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Abstract

Background: Scoring systems for severe acute pancreatitis (SAP) prediction should
be used in conjunction with pre-test probability to establish post-test probability of
SAP, but data of this kind are lacking.

Objective: To investigate the predictive value of commonly employed scoring sys-
tems and their usefulness in modifying the pre-test probability of SAP.

Methods: Following PRISMA statement and MOOSE checklists after PROSPERO
registration, PubMed was searched from inception until September 2022. Retro-
spective, prospective, cross-sectional studies or clinical trials on patients with acute
pancreatitis defined as Revised Atlanta Criteria, reporting rate of SAP and using at
least one score among Bedside Index for Severity in Acute Pancreatitis (BISAP),
Acute Physiology and Chronic Health Examination (APACHE)-1l, RANSON, and Sys-
temic Inflammatory Response Syndrome (SIRS) with their sensitivity and specificity
were included. Random effects model meta-analyses were performed. Pre-test
probability and likelihood ratio (LR) were combined to estimate post-test proba-
bility on Fagan nomograms. Pooled severity rate was used as pre-test probability of
SAP and pooled sensitivity and specificity to calculate LR and generate post-test
probability. A priori hypotheses for heterogeneity were developed and sensitivity
analyses planned.

Results: 43 studies yielding 14,116 acute pancreatitis patients were included: 42
with BISAP, 30 with APACHE-II, 27 with Ranson, 8 with SIRS. Pooled pre-test
probability of SAP ranged 16.6%-25.3%. The post-test probability of SAP with
positive/negative score was 47%/6% for BISAP, 43%/5% for APACHE-II, 48%/5%
for Ranson, 40%/12% for SIRS. In 18 studies comparing BISAP, APACHE-II, and
Ranson in 6740 patients with pooled pre-test probability of SAP of 18.7%, post-test
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BACKGROUND

Acute pancreatitis (AP) is a frequent condition with increasing inci-
dence.! AP is a heterogeneous disease, and while most patients
experience a mild course, approximately one-third have local or
systemic complications that are associated with increased morbidity,
and in cases of persistent (>48 h) organ failure, with high mortality
risk.2 Therefore, classifying AP severity is important to correctly
stratify patients with extremely different disease courses. However,
the most employed systems to determine AP severity, the Revised
Atlanta Classification (RAC)® and the Determinant-Based Classification®,
take into consideration the presence of local complications and organ
failure occurring at any time during the disease course, being “post-
hoc” methods. While such severity classifications are useful for the
final categorization of patients, they are not helpful for early
management.

Predicting the severity of AP involves detecting, at an early
disease stage, those patients most likely to have poor outcomes,
which remains a challenge. Accurate early prediction of severity
would allow the selection of patients who should be followed more
closely, cared for in an intensive care unit, or transferred to tertiary
centers. Severity prediction is also essential in the selection of pa-
tients to be included in trials.

Many different approaches have been developed to predict AP
severity. The most employed scores include some specifically devel-
oped for AP, such as the Ranson score” and the Bedside Index for
Severity in Acute Pancreatitis (BISAP),® and others that are not
specific for AP, such as the Acute Physiology and Chronic Health Ex-
amination (APACHE)-11” and the Systemic Inflammatory Response Syn-
drome (SIRS).2 Several other scoring systems and tools employing
combinations of physiological, laboratory, and radiographic parame-
ters have been developed, but they all show only moderate positive
predictive values.”

However, as for any test, the sensitivity and specificity of these
scores alone cannot be used to accurately estimate the probability of
severe disease in individual patients. This depends on their combi-
nation into the likelihood ratio (LR), which should then be used in
conjunction with pre-test probability to establish the post-test
probability of severe AP (SAP) in a clinically meaningful manner.®
In Bayesian statistics, this concept is visually summarized by Fagan's

probability when scores were positive was 48% for BISAP, 46% for APACHE-II, 50%
for Ranson. When scores were negative, post-test probability dropped to 7% for
BISAP, 6% for Ranson, 5% for APACHE-II. Quality, design, and country of origin of
the studies did not explain the observed high heterogeneity.

