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A study of radiological scoring system evaluating extrapancreatic
inflammation with conventional radiological and clinical scores in
predicting outcomes in acute pancreatitis
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Abstract

Background A number of scoring systems are available to predict prognosis in acute pancreatitis
(AP). The aim of the study was to compare extra-pancreatic inflammation on computed tomography
(CT) (EPIC score) and renal rim sign with clinical scores (BISAP, SIRS) and conventional CT
severity index (CTSI) and modified CTSI (MCTSI) in predicting persistent organ failure (POF),
intervention and mortality.

Methods The demographic, clinical and radiographic data from patients with AP were
retrospectively evaluated. The scores were evaluated by calculating receiver operator characteristic
(ROC) curves and area under the ROC (AUROC).

Results Of the 105 patients (65 males; mean age 40.6£12.9 years) included, 8 died, 71 developed
POEFE and 16 needed intervention. The mean CTSI, MCTSI and EPIC scores were 5.8+3.0,
7.142.6 and 4.0£1.9 respectively. The AUROC for SIRS, BISAP, CTSI, MCTSI, Renal Rim
Score and EPIC score in predicting POF were 0.65 (95%CI 0.53-0.78), 0.75 (95%CI 0.65-0.86),
0.66 (95%CI 0.54-0.78), 0.70 (95%CI 0.58-0.81), 0.64 (95%CI 0.52-0.76), 0.71 (95%CI 0.60-0.83),
for radiological/endoscopic intervention were 0.50 (95%CI 0.35-0.65), 0.64 (95%CI 0.49-0.78),
0.51 (95%CI 0.36-0.66), 0.55 (95%CI 0.41-0.70), 0.51 (95%CI 0.36-0.67), 0.66 (95%CI 0.52-
0.81), and for mortality 0.57 (95%CI 0.38-0.75), 0.90 (95%CI 0.83-0.97), 0.67 (95%CI 0.50-0.83),
0.68 (95%CI 0.51-0.85), 0.73 (95%CI 0.57-0.89) and 0.77 (95%CI 0.64-0.90) respectively.

Conclusion The prognostic performance of various clinical and radiological scoring systems in
AP is comparable with BISAP having the highest accuracy for predicting POF and mortality.
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Introduction

prediction of severity in AP. These include single parameters
like presence of pleural effusion, obesity, age, serum blood urea

Acute pancreatitis (AP) is a common gastroenterological
emergency with varying severity [1]. Predicting the severity
and outcome in AP can guide appropriate triage of the patients
and direct specialist care for the patients likely to have severe
AP [2]. A number of parameters have been assessed for the
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nitrogen, creatinine, hematocrit, levels of C-reactive protein,
procalcitonin, and multi-parameter scores like Ranson’s score,
systemic inflammatory response syndrome (SIRS), Bedside
Index of severity in AP (BISAP), and acute physiology and
chronic health evaluation (APACHE)-II score [2-4]. BISAP is a
5-parameter score which includes blood urea nitrogen, impaired
mental status, presence of SIRS, age, and pleural effusion [4].

The role of computed tomographic (CT) examination for
prediction of severe AP has also been evaluated and many
scores like Balthazar grade, CT severity index (CTSI), modified
CTSI (MCTSI), extrapancreatic inflammation on CT (EPIC)
score and renal rim sign have also been evaluated [5-11]. The
comparative data on clinical scoring systems and radiological
scores is limited [5]. Moreover, the data on comparison of CT
scores with BISAP is scarce and it is not clear if CT is needed
for prognostication in AP when an assessment with BISAP has
been made on admission [8].
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The prognostic significance of scoring systems like EPIC
score and renal rim grade that evaluate the extrapancreatic
inflammation is also not clear. Moreover, these scoring
systems have not been compared with the conventional
radiological scoring systems like CTSI and MCTSI. Therefore,
we conducted this study comparing the radiological scoring
systems evaluating extrapancreatic inflammation (EPIC score
and renal rim sign) with clinical scores (BISAP, SIRS) and
conventional CT scores (CTSI and MCTSI) in predicting
severity and outcome in AP.

