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Background: Radical dissection of lymph nodes, accompanying gastric cancer resection, can lead to
collateral damage to the pancreas and development of postoperative pancreatic fistula (POPF).
Methods: We searched the Cochrane Library, MEDLINE, Embase, and Web of Science up to April 21, 2020,
to identify studies documenting the value of abdominal drain amylase level (d-AMY) on postoperative
day 1 (POD1) as a predictor of POPF after gastric surgery. The quality of selected studies was assessed
using the QUADAS-2 tool. The diagnostic value of d-AMY on POD1 for prediction of POPF was first
assessed by calculation of pooled estimates of sensitivity, specificity, likelihood ratios (LR), and the
diagnostic odds ratio (DOR). Secondly, the accuracy was further demonstrated graphically with the hi-
erarchical summary receiver operating curve (hSROC). PROSPERO registration number:
CRD42020181145.
Results: DOR of nine studies (cases n ¼ 1856) observing the occurrence of POPF after measurement of d-
AMY on POD1 was 18.7 (95%CI: 10.0, 34.8), and the area under hSROC was 0.88 ± 0.02. The pooled
sensitivity was 0.74 (95%CI: 0.66, 0.81) and specificity 0.84 (95%CI: 0.82, 0.86). The negative LR was at the
lowest point of 0.16 (95%CI: 0.07, 0.37) at the cutoff value for d-AMY of 941 IU/L, while the positive LR
ranged from 4.4 (cutoff 2119 IU/L) to 6.2 (cutoff 5000 IU/L).
Conclusion: d-AMYon POD1 can be used as an accurate and non-invasive predictor of POPF in the earliest
stage of postoperative course following gastric cancer resection; value � 941 IU/L warrants early drain
removal and low probability of POPF (any grade).
© 2020 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
Introduction

Every year there are nearly 1 million new gastric cancer cases
worldwide, making it the third leading cause of cancer-related
deaths worldwide [1]. Surgical resection remains the mainstay of
curative therapy. Because of the strong tendency of gastric cancer to
lymph node invasion, lymphadenectomy is a crucial part of surgical
procedure, and the amount of dissected lymph nodes affects sur-
vival outcomes [2]. Therefore, D2 pancreas and spleen-preserving
iversity Hospital Split, Spin-

ot).

on for Cancer Surgery, and the Eu

c, M. Cavar et al., Predictive v
review and meta-analysis
lymphadenectomy should be standard for optimal staging and
treatment [3].

However, one group of lymph nodes is in direct contact with the
pancreas, and dissection in that area can lead to postoperative
complications such as pancreatitis, peripancreatic abscess, and
postoperative pancreatic fistula (POPF) as one of the most frequent
complications after gastrectomy [4,5]. Yu et al. reported a POPF rate
of 3.3% after gastric cancer resection and lymphadenectomy (1.5%
in laparoscopic versus 6.9% in open surgery) [6]. Early recognition
of POPF is essential for its management as it leads to the prevention
of possible life-threatening sequelae such as bleeding and sepsis
[7].

Abdominal drainage has been traditionally used following
ropean Society of Surgical Oncology. All rights reserved.
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gastrectomy. Cochrane review by Wang et al., which summarized
evidence available up to November 2014, did not support routine
drain use after gastrectomy for gastric cancer [8]. Still, the pro-
cedure had remained a regular surgical practice.

One significant advantage of abdominal drainage following
gastrectomy is measuring the concentration of amylase in drainage
fluid as a potential predictive risk factor for pancreatic leakage
[9e11]. The earlier suspicion of a pancreatic leak leads to earlier
diagnosis and earlier intervention before clinical worsening. At the
same time, the absence of amylase in drain fluids should enable
earlier removal of abdominal drains.

The aim of this systematic review was to conduct a compre-
hensive summary of randomized and non-randomized studies
about the predictive value of abdominal drain amylase for the
development of POPF following gastric resections for cancer
treatment.

Material and methods

Protocol and registration

The study was registered at the International Prospective Reg-
ister of Systematic Reviews database (PROSPERO) on April 20, 2020
(registration number: CRD42020181145), and it is structured in
adherence to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement [12,13] (Supplementary
file 1).