Conclusions: The most commonly used scoring systems to predict SAP perform

poorly and do not aid in decision-making.

acute pancreatitis, APACHE-II, BISAP, meta-analysis, prediction, RANSON, Revised Atlanta
Criteria, scoring system, severe, SIRS

Key summary

Summarize the established knowledge on this subject

e Acute pancreatitis is a common, heterogeneous disease.
Most patients experience a mild disease, and predicting a
severe course would be of outmost clinical value.

e Many scoring systems have been used to this aim, and
they all have been shown to have only moderate pre-
dictive value. However, as for any test, the sensitivity
and specificity of these scores alone cannot be used to
accurately estimate the probability of severe disease in
individual patients.

What are the significant and/or new findings of this study?

e In this systematic review and meta-analysis, a Bayesian
approach was employed for the first time to depict the
combination of the likelihood ratios of scoring systems
with the pre-test probability and to estimate the result-
ing post-test probabilities.

e We included 43 studies yielding 14,116 patients. All
scoring systems had limited clinical usefulness as the
actual post-test probability of severe acute pancreatitis
never reached 50% when scores were predicting a se-
vere course and ranged between 5% and 12% when they
were predicting a non-severe course.

e |n real-life clinical practice, the most used scoring sys-
tems to predict severe acute pancreatitis perform poorly
and have the same value as tossing a coin. New ap-

proaches seem necessary.

nomogram, a graphical tool that allows the combination of the LR of a
test with the pre-test probability of the outcome of interest to es-
timate the post-test probability.'*

As data on the clinical usefulness of predictive scores for SAP are
sparse and heterogeneous and given the absence of previous studies
of this kind, we designed a systematic review and meta-analysis to
investigate the actual value of the most common predictive scoring

systems in modifying the pre-test probability of developing SAP.
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METHODOLOGY

The methodology of the study was developed and reviewed with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement? and the Meta-Analyses Of Obser-
vational Studies in Epidemiology (MOOSE)*® checklist. This review
was registered in PROSPERO (ID CRD42022368212).

Search strategy

First, a computerized bibliographic search was performed in PubMed
and the Cochrane Database of Systematic Reviews to retrieve prior
systematic reviews and meta-analyses on this topic. A PubMed
search was then run from inception until 10 September 2022, to
identify original studies. The specific search terms are detailed in
Supporting Infomation S1. The titles of all identified articles were
screened to evaluate eligibility, and the abstracts and/or full texts of
potentially relevant papers were further evaluated. We manually
searched the reference lists of all the retrieved articles to identify

other potentially relevant studies.

Inclusion and exclusion criteria

The selected studies had to meet these criteria: (a) be either retro-
spective, prospective, cross-sectional studies, or clinical trials; (b)
report on AP patients defined according to RAC; (c) report SAP rate
defined according to RAC or rate of organ failure, allowing SAP
definition. In this view, the definition of persistent organ failure as
renal, cardiovascular, or pulmonary failure lasting >48 h would be
considered appropriate; (d) report on at least one of the following
scores: BISAP, APACHE-II, RANSON, and SIRS; (e) report sensitivity
and specificity of the score(s) and/or enough data to calculate them;
(f) be in English language.

In duplicate publications, the most recent or complete were used.
Two independent reviewers (Ruggero Ponz de Leon Pisani and
Gaetano Lauri) completed the study identification and selection
process, and disagreements were discussed with two other reviewers
(Livia Archibugi and Gabriele Capurso). The excluded studies and
reasons for exclusion were recorded. Case reports or series, letters,
abstracts, reviews, animal, and in vitro studies were excluded, as
were studies published before the RAC publication or those that did
not allow calculation of severity or employed predictive scores in a

non-standardized manner.

Data extraction and quality assessment

From the studies that met the eligibility criteria, the following data
were extracted into a Microsoft Excel spreadsheet (Microsoft 2016,
Redmond, WA, USA\): (a) study—first author, publication year, setting,

design, country, accrual period; (b) cases -number, sex, and age, the

rate of severity according to RAC; (c) severity score(s)—name, timing
at evaluation, employed cut-off, sensitivity, specificity, +LR and —LR.