Patients and methods

The study was a retrospective analysis of CTs of patients
who were admitted at our institution from July 2013 until
August 2014 with a diagnosis of AP. The protocol was
approved by the institute ethics committee. We included
patients with AP diagnosed on the basis of presence of 2 of
the following 3 criteria: abdominal pain consistent with the
diagnosis; elevated pancreatic enzymes (serum lipase and/
or amylase) to a level of more than thrice the upper normal
value; and radiological evidence of AP and having a CT
done at the institution with 3-10 days of onset of symptoms
[1]. We excluded patients with early (<3 days) or late CT
(>10 days), and those who did not undergo CT (renal
failure, pregnancy, mild disease) and those having features of
chronic pancreatitis on imaging. Persistent organ failure was
defined as organ failure (respiratory, cardiovascular or renal)
persisting beyond 48 h. We use revised Atlanta definitions and
the modified Marshall score for definition of organ failure,
local complications and persistent organ failure (POF) [1].
Interventions included radiology-guided pigtails, surgery and
endoscopic necrosectomy/drainage procedures. Briefly, we
preferred radiology-guided pigtails to treat infected collections
during the early course and upsized and multiple pigtails were
inserted in non-responsive cases. If patients did not respond
to antibiotics and pigtail drainage, they might have needed to
undergo pancreatic necrosectomy but this was usually delayed
beyond 3-4 weeks. Occasional patients who developed late
infection in organized collections that were close to gastric or
duodenal lumen underwent endoscopic (if bulge is present)
or endosonographic (distant, non-bulging) guided drainage at
our institution.

Clinical scoring systems

For predicting severity we used SIRS and BISAP as clinical
scoring systems. SIRS was said to be present if 2 or more of the 4
criteria were present including temperature of >38°C (100.4°F)
or <36°C (96.8°F); pulse rate of >90 beats/min; tachypnea
(respiratory rate >20 breaths/min or PaCO,<32mmHg) or
deranged white blood cell count (>12,000/uL or <4,000/uL) [11].
The BISAP score was given as the number of criteria present of
the following five: blood urea nitrogen >25 mg/dL, impaired
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mental status, presence of SIRS, age >60 years, and presence of
pleural effusion (BISAP) [4].

Radiological scoring systems

The CT done on day 3-10 of onset of symptoms was assessed
for the following scores: CTSI, MCTS]I, renal rim grade, and
the EPIC. The details of the scoring systems have been given
elsewhere [6-14]. The CTSI takes into account two parameters:
changes in pancreatic morphology and peripancreatic changes
(0-4) and the extent of pancreatic necrosis and score ranges
form 0-10 [12]. Modified CT index (MCTSI) also takes into
account a third category of extrapancreatic complications
like pleural effusion, ascites, splanchnic thrombosis, or
gastrointestinal complications apart from peripancreatic
inflammation and necrosis [13]. The EPIC score (range 0-7)
takes into account only the extrapancreatic changes like pleural
effusion, ascites, mesenteric and retroperitoneal changes, and
discounts pancreatic necrosis [6]. The renal rim was scored
as present or absent. It is usually graded from A to C but for
our purpose we have clubbed grade B and C as presence of
renal rim [14]. All CT scans were contrast enhanced and were
assessed by a radiologist (MK).

The scores were evaluated by calculating receiver
operator characteristic (ROC) curves and the area under
the ROC (AUROC) curve. Then we made comparisons of
these scores and their role in prediction of persistent organ
failure, intervention (radiological, endoscopic or surgical)
and mortality. This was done using the Chi-square test. The P
value of <0.05 was taken as significant. The AUROC curve was
calculated for the six parameters (SIRS, BISAP, CTSI, MCTSI,
EPIC and renal rim) for predicting POEF, intervention, and
mortality.

Results

One hundred and five patients (mean age 40.60+12.99 years;
65 males (61.9%) with AP were included in the present study.
The etiology of AP was alcohol in 53 (50.5%), gallstones in
36 (34.3%), idiopathic in 12 (11.4%), and others in 4 (3.8%)
patients. The others included 2 cases of mixed (both alcohol
and gallstones) and one hyperparathyroidism related and post-
ERCP pancreatitis each. SIRS was present in 90 (85.3%) patients
while the mean BISAP was 2.13+0.785. Of those with SIRS, 59
had 2 parameters, 26 had three parameters while 5 patients
had all four parameters. The mean CTSI, MCTSI and EPIC
scores were 5.89+3, 7.14+2.64 and 4.01+1.94 respectively. The
renal rim was present in 90 (85.7%) patients. Fluid collections
occurred in 91 (86.7%), organ failure in 83 (79.0%) and persistent
organ failure occurred in 71 (67.6%) patients. Interventions
(radiological and surgical) were needed in 16 (15.2%) patients
while 8 (7.6%) patients succumbed to their illness.



