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administration on bleeding after gastric
endoscopic submucosal dissection: A systematic
review and meta-analysis
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Abstract
Background and aim: The efficacy of using proton pump inhibitors (PPIs) prior to gastric endoscopic submucosal dissection

(ESD) to reduce gastric bleeding remains controversial. This study aimed to systematically review the literature to evaluate

the efficacy of preoperative PPI use to reduce post-ESD bleeding.

Methods: PubMed, the Cochrane library, and the Igaku-Chuo-Zasshi database were searched to identify randomized trials

eligible for inclusion in the systematic review. Data from four studies (406 patients) were combined to calculate a pooled risk

difference (RD) for developing post-ESD bleeding.

Results: Compared with patients who received no premedication, the pooled RD for post-ESD bleeding in patients who

received preoperavive PPI was –0.027 (95% confidence interval: –0.070–0.017, p¼ 0.228), without significant heterogeneity.

Preoperavive PPI use significantly increased gastric pH (weighted mean difference: 1.289, 95% CI: 0.227–2.352, p¼ 0.0174).

Conclusions: This systematic review and meta-analysis showed that premedication with PPI had no advantage for the

prevention of post-ESD bleeding, despite increasing gastric pH.
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Introduction

Endoscopic submucosal dissection (ESD) was developed
in Japan as an advanced endoscopic resection technique
for early gastric cancer.1,2 Although ESD is considered
safe, bleeding is still a common complication.3,4 A meta-
analysis in 2011 showed that proton pump inhibitors
(PPIs) prevented bleeding due to ESD-induced gastric
ulcers more effectively than histamine H2-receptor antag-
onists.5 However, delayed bleeding occurs in approxi-
mately 5% of patients who undergo gastric ESD.6

PPIs produce a high gastric pH by irreversibly bind-
ing to the proton pumps on gastric parietal cells.7 The
optimal time for the full effect of PPIs is reported to be
several days.8 Several randomized controlled trials
(RCTs) evaluated the efficacy of PPI administration
before ESD. Watanabe et al. reported that preoperative
PPI administration was useful for preventing post-ESD
bleeding.9 However, other studies showed that

premedication did not influence post-ESD bleeding
rates.10–12 We proposed that systematically pooling
data from all published reports might provide a better
understanding of the efficacy of preoperative PPI use
for preventing post-ESD bleeding. Our objective was to
perform a systematic review and meta-analysis of RCTs
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comparing the impact of no premedication versus
preoperative PPI use on post-ESD bleeding.

Methods

Before performing the meta-analysis, we developed a
protocol to detail search strategies, study selection cri-
teria, methods for relevant data extraction, quality
assessment, and statistical analysis.

Search strategy

PubMed, the Cochrane library, and the Igaku-Chuo-
Zasshi database in Japan (from 1950 to December
2014) were used to perform a systematic literature
search. A combination of the following words was
used for the search: (endoscopic submucosal dissection
OR endoscopic mucosal resection) AND (proton pump
inhibitor). Articles published in any language were
included.

Inclusion and exclusion criteria

Studies meeting the following inclusion criteria
were considered eligible: (1) study type: RCT; (2)
population: patients who underwent gastric ESD;
(3) intervention: PPI use from the day before ESD
or earlier; (4) comparator: no PPI before the day of
ESD; (5) outcome: post-ESD bleeding. Duplicate
publications, reviews, and conference abstracts were
excluded.

Outcome measures

The primary outcome of this study was clinical evidence
of bleeding after ESD. Post-ESD bleeding included
hematemesis, melena, reduced hemoglobin count by
more than 2 g/dl, or endoscopically evident bleeding.
The secondary outcome was gastric pH.

Data extraction

Standardized data abstraction sheets were prepared.
Extracted data included study design, study quality,
intervention, and outcomes. All articles were independ-
ently examined for eligibility by two reviewers (TN and
TA). Disagreements were resolved by consulting a third
reviewer (HS). We contacted the corresponding authors
in order to clarify detail of studies.