The quality of each study included in the quantitative synthesis
was assessed by two independent reviewers (Ruggero Ponz de Leon
Pisani and Gaetano Laur) using a specific quality appraisal tool
developed for prognostic factors.’* Disagreements were discussed
with a third reviewer (Livia Archibugi).

Statistical analysis

A meta-analysis of all eligible studies was performed using the
Comprehensive Meta-Analysis software package (Biostat, Engle-
wood, N.J., USA). First, the pooled estimate of SAP was calculated to
obtain the pre-test probability. Next, the pooled estimates of the
sensitivity and specificity of the different scoring systems were
calculated to obtain +LR and —LR. The Der Simonian-Laird method
and a random-effects model were used. Random-effects models were
chosen, as they consider both sampling variance within the different
studies and variation in the underlying effect across studies. The
assumption of variation in the underlying effect seems plausible given
the different populations, designs, and etiology. Heterogeneity was
assessed using the I?> value and Cochran's Q statistics. An I?
value < 40% was considered trivial heterogeneity, I? > 40 < 75% was
considered important heterogeneity, and an I> > 75% considerable
heterogeneity. Publication bias was assessed using the Begg and
Mazumdar test.'>¢ Statistical significance was set at p < 0.05. We
developed the following a priori hypotheses that would explain het-
erogeneity and planned sensitivity analyses for (a) area of origin, (b)
quality of the study, and (c) study design. An open-access online
calculator (http://araw.mede.uic.edu/cgi-bin/testcalc.pl) was used to
estimate the post-test probability.

RESULTS
Search results and study selection

There were no previous systematic reviews or meta-analyses in the
Cochrane Database of Systematic Reviews. Out of 64 studies pub-
lished in PubMed, we retrieved seven prior systematic reviews and
meta-analyses on this topic. However, one only examined the per-
formance of the Ranson score and was published before RAC,Y three

P,%8"2° one reviewed the performance of the

only examined BISA
Harmless Acute Pancreatitis Score (HAPS), which has the opposite
aim of identifying patients who would not develop a severe disease?!
and one focused on the role of the computed tomography index.??
Notably, the remaining study?® differed substantially from the pre-
sent one, as it aimed to investigate the net reclassification
improvement using the available scores. Also, its search was termi-
nated in mid-2016 and mortality was the main outcome.

In our search for original studies, a total of 1894 references were

identified (Figure 1). After evaluation of titles, 443 records were
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FIGURE 1 PRISMA 2020 flow diagram with included studies and reasons for exclusion.

removed as not related to the study topic. Thus, the abstracts of the
remaining 1446 studies were examined and 911 checked for eligi-
bility. Finally, 43 studies were included. There was absolute agree-
ment among the reviewers for the assessment of eligibility and

selection of studies.

Study characteristics

Table 1 presents a summary of relevant studies. The 43 studies?*¢°
included 14,116 AP patients, with mean/median age ranging widely
(35-72 years) as the rate of male patients (34%-86%).

Thirty-four studies (79%) took place in Institutions in Asia,
35,37.39.41-52.54-56,58-62.65 7 | Eyrope, 36.38.405357.6364 2 iy the USA %27

24-28,30-

Twenty-one studies were prospective,”2°29:32-36.38,41,44,.4547,51-
54,57,59,61,65 21 retrospective24,26*28,30,31,37,39,40,42,46,48*50,55,56,58,60,
62764 and 1 cross-sectional.*® Three of the studies included both

23739 and one two cohorts of different age

training and validation sets,
groups.®® The accrual period ranged 2005-2021.

Regarding the studies' quality, the analysis of study participation
and attrition was not relevant as dealing with all patients hospitalized

for the disease of interest with the availability of data on the

outcome. The QUIPS tool takes into consideration other 4 items: (a)
prognostic factor measurement, (b) outcome measurement, (c) study
confounding and statistical analysis, and (d) reporting. These were
scored as low, moderate, or high risk of bias according to the tool. We
considered 13 studies that had a low risk of bias for all items as of
“high quality” and the remaining 30 as of “moderate quality” (Sup-
plementary Table S1).

