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Abstract

AIM: To evaluate the efficacy of high-dose proton
pump inhibitors (PPIs) vs low-dose PPIs for patients
with upper gastrointestinal bleeding.

METHODS: PubMed, Embase, the Cochrane Library,
and Web of Science were searched to identify relevant
randomized controlled trials (RCTs). Eligible trials were
RCTs that compared high-dose PPI with low-dose
PPI following endoscopic hemostasis. The primary
endpoint was rebleeding; secondary endpoints were
patient numbers that needed surgery, and mortality.
The meta-analysis was performed with a fixed effects
model or random effects model.

RESULTS: Nine eligible RCTs including 1342 patients
were retrieved. The results showed that high-dose
intravenous PPI was not superior to low-dose intra-
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venous PPI in reducing rebleeding [odds ratio (OR) =
1.091, 95% confidential interval (CI): 0.777-1.532],
need for surgery (OR = 1.522, 95% CI: 0.643-3.605)
and mortality (OR = 1.022, 95% CI: 0.476-2.196).
Subgroup analysis according to different region re-
vealed no difference in rebleeding rate between Asian
patients (OR = 0.831, 95% CI, 0.467-1.480) and Euro-
pean patients (OR = 1.263, 95% CI: 0.827-1.929).

CONCLUSION: Low-dose intravenous PPI can achieve
the same efficacy as high-dose PPI following endo-
scopic hemostasis.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Acute upper gastrointestinal bleeding is a prevalent and
clinically significant condition. The core management
of these patients consists of resuscitation and endoscopic
therapy, but rebleeding still occurs after initial control of
the bleeding”. Currently, the combination of endoscopic
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hemostasis and administration of proton pump inhibitors
(PPIs) is the standard management, and two authoritative
consensus guidelines have recommended the use of a
high-dose PPI regimen (80 mg stat followed by an infu-
sion of 8 mg/h for 72 h) following endoscopic hemo-
stasis for high-risk peptic ulcer bleeding lesions™. The
possible biological benefit of this high-dose regimen is
to promote clot stability by sustaining the intragastric pH
above 6. However, when high-dose PPI is compared
with a low-dose PPI regimen after primary endocopic
hemostasis is achieved, some clinical trials! " reported
no differences in rebleeding rate and the need for surgery
between the high- and low-dose regimens.

This meta-analysis aims to analyze trials of low-
dose »s high-dose PPI after endoscopic hemostasis, and
to determine whether low-dose PPI administration can
produce the same effect as high-dose after endoscopic
hemostasis. This study was performed according to the
QUOROM (Quality of Reporting Of Meta-analysis)
statement, and the QUOROM statement checklists were

11
all answered as “Yes™!''.

MATERIALS AND METHODS

Literature search

A comprehensive literature search was performed to
identify all randomized controlled trials (RCTs). Trials
were identified by systematically searching the electronic
databases PubMed, EMBASE, the Cochrane Library, and
Web of Science in any language. The search was con-
ducted using the following key words: omeprazole, lan-
soprazole, esomeprazole, pantoprazole, dexlansoprazole,
rabeprazole, PPI, and bleeding, The last search was done
in September 2009. In addition, an extensive manual
search was also performed by using references from each
retrieved study or review article.

Study selection

Trials were included using the following criteria: (1) RCT;
(2) comparing high-dose with low-dose PPI following
endoscopic hemostasis for acute upper non-variceal
gastrointestinal bleeding; and (3) availability of adequate
data (persistent or recurrent bleeding, need for surgery,
or mortality). Subsequently, trials were excluded if the
PPI treatment was initiated prior to endoscopic hemo-
stasis. The study selection was done by two reviewers
independently, and any difference of opinion was settled
by discussion. Publications identified as duplicates were
excluded, and when one study had substantial overlap in
terms of author, institution or study petiod with another
study, the one which was more recent and of better qual-
ity was included.

Regarding the definitions of high and low-dose PPIs,
high-dose was not limited to the regimen of 80 mg iv
bolus followed by an infusion of 8 mg/h for 72 h. In
our study, dosage of PPI was considered high-dose if
at least twice the low-dose of any of the PPIs was used
during the 72 h following endoscopic hemostasis.
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Qualitative assessment

The quality of the studies was assessed and graded by two
reviewers independently according to criteria described in
The Cochrane Handbook 5.0.1"%. The criteria included: (1)
sequence generation; (2) allocation concealment; (3) blind-
ing of participants, personnel and outcome assessors;
(4) incomplete outcome data; and (5) selective outcome
reporting, Each criteria was categorized as “yes”, “no”, or
“uncleat”, and the summary assessments of the risk of
bias for each important outcome within and across stud-

ies was categorized as “low risk of bias”, “unclear risk of

bias” and “high risk of bias™".

