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ABSTRACT
Acute Pancreatitis(AP) is a disease of variable clinical presentation, with an uneventful course in a majority and a significantly morbid 
course(severe AP) in about 20% cases1. In severe AP, the mortality is about 20 - 25%2. Predicting patients likely to develop severe AP at admission 
and early intensive care(ICU) likely leads to a better therapeutic outcome as a > 24hours delay in ICU shifting leads to a four-fold increase in 
mortality5. The multifactorial Acute Physiology and Chronic Health Evaluation(APACHE) – II score is widely considered the “gold standard”6 
against which newer systems are evaluated. Recently two new simple systems appear promising in initial studies: the bedside index of severity 
assessment in acute pancreatitis(BISAP) and the pancreatitis-outcome prognostication(POP) score8,9,10. We compared these three scores to find 
out which score predicts closest to outcomes of AP. It was found that BISAP and POP scores can predict the adverse outcomes of AP viz., persistent 
organ failure, Panctratic Necrosis or in-hospital mortality as accurately as APACHE-II score. The cut-offs of these scores that definitively predict a 
given adverse outcome needs to be established in further studies. Of the 3 outcomes, Pancreatic Necrosis was less accurately predicted by all the 3 
scores as compared to persistent organ failure or mortality.
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INTRODUCTION
Acute Pancreatitis(AP) is a disease of variable clinical presentation, 
with an uneventful course in a majority and a significantly morbid 

1course(severe AP) in about 20% cases . In severe AP, the mortality is 
2about 20 - 25%  occuring in 2 peaks: early (within the first 2 weeks) 

determined by persistence of organ failure >48h(Persistent OF) in the 
3first week , and late(after 2 weeks), determined chiefly by the presence 

4of pancreatic necrosis(PNec)  which increases the risk of sepsis and 
delayed organ dysfunction manifold. Predicting patients likely to 
develop severe AP at admission and early intensive care(ICU) likely 
leads to a better therapeutic outcome as a > 24hours delay in ICU 

5shifting leads to a four-fold increase in mortality .

 The multifactorial Acute Physiology and Chronic Health 
Evaluation(APACHE) – II score is widely considered the “gold 

6standard”  against which newer systems are evaluated. The APACHE-
II system is accurate in predicting mortality and has many advantages 
but, in reality, even in developed countries, it is rarely used in clinical 

7practice  mainly due to its many variables and complex computation. 
Hence the search for newer, simpler systems of equivalent accuracy 
continued.

Recently two new simple systems appear promising in initial studies: 
the bedside index of severity assessment in acute pancreatitis (BISAP) 

8,9,10and the pancreatitis-outcome prognostication (POP) score . Both 
were proposed in contrasting settings: the BISAP score based in 
community hospitals and the POP score in ICUs. Both these systems 
have a few variables, easy to remember and compute at the bedside 
within 24 hours. The versatility of both systems can be proved beyond 
doubt only when studied in different populations. Hence we planned to 
prospectively study the predictive accuracy of these 2 systems in 
comparison to APACHE- II score in AP cases admitted to a tertiary care 
center in North India.  

METHODS
Ours was a hospital-based prospective observational study of AP 
patients admitted to our hospital in the year 2012 and having any two of 
the three features: characteristic abdominal pain, S. Amylase and/or 
Lipase >3 times normal or AP on CECT scan within 7 days of 
admission. The study design was approved by the Institute Ethics 
Committee and Medical Research Council. Consent of participation of 
each patient was got in the native language(hindi). 

A pre-designed data collection proforma was used within 24 hours of 

admission, to collect clinical and lab details needed to compute the 3 
scores. The APACHE-II, the BISAP and the POP scores were then 

8,10computed as mentioned . If a lab test needed to compute one of the 
scores was not available with the patient, zero was put against that test 
while computing a given score. Unless contraindicated, each patient 

rd thunderwent a CECT scan of the abdomen between the 3  and 7  day of 
admission. 

Each patient was observed for development of Persistent OF in the first 
week, defined as persistent failure in any one of the 3 systems viz., 
respiratory(PaO2 < 60 mm in room air/need for mechanical 
ventilation), cardiovascular(Systolic BP <90 mm Hg after 
resuscitation/ need for inotropic support) and renal(S.Creatinine >2.0 
mg/dl after resuscitation). Presence PNec was assessed from the CT 
scan, if it was done for a given patient. Each patient was followed up 
until discharge from hospital or death in hospital.