BISAP score

There were 42 studies investigating BISAP?24-4143-65 in 3 total of
13,944 patients. In these studies, the pooled prevalence of severity
(pre-test probability) was 17.8% (14.3%-22.2%) with considerable
heterogeneity (I? = 96.9%) (Supplementary Figure S1a). There was no
publication bias (Kendall's tau with continuity correction =-0.094;
p = 0.35).

The pooled sensitivity and specificity of BISAP in these studies
were 74.4% and 81.5%, both with considerable heterogeneity
(> = 97.3 and 95.5%) (Supplementary Figure S1b and Sic).

Figure 2a summarizes the performance of the BISAP score ac-
cording to such data: with a pre-test probability of 17.8% and +LR
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(Continued)

TABLE 1

Severe

Score(s)

AP, N (%)

Accrual period

Age

Patients  Sex (male %)

Design®  Subgroups

Setting®

Country

Year Location

Reference

Study

BISAP, SIRS

2015-2017 13 (17)

72 (mean)

42.7%

75

None

U

Portugal

2020 Castelo Branco

58

Silva Vaz P

104 (63.4) BISAP, APACHEII, RANSON

NR

164 NR 45 (mean)

None

India

Puducherry

2020

59

Venkatesh NR

2016-2018 17 (5) BISAP, APACHEII

50.4 (mean)

55.0%

337

None

China

Nanchong

2020

Zhou T

BISAP, APACHEII, RANSON

162 (28.5)

2017-2019

50 (median)

568 63.5%

Validation

China

Whenzou

61 2021

Sun HW

2015-2020 45 (11) BISAP, APACHEII

65.4 (median)

51.0%

410

None

Spain

Barcelona

2021

62

Pando E

48.2 (mean) 2003-2020 684 (37.0) BISAP, RANSON

68.2%

1848

None

China

Nanning

2021

63

Wu Q

2019-2020 26 (18.1) BISAP, APACHEII

47 (median)

65.7%

143

None

China

Changsha

2021

64

Shen D

81 (12.4) BISAP, APACHEII, RANSON

653 58.7% 58.7 (mean) 2009-2016

None

U

Singapore

Singapore

2021

65

Teng TZJ

2019-2020 31 (30.1) BISAP, APACHEII

46 (median)

58.2%

103

None

China

Shanghai

2021

66

Wang Y

54.6 (mean) 2018-2020 27 (5.8) BISAP, APACHEII, RANSON

54.4%

465

None

China

Chongging, Suining, Nanchong

2021

67

Yan G

BISAP

25 (11.5)

216 55.5% 56.3 (mean) 2018-2019

None

Romania

Tmisoara

68 2021

Dancu GM

BISAP, APACHEII, RANSON

24 (15.1)

2017-2019

68.6 (mean)

39%

159

None

U

Turkey

Canakkale

2022

69

Bardakci O

BISAP

117 (11.2)

2020-2021

51.6 (mean)

1046 59.4%

None

China

Chongging

2022

70

Wu B

multicenter.

2U = unicenter, M

PR = retrospective, P = prospective, NR = not reported, AP = acute pancreatitis, N = number.

and —LR of 4.09 and 0.31, respectively, the post-test probability of
SAP was 47% when BISAP was positive and 6% when negative.

APACHE-II score

Thirty studies®25-29.33-3537.39.41.4244-47.49-5254-57.59-62.64 jyecti.
gated APACHE-II in 9344 patients. In these studies, the pooled
prevalence of severity (pre-test probability) was 16.6% (12.6%-
21.5%), with considerable heterogeneity (> = 96.8%) (Supplemen-
tary Figure S2a). There was no publication bias (Kendall tau with
continuity correction = -0.10; p = 0.37).

The pooled sensitivity and specificity of APACHE Il in these
studies were 77.8% and 79.3%, both with considerable heteroge-
neity (I? = 96.1 and 96.3%, respectively) (Supplementary Figure S2b
and S2c¢).

Figure 2b summarizes the performance of the APACHE Il score
according to such data: with a pre-test probability of 16.6% and +LR
and —LR of 3.76 and 0.28, respectively, the post-test probability of
SAP was 43% when APACHE was positive and 5% when negative.

