The average tomographic index of
severity was 3.5±2.9.
Eleven patients (28.2%) developed systemic
complications. Pulmonary complications were
the most common, present in six patients
(15.4%), followed by renal and cardiovascular
complications, present in three patients each
(7.7%), and three patients (7.7%) had other
complications (two had platelets less than

Table 1. Comparison of patients with severe acute pancreatitis (APACHE II score greater than 8) who developed
systemic complications versus those who did not develop systemic complications.
Variable
Systemic complications No systemic complications
P value
(No. 11)
(No. 28)
Age (years)
58.1±15.2
64.8±14.0
0.197 a
Male gender
5 (45.5%)
19 (67.9%)
0.277 b
Alcoholic etiology
3 (27.3%)
10 (35.7%)
0.719 b
APACHE II score
13.5±4.4
10.9±2.1
0.016 a
APACHE II score > 11
6 (54.5%)
6 (21.4%)
0.061 b
SOFA score
4.5±2.8
2.7±1.3
0.009 a
SOFA score > 3
7 (63.6%)
6 (21.4%)
0.022 a
Marshall score
2.8±2.5
1.0±1.4
0.007 a
Marshall score > 3
4 (36.4%)
2 (7.1%)
0.042 b
CRP (mg/dL)
7.3±7.9
12.6±9.2
0.101 a
Hematocrit (%)
36.6±5.6
37.2±7.0
0.801 a
-3
Leukocytes (mm )
17,427±9,251
13,494±4,967
0.093 a
-3
Leukocytes > 25,000 mm
2 (18.2%)
0
0.074 b
CT index
3.6±2.8
3.4±3.0
0.850 a
Necrosis
4 (36.4%)
6 (21.4%)
0.424 b
Necrosis > 50%
1 (9.1%)
1 (3.6%)
0.490 b
Balthazar D/E
3 (27.3%)
8 (28.6%)
1.000 b
Length of stay (days)
11.5±8.7
9.5±7.5
0.478 a
Mean±SD values or frequencies are reported.
a
Student’s t test
b
Fisher’s exact test
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Table 2. Comparison of patients with severe acute pancreatitis (APACHE II score greater than 8) who survived versus
those who died.
Variables
Did not survive
Survived
P value
(No. 3)
(No. 36)
Age (years)
57.3±20.0
63.4±14.2
0.490 a
Male gender
2 (66.7%)
22 (61.1%)
1.000 b
Alcoholic etiology
1 (33.3%)
12 (33.3%)
1.000 b
APACHE II score
12.7±1.5
11.5±3.2
0.528 a
SOFA score
5.0±1.0
3.0±2.0
0.098 a
SOFA score > 3
3 (100%)
9 (25.0%)
0.024 b
Marshall score
2.3±1.5
1.5±1.9
0.483 a
CRP (mg/dL)
3.6±2.8
11.6±9.1
0.142 a
Hematocrit (%)
33.1±3.8
37.4±6.7
0.284 a
-3
Leukocytes (mm )
27,200±12,827
13,559±4,761
<0.001 a
-3
Leukocytes > 19,000 mm
2 (66.7%)
3 (8.3%)
0.038 b
Necrosis
1 (33.3%)
10 (27.8%)
1.000 b
Necrosis > 50%
1 (33.3%)
1 (2.8%)
0.150 b
Balthazar D/E
1 (33.3%)
9 (25.0%)
1.000 b
Length of stay (days)
3.0±2.0
10.6±7.8
0.105 a
Mean±SD values or frequencies are reported.
a
Student’s t test
b
Fisher’s exact test

100,000 mm-3 and one had gastrointestinal
bleeding); therefore, four patients out of
eleven had more than one systemic
complication. One patient (2.6%) with
necrotizing pancreatitis received surgical
treatment because of a worsening clinical
situation and died; however, there was no
proof of infected necrosis intraoperatively.
The mortality rate was 3 out of 39 patients
(7.7%). All three of these patients died during
their first week of hospitalization as a result
of complications related to SIRS followed by
pulmonary and renal failure.
As shown in Table 1, the following variables
were found to be significantly related to the
development of systemic complications:
APACHE II (13.5±4.4 in patients with
systemic complications vs. 10.9±2.1 in those
without; P=0.016), SOFA score (4.5±2.8 in
patients with systemic complications vs.
2.7±1.3 in those without; P=0.009) and
Marshall score (2.8±2.5 in patients with
systemic complications vs. 1.0±1.4 in those
without; P=0.007). Furthermore, a SOFA
(P=0.022) or Marshall score (P=0.042)
greater than 3 were predictive of development
of systemic complications.
Leukocyte counts were higher in the patients
who died (27,200±12,827 mm-3) than in those
who survived (13,559±4,761 mm-3; P<0.001).