While analyzing the data, continuous and discrete variables were 
expressed as mean +/- standard deviation and proportions respectively. 
Comparative analysis was done using the 'Independent Samples t 
test'/'One-way ANOVA test' for continuous variables and the 'Pearson 
Chi-square test' for discrete variables. 

The predictive accuracy of APACHE-II, BISAP and POP scores were 
analysed using receiver-operator characteristic(ROC) curve and 
expressed as area under the curve(AUC). No pre-determined cut-offs 
of each score for the AP outcomes were used. Sensitivity and 
specificity were determined at the cut-off with maximum Youden's 
index for each score for any given outcome. Comparison of ROC 
curves of various scores for a given outcome was done by the method 

11devised by Delong et al . 

The software SPSS version 20.0(IBM Technologies) was used for 
majority of the analysis. The MedCalc software version 12.2.1 
(www.medcalc.org) was used for ROC curve analysis. A p value < 0.05 
was considered significant.

RESULTS
A total of 130 cases of AP were included. Mean age was 42.66 years 
with maximum contribution in the 21-40 years category(50%). 
Male/female ratio stood at 1.5. Alcohol abuse was the most common 
etiology(41.5%), followed by gallstone disease(35.4%) and 
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idiopathic(17.7%). Among the lab data for calculation of the scores, S. 
Calcium was not available in 42 cases(32.31%), Arterial Blood Gas 
analysis in 19 cases(14.62%) and Chest X ray in 7 cases( 5.4%). 
Hence, BISAP score was the most accurately calculated 
score(complete data in 123 cases; 94.61%) in our study(See Table 1).

Table 1. Basic characteristics and outcomes of acute pancreatitis 
(AP) cases in our study

# SD – Standard Deviation; *Excluding the 13 patients in whom CECT 
abdomen could not be done.

24/130(18.5%) patients developed Persistent OF, with the respiratory 
system being the most common failing organ system(24/24; 100%) 
and 15/24(62.5%) patients  having atleast 2 failing organ systems. 
CECT scan was done in 117/130(90%) cases, with 27.4%(32/117) 
showing evidence of PNec. The overall in-hospital mortality rate of AP 
cases was 12.3%(16/130) in our study. The factors significantly 
associated with mortality were Persistent OF, PNec, inability to do 
CECT scan, female sex, shifting to ICU. Etiology and age did not affect 
mortality. The overall mean hospital stay was 8.2 days, being 
significantly longer only in the presence of Pnec.

The mean APACHE-II score among survivors was 4.17+/-3.42 and 
that among non-survivors was 12.25+/-5.64. The corresponding mean 
BISAP scores were 0.88+/-0.87 and 2.63+/-1.03 and mean POP scores, 
7.54+/-3.64 and 13.44+/-6.18. The APACHE-II, BISAP and POP 
scores, all had a significantly higher mean score with a worse outcome 
viz., Persistent OF or PNec or death(p< 0.0001 in all cases)

On ROC curve analysis, all the 3 scores, APACHE-II, BISAP and POP 
scores were able to significantly predict each of the 3 outcomes of AP 
viz., Persistent OF, PNec and in-hospital mortality(See Figure 1). For 
Persistent OF, the AUC of APACHE-II score was the highest whereas, 
for PNec and in-hospital mortality, the AUC of BISAP score was the 
highest. However, the differences in AUCs of the scores were not 
significant for any outcome(See Table 2). 

Figure 1. ROC curves of APACHE-II, BISAP and POP scores for 
each outcome of acute pancreatitis.  

Table 2. Predictive abilities of APACHE-II, BISAP and POP 
scores.

#Area Under the Curve;
*the score cut-off value with the best sensitivity and specificity 
(maximum Youden's index)

APACHE-II score predicted Persistent OF, PNec and in-hospital 
mortality best at cut-offs of >6, >4 and >9(See Table 2). BISAP score 
predicted the outcomes in the same order, best at cut-offs of >1, >0 and 
>1, while POP score at cut-offs of >8, >6 and >14, respectively. All the 
3 scores predicted PNec significantly less accurately than Persistent 
OF or in-hospital death(p<0.05). 

DISCUSSION
The mean age of AP patients was 42.66 years with the 21-40 year age 
group contributing half of the sample. This is consistent with other 
studies on AP from Asia which report a mean age in the range of 30-48 

12-14years ; in contrast, studies from the West have a higher mean age in 
8,9,15-17the range of 51-57 years  with 41-60 years as the most common age 

18group . Our study had a M:F ratio of 1.5:1; other studies from Asia 
12-14show a M:F ratio in the range of 1.3 – 2.7:1 . Western studies show 

15-17M:F ratio of about 1:1 , with some studies even showing a female 
19,20preponderance .