Ranson score

There were 27 Studie59,24730,32,33,36,39743,45,46,48750,54,56,58,60,62,64
investigating Ranson in 10,044 patients. In these studies, the pooled
prevalence of severity (pre-test probability) was 18.8% (14.3%-
24.2%) with considerable heterogeneity (1> = 97.4%) (Supplemen-
tary Figure S3a). There was no publication bias (Kendall's tau with
continuity correction = -0.16; p = 0.19).

The pooled sensitivity and specificity of Ranson in these studies
were 80% and 80.3%, both with considerable heterogeneity (1> = 97.1
and 96.6%, respectively) (Supplementary Figure S3b and S3c).

Figure 2c summarizes the performance of the Ranson score
according to such data: with a pre-test probability of 18.8% and +LR
and —LR of 4.06 and 0.25, respectively, the post-test SAP proba-
bility was 48% when Ranson was positive and 5% when negative.

SIRS score

Eight studies??>30:31343849.53 jnyestigated SIRS in 2039 patients.
The pooled prevalence of severity (pre-test probability) was 25.3%
(17%-35.8%), with considerable heterogeneity (1> = 94.6%) (Sup-
plementary Figure S4a). There was no publication bias (Kendall's tau
with continuity correction = —0.02; p = 0.91). The pooled sensitivity
and specificity of SIRS in these studies were 74.4% and 62.7%, both
with considerable heterogeneity (I? = 97.1 and 90.3%, respectively)
(Supplementary Figure S4b,c).

Figure 2d summarizes the performance of the SIRS score ac-
cording to such data, with a pre-test probability of 25.3% and +LR
and —LR ratios of 1.99 and 0.41, respectively, and a post-test prob-
ability of SAP of 40% when SISR is positive and 12% when negative.
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FIGURE 2 Legend on next page.

Comparison of the performance of the different
scores and sensitivity analysis

Only 3 studies”?>** compared all four examined scores; four
compared the BISAP, APACHE-II, and SIRS. To obtain the most

comprehensive  comparison of the performance of the

(b)
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investigated scores, we selected 18 studies”25-2%:33:39:41:4546:49,

505456606264  that compared the accuracy of the BISAP,
APACHE-II, and Ranson scores for a total of 6740 patients. In
this cohort, the pre-test SAP probability was 18.7% (13.1%-
26.1%) (Supplementary Figure S5) with considerable heteroge-
neity (12 = 97.6%).
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Figure 3 summarizes the performances of the three scoring

systems in this subgroup. Notably, with a pooled pre-test probability 8;:: ::Zg?

of 18.7%, the performance of the three Scoring Systems was very 054 4995

similar. The post-test probability when the scores were positive was 0.7+ —+4-99.3

46% for APACHE I, 48% for BISAP, and 50% for Ranson. On the T . ) T

Likelyhood ratio

other hand, when the scores were negative, the post-test probability 21 —+1-98

of a severe course was as low as 5% for APACHE-II, 6% for Ranson, 31 11000 -T-97

and 7% for BISAP. 51 :ggg 195
As for the sensitivity analyses (Supplementary Table S2), the 15:: 1100 ::gg

quality, design and country of origin did not account for the observed ::50

heterogeneity. As most of the examined studies were conducted in 20 __ig 180

Asia, where etiology, comorbidities and lifestyle are very different from
those of Western countries (Europe and USA), we further investigated
the performance of the scoring systems separately in such subgroups