Literature search

A comprehensive search of the literature was performed in
Cochrane Library, MEDLINE, Embase, andWeb of Science to identify
relevant articles published in any language up to April 21, 2020.
Records were exported to EndNote software library (EndNote X5,
Clarivate Analytics, New York, NY, USA). Duplicates were removed
via EndNote software and then manually if required. After identi-
fying eligible articles based on database search, references and ci-
tations of included articles were analyzed. Those references and
citations were retrieved via Web of Science. Search strategies used
for each database are reported in Supplementary file 2.

Studies selection

Three authors (OB, MB, MC) identified the studies which were to
be included in this systematic review by its eligibility. Each
bibliographic record (titles and abstracts) retrieved from all data-
bases was screened by two authors independently. Three authors
independently examined full texts of potentially eligible studies. All
disagreements were resolved by discussion, and a fourth author
(GP) resolved all discrepancies present after discussion. Citations
and references from included studies were screened and examined
in the same manner. All excluded studies are reported in
Supplementary file 3 with reasons for exclusion.

Inclusion and exclusion criteria

The inclusion criteria were: studies published in a scholarly
journal of any type of observational or randomized study design;
patients with the diagnosis of gastric cancer who have undergone
any kind of gastric resection with inserted drain; studies testing d-
AMY on POD1 as a prediction of postoperative pancreatic fistula
after gastric surgery; studies with enough data to construct a 2 � 2
contingency table. Both open and laparoscopic procedures were
included as well as robotic ones.

The exclusion criteria were studies that enrolled patients with a
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primary diagnosis other than gastric pathology; studies with
insufficient data (abstracts, letters, editorials, reviews, case reports,
etc.).

Data collection and management

Data were extracted from included studies by three indepen-
dent authors (OB, MB, MC) using a data collection form designed
specifically for this review. Three studies were selected randomly to
pilot the electronic data extraction sheet. These three authors
extracted the final data independently. Differences in extraction
were resolved by the involvement of a fourth author (GP) when
necessary.

The following datawere extracted: name of the first author, year
of publication, period of patient inclusion, number of centers,
country where the study was conducted, study design, number of
participants, age of participants, body mass index (BMI) of partic-
ipants, number of men/women participants, total number of
retrieved lymph nodes, operating time, type of surgical procedure,
blood loss and amount of transfused blood, drainage volume, drain
related data (e.g. color of the fluid, number of drains, etc.), post-
operative co-interventions (e.g. feeding tube insertion, etc.), other
postoperative measurements [e.g. C-reactive protein (CRP), bili-
rubin, etc.], drain amylase levels (d-AMY), postoperative compli-
cations (e.g. anastomotic leak, intra-abdominal abscess,
pneumonia, etc.), TNM stage, preexisting conditions considered to
impact surgical outcome (e.g. neoadjuvant therapy for gastric
cancer, previous surgical procedure, etc.). MS Excel software
(Microsoft Inc., Redmond, WA, USA) was used to extract data.

Index tests

d-AMY on POD1 - Drain fluid amylase activity on postoperative
day 1.

Reference standards

POPF was defined by the International Study Group on Pancreatic
Fistula (ISGPF) [14]. If the POPF [7] was classified according to ISGPS
[15], NCI-CTAE4.0 [16], or Clavien-Dindo [17], strict rules were used
to reclassify POPF ISGPF criteria (details in Supplementary file 4).

Assessment of methodological quality

The quality of selected studies was assessed independently by
two authors (OB, MB) using the Quality Assessment of Diagnostic
Accuracy Studies 2 (QUADAS-2) tool, assessing the risk of bias (RoB)
and applicability concerns [18]. All discrepancies between the two
authors were resolved in the consensus phase via discussion until
consensus was reached (details in Supplementary file 5).

Data synthesis and statistical analysis

Measures of diagnostic accuracy, including cutoff values of d-
AMY on POD1 with corresponding sensitivity, specificity, and
occurrence of clinically relevant POPF or 2 � 2 contingency tables,
were recorded into a predesigned table.