Furthermore, an increased mortality rate was
associated with a SOFA score greater than 3
(3/12, 25.0% vs. 0/27, 0%; P=0.024) as well
as with leukocytosis greater than 19,000 mm-3
(2/5, 40.0% vs. 1/34, 2.9%; P=0.038) (Table
2).
Comparing patients with and without
necrosis, there was no relationship between
the scoring systems for organ failure and the
presence
of
necrotizing
pancreatitis
(APACHE II score 11.4±3.2 vs. 11.7±3.1,
P=0.789; SOFA score 3.0±2.0 vs. 3.3±2.1,
P=0.687; and Marshall score 1.7±1.8 vs.
1.5±2.0, P=0.775) (Table 3). However,
necrosis was associated with a CRP greater
than 19.5 mg/dL (5/7, 71.4% vs. 6/32, 18.8%;
P=0.012) and with a longer hospital stay
(14.8±9.6 vs. 8.1±6.1 in non-necrotic cases;
P=0.013).
DISCUSSION
In addition to mortality in the second phase of
acute pancreatitis caused by infectious
complications principally related to the
presence of necrosis, early mortality also
needs to be considered, despite better care in
treating organic dysfunctions in intensive care
units [14, 15]. In this study, 3 out of 39 severe
acute pancreatitis patients died during the first
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phase
of
the
disease.
Pulmonary
complications were the most common and
most worrisome problem to occur during the
first phase of the disease; they were signaled
by the development of acute lung injury and
acute respiratory distress syndrome [16, 17].
Close to 70% of acute pancreatitis patients
present with some degree of ventilatory
dysfunction, and 30% of patients with severe
acute pancreatitis develop acute lung injury
and acute respiratory distress syndrome [18,
19]. Pulmonary complications were the most
frequent in the present study group, affecting
6 out of 39 (15.4%) severe acute pancreatitis
patients. New ventilatory strategies for
pulmonary protection and specified care in
intensive therapy can reduce and control such
complications [20].
The use of scoring systems for organ failure
aided in the identification of patients with
organ failure. These systems are commonly
used in intensive care units and have great
clinical applicability in acute pancreatitis
cases. The APACHE II is the most used
system and was proposed in the Atlanta
Classification scheme as an alternative to the
Ranson criteria score for evaluating patients
with acute pancreatitis, especially because it
allows for the daily evaluation of patients’
conditions and does not require a 48-hour
period for the calculation to be completed.
Recently, the idea of temporary organ failure
with acute pancreatitis has been gaining
ground and, as a result, those systems which

can evaluate the condition on a daily basis
have been favored, such as the APACHE II,
SOFA and Marshall scores, among others.
Some authors have stated that organ failure
that improves within 48 hours should be
classified as temporary organ failure with an
improved prognosis and without the need for
intensive treatment [10, 21].
Various studies have compared these
indicators for organ failure in intensive care
units [22, 23, 24] in heterogeneous patient
populations, but few studies have evaluated
patients with acute pancreatitis. Gocmen et al.
evaluated 58 patients with biliary acute
pancreatitis and compared their Ranson,
APACHE I, APACHE II, APACHE III,
SAPS II (simplified acute physiology score)
and MPM II (mortality probability model)
scores. They concluded that the MPM II had
the best performance at admission in
predicting mortality among these patients
[25].
In this study, we compared APACHE II with
SOFA and Marshall scores in patients
admitted with severe acute pancreatitis with
the goal of predicting systemic complications
and mortality. We only looked at patients
with an APACHE II score greater than eight
because the APACHE II has a tendency to
overestimate severe cases; that is, it has a high
sensitivity but low specificity when using the
cutoff suggested by the Atlanta classification.
This is one of the factors that has made the
mortality of severe cases appear to be lower

Table 3. Comparison of patients with severe acute pancreatitis (APACHE II score greater than 8) who developed
necrosis versus those who did not.
Variables
Necrosis
No necrosis
P value
(No. 11)
(No. 28)
Age (years)
59.6±13.8
64.2±14.8
0.380 a
Male gender
7 (63.6%)
17 (60.7%)
1.000 b
Alcoholic etiology
2 (18.2%)
8 (28.6%)
0.693 b
APACHE II score
11.4±3.2
11.7±3.1
0.789 a
SOFA score
3.0±2.0
3.3±2.1
0.687 a
Marshall score
1.7±1.8
1.5±2.0
0.775 a
CRP (mg/dL)
14.0±11.8
9.8±7.3
0.185 a
CRP > 19.5 mg/dL
5 (45.5%)
2 (7.1%)
0.012 b
Hematocrit (%)
37.1±7.1
37.0±6.5
0.967 a
-3
Leukocytes (mm )
15,182±7,287
14,482±6,556
0.773 a
Length of stay (days)
14.8±9.6
8.1±6.1
0.013 a
Mean±SD values or frequencies are reported.
a
Student’s t test
b
Fisher’s exact test
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in the literature at the same time that the
number of cases considered as severe has
increased from 10% to 25%. For this reason,
we looked at this population defined at
admission as severe, with the intent of
restricting it, but without omitting any patient
whose condition was truly severe. We
employed the SOFA and Marshall systems
because these are the indicators of organ
failure recommended by the Pancreas Club in
the revised Atlanta Classification scheme
currently being proposed. In addition, SOFA
and Marshall scores are easier and simpler to
calculate than APACHE II. In determining the
development of systemic complications and
organ failure, the three methods used in this
study were found to be efficient, with a cutoff
point greater than three being obtained for
both SOFA and Marshall.
With respect to the mortality analysis, this
study confronted a problem common to all
studies analyzing severe acute pancreatitis:
the small number of cases available for
statistical analysis. Nevertheless, we found
that a SOFA score greater than 3 and
leukocytosis greater than 19,000 mm-3 were
good criteria for defining the population most
at risk of dying. These findings are very
useful in clinical practice because they are
simple to obtain, and they give us crucial
information, that is, which patients are at
greater risk of dying.
Interestingly, these results showed no
relationship between hematocrit levels, and
indirectly hemoconcentration, with morbidity
or mortality, in contrast with the literature [2,
8, 10].
It is important to consider the limited number
of patients in order to obtain a conclusion
regarding mortality. However, data relating
the SOFA score and leukocytosis with
mortality are interesting and should be
considered in other studies in the future.
We also compared patients who developed
necrotizing pancreatitis with those without
necrosis, and observed that there was no
relationship between the indicators of organ
failure evaluated upon admission and the
development of necrotizing pancreatitis. In
addition, the lack of a relationship between