(Supplementary Figure S6). The performance was generally worse in 0.2

Pre-test probability (%)
w
o
I

Post-test probability (%)

studies conducted in Western Countries with post-test probabilities of 801 0-1:_ —20
" . o 0.02_|
a severe course when a score was positive being as low as 38% for 901 0.01 L 10
BISAP, 19% for APACHE-Il, 40% for Ranson and 27% for SIRS, 93 0.605:: 7
compared to ,respectively, 50%, 48%, 49% and 51% in Asia. 951 0.002— -5
97 1 0.001—+ —+3
98 - —+2
Pre-test of disease = 18.7%
DISCUSSION 99?2 T Posttest % of disease (+; -) ::3,7
99.5 1+ —+1-0.5
In an individual patient, the pre-test probability of SAP is usually not 99.7 4+ — APACHE-II 46% 5% 103
higher than 20%. The purpose of the prediction scores is to generate 99.8 —— Bisap 48% 7% —+-0.2
a post-test probability of SAP that is as high as possible. Many 99.9 L — Ranson  50% 6% 11

different approaches have been developed, and many scoring sys-

tems that combine laboratory and clinical features are commonly FIGURE 3 Performance of the Bedside Index for Severity in
Acute Pancreatitis (BISAP), Acute Physiology and Chronic Health
Examination (APACHE)-II, and Ranson scores in 18 studies with a
pooled pre-test probability of 18.7% for severe acute
pancreatitis. The post-test probabilities when the scores were
groups of patients, but the clinicians need to make a prediction about positive were similar: 48% for BISAP, 46% for APACHE-II, and
the individual patient they are caring for. There are several ways the 50% for Ranson. However, when the scores were negative, the

sensitivity and specificity can be combined into a single score. The post-test probability dropped to 7% for BISAP, 6% for Ranson,
and 5% for APACHE-II.

employed for this purpose.®®
One of the limitations of scoring systems is that generalization
may not be possible as they were developed and validated in certain

most used method is the receiver operator characteristic curve,

FIGURE 2 Panel (a) performance of the Bedside Index for Severity in Acute Pancreatitis (BISAP) score in 42 studies with a pre-test
probability of 17.8% and positive and negative likelihood ratios of 4.09 and 0.31, respectively, and the post-test probability of severe acute
pancreatitis (SAP) is 47% when BISAP is positive and 6% when it is negative. With this performance, only 1847 of the 2482 patients who
eventually developed SAP would have been correctly identified as true positives, with 635 false negatives; only 9376 of the 11,462 patients
experiencing non-severe AP would have been correctly classified, with 2086 having a false positive prediction of SAP. Panel (b) performance of
the Acute Physiology and Chronic Health Examination (APACHE)-II score in 30 studies with a pre-test probability of 16.6% and positive and
negative likelihood ratios of 3.76 and 0.28, respectively, and the post-test probability of SAP is 43% when APACHE is positive and 5% when it
is negative. With this performance, only 1207 of the 1551 patients who eventually developed SAP would have been correctly identified as true
positives, with 344 false negatives, and only 6180 of the 7793 patients experiencing non-severe AP would have been correctly classified, with
1613 having a false positive prediction of SAP. Panel (c) performance of the Ranson score in 27 studies with a pre-test probability of 18.8%
and positive and negative likelihood ratios of 4.06 and 0.25, respectively. The post-test probability of SAP is 48% when Ranson is positive and
5% when it is negative. With this performance, only 1511 of the 1889 patients who eventually developed SAP would have been correctly
identified as true positives, with 378 false negatives; only 6549 of the 8156 patients experiencing non-severe AP would have been correctly
classified, with 1607 having a false positive prediction of SAP. Panel (d) performance of the Systemic Inflammatory Response Syndrome (SIRS)
score in eight studies with a pre-test probability of 25.3% and positive and negative likelihood ratios of 1.99 and 0.41, respectively, with a
post-test probability of SAP of 40% when SISR was positive and 12% when it was negative. With this performance, only 384 of the 516
patients who eventually developed SAP would have been correctly identified as true positives, with 132 false negatives, and only 955 of the
1523 patients with non-severe AP would have been correctly classified, with 568 having a false positive prediction of SAP.
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which plots sensitivity and specificity presenting the performance as
“area under the curve” While this may be of help in comparing the
accuracy of different systems, it has limited clinical relevance for
individual patients. A better approach is to derive the post-test
probability by combining the expected pre-test probability for the
patient population with the positive and negative LR and using a
nomogram to read the post-test probability.?

