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ABSTRACT

Background and study aims Post-ERCP pancreatitis (PEP)
is the most common complication attributed to the proce-
dure, its incidence being approximately 9.7 %. Numerous
studies have evaluated the predictive efficacy of post-pro-
cedure serum amylase and lipase levels but with varied pro-
cedure-to-test time intervals and cut-off values. The aim of
this meta-analysis was to present pooled data from avail-
able studies to compare the predictive accuracies of serum
amylase and lipase for PEP.

Patients and methods A total of 18 studies were identi-
fied after a comprehensive search of various databases until
June 2021 that reported the use of pancreatic enzymes for
PEP.

Results The sample size consisted of 11,790 ERCPs, of
which PEP occurred in 764 (6.48 %). Subgroups for serum li-
pase and amylase were created based on the cut-off used
for diagnosing PEP, and meta-analysis was done for each
subgroup. Results showed that serum lipase more than
three to four times the upper limit of normal (ULN) per-
formed within 2 to 4 hours of ERCP had the highest pooled
sensitivity (92 %) for PEP. Amylase level more than five to six
times the ULN was the most specific serum marker with a
pooled specificity of 93 %.

Conclusions Our analysis indicates that a lipase level less
than three times the ULN within 2 to 4 hours of ERCP can
be used as a good predictor to rule out PEP when used as
an adjunct to patient clinical presentation. Multicenter ran-
domized controlled trials using lipase and amylase are war-
ranted to further evaluate their PEP predictive accuracy,
especially in high-risk patients.

* These authors contributed equally.
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Introduction

Endoscopic retrograde cholangiopancreatography (ERCP) use
has increased in the United States in recent years, with over
150,000 inpatient ERCP procedures being performed each
year [1]. Complications related to the procedure have also in-
creased with time and include post-ERCP pancreatitis (PEP),
post-procedural bleeding, infection of the biliary tree (cholan-
gitis, cholecystitis), sepsis, and intestinal perforation [1,2].
PEP is the most common and serious adverse event attributed
to this procedure, resulting in an annual estimated cost of over
$200 million in the United States [3]. A meta-analysis of 108
randomized controlled trials (RCTs) comprising 13,296 patients
reported a 9.7% overall global incidence of PEP and 13% in
North America [1-4]. The same meta-analysis also showed an
increased PEP incidence in high-risk patients (14.7 %). The ma-
jority of PEP cases were mild, with a mortality rate of 0.7 % [4].
A minority of patients (0.5 %) with PEP develop severe diseases,
requiring additional resources and extended hospital stay [4].
Given the burden on patients and clinicians, early recognition
and aggressive PEP management are paramount.

Moreover, most ERCP procedures are now being performed
in the outpatient setting, a significant change in the last decade
[5]. These patients are sometimes kept in the hospital under
observation (for less than 24 hours) to monitor for develop-
ment of ERCP-related complications, especially PEP [5]. As the
number of outpatient ERCP procedures continues to grow, the
need for guidelines related to safe patient discharge and hospi-
talization becomes magnified. Early measurements of lipase/
amylase have been proposed to be convenient indicators of
PEP; they may be of high diagnostic value and can guide man-
agement decisions if used timely and appropriately, especially
in patients with atypical symptoms. Studies have described
use of amylase and lipase levels within 2 to 6 hours of ERCP to
predict PEP [6]. However, reliable evidence about the standard
time to the test and acceptable elevation levels is lacking [6]. In
addition, it is well known that there can be a transient increase
in pancreatic enzyme levels in up to 75 % of patients after ERCP
that may be clinically insignificant, especially in asymptomatic
patients [7]. This systematic review and meta-analysis aimed
to determine the threshold value of 2 to 4 hours post-proce-
dure serum amylase and lipase levels in predicting PEP. The ob-
jective was to analyze the appropriate threshold level of pancre-
atic enzyme elevation to predict/exclude PEP.

Methods

Search strategy and study selection

This systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-analysis (PRISMA) 2009 guidelines [8]. We
searched PUBMED/MEDLINE, EMBASE, and Google Scholar da-
tabases (inception to June 4, 2021) using keywords and/or
Medical Subject Headings (MeSH) for ERCP, pancreatic en-
zymes, lipase, and amylase. Duplicate studies identified in all
databases were deleted manually. In addition, two authors in-
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dependently reviewed the references and selected studies for
full-text screening.

