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Systematic review and meta-analysis of proton pump inhibitor
therapy in peptic ulcer bleeding
Grigoris I Leontiadis, Virender K Sharma, Colin W Howden

Abstract
Objectives To review randomised controlled trials of treatment
with a proton pump inhibitor in patients with ulcer bleeding
and determine the impact on mortality, rebleeding, and surgical
intervention.
Design Systematic review and meta-analysis.
Data sources Cochrane Collaboration’s trials register, Medline,
and Embase, handsearched abstracts, and pharmaceutical
companies.
Review methods Included randomised controlled trials
compared proton pump inhibitor with placebo or H2 receptor
antagonist in endoscopically proved bleeding ulcer and
reported at least one of mortality, rebleeding, or surgical
intervention. Trials were graded for methodological quality. Two
assessors independently reviewed each trial, and disagreements
were resolved by consensus.
Results We included 21 randomised controlled trials
comprising 2915 patients. Proton pump inhibitor treatment
had no significant effect on mortality (odds ratio 1.11, 95%
confidence interval 0.79 to 1.57; number needed to treat (NNT)
incalculable) but reduced rebleeding (0.46, 0.33 to 0.64; NNT
12) and surgery (0.59, 0.46 to 0.76; NNT 20). Results were
similar when the meta-analysis was restricted to the 10 trials
with the highest methodological quality: 0.96, 0.46 to 2.01, for
mortality; 0.41, 0.25 to 0.68, NNT 10, for rebleeding; 0.62, 0.46
to 0.83, NNT 25, for surgery.
Conclusions Treatment with a proton pump inhibitor reduces
the risk of rebleeding and the requirement for surgery after
ulcer bleeding but has no benefit on overall mortality.

Introduction
Peptic ulcers are the main cause of upper gastrointestinal bleed-
ing,1 2 which is associated with considerable morbidity and mor-
tality. Endoscopic findings that predict rebleeding, surgical
intervention, and death include active arterial bleeding, oozing
of blood, or a non-bleeding visible vessel.3 Patients with an
adherent clot in the base of the ulcer are at lower risk.4 5 A meta-
analysis of randomised controlled trials of various forms of
endoscopic haemostatic therapy for ulcer bleeding showed
significant reductions in rebleeding, surgical intervention, and
mortality among patients with important findings on endos-
copy.6

The role of treatment with proton pump inhibitors for
patients with active or recent ulcer bleeding is controversial. If
given in an adequate dose by continuous intravenous infusion,
proton pump inhibitors can maintain intragastric pH at 6 or
above.7 8 At those levels of pH, peptic activity is minimised, plate-

let function is optimised, and fibrinolysis is inhibited; these
effects should help to stabilise clot formation over an ulcer.
Although proton pump inhibitors are already widely used for
ulcer bleeding,9 10 intravenous therapy may have been overused
and given inappropriately for patients at low risk.11 12 We system-
atically reviewed the published literature and analysed the results
by meta-analysis to define the contribution of proton pump
inhibitors to the management of ulcer bleeding.

Methods
We performed a computerised literature search up to February
2003 of Medline, Embase, the Cochrane Central Register of
Controlled Trials, and the specialised trials register of the
Cochrane Upper Gastrointestinal and Pancreatic Diseases
Group. We also handsearched articles for additional citations,
reviewed the proceedings of major conferences up to February
2003, and contacted pharmaceutical companies that marketed
proton pump inhibitors. For data available only in abstract form,
we contacted original authors when necessary.