In the present study, we systematically retrieved literature on
predictive scores of SAP defined according to RAC and calculated their
performance using a Bayesian approach for the first time. We retrieved
data from 43 studies conducted on >14,000 AP patients to investigate
the accuracy of BISAP, APACHE-II, Ranson, and SIRS in predicting SAP.
We first calculated the pre-test probability. Thereafter, the sensitivity
and specificity of each score were calculated. These data were
employed to generate positive and negative LR and post-test proba-
bilities of SAP for each score. There was no publication bias.

The main result is that all scoring systems have a similar, limited,
and clinical usefulness, as the post-test probability of SAP never
reached 50% (Figure 2) when the score was positive and ranged
between 5% and 12% when negative. Therefore, if these scoring
systems are used to predict a non-severe course of AP, the HAPS
score should be preferentially employed.?!

To obtain a more reliable figure of the scoring systems' perfor-
mance, we further focused on a subset of 18 studies that compared
the accuracy of the BISAP, APACHE II, and Ranson scores in pre-
dicting SAP. In this cohort, the pre-test probability of SAP was 18.7%,
and the performances of the three scoring systems were very similar
(Figure 3), with a post-test probability <50% when the scores were
positive. This means that in real-life clinical practice, the use of these
scores to predict SAP has the same value as tossing a coin.

The present study has strengths. This is the first systematic re-
view with rigorous methodology to calculate the actual performance
of scoring systems that have been employed for decades to predict
SAP probability. However, there are limitations, mainly related to the
heterogeneity of the studies. Despite pre-planned sensitivity ana-
lyses that included an evaluation of the quality, design and country of
origin, no reasons for the observed high heterogeneity were found.
However, there are many factors that are intrinsic to single patients,

7 age and comorbidities,® triglyceride and

such as AP etiology,®
glucose levels,®” and the setting where the patient is treated (hospital
volume and resources),”® which have an influence on AP course and
may account for heterogeneity. Individual data analysis would be
necessary to further investigate these aspects. Also, we separately
investigated the performance of the four scoring systems in studies
conducted in Asia versus Western countries, with findings of a much
worse performance in the latter group. Whether this is due to the
lower number of enrolled patients or to actual differences in the
applicability of the systems must be established.

Our results reinforce the need for novel alternative approaches
to predict an AP course. One would be to monitor the dynamic AP
evolution during its course instead of focusing on a rather rare
outcome, such as persistent organ failure. The Pancreatitis Activity

Scoring System (PASS), which includes organ failure, SIRS, abdominal

pain, the need for opiates, and the ability to tolerate oral diet as
variables, was developed for this aim”* and found to be able to track
the clinical trajectories of an AP episode, anticipating deterioration
and complications. However, its accuracy for predicting SAP at a
single time point is limited.

Several novel tools are based on computed tomography (CT)
imaging. The most obvious limitation of radiological approaches is
that a CT scan is not required on admission in most patients.

Another novel approach uses information theory and machine
learning to select the best-performing panel of circulating cytokines,
which reflects the magnitude of inflammatory response. Angiopoietin-
2, hepatocyte growth factor, interleukin-8, resistin, and tumor necrosis
factor receptor-1 were the highest-ranking cytokines in the derivation
cohort. A Random Forest classifier trained the 5-cytokine panel in the
verification cohort and achieved a 10-fold cross-validated accuracy of
0.89, which significantly outperformed the prognostic accuracy of
existing laboratory tests and clinical scores.”? As multiple factors
interact in a nonlinear, complex, and unpredictable manner to deter-
mine the actual risk of developing SAP, artificial intelligence algorithms
might be an appropriate tool to improve prediction ability. In a recent
large cohort study, machine learning models were employed to
examine simple variables such as respiratory rate, body temperature,
abdominal rebound tenderness, sex, age, and glucose levels. The ac-
curacy of the model was as high as 89% and a user-friendly web
application (‘EASY”) was developed for wider applications.”?

In conclusion, we have systematically reviewed the performance
of the most commonly employed scoring systems to predict AP
severity, with findings that underline their poor performance in
everyday clinical practice.

It is likely that artificial intelligence will become a more common
approach for rapid, early, and accurate prediction of AP severity and
outcomes, which will outperform existing scoring systems.
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