Assessment of methodological quality

The methodological quality of each study was assessed
using the risk-of-bias tool outlined in the Cochrane
Handbook for Systematic Reviews of Interventions

(version 5.1.0). Two reviewers (TN and HS) reviewed
all studies and assessed six key RCT quality influencers:
sequence generation, allocation concealment, blinding
of participants and outcome assessors, management of
incomplete outcome data, completeness of outcome
reporting, and other potential threats to validity.

Statistical analysis

Data were entered into the StatsDirect statistical pack-
age (StatsDirect Ltd., Cheshire, UK). Separate analyses
were performed for each outcome using a risk
difference (RD) or weighted mean difference (WMD).
We used a random-effect model to calculate summary
RDs and 95% confidence intervals (CIs). We always
used a random-effect model, regardless of the signifi-
cance of the heterogeneity. Heterogeneity between stu-
dies was assessed by Cochran’s Q and I2 tests. Because
of the low power of the Q test, a cut-off value (<0.10)
was used to reject homogeneity, which thereby indi-
cated heterogeneity.13 An I2 score of �50% indicates
more than moderate heterogeneity. Some trials
reported medians as the measure of treatment effect,
with an accompanying interquartile range. For the
purpose of analysis, medians were assumed to be
equivalent to means, and standard deviation (SD) was
estimated from interquartile ranges as follows:
SD¼ interquartile range� 0.74.14,15 In all trials, PPIs
were administered on the day of ESD either before or
immediately after ESD. Therefore, all eligible trials
were grouped into pre- and post-ESD groups and
subgroup analysis was also performed. An analysis of
sensitivity was performed in order to evaluate the sta-
bility of the results. Finally, we used funnel plot
asymmetry to detect any publication bias in the meta-
analysis and Egger’s regression test to measure funnel
plot asymmetry.

Results

Search results

Our database search yielded a total of 332 citations
(Figure 1). After adjusting for duplicates, 251 studies
remained. Of these, 245 studies were removed from
consideration after abstract review based on the exclu-
sion criteria (90 unrelated topics, 70 reviews, 34
case reports, 50 conference abstracts, and one animal
study). The remaining six studies were examined in
detail. Another two studies were then excluded (one
lack of control16 and one case report17). Finally,
four studies were included in the systematic review
and meta-analysis (Clinical trials registration number:
Baeg et al.; NCT00844675, Hikichi et al.;
UMIN000011487). The characteristics of these studies
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are summarized in Table 1. The indication for ESD was
early gastric cancer or adenoma in all four RCTs.

Quality assessment

The risks of bias in the included RCTs are shown in
Table 2. In general, the included RCTs were at low risk
of bias for most of the aspects evaluated. All four RCTs
described the specific methods used for random
sequence generation, and one RCT did not perform
allocation concealment. In three RCTs, blinding of
participants and outcomes assessment were not per-
formed. One RCT did not adequately assess incomplete
outcomes. Avoidance of selective outcome reporting
was found in all four RCTs. All four RCTs were free
of other biases.

Meta-analysis results

When data were pooled, post-ESD bleeding was
reported in nine of 201 patients (4.5%) who received
preoperative PPIs and in 13 of 205 patients (6.3%)
who did not receive premedication (RD –0.027, 95%
CI: –0.070–0.017, p¼ 0.228) (Figure 2, Table 1). There
was no significant heterogeneity among the trial results
(I2¼ 0%, p¼ 0.63). The sensitivity analysis performed
using sequential excluding of one trial at a time did not
alter the results. The Egger test suggested no significant

funnel plot asymmetry (p¼ 0.70), indicating no evi-
dence of substantial publication bias.