We included randomised controlled trials that compared a
proton pump inhibitor with placebo or an H2 receptor
antagonist for treating ulcer bleeding. Bleeding had to have been
confirmed endoscopically, and trials had to have reported at
least one of mortality, rebleeding, or surgery. Our primary
outcome measure was mortality within 30 days of randomisa-
tion. Secondary outcomes measures included recurrent ulcer
bleeding and surgery for ulcer bleeding within 30 days of
randomisation. Two reviewers independently checked each
identified trial and determined inclusion and grading of
methodological quality, which depended on concealment of
allocation (grade A = adequate; grade B = uncertain; grade
C = inadequate; grade D = not randomised); disagreements were
resolved by consensus. Data were extracted on the method of
randomisation; inclusion and exclusion criteria; details of all
therapeutic interventions, including the dose and delivery
method and control treatment; duration of treatment; and any
cointerventions including endoscopic haemostatic therapy. We
also extracted mean age or age range; sex ratio; ethnicity;
numbers assigned to each treatment group; numbers with
comorbid conditions; baseline comparison of treatment groups
with respect to site of bleeding ulcer (that is, duodenal or gastric)
and signs of recent haemorrhage (spurting, oozing, non-
bleeding visible vessel, and adherent clot); degree of blinding of
assessors of outcomes, patients, and investigators; numbers of
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patients withdrawn with reasons; outcomes reported according
to source of haemorrhage at initial endoscopy; and any adverse
reactions to treatment.

We performed meta-analysis of outcomes as appropriate by
combining trials by the Mantel-Haenszel method (RevMan, ver-
sion 4.2.2). Statistical heterogeneity was evaluated, and P < 0.1
was considered significant. Primary and secondary outcomes
were summarised as odds ratio and 95% confidence intervals. We
used a fixed effect model unless there was significant
heterogeneity, in which case we applied a random effects model.
We also derived pooled values for number needed to treat.

Using predetermined sensitivity analyses, we examined the
influence of the degree of study validity, the type of control treat-
ment, the initial use of endoscopic haemostatic therapy, the site
of ulcer, the presence of signs of recent haemorrhage at the ini-
tial endoscopy, restriction of the analysis to trials using
intravenous (as opposed to oral) proton pump inhibitors, and
restriction of the analysis to trials that had used a high
intravenous dose. Our predetermined definition of “high dose”
was the equivalent of omeprazole as an intravenous bolus of 80
mg followed by a continuous intravenous infusion of 8 mg/hour
for 72 hours.

Results
We initially identified 172 articles. Of these, we excluded 151
because they were not randomised controlled trials, the control
group received neither placebo nor H2 receptor antagonist, they
reported only pH data, they were abstracts of subsequently pub-
lished randomised controlled trials, duplicate publication, it was
not possible to isolate outcome data for patients with ulcer
bleeding, or they did not report any of our predetermined
outcomes. Contact with pharmaceutical companies in Europe
and North America provided no additional data. Twenty one tri-
als met our predefined inclusion criteria,13–33 18 were full peer
reviewed publications,13–30 and three were abstracts.31–33 The
funnel plots for the three outcomes of interest show slight asym-
metry, suggesting the possibility of publication bias (fig 1). Table
1 summarises the characteristics of the trials, and table 2
summarises the main results. Treatment with proton pump
inhibitors was associated with reduced rebleeding and surgery
but not with mortality. Figures 2, 3, and 4 show the forest plots for
the three outcome measures.

In a planned subgroup analysis of the 10 trials with grade A
concealment of allocation we obtained essentially similar results;
the odds ratios (95% confidence intervals) for mortality, rebleed-
ing, and surgery were 0.96 (0.46 to 2.01), 0.41 (0.25 to 0.68), and
0.62 (0.45 to 0.83), respectively. We could not calculate number
needed to treat for mortality. The number needed to treat for
rebleeding and surgery was 10 (6 to 25) and 25 (14 to 50),
respectively. In another subgroup analysis of the 13 trials that
routinely used endoscopic haemostatic therapy before randomi-
sation, the pooled odds ratios for mortality, rebleeding, and sur-
gery were 1.01 (0.64 to 1.61), 0.52 (0.39 to 0.70), and 0.53 (0.35 to
0.79). Table 3 shows the results of this and other planned
subgroup analyses according to the type of control treatment
(placebo or H2 receptor antagonist), route of administration of
proton pump inhibitor (intravenous or oral), and severity of
ulcer bleeding.