Data extraction

Two reviewers independently extracted data by using
a standardized form. If there was inconsistency, the
original papers were retrieved and jointly investigated to
resolve the disagreement. Data were extracted regarding
the details of all therapeutic interventions, including the
specific kind of PPI, the dose and administration method
(oral, intermittent bolus, or continuous infusion). We also
extracted the first author, publication year, patients age,
sex ratio, region, numbers assigned to each group, num-
bers with comorbid conditions, the site of bleeding ulcer
(duodenal, gastric or esophageal), signs of recent hemor-
rhage (spurting, oozing, non-bleeding vessel, and adher-
ent clot). Our primary endpoint was persistent or recut-
rent ulcer bleeding, and secondary endpoints included
patient numbers that needed surgery and mortality.

Statistical analysis
The pooled odds ratio (OR) and 95% confidence inter-
vals (CI) were calculated from the original study data by
using the Mantel-Haenszel method (fixed effects model)
if no heterogeneity was detected throughout the stud-
ies"Y; in other words, if there was no variability among
the studies in the meta-analysis because all the studies
could be assumed to come from the same population.
Statistical heterogeneity was assessed using the forest
plot and inconsistency statistic (IQ). If any heterogeneity
existed (P < 0.1, OR I’ > 50%), then use of the fixed ef-
fects model might have been invalid. Any heterogeneity
was explored by subgroup analysis and by a sensitivity
analysis done by excluding the studies which potentially
biased the results. If the investigations of the cause of
the heterogeneity showed that this was more appropri-
ate, then the Der Simonian and Laird method (random
effects model) was applied. A random effects model as-
sumes that each study has a different underlying effect
and this leads to wider confidence intervals than with
the fixed effects model”. Egger’s test was applied to
determine the symmetry of the funnel plot, to identify
any publication bias, P < 0.05 indicated bias, and P > 0.05
indicated no publication bias'"".

All data analyses were performed using the statisti-
cal software Stata 9.2 (Stata Co., College Station, Texas,
USA).
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Author Yr Adequate sequence Allocation Blinding? Incomplete outcome Free of Risk of bias
generation? concealment? data addressed? other bias?

Andriulli et al™® 2008 Yes Yes Yes Yes Yes Low
Yiiksel et al™ 2008 Yes Yes Unclear Yes Yes Low
Hung et al” 2007 Yes Unclear Unclear No No High
Lin et al™ 2006 Unclear Yes Unclear Yes Unclear Unclear
Cheng et al®™ 2005 Unclear Yes Yes Yes Unclear Low
Dokas et al® 2004 Unclear Unclear Unclear Unclear Unclear Unclear
Chilovi et al™ 2003 Unclear Unclear Unclear Unclear Unclear High
udd et al® 2001 Yes Yes Yes Yes Unclear Low
Schonekas et al” 1999 Unclear Unclear Unclear Unclear Unclear High

Abstracts searched in PubMed (583),
Embase (267), Reference lists (3)

838 studies were excluded
according to their abstracts

Potentially relevant RCTs identified and
screened for retrieval (7 = 15)

6 studies were excluded:
No adequate data (7 = 2)
No endoscopic therapy (7 = 1)
The dose are the same (7 = 1)
The PPI is regular dose in the control group (7 = 1)
Not all the patients had endoscopic therapy (7 = 1)

9 RCTs were included
in the meta-analysis

Figure 1 Flow chart of the literature search for this meta-analysis.

RESULTS

Searches of the PubMed and Embase databases identi-
fied 583 and 267 abstracts, respectively. After screening
the titles and the abstracts, 12 studies from PubMed and
Embase and their full texts were retrieved for further
review™ "> and 3 studies were found from refer-
ence lists”™*". Thus, in total, 15 studies were retrieved
for further review. Two studies were excluded because
no adequate data were available!™ one study was ex-
cluded because not all the patients received endoscopic
therapy™, one study was excluded because the total
dose of PPI was the same across the different groups™,
one study was excluded because the PPI in the intrave-
nous group was regular dose!"™, one study was excluded
because not all patients had endoscopic intervention”.
Thus, 9 studies and 3 abstracts’”*" were included in this
meta-analysis. The flow chart of the literature search of
this meta-analysis is shown in Figure 1.