Bivariate analysis for the diagnostic value of d-AMYon POD1 for
POPF was performed [19]. First, a calculation of pooled estimates of
sensitivity, specificity, likelihood ratios, and the diagnostic odds
ratio was done. Pooling was performed using the Der Simonian-
Laird method (random effects model) with a corresponding 95%
confidence interval (95% CI) following graphic representation with
forest plots to show the point estimates in each study in relation to
the summary pooled estimate. The graphical presentation
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demonstrated the accuracy of d-AMY on POD1 for POPF e the hi-
erarchical summary receiver operating curve (hSROC) and the area
under the hSROC (AUhSROC) [20]. In the second part, summary
estimates for sensitivity, specificity, andDOR of d-AMY on POD1 for
POPF were presented as well as likelihood ratios. Heterogeneity
was evaluated by Cochran Q-test (c2 value) and the inconsistency
index I2 [21]. The presence of a threshold effect was detected by
analyzing the correlation (Spearman’s r) between sensitivity and
specificity.

A sensitivity or subgroup analysis was performed for every
included study to determine its impact on pooled analysis. Meta-
regression was performed for suspected co-variates (POPF preva-
lence in the study, combined organ resection, surgical approach,
lymph node dissection extension, blood loss, cutoff value of d-AMY
on POD1, age, sex, BMI, operative time, and QUADAS-2 assessment)
[22]. The publication bias was assessed by Deeks’ funnel plot
asymmetry test [23]. Software used for calculations and graphics:
Meta-Disc version 1.4 (Unit of Clinical Biostatistics, Ramon y Cajal
Hospital, Madrid, Spain) and STATA®/MP 14.0 statistical software
(Stata Corp LP, College Station, TX, USA) [24e28].

Results

Study identification

The search strategy retrieved 1164 bibliographic records. One
additional record was identified by manual search through a
reference list of included studies. After removing duplicates, 844
records remained; 808 records were eliminated by abstract and
title screening. After screening 34 studies in full-text, 13 studies
fulfilled all inclusion criteria (Supplementary file 1). Thirty-one
records were excluded for reasons described in Supplementary
file 2. In an attempt to obtain missing data, e-mails were sent to
18 corresponding authors, of which only two responded [29,30].

Characteristics of included studies

Included studies were published between 1997 and 2019. The
number of included participants ranged from 52 to 801. Three
studies were conducted prospectively, while the remaining ten
were retrospective. Twelve studies were conducted in Japan, and
one in Italy (Table 1). Contingency tables from 13 studies were
reconstructed containing 3252 observed cases of d-AMY mea-
surements on POD1 vs. development of any grade POPF (Table 1).
Seven studies included cases with combined organ resections
(pancreas tail resections in particular). Nine studies with the
analogy to ISGPF grade B/CPOPF were the basis of the primary
analysis of diagnostic test accuracy. The pooled prevalence of POPF
of any grade in all of 13 included studies was 8.41% (95% CI: 5.19,
12.28), ranging up to 21%.

Methodological quality of included studies

Detailed results of the quality assessment with QUADAS-2 are
shown in Supplementary file 5, with a figure summarizing risk of
bias and applicability concerns, and detailed tables for each
included study.

In the patient selection domain (primarily considering the
exclusion of patients with combined organ resection), three studies
had high RoB with high applicability concern. Five studies had
unclear RoB: three of them had low concerns regarding the appli-
cability, and for two the applicability was unclear.

In the index test domain, RoB was judged high risk in eight
studies due to selecting the test threshold to optimize sensitivity
and/or specificity, while RoB was unclear in five studies.
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Applicability was of low concern in all the included studies.
RoB was judged as unclear for all studies considering reference

standard domain, but with low concerns about its applicability. In
the flow and timing domain, RoB was judged as low for all studies.

Accuracy of drain amylase activity as a predictor of POPF

The diagnostic odds ratio (DOR) of nine studies (cases n ¼ 1856)
observing the occurrence of POPF after early measurement (POD1)
of amylase activity in drainage fluid was 18.7 (95% CI: 10.1, 34.7) as
shown in Fig. 1. Analysis of diagnostic threshold did not show sig-
nificant effect (Spearman r ¼ 0.383, p ¼ 0.308). The hierarchical
summary receiver operating (hSROC) curve is shown in Fig. 2,
yielding another favorable singular index of accuracy e the area
under the hSROC curve (AUhSROC) of 0.88 ± 0.02.