Comparison of scores for predicting outcome

mortality) for each point (Table 1). We also stratified each of the
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presence of SIRS was the most sensitive to predict occurrence of
POF whilst BISAP had the highest sensitivity (Table 3).

For BISAP we stratified the outcomes (POE, intervention and

Table 2 Stratification of outcome according to various scores

six parameters into two groups for comparison of outcomes with

Total

Persistent

Intervention Mortality

respect to POE need for intervention and mortality (Table 2). We (n=105) organ failure  (n=16) (n=8)
stratified SIRS and renal rim sign as present or absent, BISAP as 0-2 (n=71)
or 3-5, CTSI as 0-3 or 4-10, MCTSI as 0-2, 4-10 and EPIC score as CTSt e 2 9 (42.8%) 3 (142%) .
0-3 or 4-7. The results are depicted in Table 2. All these score could a P
predict or correlate with the occurrence of death with high degree of 4-10 84 62(76.2%) 13(15.5%) 8(9.5%)
sensitivity (Tables 2,3). However, BISAP had the highest specificity MCTSL  0-2 10 1 (10%) 1 (10%) 0
for prediction of mortality. .F‘or prediction of need for mterfzentlon, 4-10 95 70 (73.7%) 15 (158%) 8 (8.4%)
MCTSI was the most sensitive and BISAP the most specific. The
SIRS Absent 15 2 (13.3%) 2(13.3%) 0
Table 1 Stratification of outcome as per BISAP score Present 90 69 (76.7%) 14 (15.6%) 8 (8.9%)
BISAP Total Persistent organ  Intervention  Mortality EIRE <3 8 7y I 0
score (n=105) failure (n=71) (n=16) (n=8) >4 67 54 (80.6%) 13 (19.4) 8(11.9%)
0 4 0 0 0 Renal rim Absent 15 6 (40%) 2 (13.3%) 0
1 12 2 (16.7%) 1 (8.3%) 0 Present 90 65 (72.2%) 14 (15.6%) 8 (8.9%)
2 57 41 (71.9%) 7 (12.3%) 0 BISAP 0-2 73 43 (58.9%) 8 (10.9%) 0
3 30 26 (86.7%) 7 (23.3%) 6 (20%) 3-5 32 28(87.5%)  8(25%)  8(25%)
4 2 2 (100%) 1 (50%) 2 (100%) CTSI, computed tomographic severity index; MCTSI, modified CTSI;

BISAP, bedside index of severity in acute pancreatitis

SIRS, systemic inflammatory response syndrome; EPIC, extrapancreatic

inflammation on CT; BISAP, bedside index of severity in acute pancreatitis

Table 3 Sensitivity specificity and negative and positive predictive value for prediction of mortality, POF and need for intervention

Sensitivity (95%CI)

Specificity (95%CI)

PPV (95%CI)

NPV (95%CI)

POF

SIRS (present)
BISAP (3-5)
CTSI (4-10)
MCTSI (4-10)
EPIC (4-7)

Renal rim (present)

Intervention

SIRS (present)
BISAP (3-5)
CTSI (4-10)
MCTSI (4-10)
EPIC (4-7)

Renal rim (present)

Mortality

SIRS (present)
BISAP (3-5)
CTSI (4-10)
MCTSI (4-10)
EPIC (4-7)

Renal rim (present)

97.2 (89.3-99.5)
39.4 (28.3-51.8)
87.3 (76.8-93.7)
98.6 (91.3-99.9)
76.1 (64.1-85.1)
91.5 (81.9-96.5)

87.5 (60.4-97.8)
50 (25.5-74.5)
81.3 (53.7-95)

93.7 (67.7-99.7)
81.3 (53.7-95)

87.5 (60.4-97.8)

100 (59.7-100)
100 (59.7-100)
100 (59.7-100)
100 (59.7-100)
100 (59.7-100)
100 (59.7-100)