The qualities of the included studies are shown in
Table 1. Thus, 4 studies are at low risk of bias!'®'"*"*
2 studies are at unclear risk of bias™'”, and the other 3
studies are at high risk of bias™"*4, including two which
could not be accessed as full texts. Thus, 4 studies’ allo-
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cation sequence were adequately generatedlz’&m’m, 5 stud-
ies’ allocation were adequately concealed[&m’”’w’zu, 3 studies’
blinding of participants, personnel and outcome assessors
were adequately carried out®™ 5 studies’ incomplete
outcome data were adequately addressed[&m’”’w’m], 2 studies
were free of other bias!'*'".

Patients were of European origin in 6 studies
and Asian in 3 studies™”*". Baseline characteristics and
PPI regimens of the included studies are shown in
Tables 2 and 3, respectively. Thus, 9 studies including 1342
patients were analyzed in this meta-analysis, and the mean
number of patients per study was 149, ranging from 24 to
474. The mean age of patients was = 60 years in 6 studies,
in the other three studies the age of the patients could not
be ascertained. The number of patients who had gastric
ulcers was 435, while that of duodenal ulcers was 600, in-
cluded in the 6 studies from which adequate data could be
extracted™'*"""?! The PPI used in the included studies
was omeprazole or pantoprazole. In fact, 4 studies used
omeprazolel8’9’19’2”, 3 studies used pantoprazole[2’7’17], while
the other 2 studies used both drugs"**".

[7-9,16,17,24]

Rebleeding

Nine studies including 1342 patients evaluated the rate
of rebleeding as an outcome measure; 666 patients in the
high-dose group and 676 patients in the low-dose group.
The summary OR for rebleeding was 1.091 (95% CI:
0.777-1.532, P = 0.617) suggesting the result was not sta-
tistically significant when comparing high-dose with low-
dose PPI following endoscopic hemostasis in reducing
the risk of rebleeding (Figure 2A). The y” test for het-
erogeneity for the high-dose effect in rebleeding was not
significant (I’ = 0.0%, P = 0.498). The subgroup analysis
according to different region did not indicate any benefit
in either European or Asian population with high-dose
PPI regimen compared with low-dose regimen follow-
ing endoscopic hemostasis; for Asian patients the sum-
mary OR was 0.831 (95% CI: 0.467-1.480, P = 0.529),
while for European patients the summary OR was 1.263
(95% CI: 0.827-1.929, P = 0.279). No heterogeneity was
detected in those two subgroup analyses, with P-values
of 0.143 and 0.812, respectively. The summary OR
for rebleeding from 4 studies using omeprazole™” !
(OR = 0.926, 95% CI: 0.550-1.557) and for the remain-
ing 5 studies using pantoprazole/omeprazolelz’7’m’l7’24J
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Table 2 Baseline characteristics of the included studies

Author Yr Region Arm No. Age(yr) Male/ NSAID Aspirin Antico- H. pylori Comorbid Gastric Duodenal Other Study
female agulant positive  disease  ulcer ulcer ulcer’ population
Andriulli 2008 European High 238 66.3+156 151/87 75 72 NA NA 19 88 150 0  High-risk
et al™ Low 236 668+16.7 156/80 74 82 NA NA 30 93 143 0 group’
Yiiksel 2008 European High 48 604+140 38/10 19 22 NA NA 21 16 32 0 High-risk
et al"” Low 49 563+176 36/13 20 25 NA NA 16 16 33 1 group'
Hung 2007 Asia  High 54 63.7 32/22 6 9 NA 30 NA 19 35 0  High-risk
et al® Low 49 57.8 35/14 6 5 NA 33 NA 14 35 0 group’
Linetal™ 2006 Asia  High 67 67 58/9 NA NA NA 48 53 26 35 6  High-risk
Low 66 71 57/9 NA NA NA 51 50 29 33 4 group'
Cheng 2005 Asia  High 52 625+125 36/16 13 1 27 52 28 19 5  Comorbid
et al®! Low 53 658+138 31/22 12 3 1 21 53 29 20 4 illnesses
Dokas 2004 European High 10 NA NA NA NA NA NA NA NA NA NA  High-risk
et al” Low 14 NA NA NA NA NA NA NA NA NA NA  group'
Chilovi ~ 2003 European High 46 NA NA NA NA NA NA NA NA NA NA NA
et al® Low 45 NA NA NA NA NA NA NA NA NA NA
Uddetal® 2001 European High 69 634+157 41/28 37 7 10 46 55 39 30 0  Unselected
Low 73 660+133 44/29 41 16 4 45 54 38 35 0
Schonekas 1999 European High 82 NA NA NA NA NA NA NA NA NA NA NA
et al” Low 86 NA NA NA NA NA NA NA NA NA NA