Bivariate approach demonstrated pooled sensitivity of 0.74 (95%
CI: 0.66, 0.81) and specificity of 0.84 (95% CI: 0.82, 0.86). Positive LR
was 4.9 (95% CI: 3.4, 6.9) while negative LR was 0.29 (95% CI: 0.17,
0.50).

Different cutoff strategy and analysis

Nine different cutoff values for d-AMYon POD1 (reported by the
authors of the original articles) were used in the 13 included
studies. Such a wide range of cutoff values (720e5000) is chal-
lenging to interpret, so the studies were grouped by narrower
cutoff intervals (Table 2). The highest sensitivity was observed in
tests where the cutoff value was the lowest. The negative LR was at
its lowest point of 0.16 (95% CI: 0.07, 0.37) for the same, the lowest
weighted cutoff value for d-AMY on POD1 of 941 IU/L (Fig. 3). This
indicator multiplied by the pooled prevalence of POPF in our
studies of 8.41%, yields the negative predictive value of 1.33% of
POPF occurring in cases where d-AMY on POD1 is below 941 IU/L.

The positive LR was higher in groups of studies where the d-
AMY cutoff on POD1 was set higher. Positive LR ranged from 4.4
(cutoff 2119 IU/L) to 6.2 (cutoff 5000 IU/L). Positive LR multiplied by
POPF prevalence yielded the positive predictive value of 37% up to
52% chance of developing POPF in cases where d-AMY on POD1 is
over the respective cutoff.

Meta-regression

Univariate meta-regression revealed that the prevalence of
POPF in the included studies was the co-variate significantly
lowering the diagnostic performance of d-AMY on POD1. For every
1% increase in POPF prevalence, the DOR is reduced by 10.3%
(Table 3). Also, better patient selection applicability and RoB
judgment (meaning inclusion of patients with distal pancreatec-
tomy) significantly increased the diagnostic performance of d-AMY
on POD1 for overall POPF occurrence (Table 3).

Heterogeneity and sensitivity analysis

Heterogeneity was tested for every pooled index analysis
(Supplementary file 6 and 7). c2 test did not detect significant
heterogeneity for DOR of overall test for ISGPF grade B/C POPF
(p ¼ 0.14). However, there was a moderate inconsistency between
the studies I2 ¼ 35% (Supplementary file 7). Inconsistency in this
observation was explained when the two studies with high RoB
judgment about patient selection were excluded (c2 ¼ 3.70;
d.f.¼ 6; p¼ 0.717; I2¼ 0) [31,32]. When two high-risk studies were
excluded, the AUhSROC was 0.92 ± 0.02.

Excluding one-by-one study in the analysis did not show a
change in the direction of the effect (Supplementary file 8). Sig-
nificant heterogeneity was found when observing specificity,



Table 1
Characteristics of included studies.

Study
Author -
year

Country -
centers

Setting Study
interval

Analyzed/
Eligible cases

Sex
F/M

Age
(y)

BMI POPF grade
by ISGPF

POPF
occurrence
N (%)

Approach open/
laparoscopic/robotic

Combined resection:
total/spleen/pancreas tail

Lymph node
dissection < D2/
�D2

Blood
loss
(mL)

Op.
time
(min)

