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Abstract: �None�of�the�definitions�of�severity�used�in�acute�pancreatitis�(AP)�is�ideal.�Many�of�the�scoring�systems�used�to�predict�and�measure�
its�severity�are�complex,�cumbersome�and�inaccurate.�Aim:�to�evaluate�the�usefulness�of� the�most�commonly�used�early�markers�
for�predicting�severity,�necrosis�and�mortality�in�patients�with�AP,�and�the�need�for�surgery�or�Intensive�Care�Unit�(ICU)�admission.�
Material&methods:� Prospective� study� was� performed� from� March� 2009� to� August� 2010� based� on� patients� diagnosed� with� AP�
seen�consecutively�at�a�secondary�hospital.�The�early�prognostic�markers�used�were�Apache�II�score�≥8�and�Ranson’s�score�≥3,�
RCP>120mg/l�and�Ht>44%�in�the�first�24�hours.�Results:�131�patients�were�prospectively�enrolled.�Median�age�was�63�years,�60%�
were�men.�The�most�frequent�etiology�of�AP�was�biliary�(68%).�Fifteen�patients�were�admitted�to�the�ICU�(11.6%)�and�five�(3.9%)�
required�surgery.�Twelve�patients� (9.2%)�had�necrosis�on�CT.� Four�patients� (3%)�died� ,� all� of� them� in� the�Severe�AP�group.�Only�
hematocrit>44�was�predictor�of�mortality�in�univariate�analysis.�Conclusion:�hematocrit�≥�44%�was�a�significant�predictor�of�mortality.�
The�other�indicators�present�limitations�for�predicting�severity,�necrosis�and�mortality,�especially�in�the�first�24�hours.
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1. Introduction
Acute pancreatitis (AP) has an acute inflammatory pro-
cess ranging from mild discomfort with localized inflam-
mation to severe disease with multiple organ failure [1]. 
Between 10 and 20% of patients are qualified as severe 
AP (SAP) [2-5]. They have suffered an intense inflam-
matory response, a variety of local and systemic compli-
cations, prolonged hospital stay and significant morbid-
ity and mortality [2]. Mortality in SAP may reach as high 
as 20-30% [3,4], while the mild form has a mortality of 
less than 5% [4].
 Despite notable progress in the last six decades, our 
ability to accurately diagnose and estimate the severity 
of acute pancreatitis remains limited [6,7]. Severity as-
sessment is essential for selection of appropriate initial 

treatment in the management of AP [8], and to identify 
the cohort of patients who require critical care support, 
in order to rationalize health care resources [4].
 The Atlanta Classification, published in 1992, has 
been considered the gold standard for establishing 
international standards of definitions of AP. However, 
after recent reviewalternative definitions have been 
proposed. 
 Organ failure is a main cause of death in severe acute 
pancreatitis, especially in the first few days [11,13]. The 
pancreatic necrosis seen on the CT scan is not considered 
as a predictor of mortality, but infected pancreatic necrosis 
is a frequent cause of mortality after the first week [4].
 None of the different definitions of severity used 
for AP are ideal. Many of the scoring systems used 
to predict and measureseverity are complex, cumber-
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some and inaccurate [3]. Some of them are: a) the 
Acute Physiology, Age and Chronic Health Evaluation 
(Apache II) [4,7,9,14]; b) Structured Interview of Report-
ed Symptoms (SIRS) [4,9]; c) the Ranson score [4,7,9]; 
d) Bedside index for severity in AP (BISAP) (blood urea 
nitrogen >25mg/dl, impaired mental status, Systemic 
inflammatory response syndrome, age >60 years and 
pleural effusions) [2,3,15]; e) The Harmless Acute Pan-
creatitis Score (HAPS) (no rebound tenderness and/
or guarding, normal hematocrit and normal serum cre-
atinine level) allows rapid identification of patients who 
present mild AP in 98% of cases; f) CT severity index 
(CTSI) based on local complications and percentage of 
pancreatic necrosis seen on a CT scan [2,4,5,17,18]. 
Various laboratory tests and biomarkers for predicting 
AP outcome have been described: a) elevated C-reac-
tive protein (CRP) [1,4,13,14,19,20]; b) elevated hema-
tocrit (Ht) [5,7,14,21,22]; and c) high serum creatinine, 
as a doubtful predictor of pancreatic necrosis [23,24]. 
Some of the recently described individual markers of 
severity include procalcitonin [25-27], urinary trypsino-
gen activation peptide, intra-abdominal hypertension 
(>15mmHg) [7], angiogenic factors [28] and interleukins 
(IL-6 and IL-8) [29].
 The aim of our study is to evaluate the usefulness 
of the most commonly used early markers (Apache II 
score, Ranson’s score, CRP, Ht in the first 24 hours) for 
predicting (a) severity, necrosis and mortality in patients 
with AP, and (b) the need for surgery or Intensive Care 
Unit (ICU) admission.
 