Etiology of AP depends on the predominant age and sex of the study 
sample as well as social habits of the population studied. Some studies 

12,17have reported alcohol abuse as the leading cause , whereas others 
8,9,16,19,20have reported gallstone disease as the leading etiology . The 

predominant etiology of AP was alcohol abuse followed by gallstone 
disease in our study. 

Most authors studying prognostic scores in AP do not mention details 
10,14,15,17,19,20regarding completeness of data collection for their scores . 

Wu et al, mentioned availability of complete data in 96.8% cases for 
8BISAP score against 2.2% cases for APACHE-II score . BISAP score 

was the most accurately calculated score in our study, probably due to 
simple parameters needed for BISAP without the need for an ABG.

Persistent OF was present in 18.5% cases in our study, consistent with 

Variable Number

Sample size 130

Age( in years)

Mean +/- SD# 42.66 +/- 15.14

Age Categories

21-40 years 65 (50.0%)

41-60 years 46 (35.4%)

Sex

Males(M) 77(59.2%)

Females(F) 53(40.8%)

M:F 1.5:1

Etiology

Alcohol abuse 54(41.5%)

Gallstone disease 46(35.4%)

Idiopathic 23(17.7%)

Others   7(5.4%)

Patients with complete data for score calculation

APACHE II score 111(85.3%)

BISAP score 123(94.6%)

POP score   78(60.0%)

Persistent organ failure(Persistent OF)

Present   24(18.5%)

Absent 106(81.5%)

Pancreatic necrosis(PNec)*

Present 32(27.4%)

Absent 85(72.6%)

In-hospital mortality

Overall 16(12.3%)

In Persistent OF 14/24(58.3%)

Without Persistent OF 2/106 (1.9%)

In PNec 8/32 (25.0%)

Without PNec 2/85 (2.4%)

Hospital Stay( in days)

Mean +/- SD 8.2 +/- 7.2

The score AUC# 
(95%CI)

Cut-
off*

Sensitivity 
(95%CI)

Specificity 
(95%CI)

Persistent Organ Failure(AUC difference, pairwise, between all 3 
scores – p > 0.05)

APACHE-
II

0.906(0.843-
0.950)

>6 83.3(62.6-95.3) 86.8(78.8-92.6)

BISAP 0.839(0.764-
0.898)

>1 75.0(53.3-90.2) 76.4(67.2-84.1)

POP 0.800(0.721-
0.865)

>8 79.2(57.8-92.9) 64.2(54.3-73.2)

Pancreatic Necrosis(AUC difference, pairwise, between all 3 scores 
– p > 0.05)

APACHE-
II

0.668(0.575-
0.753)

>4 62.5(43.7-78.9) 70.6(59.7-80.0)

BISAP 0.701(0.610-
0.782)

>0 84.4(67.2-94.7) 48.2(37.3-59.3)

POP 0.657(0.563-
0.742)

>6 75.0(56.6-88.5) 65.8(40.7-62.7)

In-hospital mortality (AUC difference, pairwise, between all 3 
scores – p > 0.05)

APACHE-
II

0.882(0.814-
0.932)

>9 68.8(41.3-89.0) 93.0(86.6-96.9)

BISAP 0.889(0.822-
0.937)

>1 87.5(61.7-98.4) 74.6(65.6-82.3)

POP 0.789(0.708-
0.855)

>14 43.8(19.8-70.1) 96.5(91.3-99.0)
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recent studies report persistent OF in AP cases in the range of 19.5 – 
9,15,1626% . Respiratory system was the most common organ to fail in our 

study and 62.5% patients of persistent OF having failure of atleast 2 
21organs. Mofleh, in his systematic review , stated that the failing organs 

in their order of frequency were respiratory(39.1-63.0%), 
cardiovascular(23.0-37.7%), hepatic(20.7%) and renal(5.8-13%) and 
failure of atleast 2 organs occured in 35-66% patients with organ 
failure.

PNec was present in 27.4% cases of AP who got a CECT scan done. 
9,15This is higher than PNec rates of 14 and 19% reported recently . In 

our study, 90% patients got a CECT scan done, similar to reported 
9,15,17rates(67% - 100%) of getting a CECT scan in AP cases . In-hospital 

mortality rate was high(12.3%) in our study as compared to recent 
9,15,16studies which report a mortality rate in the range of 3.5 – 5.9% , 

17except one study which reported a mortality rate of 13% . 