Drainage
type*

QUADAS2
Patient
selection
RoB/
applicability
concerns

De Sol
2015

Italy - 1 Prospective Jan 2009
eApr 2013

52/52 25/
28

72.3 e � A 4 (7.7%) 52/0/0 10/9/1 0/52 e e 1 unclear/low

Hiura
2012y

Japan - 1 Retrospective Jan 2008
eDec 2009

64/64 13/
51

64.7 22.3 � B 3 (4.7%) 0/64/0 �/�/- 58/6 100 210 1 unclear/
unclear

Iwata 2010 Japan - 1 Retrospective Jan 2002
eDec 2008

354/372 97/
275

63.0 21.8 � B 18 (5.1%) 206/166/0 66/58/8 330/372 405 246 �1 low/low

Kamiya
2018

Japan - 1 Retrospective Jan 2014
eDec 2015

801/801 294/
507

66.0 22.8 � C 51 (6.4%) 269/532/0 �/�/0 e 70 295 �1 high/high

Kanda
2016

Japan - 1 Retrospective Jan 2002
eMay 2015

146/264 68/
196

64.0 22.9 � B 16 (11.0%) 0/146/0 �/�/- 159/105 167 233 �1 unclear/
unclear

Kobayashi
2015

Japan - 1 Retrospective Jan 2002
eDec 2010

448/448 110/
338

64.0 21.6 � C 32 (7.1%) 241/207/0 79/8/1 189/259 270 237 �1 low/low

Migita
2014

Japan - 1 Prospective Jan 2012
eJun 2013

120/120 44/
76

65.3 22.7 � B 7 (5.8%) 55/65/0 30/�/� 67/53 246 327 0 low/low

Miki 2011 Japan - 1 Retrospective Jan 2007
eDec 2009

104/104 28/
76

65.8 21.7 � B 22 (21.2%) 104/0/0 �/�/0 0/104 548 239 1 high/high

Sano 1997 Japan - 1 Retrospective Jan 1995
eDec 1995

95/102 30/
72

59.6 e � A 13 (13.7%) 102/0/0 94/79/15 20/82 690 273 1 unclear/low

Tanaka
2009

Japan - 1 Retrospective Feb 2001
eApr 2007

191/191 59/
132

63.0 22.7 � B 31 (16.2%) 191/0/0 �/�/0 e 702 273 1 high/high

Taniguchi
2017

Japan - 1 Retrospective Jan 2009
eDec 2014

591/591 177/
414

67.0 22.0 � B 23 (3.9%) 193/398/0 35/35/0 375/216 e 228 1 low/low

Tomimaru
2011

Japan - 1 Retrospective Jan 1999
eDec 2004

173/173 53/
120

62.5 e � B 16 (9.2%) 173/0/0 77/65/17 47/126 e e 1 unclear/low

Okabe
2019

Japan - 2 Prospective Jan 2012
eDec 2017

113/115 40/
75

68.0 22.4 � B 6 (5.3%) 0/0/115 2/1/1 52/63 15 372 �1 low/low

* 1 ¼ passive drainage,�1 active (vacuum) drainage, 0¼ combined; y Only control group observed; ISGPF¼ International Study Group on Pancreatic Fistula; POPF ¼ postoperative pancreatic fistula; QUADAS2¼ revised tool for
the QUality Assessment of Diagnostic Accuracy Studies; RoB ¼ risk of bias;- (minus sign) stands for not reported.
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Fig. 1. Forest plot of diagnostic odds ratios (DOR) of included studies predicting the occurrence of postoperative pancreatic fistula (POPF) of grade B/C according to the International
Study Group of Pancreatic Fistula (IGSPF).

Fig. 2. Hierarchical summary receiver operating (hSROC) curve evaluating the accuracy of amylase activity in the drain on postoperative day 1 predicting the occurrence of
postoperative pancreatic fistula (POPF) of grade B/C according to the International Study Group of Pancreatic Fistula (IGSPF).
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regardless of cutoff grouping (Supplementary file 6). Observations
of specificity and negative LR were homogenous and consistent for
groups of studies with low cutoffs (d-AMY on POD1 < 2104 IU/L).
Publication bias

Funnel plots for d-AMY on POD1 of all included studies, studies
with the highest DOR, and studies with lowest cutoff values of d-
5

AMY on POD1 were all symmetrical, indicating no evidence of
publication bias (Supplementary file 9). Formally, the P-values for
the slope coefficients of the regression lines were 0.411, 0.880, and
0.955, respectively.
Discussion

The most important finding of this study is the level of



Table 2
Summary of pooled diagnostic indices according to different cutoffs of amylase activity in the drain on postoperative day 1.

Pooled cutoff d-AMY on POD1 (range)* Number of studies (cases) Sensitivity (95% CI) Specificity (95% CI) PLR (95% CI) NLR (95% CI) DOR (95% CI) AUhSROC