'Included peptic ulcer patiens with spurting artery, ooze, non-bleeding visible vessel or adherent clot; *Included peptic peptic ulcer patiens with spurting
artery, ooze, non-bleeding visible vessel, adherent clot or black base; *Include both gastral and duodenal ulcer, esophagal ulcer. H. pylori: Helicobacter pylori;
NSAID: Non-steroidal anti-inflammatory drug; NA: Not available.

Table 3 Proton pump inhibitor regimen of the included studies

Author Arm Endoscopic therapy Schedule of the PPIs
Andriulli et al™ High Epinephrine injection or thermal or mechanical therapy OME or PAN 80 mg iv bolus, 8 mg/h infusion x 3 d
Low OME or PAN 40 mg iv bolus 24 h x 3 d
Yiiksel et al™”! High Epinephrine injection and thermal therapy PAN 80 mg iv bolus, 8 mg/h infusion x 3 d
Low PAN 40 mg iv bolus Q12h x 3 d
Hung et al” High Epinephrine injection or thermal therapy PAN 80 mg iv bolus, 8 mg/h infusion x 3 d
Low PAN 80 mg iv bolus, 40 mg iv bolus Q12 h x 3 d
Lin et al"” High Epinephrine injection OME 40 mg infusion Q6 h x 3 d
Low OME 40 mg infusion Q12 h x 3 d
Cheng et al® High Epinephrine injection or thermal therapy OME 80 mg iv bolus, 200 mg infusion 24 h x 3 d
Low OME 80 mg iv bolus, 80 mg infusion 24 h x 3 d
Dokas et al®” High Epinephrine injection or mechanical therapy OME 80 mg iv bolus, 160 mg infusion Q24 h x 3 d
Low OME 40 mg iv bolus Q12 h x 3 d
Chilovi et al™ High NA PAN 80 mg iv bolus, 40 mg iv bolus Q8 h
Low OME 80 mg iv bolus, 40 mg
udd et al® High Epinephrine injection or thermal or mechanical therapy OME 80 mg iv bolus, 8 mg/h infusion x 3 d
Low OME 20 mg iv bolus 24 h x 3 d
Schonekas et al” High NA PAN 40 mg iv bolus 8 mg/h infusion x 3 d
Low PAN 40 mg iv bolus Q24 h x 3 d

PPIs: Proton pump inhibitors; OME: Omeprazole; PAN: Pantoprazole.

(OR = 1.234, 95% CI: 0.786-1.936) did not differ in
rebleeding rate. The summary OR for rebleeding from
5 studies™”'*"™"” with endoscopic high-risk stigmata for
rebleeding revealed no reduction in the high-dose PPI
group (OR = 0.991, 95% CI: 0.628-1.565, P = 0.970).
The summary OR for rebleeding from 4 studies'*' ™"
with low risk of bias revealed no reduction in the high-
dose PPI group (OR = 1.479, 95% CI: 0.963-2.269, P
= 0.999). When excluding the 3 abstracts, the summary
OR for rebleeding from the remaining 6 studies revealed
no reduction in the high-dose PPI group (OR = 1.130,
95% CI: 0.827-1.544, P = 0.335). In addition, the time-
frame of rebleeding rate should be taken into consider-

(49
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ation, because one study reported eatly rebleeding (within
first 72 h)""", two studies reported in-hospital occurrence
of rebleedingl&zﬂ, one study reported rebleeding before
discharge and within 14 d"”, and 2 studies reported re-
bleeding within 30 d[21’26]; the time-frame of rebleeding