Inclusion and exclusion criteria

Studies were included if they met the following preset inclusion
criteria: 1) articles with patients enrolled for diagnostic and/or
therapeutic ERCP; 2) pancreatic enzyme measurement within 2
to 6 hours of the procedure; 3) studies with data on the sensi-
tivity and specificity of post-procedure early amylase/lipase in
predicting PEP; 4) studies containing enough information re-
quired to build a 2x2 contingency table; and 5) published arti-
cles in English (abstracts, preprints excluded). Small case series
of under 50 patients, review articles, animal models, and any
articles where amylase and/or lipase were not studied as the
primary objective to diagnose PEP were excluded.

Data extraction and quality assessment

We extracted data regarding study design, patient characteris-
tics, procedure details, reported outcomes, and limitations
(»Table1). Two authors (SG and SAAS) independently
screened all records identified through database research. A
third author (HG) addressed differences in opinion that arose
from the same. Each eligible study was thoroughly reviewed to
extract the following information: study author, time period,
country/region, sample size, enzymes and hours after the
ERCP procedure they were measured, the definition used for di-
agnosing PEP, preventive measures used before the procedure,
if any, and data for the 2x2 contingency table for each studied
test (true positives, false positives, false negatives, and true ne-
gatives). Six subgroups were made according to the data avail-
able for various enzyme thresholds for both lipase (Groups 1
and 2) and amylase (Groups 3 to 6) (» Table 2). The Quality As-
sessment of Diagnostic Accuracy Studies 2 (QUADAS-2) tool
was used to assess the quality of diagnostic accuracy of studies
included in this meta-analysis [9].

Data analysis

Review Manager 5.4 software (Cochrane Collaboration, Oxford,
England) was used to obtain figures of methodological quality.
Meta-Disc 1.4 software was used to construct forest plots for
pooled sensitivity, specificity, Positive and Negative Likelihood
Ratio, Diagnostic Odds Ratio, and Summary receiver operating
characteristics (SROC) curves for each subgroup [10]. Random-
effects model was employed for pooled analysis because of the
presence of significant heterogeneity among the studies. Het-
erogeneity was assessed using the Cochran Q test and 12 statis-
tics. Sources of heterogeneity for each subgroup were detected
using meta-regression analysis; sensitivity analysis was also
performed by omitting each included study one by one. Deeks’
funnel plots were used for the detection of any publication bias.

Results

Literature search

An initial electronic search of all databases yielded a total of
2420 studies. After the removal of duplicates, 241 studies
were screened. Of these, 179 were excluded, and full texts of
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» Fig.1 a Sensitivity, b specificity, c diagnostic odds ratio, and d SROC curve for subgroup 1 (lipase >three to four times the ULN).

62 articles were reviewed that ultimately led to 18 studies that
met the inclusion criteria [11-28] (Supplemental Fig.1). Re-
ference screening of the 18 included studies did not generate
any additional studies for review.

Characteristics of included studies

The study characteristics are summarized in » Table1. The in-
cluded studies yielded a sample size of 11,790 patients that un-
derwent ERCP, of which 764 (6.5 %) developed PEP. All studies
except one [14] were performed at a single center. Seven stud-
ies were prospective [14-16,20,25-27] while 11 were retro-
spective [11-13,17-24,28] in design. Ten studies were from
Asia [13-15,17,18,20,21,24,27,28], three each from Europe
[16,9,25] and Australia [22,23,26] and two from the United
States [11,12]. Six studies reported the setting of ERCPs [11,
13-16,23,25,26] with one being 100% inpatient [21], two
being 100% outpatient [12,13], two being mixed [11,19] and
one mostly outpatient [23] (exact incidence not given). Indica-
tions of ERCP were reported by 12 studies [11,13-19,22,23,
26,27], with choledocholithiasis being the most common indi-
cation followed by malignancy.

Ten studies evaluated the diagnostic efficacy of both lipase
and amylase [12,17-22,24,27,28], whereas eight reported re-
sults for amylase only [11,13-16,23,25,26]. Lipase and amy-

Goyal Hemant et al. Early prediction of... Endosc Int Open 2022; 10: E952-E970 | © 2022. The Author(s).

lase measurements were done within 2 to 4 hours of ERCP in
all studies. Eleven studies [11-13,18-20,22,23,26-28] used
established Cotton criteria or Banks (Original or Revised Atlan-
ta) criteria for PEP diagnosis [29-31], while seven studies used
other criteria that ranged from abdominal pain with high amy-
lase to CT-scan findings of pancreatic inflammation only with-
out mention of clinical symptoms [14-17,21,24,25] (» Table
1). Four studies reported PEP rates of over 10% [14,16,18,20],
and two of these did not use established PEP diagnosis criteria
[14,16]. Only experienced operators performed ERCPs in two
studies, and these two reported the lowest rates of PEP (3.6%
and 3.1%) [15,17].