2. Methods
This prospective study was performed from March 2009 
to August 2010 based on patients diagnosed with AP 
seen consecutively at a secondary hospital.
 The inclusion criteria were: (1) serum amylase ≥3 
times upper limit of normal value, (2) abdominal pain 
characteristic of AP, and (3) characteristic findings on 
abdominal CT scan in doubtful cases. The early prog-
nostic markers (EPMs) used were Apache II score ≥8 
and Ranson’s score ≥3, RCP>120 mg/L and Ht>44% in 
the first 24 hours.
 Patients were classified as mild or severe AP 
based on the Atlanta Classification published in 1992: 
(1) organ failure included shock (systolic blood pres-
sure ≤90mmHg), pulmonary insufficiency (arterial 
PO2≤60mmHg), renal failure (serum creatinine level 
>2 mg/L after rehydration) and gastrointestinal bleeding 
>500cc/24h; (2) local complications such as necrosis, 
abscess and pseudocyst; (3) early prognostic signs in-
cluding Apache II score ≥8 and Ranson’s signs ≥3. 

2.1 Statistics
After data collection, the following statistical studies 
were performed: a) a descriptive analysis presenting 
continuous variables as medians and categorical data 
as proportions; b) a bivariate analysis matching indi-
vidual EPMs regarding the severity, necrosis and mor-
tality; c) a univariate analysis between individual EPMs 
regarding mortality, risk of surgery and risk of ICU ad-
mission; d) a multivariate analysis matching EPMs and 
ICU admission. A multivariate analysis of the mortality 
and surgery was not performed because of the low num-
ber of patients in these groups; e) Sensitivity, Specificity, 
Positive Predictive Value (PPV) and Negative Predictive 
Value (NPV) for individual EPMs. 
 We used the statistical program SPSS v19.0, with 
Chi-Square and Fisher Test for qualitative variables and 
the Mann Whitney-U and Student’s ‘t’ test for quantita-
tive variables.

3. Results
3.1. Patients’ characteristics 
One hundred and thirty patients were prospectively en-
rolled between March 2009 and August 2010. Median 
age was 63 years (range 27-94); 60% were men and 
40% women. The etiologies of AP were biliary (68%), 
alcoholic (18%) and others (14%) including post-en-
doscopic retrograde cholangiopancreatography, hy-
pertriglyceridemia and idiopathic. Forty-eight patients 
(36.9%) underwent early CT scan because of poor evo-
lution or diagnostic doubt. Fifteen patients were admit-
ted to the ICU (11.6%) and five (3.9%) required surgery. 
Twelve patients (9.2%) had evidence of necrosis on 
CT scan. The median length of stay was 9 days (range 
1-80), being 9 days ± 5 for mild AP (cholecystectomy 
was performed in the same admission period) and 21 
days ± 19 for SAP (p<0.001). Four patients (3%) died 
during hospitalization, all of them in the SAP group.
 Based on the Atlanta Classification 29 patients 
(22.3%) were defined as SAP. Fifty-two patients (40%) 
were classified as SAP by EPMs, 16 patients (12%) by 
Ranson’s score, 21 (16%) by CRP, and 50 (38%) by Ht.   

3.2 Comparison of EPMs in predicting severity, 
necrosis and mortality
In the bivariate analysis of EPMs and severity, necrosis 
and mortality, 28% of patients with Apache II ≥8 were 
classified as SAP by Atlanta, 9.6% had necrosis, and 
5.8% died. Among the patients with Ranson’s score 
≥3, 25% were classified as SAP by Atlanta, 6.3% had 
necrosis and 6.3% died. Among the patients with CRP 
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≥120mg/L, 47.6% were classified as SAP by Atlanta, 
23.8% had necrosis and 4.7% died. Of the patients with 
Ht ≥44%, 26% were classified as SAP by Atlanta, 12% 
had necrosis and 8% died (Table 1).

 The sensitivity, specificity, PPV and NPV of various 
EPMs predicting severity, necrosis and mortality are 
seen in Table 2.

3.3 Comparison of EPMs predicting mortality, 
risk of surgery and risk of ICU admission 
In the univariate analysis of EPMs, age and sex regard-
ing mortality, survivors and non-survivors presented sta-
tistically significant differences with regard to age and Ht 
(Table 3). No differences were found with regard to sur-
gery (Table 4). With regard to ICU admission, Apache II 
and Ranson’s scores presented statistically significant 
differences between admitted and non-admitted pa-
tients, and CRP presented a trend towards significance 
(Table 5).