. . . . 9.
was not reported in the remaining 3 studies”*",

Surgery

Seven studies™*”'*!"1"*4

including 1225 patients evalu-
ated the rate of surgery as an outcome measure; 532
patients in the high-dose group and 537 in the low-dose
group. Thus, the need for surgery was reported in 2.3%
of the patients treated with high-dose PPI, and in 1.5%
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A
Study QOdds ratio Weight
(95% CI) (%)
Asia
Hung WK (2007) - =m 0.59 (0.09, 3.69) 4.8
Lin HJ (2006) e 0.40 (0.14, 1.11)  19.4
Cheng HC (2005) —— 1.43(0.64,3.19) 157
Subtotal = 0.83 (0.47, 1.48) 39.9
Eropean
Andriulli A (2008) - 1.52(0.83,2.81) 26.4
Yiiksel I (2008) — - 1.39 (0.29, 6.59) 43
Dokas SM (2004 —— & 0.24 (0.01, 5.53) 3.2
Chilovi F (2003) — 1.33 (0.28, 6.33) 43
Udd M (2001) — . 1.46 (0.48, 4.46) 8.1
Schonekas H (1999) — . 0.82(0.31,2.20) 13.8
Subtotal 1.26 (0.83,1.93)  60.1
Overall 1.09 (0.78, 1.53)  100.0
| |
0.010251 1 97.5481
Favors high-dose Odds ratio Favors low-dose
B
Study QOdds ratio Weight
(95% CI) (%)
Andriulli A (2008) ———l—— 3.00(0.31,29.05) 11.7
Yiiksel I (2008) —— 1.02 (0.14, 7.56) 22.3
Hung WK (2007) I 0.30 (0.01, 7.45) 18.3
Dokas SM (2004) - 4,58 (0.17, 124.58) 4.3
Chilovi F (2003) — 0.98 (0.06, 16.12)  11.6
Udd M (2001) 1.82 (0.42, 7.94) 31.8
Lin HJ (2006) (Excluded)
Overall —— 1.52 (0.64, 3.60)  100.0
Il Il
0.008026 1 124.583
Favors high-dose Odds ratio Favors low-dose
C
Study QOdds ratio Weight
(95% CI) (%)
Andriulli A (2008) —— 0.99 (0.28,3.47)  37.8

Yiiksel I (2008)
Lin HJ (2006) ]
Chilovi F (2003)

532(0.25,113.82) 3.6
0.35(0.01,8.70)  11.1
3.00(0.12, 75.60) 3.8

Udd M (2001) —— 0.51 (0.09, 2.91) 29.0
Schonekas H (1999) —— 1.05 (0.14, 7.63) 14.7
Hung WK (2007) (Excluded)
Dokas SM (2004) (Excluded)
Overall — 1.02 (0.48,2.20)  100.0
| |
0.008786 1 113.816
Odds ratio

Favors high-dose Favors low-dose

Figure 2 Meta-analysis results of randomized clinical trials comparing high-
dose proton pump inhibitor (PPI) vs low-dose PPI in rebleeding (A), surgery
(B) and mortality (C).

of the patients treated with low-dose PPI. The summary
OR for surgery was 1.522 (95% CI: 0.643-3.605, P =
0.340), indicating the result was not statistically signifi-
cant when comparing high-dose with low-dose PPI fol-
lowing endoscopic hemostasis in reducing the need for
surgery (Figure 2B). The XZ test for heterogeneity for the
high-dose effect in reducing the need for surgery was
not significant (I’ = 0.0%, P = 0.840). The summary OR
for surgery from 5 studies™ " with endoscopic high-
risk stigmata for rebleeding revealed no reduction in the
high-dose PPI group (OR = 1.465, 95% CI: 0.461-4.655,
P = 0.517). The summary OR for surgery from 4 stud-

1617,21,22] . . . .
es! ! with low risk of bias revealed no reduction

(44
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in the high-dose PPI group (OR = 1.760, 95% CI:
0.626-4.946, P = 0.780). When excluding the 2 abstracts,
the summary OR for surgery from the remaining 5 stud-
ies revealed no reduction in the high-dose PPI group (OR
= 1.422, 95% CI: 0.569-3.556, P = 0.670).