Predictive value of early measurement of serum
lipase for detecting PEP (Groups 1, 2)

Six studies reported the diagnostic value of lipase three to four
times the ULN [12,17,20,22,27,28] and eight studies reported
values of five to six times the ULN [17-19,21,22,24,27,28]
done 2 to 4 hours after ERCP. The pooled sensitivity and speci-
ficity of lipase level three to four times the ULN was 92 % and 81
%, respectively (» Fig. 1), with a positive likelihood ratio (PLR) of
4.98 and negative likelihood ratio (NLR) of 0.13 (Supplemental
Fig.2 and Supplemental Fig.3) with a diagnostic odds ratio
(DOR) of 41.19 (»Fig.1c). On the other hand, lipase level five

E965



& Thieme

Sensitivity (95% Cl)

—®- | Tadahera 0.86 (0.76 — 0.93)
——— | v 0.60 (0.32 - 0.84)
@ Martin 0.94(0.81 - 0.99)

——¢ Papachristos 1.00 (0.82 - 1.00)

———¢— | Lee 0.81(0.54 - 0.96)
—e— | | zhang 0.69 (0.52 - 0.84)

. @ Nishino 0.97 (0.89 - 1.00)

———o—| Tseng 0.85 (0.55 - 0.98)

Lo Pooled sensitivity = 0.87 (0.82 to 0.90)
Chi-square = 29.58; df =7 (P=0.0001)
Inconsistency (I-square) = 76.3 %

Specificity (95% Cl)

® | Tadahera 0.87 (0.84 - 0.89)
—— | Lv 0.88 (0.78 - 0.95)
- Martin 0.82 (0.78 - 0.85)

@ | Papachristos 0.90 (0.87 - 0.92)

@ | Lee 0.89 (0.85 - 0.91)

& | Zhang 0.90 (0.87 - 0.93)
o, Nishino 0.81(0.78 - 0.83)

e | Tseng 0.89 (0.83 - 0.94)

. Pooled sensitivity = 0.85 (0.84 to 0.87)
Chi-square = 49.01; df =7 (P=0.0000)
Inconsistency (I-square) = 85.7 %

0 0.2 04 06 038 1 0 0.2 04 06 038 1
a Sensitivity b Specificity
. Diagnostic OR (95% Cl) 1 SROC curve
—®— | Tadahera 39.69 (20.25 - 77.76)
—e— | v 11.25(3.16 -40.03) 0.9
~—=® Martin 75.62 (17.83 - 320.75) 0.8
+——> Papachristos 345.48 (20.54 - 5810.47)
—o— Lee 33.68 (9.31-121.78) 0.7
—&— || Zhang 20.55(9.50-4447) (¢
, —  Nishino 120.13 (31.08 - 464.32) £
—rev Tseng 44.73 (9.04 - 221.40) % 0.5
L A 0.4 .
i 1| Random effects model Symmetric SROC
“-e | Pooled diagnostic odds ratio = 39.13 (21.67 to 70.64) 0.3 AUC=0.9320
Cochran-Q = 13.40; df =7 (P=0.0630) 0 SE(AUC) = 0.0098
Inconsistency (I-square) =47.8 % ' Q*=0.8675
Tau-squared = 0.3152 0.1 SE(Q*)=0.0119
0.01 1 100.0 % 0.2 0.4 0.6 0.8 1
¢ Diagnostic odds ratio d 1-specificity

» Fig.2 a Sensitivity, b specificity, ¢ diagnostic odds ratio, and d SROC curve for subgroup 2 (lipase >five to six times the ULN).

to six times the ULN had a lower pooled sensitivity of 87 %, high-
er pooled specificity of 85%, higher PLR 6.43, and lower NLR
0.17 with lower DOR of 39.13 (» Fig. 2 and Supplemental Fig.
2 and Supplemental Fig.3), compared to the lipase three to
four times ULN. Overall, serum lipase three to four times ULN
performed 2 to 4 hours after ERCP had the highest pooled sen-
sitivity (92 %) of all six enzyme groups for detecting PEP (» Ta-
ble2).