indicator scores for organ failure and for
necrotizing
pancreatitis
confirms
the
independent course taken by these two
complications of acute pancreatitis: SIRS and
organ failure in the first phase, and
necrotizing pancreatitis with a high risk of
infection during the second phase.
The variable associated with the presence of
necrosis was a CRP level which exceeded
19.5 mg/dL. This data is similar to that found
in the literature, varying only in the cutoff
point for necrosis which is usually between 12
and 18 mg/dL [4]. Other markers for
pancreatic necrosis and infected necrosis have
been used, such as procalcitonin [26].
However, the greater availability and ease of
measuring CRP and its ability of diagnosing
necrosis and infection make it the preferred
marker for acute pancreatitis [4].
Necrosis has an impact on acute pancreatitis
disease evolution, especially during the
second phase of the disease when infectious
complications begin to appear. Despite the
fact that there was no statistical significance
between necrosis and mortality (because only
one patient out of 11 with necrosis died), in a
larger
series
of patients,
statistical
significance could possibly be achieved. Two
patients had necrosis greater than 50%, with
50% mortality.
The data presented here also revealed a
significant difference related to a longer
hospital stay for patients with necrotizing
pancreatitis in comparison to patients without
necrosis. This difference can be attributed to
better clinical care, such as antibiotics and
nutritional support, and surgical care in the
event of infected necrosis. These data support
the importance of the length of the hospital
stay when considering the analysis of local
complications in acute pancreatitis.
There are clearly problems in classifying
patients with acute pancreatitis, especially
using only an APACHE II score greater than
eight, and this was the starting point of this
paper. However, we can find distinguished
papers in the literature which, for the most
part, used this criterion to stratify patients
with acute pancreatitis. Our aim in this study
was to add other tools for determining which
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patient is really severe, starting with a cutoff
of APACHE II greater than eight.
Our findings lead us to suggest that an initial
triage with APACHE II should be undertaken;
if the score obtained exceeds eight, the SOFA
score should be calculated. The population at
greatest risk of developing systemic
complications and of dying can then be
identified as those patients with a SOFA score
greater than three and leukocytosis greater
than 19,000 mm-3.
In our study, 20 of the 39 patients with an
APACHE II score greater than eight had a
SOFA score greater than three, thus reducing
the number of “severe” patients from 22.3 to
6.9%, and increasing the mortality rate of
“severe” patients from 7.7 to 25%. In this
way, we were able to identify the population
of patients whose conditions were truly severe
without omitting patients who died during the
first phase of the disease. At the same time,
levels of CRP play an important role in
diagnosing necrotizing pancreatitis; when
elevated, CRP levels indicate the need for a
CT to confirm necrosis. If the amount of
necrosis involves more than 30% of the
pancreas, we believe that the early use of
antibiotics can be beneficial in reducing
infectious complications [6].
Undoubtedly, a limitation of this study is the
number of patients analyzed (n=39). Thus, a
statistical analysis with a small sample size
should be evaluated cautiously, especially as
regards mortality (n=3). Multicentric studies
with a larger number of patients are still
needed in order to come to a definitive
conclusion about these criteria and their
cutoff points. However, indicators such as the
SOFA score, leukocytosis and CRP should be
considered in future studies regarding severe
acute pancreatitis.
CONCLUSIONS
This study demonstrates that, in patients with
acute pancreatitis and an APACHE II score
greater than eight, indicators of organ failure
correlate with the development of systemic
complications and with mortality, with SOFA
being the best of these indicators in this
population. The variable which bears a strong

relationship to the development of necrotizing
pancreatitis is CRP. No evidence of a
relationship between scoring systems for
organ failure and the presence of necrosis in
cases of severe acute pancreatitis was found.
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