Mortality

Eight studies including 1237 patients evalu-
ated the rate of mortality as an outcome measure; 614
patients in the high-dose group and 623 patients in the
low-dose group. Thus, mortality was reported in 2.0%
of the patients treated with high-dose PPI, and in 1.9%
of the patients treated with low-dose PPI. The summary
OR for mortality was 1.022 (95% CI: 0.476-2.196, P =
0.955), indicating the result was not statistically signifi-
cant comparing high-dose with low-dose PPI following
endoscopic hemostasis in reducing overall mortality
(Figure 2C). The X2 test for heterogeneity for the high-
dose effect of affecting overall mortality was not signifi-
cant (I’ = 0.0%, P = 0.765). Six studies”™®*'*"""” reported
causes of death, and rebleeding caused 8 deaths (4 in the
high-dose PPI group and 4 in the low-dose group); the
summary OR for rebleeding-related deaths was 1.008
(95% CI: 0.250-4.067, P = 0.991), suggesting no benefit
with high-dose PPI therapy. No studies stated the time-
frame of mortality rate cleatly, so they were assumed to
be in-hospital mortality rates.

[2,7-9,16,17,19,24]

Publication bias

The P-values from Egget’s test in rebleeding, the need
for surgery, and mortality were of 0.183, 0.674, and 0.488,
respectively. Thus, no publication bias exists in this me-
ta-analysis.

DISCUSSION

Rebleeding has remained the most important adverse
prognostic factor contributing to morbidity and mortal-
ity after upper gastrointestinal hemorrhage™. Previous
consensus groups have recommended that an intra-
venous bolus followed by continuous-infusion PPI is
effective in decreasing rebleeding in patients who have
undergone successful endoscopic therapym. However,
this recommendation of a high-dose of PPI is in con-
flict with some previous studies™"” which reported no
difference in the magnitude of risk reduction between
high-dose and low-dose regimens. Therefore, this meta-
analysis set out to evaluate the efficacy of a high-dose
PPI regimen s5 a low-dose PPI regimen in reducing re-
bleeding, the need for surgery and the mortality rate fol-
lowing endoscopic hemostasis for upper gastrointestinal
bleeding,

The findings of this meta-analysis suggest that a
high-dose PPI regimen for patients who have undergone
successful endoscopic therapy is not superior to a low-
dose PPI regimen for the parameters of rebleeding (OR
= 1.091, 95% CI: 0.777-1.532, P = 0.617), the need for
sutgety (OR = 1.522, 95% CI: 0.643-3.605, P = 0.340),
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and mortality (OR = 1.022, 95% CI: 0.476-2.196, P =
0.955) and rebleeding-related deaths (OR = 1.008, 95%
CI: 0.250-4.067). Also, no heterogeneity exists, suggesting
that the studies for these endpoints were homogenous.

It has been hypothesized that the efficacy of a high-
dose PPI regimen may vary depending on physiologi-
cal measures, pharmacodynamic profiles (metabolism
of proton-pump inhibitors through the cytochrome
P4502C19 genetic polymorphism), and prevalence rates
of Helicobacter pylori infection in different ethnicities™, so
subgroup analysis was carried out to determine whether
low-dose PPI can have the same efficacy in patients from
different regions. This subgroup analysis did not find any
difference in rebleeding rate between Asian and Euro-
pean patients using a low-dose PPI regimen. However,
the need for surgery and mortality cannot be assessed in
this subgroup analysis due to limited studies. Thus, a low-
dose PPI regimen can achieve the same efficacy in reduc-
ing rebleeding as a high-dose regimen in both Asian (OR
= 0.831, 95% CI: 0.467-1.480, P = 0.529) and European
patients (OR = 1.263, 95% CI: 0.827-1.929, P = 0.279).
The endoscopic therapy technique was epinephrine injec-
tion, plus if indicated thermal or mechanical therapy, and
this technique was applied in 5 studies™”'**"). This endo-
scopic therapy technique is practical and widely used in
most hospitals, so the endoscopic therapy technique was
homogenous across the included studies. In this present
meta-analysis, four studies evaluated omeprazole, while
the other 5 studies evaluated pantoprazole or both drugs
together. Subgroup analysis according to different PPI
showed similar results to those found in all 9 studies, so
this effect of PPI seems to be a class effect.