Gastric pH was recorded in all four studies. Baeg
et al. reported the mean intragastric pH monitored
for 48 h after ESD,11 while gastric juice was collected
during ESD in the other studies. Since the number of
reports was limited, data obtained using the different
measurement methods were combined in the present
meta-analysis. Compared with no premedication, pre-
operative PPI use significantly increased gastric pH
(WMD: 1.289, 95% CI: 0.227–2.352, p¼ 0.0174,
Figure 3). However, there was significant heterogen-
eity among the trial results (I2¼ 91.3%, p< 0.0001).
Watanabe et al.9 and Ono et al.10 administered PPI
after ESD on the day of the ESD (post-ESD group),
while Baeg et al.11 and Hikichi et al.12 administered
PPI before ESD on the day of the ESD (pre-ESD
group). Subgroup analysis indicated a significantly
higher gastric pH with preoperative PPI use com-
pared with no premedication for both the pre- and
post-ESD groups, and the heterogeneity disappeared
(p¼ 0.43 and p¼ 0.17, respectively). The WMD in the
post-ESD group (2.171, 95% CI: 1.548–2.794,
p< 0.0001) was higher than that in the pre-ESD
group (0.598, 95% CI: 0.182–1.015, p¼ 0.0049).
Sensitivity analysis omitting the study that used
48-hour intragastric pH monitoring did not alter the
findings.

Reports identified from literature search (n=332)

Articles screened on basis of title and abstract

Manuscript review and application of inclusion criteria (n=6)

Excluded (n=326):

Excluded (n=2):

Case report (n=1)

RCTs included in this meta-analysis (n=4)

Non-controlled study (n=1)

Duplicate citations (n=81)

Unrelated topics (n=90)

Reviews (n=70)

Case reports (n=34)

Conference abstracts (n=50)

Animal study (n=1)

Figure 1. Flow of RCTs included in the systematic review.
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Discussion

This systematic review and meta-analysis indicates that
preoperative PPI use significantly increases gastric pH
but confers no advantage for preventing post-ESD
bleeding.

Ozawa et al. reported intragastric pH monitoring in
H. pylori-positive patients treated with H2-receptor
antagonist or PPI. The mean pH was 6.9� 0.3 in
patients treated with PPI, and it was 4.3� 0.7
in patients treated with H2-receptor antagonist.18

In order to control bleeding, PPIs should be adminis-
tered instead of H2-receptor antagonist after ESD.

Platelet aggregation is reduced to less than 50% at a
pH of 6.4 or lower. When the pH falls below 5.4, plate-
let aggregation and plasma coagulation are virtually
abolished. Below pH 4.0, fibrin clots are dissolved.19,20

Therefore, gastric pH must be kept >5.4 to prevent
bleeding.

The mean gastric pH in patients who did not receive
premedication in all four RCTs was relatively high
(5.9� 2.5; 5.1–6.5). This might be because most
patients with gastric neoplasms have atrophic gastritis.
As corpus atrophy results in a reduced number of acid-
producing parietal cells, the stomach becomes
hypochlorhydric. The reduced number of parietal cells

Table 1. Characteristics of studies included in the systematic review

Author

Year Country Premedication

PPI

administration

of ESD day

Follow-up

endoscopy

Patients

number

Age

�SD

Gender

M/F

Post-ESD

bleeding (%)

Gastric pH

measurement

Mean pH

�SD

Watanabe Japan LPZ 30 mg o.d. 7

days before ESD

Oral LPZ 30 mg day 7, 56 51 72.5� 9.1 37/14 0 (0%) Collecting

gastric juice

7.5� 0.7

2006 No treatment Oral LPZ 30 mg

after ESD

47 70.1� 8.0 37/10 3 (6.4%) during ESD 5.1� 1.4

Ono Japan OPZ 20 mg o.d. 1

day before ESD

iv OPZ 20 mg

before

and after ESD

day 1, 7, 28 81 70.5� 8.3 51/30 6 (7.4%) Collecting

gastric juice

7.3� 0.6

2009 No treatment iv OPZ 20 mg

after ESD

74 70.2� 9.1 60/14 6 (8.1%) during ESD 5.6� 3.7

Baeg Korea RPZ 20 mg b.i.d. 5

days before ESD

iv PPZ 40 mg 2h

before ESD

day 1, 30 45 59� 8.9 24/21 3 (6.7%) 48-h pH

monitoring

6.7� 1.7

2014 Placebo iv PPZ 40 mg 2h

before ESD

53 58� 10 42/11 3 (5.7%) after ESD 6.5� 1.3

Hikichi Japan RPZ 20 mg o.d. 3

days before ESD

oral RPZ 20 mg day 7, 56 24 73.3� 7.8 18/6 0 (0%) Collecting

gastric juice

7.2� 0.6

2014 No treatment oral RPZ 20 mg

7-8 h before ESD

31 70.4� 9.0 21/10 1 (3.2%) during ESD 6.5� 1.1

ESD: endoscopic submucosal dissection; PPI: proton pump inhibitor, LPZ: lansoprazole, OPZ: omeprazole, PPZ: pantprazole, RPZ: rabeprazole;

iv: intravenous.