Discussion
Proton pump inhibitors are widely used for patients with ulcer
bleeding of varying severity,9–12 though it has not been specifically

approved for that indication. Given the morbidity, mortality, and
healthcare costs associated with bleeding peptic ulcer, it is
important to establish definitively whether early treatment with
proton pump inhibitors is associated with any meaningful clini-
cal benefit. We deliberately focused on the use of proton pump
inhibitors in patients with a proved diagnosis of ulcer bleeding
and cannot, therefore, make any conclusions about use for man-
aging other causes of upper gastrointestinal tract bleeding.
Although one trial included patients with non-ulcer bleeding,14

we excluded those patients from our analysis. The other trials we
included were confined to patients with a proved diagnosis.
While we cannot exclude the possibility of some publication bias
(see fig 1), our search was rigorous and we did not identify any
other trials through contact with pharmaceutical companies.

We used odds ratios rather than absolute risk reduction as
our pooled summary statistic. Though absolute risk reduction
would have allowed the simple calculation of numbers needed to
treat, a pooled number needed to treat derived from a
meta-analysis of absolute risk differences can be misleading as
baseline risk often varies considerably among included trials.34

We have, however, reported pooled number needed to treat for
clinical applicability.

Overall, we found no evidence that treatment with proton
pump inhibitors reduces mortality after ulcer bleeding. There
were, however, significant reductions in rates of rebleeding and
surgery. Much of the mortality after an episode of ulcer bleeding
may be unrelated to continued or recurrent bleeding but to
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Fig 1 Funnel plots of included trials for mortality, rebleeding, and surgical
intervention rates
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Table 1 Summary of randomised controlled trials included in review of proton pump inhibitors in treatment of bleeding ulcers

Design
No of

patients Endoscopic signs

Treatments

Outcomes reported Comments
Proton pump

inhibitor Control

Brunner13 Germany Single centre, open,
randomised after
endoscopy

39 Oozing Omeprazole IV
bolus

Ranitidine IV
bolus + infusion

Mortality, surgery 19 were inpatients at time of
bleed; 49% had gastric
ulcer; no initial endoscopic
haemostatic therapy

Daneshmend14 UK Two centre, double blind,
randomised before
endoscopy

503* Excluded severe bleeding
requiring surgery

Omeprazole IV
bolus then orally

Placebo Mortality,
rebleeding, surgery

Excluded inpatients
developing bleeding

Michell5 France Multicentre, double blind 75 Spurting, oozing, NBVV,
adherent clot

Oral lansoprazole Oral ranitidine Mortality,
rebleeding, surgery

Timing of randomisation
unclear

Perez-Flores16 Spain Single centre, open 81 Oozing, NBVV, adherent
clot

Omeprazole IV
bolus then orally

Ranitidine IV
bolus then orally

Mortality,
rebleeding, surgery

Timing of randomisation
unclear; not all high risk
patients received endoscopic
haemostatic therapy

Lanas17 Spain Single centre, open,
randomised after
endoscopy

51 Oozing, NBVV, adherent
clot

Omeprazole IV
bolus

Ranitidine IV
bolus

Mortality,
rebleeding, surgery

No initial endoscopic
haemostatic therapy

Villanueva18 Spain Single centre, open,
randomised after
endoscopy

86 Spurting, oozing Omeprazole IV
bolus then orally

Ranitidine IV
bolus then orally

Mortality,
rebleeding, surgery

16% had onset of bleeding
as inpatient

Cardi19 Italy Single centre, randomised
after endoscopy

45 Oozing Omeprazole IV
bolus + infusion

Ranitidine IV
bolus + infusion

Mortality, surgery Level of blinding unclear; all
patients had duodenal ulcer;
no apparent initial
endoscopic haemostatic
therapy