This meta-analysis showed that the high-dose PPI
regimen did not affect overall mortality (OR = 1.022,
95% CI: 0.476-2.196, P = 0.955) when compared with
the low-dose PPI regimen. A total of 8 deaths were
rebleeding-related (50% in the high-dose group and
50% in the low-dose group), and 11 deaths were non-
ulcer deaths (45.5% in the high-dose group and 54.5%
in the low-dose group). The data in this present meta-
analysis indicated that the high-dose group had a similar
mortality rate as the low-dose group independent of the
outcome of comorbid diseases. However, this mortality
result is not reliable, because it has been estimated that
in order to detect clinically important effects on mortal-
ity, at least 1000 high-risk patients should be included
in each of the treatment and control groupsm; thus the
number of high-risk patients included in this meta-analy-
sis is not enough. Nonetheless, since high-dose regimens
can produce similar reductions in rebleeding and need
for surgery as low-dose regimens, maybe the effect of a
high-dose PPI regimen on mortality is the same as a low-
dose PPI regimen.

Summary improvements in transfusion requirements
and duration of hospital stay have not been analyzed in
this meta-analysis, because these improvements are of
lesser clinical magnitude and are based on weaker source
study methodology[zsl.
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A previous meta-analysis revealed that PPI therapy is
only efficacious for patients who had endoscopic high-
risk stigmata for rebleeding[zg‘. In addition, subgroup
analysis has shown that in this particular patient group,
low-dose PPI is as effective as high-dose PPI. Future
studies should stratify the management of patients ac-
cording to low-, intermediate-, and high-risk endoscopic
lesions with relevant strategies that include low-dose PPI
regimens.

Cost-effectiveness analyses using decision modeling
and direct costing from studies have demonstrated that
the use of high-dose PPI following endoscopic hemo-
stasis saves money for health care systems in most clini-
cal scenarios””". Thus, if low-dose PPI is as effective
as high-dose, it is assumed that this can result in savings
in health care costs. The most recent randomized trials
comparing the use of intravenous regular-dose omepra-
zole with oral rabeprazole revealed that these drugs are
equally effective in preventing rebleeding in patients with
high-risk bleeding peptic ulcers after successful endo-
scopic injection with epinephrine!””. If intravenous PPIs
could be replaced by oral PPIs, this could result in sig-
nificant savings in healthcare resources”™. This trial was
performed in an Asian population, however, so additional
data from randomized clinical trials comparing the use of
intravenous PPIs with that of oral PPIs are required in
western patient populations.

In this meta-analysis, the modality of endoscopic
intervention and the type of PPI used have varied across
studies. Regarding the claim that monotherapy with epi-
nephrine is inferior to dual endoscopic therapiesmj, pub-
lished data are not consistent. Pharmacologic data indi-
cate a class effect of PPI therapy as inhibitors of gastric
secretion, and one study did find similar rebleeding rates
in a comparative trial of omeprazole »s pantoprazole™.
Therefore, the differences in practice patterns across
different studies might constitute a particular strength
of this meta-analysis, because it better approximates the
real-life practice due to availability of different PPIs and
endoscopic interventions in different hospitals. Thus, the
differences in the modality of endoscopic intervention
and the type of PPI would not have affected the overall
validity of our findings.

There are some limitations in this meta-analysis: first-
ly, a total of nine studies were included, in which only
four studies were at low risk of bias, and three studies
could not be accessed as full texts, so the included stud-
ies are not quite adequate; secondly, although subgroup
analysis revealed that the summary OR for rebleeding
remained statistically stable (similar to summary OR
obtained from 9 studies), it does not prove the stability
of our results; thirdly, the time-frame of rebleeding rate
varied between different studies, so the results for re-
bleeding should be interpreted with caution, and further
subgroup analyses were not performed in this meta-anal-
ysis; fourthly, studies included in this meta-analysis were
carried out with varying doses of PPI, different popula-
tions with different risks of rebleeding and varying pro-
portions of associated comorbid diseases. It is inevitable

May 28,2010 | Volume 16 | Issue 20 |



Wu LC et a/. High-dose vs low-dose PPIs in gastrointestinal bleeding

in clinical practice to encounter different patients, so this
should not affect the overall validity of the findings.

In conclusion, a low-dose PPI regimen is as effica-
cious as a high-dose PPI regimen following endoscopic
hemostasis in upper gastrointestinal bleeding patients, and
this beneficial effect seems to be similar in both Asian and
European patients. Future comparative trials are warrant-
ed to compare oral PPI with intravenous PPI following
endoscopic hemostasis in western patient populations.
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