Follow-up endoscopy: the days after the ESD.

Table 2. Evaluation of bias of RCTs included in the systematic review

First

Random

sequence Allocation

Blinding of

participants

Blinding of

outcome

Adequate

assessment

Selective

reporting No other

author generation concealment and personnel assessment of incomplete outcome avoided bias

Watanabe Yes Yes No No Yes Yes Yes

Ono Yes Yes No No Yes Yes Yes

Baeg Yes Yes Yes Yes Yes Yes Yes

Hikichi Yes No No No No Yes Yes

Yes: Low risk of bias.

No: High risk of bias.

Unclear: Unclear risk of bias.
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would require a lower PPI dose in order to be fully
inhibited, resulting in no clinically significant difference
in post-ESD bleeding rates between preoperavive PPI
use and no premedication.

This systematic review has several limitations that
should be taken into account. Most study participants
were Japanese and Korean, so the results may not be
generalizable to other races. Although the outcome par-
ameter is rather objective (hematemesis, melena, etc),
the risk of bias imposed by lacking blinding in three
RCTs must be considered. The different time of
follow-up endoscopy in the four RCTs may be con-
sidered as a source of heterogeneity. Due to the limited
number of eligible studies, this study may be statistic-
ally underpowered. Patients who took antiplatelet or
antithrombotic drugs perioperatively were excluded

from three RCTs, and antiplatelet medication was
stopped from 7 days before ESD to 7 days after ESD
in one RCT. Three RCTs excluded patients with a high
risk of bleeding, such as those who had chronic renal
failure or liver cirrhosis. In patients with a high risk of
bleeding, intensive acid inhibition by preoperative PPI
use might be effective. Further studies with large num-
bers of patients are warranted to clarify the efficacy of
PPI administration before ESD.

In conclusion, premedication with PPI had no
advantage for the prevention of post-ESD bleeding,
despite increasing gastric pH.
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Description Premedication Control

(random effects, 95% CI)

Risk difference

(95% CI)

Risk difference meta-analysis plot

Number of event/total

Watanabe 2006 0/51 3/47

Ono 2009 6/81 6/74

Baeg 2014 3/45 3/53

Hikichi 2014 0/24 1/31

Total

Test for heterogeneity: x2=1.74, df=3, p=0.63

9/201 13/205

–0.2 0.2–0.1 0

–0.064 (–0.172, 0.009)

–0.007 (–0.102, 0.084)

0.010 (–0.098, 0.130)

–0.032 (–0.164, 0.110)

–0.027 (–0.070, 0.017)

0.1

I 2=0%

Figure 2. Forest plot displaying the risk difference and 95% CIs of each study for post-ESD bleeding.

Premedication, preoperavive PPI use; Control, no premedication

Author

Watanabe

Ono

Baeg

Hikichi

Total

Heterogeneity: x2=34.6, df=3, p<0.0001, I 2=91.3%

172 168

–1 0 1
DL pooled weighted mean difference = 1.289426

(95% CI= 0.226995 to 2.351858)

2 3

Post-ESD 51 7.5 (0.73)

81 7.28 (0.75)

16 6.67 (1.72)

24 7.2 (0.58)

47 5.1 (1.39)

74 5.55 (3.74)

16 6.45 (1.25)

31 6.53 (1.11)

Post-ESD

Pre-ESD

Pre-ESD

PPI administration
on ESD day

Premedication
N  Mean (SD)

Control
N  Mean (SD)

Weighted mean difference
(random effects, 95% confidence interval)

Figure 3. Forest plot displaying the weighted mean difference and 95% CIs of each study for gastric pH.

Premedication, preoperavive PPI use; Control, no premedication; Post-ESD, PPI administration on ESD day was post-operative; Pre-ESD,

PPI administration on ESD day was preoperative.
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