941 (720e1000) 6 (957) 0.92 (0.83, 0.98) 0.63 (0.59, 0.66) 2.6 (1.7, 3.9) 0.16 (0.07, 0.37) 17.5 (6.8, 44.9) 0.92 ± 0.04
2119 (2000e2218) 6 (1682) 0.78 (0.70, 0.85) 0.82 (0.80, 0.84) 4.4 (2.8, 7.1) 0.29 (0.21, 0.41) 17.8 (10.2, 31.0) 0.87 ± 0.02
3132 (2900e3398) 4 (981) 0.79 (0.67, 0.88) 0.88 (0.86, 0.90) 5.9 (3.1, 11.3) 0.30 (0.16, 0.54) 25.5 (7.8, 83.2) 0.91 ± 0.05
4017 (4000e4078) 6 (643) 0.74 (0.60, 0.84) 0.87 (0.84, 0.89) 5.2 (3.5, 7.7) 0.41 (0.25, 0.66) 17.2 (7.4, 40.0) 0.88 ± 0.05
5000 (5000) 3 (477) 0.64 (0.49, 0.76) 0.89 (0.86, 0.92) 6.2 (3.7, 10.4) 0.41 (0.15, 1.09) 29.1 (4.8, 175.8) 0.94 ± 0.06

* Weighted pooling according to the inverse variance of negative likelihood ratio.
Acronyms: AUhSROC ¼ Area Under hierarchical Summary Receiver Operating characteristic Curve; CI ¼ confidence interval; d-AMY ¼ amylase activity in the drain;
DOR ¼ diagnostic odds ratio; NLR ¼ negative likelihood ratio; PLR ¼ positive likelihood ratio; POD1 ¼ postoperative day 1.

Fig. 3. Forest plot of the negative likelihood ratio (LR) of studies with pooled cutoff of 941 IU/L for amylase activity in the drain on postoperative day 1.
The numbers in parentheses are actual cutoff values (IU/L) of amylase activity in the drain on postoperative day 1 in observed studies.
(A e amylase activity in the drain on postoperative day 1 (d-AMYon POD1) for overall postoperative pancreatic fistula (POPF) in all observed studies, B e d-AMYon POD1 for POPF of
grade B/C according to the International Study Group of Pancreatic Fistula (IGSPF), C e d-AMY on POD1 for the lowest cutoff for overall POPF).

Table 3
Univariate meta-regression analysis.

Studies Coefficient change RDOR per unit increase RDOR p - value

POPF prevalence in study 9 �0.103 per 1% 0.90 0.024
Number of patients analyzed 9 0.028 per 10 patients 1.03 0.055
Combined resection 6 �0.023 per 1% 0.98 0.088
Splenectomy 5 �0.029 per 1% 0.97 0.092
Approach 8 0.112 per 10% lap 1.11 0.110
Lymph node dissection � D2 8 �0.080 per 5% 0.92 0.146
Blood loss 7 �0.019 per 10 mL 0.98 0.157
Pancreas tail resection 6 0.253 per 1% 1.29 0.210
Drainage type (suction, passive, both) 9 N/C N/C N/C 0.389
Study duration (months) 9 0.040 per 6 months 1.04 0.416
Cutoff 9 �0.044 per 250 IU/L 0.96 0.473
Age 9 0.093 per year 1.09 0.637
Sex 9 0.024 per 1% female 1.02 0.794
BMI 9 �0.159 per 1 kg/m2 0.84 0.842
Operative time 8 0.009 per 10 min 1.01 0.918

QUADAS-2 applicability: Patient selection 9 0.793 per lower risk category 2.21 0.018
QUADAS-2 RoB: Patient selection 9 0.754 per lower risk category 2.12 0.025
QUADAS-2 RoB: Index test 9 1.026 per lower risk category 2.79 0.278

*Studies included in univariate meta-regression.
Acronyms: RDOR ¼ relative diagnostic odds ratio; POPF ¼ postoperative pancreatic fistula; N/C e not a continuous variable; BMI e body mass index; QUADAS2 ¼ revised tool
for the QUality Assessment of Diagnostic Accuracy Studies; RoB e risk of bias.
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abdominal drain amylase on the first postoperative day can be used
as a predictor of clinically relevant POPF in the earliest stage of
postoperative course after oncological gastric resections. This was
the first evidence synthesis about the accuracy of this diagnostic
test, proving it to be highly accurate. When the cutoff for d-AMY is
set at 941 IU/L, this simple measurement becomes a triage test on
the first postoperative day. Abdominal drain amylase levels �941
IU/L are associated with a low probability (<2%) of developing any
grade POPF; such levels support the decision of early drain removal,
6

as proposed in contemporary surgical practice to avoid ascending
infection [8,33].