Predictive value of early measurement of serum
amylase for detecting PEP (Groups 3 to 6)

All 18 studies reported diagnostic value of amylase for recog-
nizing PEP 2 to 4 hours after the procedure. Nine studies re-
ported amylase one to one and a half times the ULN (Group 3)
[11,15,17,18,22-24,26,28], nine reported amylase levels two
to two and a half times the ULN (Group 4) [12-14,17,19, 20,
23,26,28], eight studies reported amylase elevations three to
four times the ULN (Group 5) [15-18,21,22,26,27] and six
studies reported amylase five to six times the ULN (Group 6)
[15,16,21-23,25]. High amylase levels up to one and a half
times ULN had the highest pooled sensitivity for the detection
of PEP (» Fig.3). Serum amylase levels five to six times the ULN

E966

had the highest pooled specificity of 93 % (» Fig.4 ) and highest
PLR of 9.97, which was highest in all six groups (including li-
pase). Groups 4 and 5 (amylase between 2-2.5 and 3-4 times
the ULN) (Supplemental Fig.4a and Supplemental Fig.5a)
had lower sensitivity and specificity than other groups. Based
on this, an elevated amylase level of five to six times the ULN
seemed the most reliable test to rule-in a diagnosis of PEP, 2 to
4 hours after ERCP (» Table 2).

Quality of included studies

The methodological qualities of included studies as assessed
using QUADAS-2 are shown in Supplemental Fig. 6. Most stud-
ies, including the retrospective design, attempted to decrease
recruitment bias by having consecutive patients and clearly
identified index and reference tests. However, no study was
randomized or blinded. The overall quality of studies was con-
sidered moderate.

Sources of hyeterogeneity

Significant heterogeneity was explored with meta-regression
for all the six subgroups; type of study (multicenter vs. single
center) and the time of enzyme measurement post-ERCP were

Goyal Hemant et al. Early prediction of... Endosc Int Open 2022; 10: E952-E970 | © 2022. The Author(s).



» Table2 Comparison of diagnostic power of various cut-offs groups of amylase and lipase in predicting early post-ERCP pancreatitis.

Group Enzyme Threshold Pooled Pooled Pooled Pooled DOR Area under
(times ULN) Sensitivity Specificity PLR NLR the SROC
curve
1 Lipase 3-4 92% 81% 4.98 0.13 41.19 0.93
2 Lipase 5-6 87% 85% 6.43 0.17 39.13 0.93
3 Amylase 1-1.5 84% 75% 3.38 0.19 14.50 0.81
4 Amylase 2-2.5 65% 84% 5.47 0.21 25.57 0.91
5 Amylase 3-4 78% 86% 6.91 0.29 26.76 0.90
6 Amylase 5-6 64% 93% 9.97 0.41 25.31 0.88

ERCP, endoscopic retrograde cholangiopancreatography; ULN, upper limit of normal; PLR, positive likelihood ratio; NLR, negative likelihood ratio; DOR, diagnostic

odds ratio; SROC, summary receiver operating characteristic.
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» Fig.3 a Sensitivity, b specificity, c diagnostic odds ratio, and d SROC curve for subgroup 3 (amylase >1.5 times ULN).

found to be the sources in the amylase two to two and a half
(Group 4) and lipase five to six subgroup (Group 2), respectively
(Supplemental Fig.7). The use of prophylactic measures be-
fore the ERCP procedure was not a significant contributor to

heterogeneity, nor was the use of different criteria for the diag-
nosis of PEP. Sensitivity analysis was also attempted for individ-
ual groups, and four studies were found to be contributing to
high 12 statistics [12, 14,21, 26].
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» Fig.4 a Sensitivity, b specificity, c diagnostic odds ratio, and d SROC curve for subgroup 1 (amylase >five to six times the ULN).

Publications bias

The Deeks’ funnel plots were applied in order to evaluate the
existence of publication bias. Significant asymmetry (P<0.1)
was noted in the funnel plot of only one of the six subgroups
(Group 2, Lipase five to six times the ULN), indicating no signif-
icant publication bias in the studies we included in the meta-a-
nalysis (Supplemental Fig. 8).