 Since the ICU group was the only one with enough 
cases to perform a multivariate analysis, we applied lo-
gistic regression analysis calculating the odds ratio with 
the EPMs that had a p<0.1 in the multivariate analysis 
(Table 6).

4. Discussion
In this study the percentage of patients with SAP re-
flected that described in other literature reports [2-5,19], 
as did the high percentage of biliary etiology [2,5,13]. 

N % Severity % Necrosis % Mortality

Apache II
< 8
≥ 8

78
52

18%
28.8%

8.9%
9.6%

1.3%
5.8%

Ranson
< 3
≥ 3

114
16

22%
25%

9.6%
6.3%

2.6%
6.3%

CRP
< 120
≥ 120

109
21

p<0.05
17.4%
47.6%

p<0.05
6.4%
23.8%

2.7%
4.7%

Ht
< 44%
≥ 44%

80
50

20%
26%

7.5%
12%

p<0.05
0

8%

Table 1. Bivariate analysis of EPMs and severity, necrosis and mortality.

SENSITIVITY SPECIFICITY PPV NPV

SEVERITY
Apache II 51% 63% 28% 82%

Ranson 14% 88% 25% 78%

CRP 65% 99% 90% 91%

Ht 45% 63% 26% 80%

NECROSIS

Apache II 42% 60% 9.6% 91%

Ranson 8.3% 87% 6.2% 90%

CRP 41% 94% 24% 94%

Ht 50% 62% 12% 93%

MORTALITY

Apache II 75% 61% 5.7% 99%

Ranson 25% 88% 6.3% 97%

CRP 25% 84% 4.7% 97%

Ht 100% 63% 8% 100%

Table 2. Sensitivity, specificity, PPV and NPV of various EPMs 
predicting severity, necrosis and mortality.

MORTALITY

NO (n=126) YES (n=4) p
Age 62.6±19.3 73.75±3.8 0.002 (p<0.05)
Sex
   Women
   Men

40.5%
59.5%

25%
75%

0.649

Apache ≥ 8 38.9% 75% 0.301

Ranson ≥ 3 11.9% 25% 0.414

CRP ≥ 120 17.5% 25% 0.546

Ht ≥ 44 36.5% 100% 0.020 (p<0.05)

Table 3. Univariate analysis regarding mortality.

SURGERY

NO (n=125) YES (n=5) p
Age 62.78±19.2 67±18.6 0.644
Sex
   Women
   Men

40%
60%

40%
60%

1.000

Apache ≥ 8 38.4% 80% 0.157

Ranson ≥ 3 12% 20% 0.487

CRP ≥ 120 16.8% 40% 0.214

Ht ≥ 44 36.8% 80% 0.072

Table 4. Univariate analysis regarding surgery.

ICU

NO (n=115) YES (n=15) p
Age 62.49±19.3 65.94±18.3 0.490
Sex
   Women
   Men

41.6%
58.4%

29.4%
70.6%

0.339

Apache ≥ 8 35.4% 70.6% 0.006 (p<0.05)

Ranson ≥ 3 9.7% 29.4% 0.037 (p<0.05)

CRP ≥ 120 15% 35.3% 0.080

Ht ≥ 44 36.3% 52.9% 0.188

Table 5. Univariate analysis regarding ICU.