38.2 (22.7-56.4)
88.2 (71.2-96.2)
35.3 (20.3-53.5)
26.5 (13.5-44.6)
61.8 (43.6-77.3)
26.5 (13.5-44.6)
14.6 (8.3-24)
73 (62.4-81.6)
20.2 (12.7-30.3)
10.1 (5-18.8)
39.3 (29.3-50.2)
14.6 (8.3-24

15.4 (9.2-24.5)
75.3 (65.3-83.2)
21.6 (14.2-31.4)

10.3 (5.3-18.6)
39.2 (29.6-49.6)

15.4 (9.2-24.5)

76.7 (66.3-84.7)
87.5(70.1-95.9)
73.8 (62.9-82.5)
73.7 (63.4-81.9)
80.6 (66.8-88.8)
72.2 (61.6-80.9)

15.6 (9.1-25.1)
25 (12.1-43.7)
15.5 (8.8-25.4)
15.8 (9.4-25)
19.4 (11.1-31.2)
15.9 (9.1-25.1)

8.9 (4.2-17.2)
25 (12.1-43.7)
9.5 (4.5-18.4)
8.4 (3.9-16.4)
11.9 (5.7-22.7)
8.9 (4.2-17.2)

86.7 (58.4-97.6)

41.1 (29.9-53.2)
57.1 (34.4-77.4)
90 (54.1-99.4)
55.3 (38.5-71)
60 (32.9-82.5)

86.7 (58.4-97.6)
89 (79-94.8)
85.7 62.6-96.2)
89 (54.1-99.5)
92.1(77.5-97.9)
86.7 (58.4-97.6)

100 (754.6-100)
100 (93.7-100)
100 (80.7-100)
100 (65.5-100)
100 (88.5-100)
100 (754.6-100)

POE persistent organ failure; CTSI, computed tomographic severity index; MCTSI, modified CTSI; SIRS, systemic inflammatory response syndrome;
EPIC, extrapancreatic inflammation on CT; BISAP, bedside index of severity in acute pancreatitis
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We also used the ROC curves to calculate the area under
curve for prediction of these three outcome parameters. For
this calculation,however, we used the individual scores of
BISAP, CTSI, MCTSI and EPIC, whilst SIRS and renal rim
were scored as absent or present. The AUROC curves for
SIRS, BISAP, CTSI, MCTSI, renal rim score and EPIC score
in predicting POF were 0.65 (95%CI 0.53-0.78), 0.75 (95%CI
0.65-0.86), 0.66 (95%CI 0.54-0.78), 0.70 (95%CI 0.58-0.81),
0.64 (95%CI 0.52-0.76), 0.71 (95%CI 0.60-0.83) respectively.
For the prediction of radiological/endoscopic intervention the
AUROC curves for SIRS, BISAP, CTSI, MCTSI, renal rim score
and EPIC score were 0.50 (95%CI 0.35-0.65), 0.64 (95%CI
0.49-0.78), 0.51 (95%CI 0.36-0.66), 0.55 (95%CI 0.41-0.70),
0.51 (95%CI 0.36-0.67), 0.66 (95%CI 0.52-0.81) respectively.
The AUROC curves for prediction of mortality for SIRS,
BISAP, CTSI, MCTSI, renal rim score and EPIC score were
0.57 (95%CI 0.38-0.75), 0.90 (95%CI 0.83-0.97), 0.67 (95%CI

Table 4 AUROC for prediction of POF, intervention, and mortality

Persistent organ Intervention Mortality
failure
SIRS 0.65 (0.53-0.78)*  0.50 (0.35-0.65)  0.57 (0.38-0.75)
BISAP 0.75 (0.65-0.86)*  0.64 (0.49-0.78)  0.90 (0.83-0.97)*
CTSI 0.66 (0.54-0.78)*  0.51 (0.36-0.66)  0.67 (0.50-0.83)
MCTSI 0.70 (0.58-0.81)*  0.55 (0.41-0.70)  0.68 (0.51-0.85)
Renal rim  0.64 (0.52-0.76)  0.51 (0.36-0.67)  0.73 (0.57-0.89)
EPIC 0.71 (0.60-0.83)*  0.66 (0.52-0.81)* 0.77 (0.64-0.90)*

*P<0.05, POE persistent organ failure; CTSI, computed tomographic severity
index; MCTSI, modified CTSL SIRS, systemic inflammatory response
syndrome; EPIC, extrapancreatic inflammation on CT; BISAP, bedside index
of severity in acute pancreatitis; AUROC, area under the receiver operator
characteristic curve

0.50-0.83), 0.68 (95%CI 0.51-0.85), 0.73 (95%CI 0.57-0.89),
and 0.77(95%CI 0.64-0.90) respectively (Table 4, Figs. 1,2,3).