As expected, mortality rate was significantly higher in patients 
developing persistent OF(58.3% vs 1.9%; p <0.000001) or PNec(25% 
vs 2.4%; p=0.00002). Surprisingly, female sex was associated with a 
higher mortality rate(20.8% vs 6.5%; p=0.015), despite there being no 

differences in the rates of persistent OF or PNec based on sex. Age and 
etiology did not affect mortality rate, in contrast to studies showing a 

22 2higher mortality in older age  and in idiopathic etiology .

All the 3 scores had a higher mean score when a worse outcome 
occurred and were able to significantly predict each of the outcomes. 
Also the differences between AUC of the scores for any given outcome 
was not significant. The inference is that BISAP and POP scores, 
needing just 5 and 6 variables, are able to predict the poor outcomes of 
AP as reliably as APACHE-II score, which needs 14 variables. This is 
an important advance in the scoring systems of AP and is consistent 

15,19,23,24 14,17with other studies on BISAP  and POP scores .

The cut-offs of the APACHE-II, BISAP and the POP scores for 
predicting the adverse outcomes of AP are not well established and  
vary in literature, as seen in Table 3. Lower cut-offs have a higher 
sensitivity but poor specificity, leading to over-treatment, while higher 
cut-offs have a high specificity with a low sensitivity, missing cases 
that could potentially develop an adverse outcome. The ideal cut-off of 
BISAP and POP scores for predicting persistent OF, PNec and 
mortality need to be estimated in larger prospective studies.
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Score Outcome Study AUC Cut-off Sensitivity Specificity
APACHE – II Persistent Organ Failure Current study 0.906 >6* 83% 87%

>7 79% 89%
25Mounzer et al 0.71 – 0.74 7(or >6) 84 – 97% 44 – 71%

15Papachristou et al 0.78 >7 70% 72%
Pancreatic Necrosis Current study 0.668 >4* 63% 71%

>7 34% 85%
>8 28% 89%

17Dambrauskas et al 0.79 >8 64% 84%
Mortality Current study 0.882 >9* 69% 93%

>7 75% 84%
>8 69% 89%

17Dambrauskas et al 0.93 >9 92% 86%
15Papachristou et al 0.94 >7 100% 66%

14Fan et al 0.93 14(or >13) 90% 85%
BISAP Persistent Organ Failure Current study 0.839 >1* 75% 76%

>2 42% 98%
15Papachristou et al 0.81 >2 38% 92%

25Mounzer et al 0.69 – 0.72 2(or >1) 61-62% 76-84%
Pancreatic Necrosis Current study 0.701 >0* 84% 48%

>1 50% 77%
>2 16% 98%

15Papachristou et al 0.78 >2 33% 91%
Mortality Current study 0.889 >1* 84% 48%

>2 50% 97%
8Wu et al 0.82 >2 50% 93%

9Singh et al 0.82 >2 71% 83%
15Papachristou et al 0.82 >2 57% 88%

POP Persistent Organ Failure Current study 0.800 >8* 79% 64%
>9 71% 72%

25Mounzer et al 0.64-0.67 9(or >8) 46-57% 76-80%
Pancreatic Necrosis Current study 0.657 >6* 75% 52%

>8 50% 74%
17Dambrauskas et al 0.71 >8 52% 93%

Mortality Current study 0.789 >14* 44% 97%
>13 44% 85%

14Fan et al 0.96 >/=14(or >13) 90% 92%
17Dambrauskas et al 0.86 >5 83% 71%

Table 3. Best predictive cut-offs of APACHE-II, BISAP and POP scores for the various outcomes of Acute pancreatitis.

All the 3 scores studied in this study are based on clinical parameters 
and predicted persistent OF and mortality significantly better than 
PNec. Other studies too have proven clinical scores like APACHE-II to 
be unreliable in predicting PNec . Fan et al  showed Balthazar CT 26 14

score to be superior(as compared to clinical scores) in predicting local 
complications of AP(viz., PNec) but inferior in predicting MODS and 
mortality. 

CONCLUSION
BISAP and POP scores can predict the adverse outcomes of AP viz., 
persistent OF, PNec or in-hospital mortality as accurately as APACHE-
II score. The cut-offs of these scores that definitively predict a given 
adverse outcome need to be established in further studies. Of the 3 

outcomes, PNec was less accurately predicted by all the 3 scores as 
compared to persistent OF or mortality.

LIMITATIONS
POP score calculation was affected by lack of S.Calcium reports with 
32.31% cases. The clinical course and delayed death of patients after 
discharge from hospital was not followed up in the study.
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