MARKER OR IC 95% (OR) p

Apache
< 8
≥ 8

1
3.422 1.069-10.954 0.038

Ranson
< 3
≥ 3

1
2.489 0.68-9.109 0.168

RCP
< 120
≥ 120

1
2.656 0.818-8.621 0.104

Table 6. Early independent predictor markers of ICU admission in 
patients with AP. Logistic regression analysis.
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The mortality obtained is also comparable to previous 
studies, since all our non-survivors (14%) belonged to 
the group with SAP [2-5,19].
 Comparison with the Atlanta Classification indicat-
ed that the Apache II score overclassifies patients as 
SAP. This is because age accounts for a major part 
of the Apache II score, and our subjects had a high 
median age. In terms of sensitivity, specificity, PPV 
and NPV (in our study 51%, 63%, 28%, 82% respec-
tively) the results are comparable to those of another 
study (sensitivity 52%, specificity 77%, PPV 46%; NPV 
84%) [13] which, like us, used the Atlanta Classifica-
tion, but poorer than another (sensitivity 70.3%, speci-
ficity 71.9%, PPV 40%, NPV 90.1%) [2] that used or-
gan dysfunction for at least 48h as a definition of SAP. 
In our study as in others [5], the Apache score was 
not a reliable predictor of necrosis, presenting low sen-
sitivity and specificity even when it is calculated after 
24 hours of admission [13]. Comparing our results for 
the Apache II score as a predictor of mortality (sensi-
tivity 75%, specificity 61%, PPV 5.7% and NPV 99%) 
with the literature (sensitivity 65-81%, specificity 77-
91%, PPV 23-69% NPV 86-99%) [4], the results are 
similar, except for PPV (lower in our study due to the 
small number of deaths). In the literature three stud-
ies [30-32] found a significant association of Apache II 
with mortality, but conflicting results were found in the 
multivariate analysis, and in only two [31,32] of these 
studies was the score highly correlated with death. 
 In our study the Ranson’s score underestimated 
the severity of the disease in the first 24 hours, with 
low sensitivity, specificity, PPV and NPV (14%, 88%, 
25% and 78% respectively) compared with literature re-
ports [2,33]. This is because we calculated the Ranson’s 
score in the first 24 hours; its predictive value of organ 
failure is known to increase after the full 48 hours [2]. 
Nor was the score a good predictor of necrosis, provid-
ing poor sensitivity and moderate specificity, again be-
cause the score’s accuracy increases when calculated 
after 48h. As a predictor of mortality, Ranson’s score 
had low sensitivity (25%) and low PPV (6.3%) because 
of the low number of deaths, but had reasonable speci-
ficity (88%) and NPV (97%) compared with other reports 
(sensitivity 65%, specificity 70%, PPV 20-63% and NPV 
86-94%) [4]. 
 In our study a CRP ≥120mg/L emerged as a statisti-
cally significant predictor of severity with a high specific-
ity (99%), but a low sensitivity (65%), and of necrosis 
(specificity 94% and sensitivity 41%). CRP was not a 
statistically significant predictor of mortality, with a spec-
ificity of 84% and sensitivity 25%. It has been identified 
as a predictor of severity in AP, but it increases late (dur-
ing the first 24-48 hours), directly related with the degree 

of the necrosis [19]. Other authors consider that it is a 
sensitive predictor of the progression of severity from 
moderate to severe [14]; the results of its accuracy in 
predicting severity and mortality vary in different stud-
ies according to the time of measurement and the cutoff 
value used to measure it [7,8,9,14,19,26]. Plasma levels 
above 150mg/L within the first 72 hours of disease cor-
relate with the presence of necrosis with a sensitivity 
and specificity that are both >80% [9].  
 In severe acute pancreatitis, there is considerable 
extravasation of intravascular fluid into third spaces 
as a result of inflammatory mediators. The reduction 
in intravascular volume may lead to a decrease in the 
perfusion of the microcirculation of the pancreas and 
result in pancreatic necrosis [9]. As a result, it is has 
been suggested that hemoconcentration caused by 
dehydration may be a predictor of pancreatic necrosis 
and organ failure [14]. In our study, hematocrit ≥44% 
was not a good predictor of severity (sensitivity 45%, 
specificity 63%), or of necrosis (sensitivity 50%, speci-
ficity 62%). In the literature the results vary according 
to the time of measurement (on admission or after 24 
hours) and the cutoff value [9,21,22]. Other reports do 
not confirm that hemoconcentration is associated with 
necrosis [5,34]. However, it is agreed that the likelihood 
of necrotizing pancreatitis is very low in the absence of 
hemoconcentration on admission, as we demonstrate 
in our study with a NPV of 80% for severity and 93% for 
necrosis. In predicting mortality there was a statistically 
significant difference between the patients who pre-
sented Ht ≥44% and those with lower figures. Sensitiv-
ity, specificity, PPV and NPV scores were 100%, 63%, 
8% and 100% respectively; the low PPV is because of 
the small number of deaths, as in the case of the other 
EPMs.
 Regarding mortality, apart from Ht ≥44%, a statis-
tically significant difference was observed with age, 
since the decrease in the physiological reserve of el-
derly people makes them more susceptible to this (and 
any other) disease.
 No EPM was able to predict the need for surgery at 
time of admission.
 Regarding the need for ICU admission the Apache II 
score and Ranson’s score presented statistically signifi-
cant differences and a trend towards significance was 
found with CRP ≥120 mg/L. These are the independent 
predictors we use in our protocol to monitor need for 
ICU admission. Among them, the Apache II score was 
the only one to maintain statistical significance in the 
logistic regression model.
 In conclusion, in our study hematocrit ≥44% was a 
significant predictor of mortality. All the other indicators 
present limitations for predicting severity, necrosis and 
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mortality, especially in the first 24 hours. The search for 
early predictors must continue and it should be based 
on the understanding of the pathophysiological mecha-
nism of AP, considering predisposing risk factors and 
identifying biomarkers that activate these mechanisms, 
in order to obtain more accurate predictions.
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