Discussion

Our results seem to suggest that admission BISAP scores
may perform as well as or slightly better than SIRS for
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Figure 2 Areas under the curve for various scores in predicting
intervention
ROC, receiver operator characteristic
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Figure 1 Areas under the curve for various scores in predicting persistent
organ failure
ROC, receiver operator characteristic
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Figure 3 Areas under the curve for various scores in predicting
mortality
ROG, receiver operator characteristic



predicting the outcome. It also seems to score over the CT
scores (CTSI, MCTSI, EPIC, renal rim) in terms of correlation
with the adverse outcomes in AP including the occurrence
of organ failure and mortality. Whilst these scores had a
similar sensitivity in predicting mortality, BISAP had a better
specificity (Table 4). Analysis of stratification of BISAP score
with outcome indicates that with increasing BISAP score the
likelihood of adverse outcome increases (Table 1). Therefore,
doing CT merely for prediction of severity may not add to
the information already provided by BISAP on admission.
Of the CT scores, EPIC seems to be slightly better predictor
of outcome including POE intervention, and mortality
(Table 4) than other scores. Since EPIC score focuses only
on the extrapancreatic changes, this finding emphasizes the
importance of the associated peripancreatic changes and their
extent in determination of prognosis.

Few studies previously compared multiple clinical and
radiological scoring systems for predicting severe AP. In a
report of 303 patients of AP, BISAP predicted severity and
mortality better than CTSI and Ranson’s criteria [15]. Even
in the present report BISAP appears better than CTSI for
predicting outcome in AP. Another study indicated that
admission BISAP accurately stratifies risk of severe AP in a
cohort of 185 patients and performed similar to CTSI vis-a-
vis prediction of mortality. However, the sensitivity was better
for CTSI whilst BISAP had a better specificity [8]. In the
present report although the sensitivity to predict mortality was
similar, specificity was 75% (95%CI 65.3-83.2) for BISAP vis-
a-vis 21.6% (95%CI 14.2-31.4) for CTSI. Another retrospective
study compared a number of CT scores with APACHE II and
BISAP. This report indicated a higher AUROC for BISAP and
APACHE 1I for prediction of mortality than the CT scores
(MCTSI, CTSI and EPIC). Also, the performance of various
CT scores was reported to be similar [5]. This is in contrast
to our findings wherein EPIC performs marginally better
than other CT scores. This may be due to differences in the
inclusion criterion as we included patients undergoing CT
between days 3-10 of onset of pain in contrast to the study
by Bollen et al where they included patients who had the CT
done within within 24 h from admission [5]. Also, the original
study describing the EPIC score reported that the EPIC score
was superior to the Balthazar score and CTSI in predicting the
outcome [6]. Our study has limitations including the fact that
CT scores were calculated retrospectively. However, the data
was added in the database prospectively and the CTs were
scored by authors who were not aware of clinical details. Also,
the fact that we excluded the subgroup with renal failure and
early and late CT limits the generalization of the findings of this
report. Our center is atertiary referral hospital in North India
with limited number of beds and caters to a large population
of all the northern states of India and therefore we accept
the majority of severe AP patients. The patients with milder
AP are treated at other tertiary care centers in North India
and therefore this could have led to selection bias. This high
occurrence of severe AP is similar to our previously published
reports [18-20].

In conclusion, the prognostic performance of various
clinical and radiological scoring systems in AP is comparable
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Summary Box

What is already known:

o Multiple computed tomographic (CT) scores
are available for evaluating severity of acute
pancreatitis (AP)

o Clinical scores like SIRS and BISAP on admission
help predict severe AP

What the new findings are:

o Prognostic performance of various clinical and
radiological scoring systems in AP is comparable
with BISAP having the highest accuracy for
predicting persistent organ failure (POF) and
mortality

« Ofthe CT scores, EPIC is a slightly better predictor
of the outcome including POF intervention, and
mortality than the rest of the scores

with BISAP having the highest accuracy for predicting POF and
mortality. Therefore, calculating a BISAP score on admission
may be a satisfactory approach for predicting severe AP.
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