Discussion

PEP remains the most common complication of ERCP. Several
mechanisms for PEP have been proposed, including thermal in-
jury due to electrosurgical current during biliary or pancreatic
sphincterotomy, mechanical injury from instrumentation of pa-
pilla and pancreatic duct, enzymatic injury subsequent to intra-
luminal activation of proteolytic enzymes, hydrostatic injury
following injection of contrast medium into the pancreatic
duct during sphincter manometry, chemical/allergic injury
after injection of contrast medium into the pancreatic duct
and infection from the contaminated endoscope and/or acces-
sories [32]. The frequency of PEP depends on patient factors,
endoscopist experience, and procedure-related factors. History
of previous PEP, female gender, younger age, recurrent pan-
creatitis, sphincter of Oddi dysfunction are some of the factors
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used to stratify the patients at high risk of PEP clinically. Proce-
dure-related factors include difficult and/or repeated cannula-
tion, endoscopic sphincterotomy, precut sphincterotomy, and
pancreatic duct injection/instrumentation [33]. Rectal adminis-
tration of indomethacin has proven beneficial in preventing PEP
[34], and Protease inhibitors have shown promising results in
some clinical trials as well [35]. However, PEP can still occur de-
spite careful patient selection and the use of prevention strate-
gies.

The originally proposed criteria of PEP have been used since
1991, which includes new-onset upper abdominal pain, serum
amylase/lipase levels more than three times the ULN, and re-
quirement of 2 to 3 days of inpatient hospitalization [29]. The
severity of PEP has been more recently classified with the use
of revised Atlanta criteria for the severity of acute pancreatitis
[30]. Despite availability, the adoption of these criteria is vari-
able, as evidenced by varied use in the studies included in our
review (» Table 1). In addition, there is no consensus on the lev-
els of serum amylase or lipase levels to rule out PEP.

To the best of our knowledge, this is the first meta-analysis
to pool the results of all available individual studies with diverse
cut-offs for both serum amylase and lipase levels performed 2
to 4 hours post-ERCP to arrive at a reasonable cut-off value to
guide clinicians in early recognition of PEP. Measurement of li-
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pase and amylase levels is an easy, quick, and useful tool to stra-
tify patients who may be at a high risk of developing this com-
plication. Early identification of low-risk patients based on en-
zyme levels would guide safe discharge of patients undergoing
ERCP in the outpatient setting and aid in detecting PEP early in
all settings to plan timely management. Both would ultimately
help decrease healthcare utilization and costs.

Our study shows serum lipase with a cut-off more than five
to six times ULN is the most accurate enzyme to establish a di-
agnosis of PEP, considering the sensitivity is closest to the spe-
cificity with an area under SROC being close to one. However,
lipase levels above three to four times ULN had the highest sen-
sitivity, indicating the best diagnostic power to select patients
for same-day discharge, while amylase level five to six times the
ULN had the highest specificity indicating the most accurate
level to select patients needing monitoring and continued hos-
pitalization. Lipase levels more than three to four times the ULN
also had the lowest NLR (0.13). Hence, patients with a lipase
level less than three times the ULN measured 2 to 4 hours
post-procedure may be safely discharged after an outpatient
ERCP.

Our study has some limitations. First, the included studies
differed in terms of sample size, study design (prospective vs.
retrospective), inclusion and exclusion criteria. Secondly, the
included studies are far apart in their year of inception, ranging
from 1996 [12] to 2020 [18,28]. Third, the standard definition
used for diagnosing PEP was not uniform across studies, nor
was the time of measurement of lipase and amylase (ranged be-
tween 2 to 6 hours post-ERCP). Finally, some studies used pre-
ERCP prophylaxis measures. In contrast, others did not specify
its usage that may have impacted results. However, the hetero-
geneity analysis did not find this bias. Despite these shortcom-
ings, the results of our study provide data to formulate a simple
algorithm that could guide management decisions and predict
PEP in a timely fashion to minimize morbidity and mortality and
save costs associated with unnecessary routine hospitalization
for post-ERPC observation. However, future multicenter studies
are warranted in this direction as the number of ERCP continues
torise, especially in the outpatient setting. Thus, our study may
also provide strong evidence to design such a multicenter ran-
domized trial.

Conclusions

Serum lipase more than three times ULN measured within 2 to 4
hours of the ERCP provides a reliable estimate of prediction of
PEP in symptomatic patients. These results may be used in rou-
tine clinical practice to stratify high-risk patients for prompt de-
cisions of either discharge or close observation in the outpati-
ent/inpatient settings, especially in the context of proper clini-
cal presentation.
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