A positive test at low cutoff d-AMY on POD1 (abdominal drain
amylase levels above 941 IU/L) yields a slight increase in the
probability of POPF, mandating not to remove the drain and further
testing on POD3, as it was the previous routine. However, if the
cutoffs were set higher, to 2000 IU/L or 5000 IU/L, the probability of
clinically relevant POPF (ISGPS grade B/C) reached a third or a half
of the cases, respectively. Nevertheless, these cutoff values were
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burdened by substantial statistical heterogeneity.
We aimed to include studies where patients underwent gastric

cancer resection with lymphadenectomy. The lymphadenectomy is
the cause for the development of pancreatic fistula due to the
manipulation of pancreatic tissue. Due to the need to dissect group
10 lymph nodes, splenectomy is often required for proper cancer
treatment. The involvement of group 11 and even group 18 lymph
nodes on the inferior margin of the pancreas unavoidably leads to
distal pancreatectomy. Although a precise surgical plan can be
made according to preoperative imaging, combined organ resec-
tion cannot be avoided in many cases due to the necessity of radical
treatment and decision is made in the operating theatre. Therefore,
we found combined organ resection a standard part of radical
treatment and decided not to exclude these studies, despite the
protocol we established prior to data extraction to avoid substantial
data loss. This had an impact on quality assessment of the included
studies labeling the studies excluding patients with combined or-
gan resections with high-risk RoB and the ones with selecting
lower TNM stage patients with unclear risk (since no combined
organ resection was eventually performed). In fact, in our sensi-
tivity analysis, all the heterogeneity for DOR of d-AMY on POD1 for
developing ISGPF grade B/C POPF was explained when two high-
risk studies were excluded. In this stage, the test was even more
accurate, with the AUhSROC being 0.92.
Strengths and limitations of this study

Meta-regression indicated that the prevalence of POPF in the
studies had a significant impact on test accuracy. The prevalence of
POPF happened to be the only co-variate except for the quality of
the included studies to impact DOR. Higher POPF prevalence in
studies significantly reduced DOR (accuracy). Furthermore, it was
already mentioned that quality assessment indicated that studies
with the exclusion of patients with combined resection were
assessed with high RoB. These high RoB studies logically had lower
POPF prevalence (due to lack of direct pancreas tissue damage). The
POPF prevalence should be considered when posttest probability is
calculated.

The surgical approach seems to raise the diagnostic accuracy of
d-AMY on POD1 by 11% when the proportion of the laparoscopic
resections rise by 10%. However, in meta-regression, the impact of
this co-variate did not reach statistical significance (p ¼ 0.110). It
does not mean the laparoscopic approach for oncologic gastric re-
sections is better, but only the consistency of its reporting.

We excluded four studies inwhich drain amylase was measured
on POD2 [34,35] and POD3 [36,37]. It could be argued that the sub-
analysis of those studies would be useful to provide a better view of
this topic. However, such sub-analyses were not feasible. In both
studies with POD2 measurement, there were insufficient data to
construct a 2 � 2 contingency table. Furthermore, POD3 measure-
ment reflects the reference standardwe established in the protocol;
thus, it is not the focus of this study to compare d-AMY on POD1
and POD3.

One of the strengths of this studywas a two-fold approachwhen
testing the accuracy of d-AMY on POD1 as a predictor of POPF: the
bivariate model of overall accuracy for detecting clinically relevant
POPF (ISGPF grade B/C) and the narrow-interval cutoff analysis. For
the bivariate model, we chose the occurrence of grade B/C POPF by
ISGPF since it significantly changes the postoperative treatment
course, thus establishing an early warning test of the upcoming
complications. Since the original studies used various d-AMY cut-
offs, the optimal cutoff value was not the primary aim of any of the
primary studies. Some did not even search for it, and cutoffs in
narrow intervals were analyzed.
7

Conclusion

The amylase activity in the drain fluid on the POD1 can be used
as an accurate and non-invasive predictor of POPF in the earliest
stage of the postoperative course following gastric cancer resection.
The value of d-AMY on POD1 � 941 IU/L warrants early drain
removal and a low probability of POPF (of any grade). In contrast,
2000 IU/L and 5000 IU/L values are predictive of imminent POPF in
a third or a half patients, respectively.
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