Hasselgren20 Sweden,
Norway

Multicentre, double blind,
randomised after
endoscopy

322 Spurting, oozing, NBVV,
adherent clot

Omeprazole IV
bolus + infusion

Placebo IV bolus
+ infusion

Mortality, surgery Trial stopped prematurely
because of concerns over
higher mortality in proton
pump inhibitor than control
group; only patients aged
>60 included; not all high
risk patients received
endoscopic haemostatic
therapy

Khuroo21 India Single centre, double
blind, randomised after
endoscopy

220 Spurting, oozing, NBVV,
adherent clot

Oral omeprazole Oral placebo Mortality,
rebleeding, surgery

No routine endoscopic
haemostatic therapy;
excluded patients with
severe bleeding or terminal
illness

Labenz22 Germany Single centre, randomised
after endoscopy

40 Spurting, oozing, NBVV,
adherent clot

Omeprazole IV
bolus + infusion

Ranitidine IV
bolus + infusion

Rebleeding (within
24 hours)

Degree of blinding unclear

Lin23 Taiwan Single centre, open,
randomised after
endoscopy

52 NBVV Omeprazole IV
bolus

Cimetidine IV
bolus

Rebleeding No initial endoscopic
haemostatic therapy

De Muckadell24 Denmark,
Holland, France

Multicentre, double blind,
randomised after
endoscopy

265 Spurting, oozing, NBVV,
adherent clot

Omeprazole IV
bolus + infusion

Placebo IV bolus
+ infusion

Mortality, surgery Terminated prematurely after
interim analysis pooled with
parallel study (Hasselgren et
al20)

Corragio25 Italy Multicentre, randomised
after endoscopy

73 Spurting, oozing, NBVV,
adherent clot

Oral omeprazole Ranitidine IV
bolus

Mortality,
rebleeding, surgery

Degree of blinding unclear

Lin26 Taiwan Single centre, open,
randomised after
endoscopy

100 Spurting, oozing, NBVV Omeprazole IV
bolus + infusion

Cimetidine IV
bolus + infusion

Mortality,
rebleeding, surgery

—

Lau27 Hong Kong Single centre, double
blind, randomised after
endoscopy

240 Spurting, oozing, NBVV Omeprazole IV
bolus + infusion

Placebo IV bolus
+ infusion

Mortality,
rebleeding, surgery

—

Javid28 India Single centre, double
blind, randomised after
endoscopy

166 Spurting, oozing, NBVV,
adherent clot

Oral omeprazole Oral placebo Mortality,
rebleeding, surgery

—

Sheu29 Taiwan Single centre, randomised
after endoscopy

175 Spurting, oozing, NBVV,
adherent clot, clean base

Omeprazole IV
bolus

Ranitidine IV
bolus

Mortality,
rebleeding, surgery

Degree of blinding unclear

Kaviani30 Iran Two centre, double blind,
randomised after
endoscopy

149 Spurting, oozing, NBVV Omeprazole IV
bolus then orally

Placebo IV bolus
then oral
omeprazole

Mortality,
rebleeding, surgery

—

Desprez31 France Single centre, randomised
after endoscopy

76 Oozing, NBVV, adherent
clot

Omeprazole IV
bolus then orally

Ranitidine IV
bolus + infusion
then orally

Mortality,
rebleeding, surgery

Degree of blinding unclear;
no apparent initial
endoscopic haemostatic
therapy; only available as
abstract

Fried32 Switzerland,
Germany

Multicentre, open,
randomised after
endoscopy

113 Spurting, oozing, NBVV,
adherent clot

Pantoprazole IV
bolus + infusion

Ranitidine IV
bolus + infusion

Mortality, rebleeding Only available as abstract

Duvnjak33 Croatia Single centre, randomised
after endoscopy

62 Spurting, oozing, NBVV,
adherent clot

Pantoprazole IV
bolus

Ranitidine IV
bolus

Rebleeding Only available as abstract;
degree of blinding unclear

NBVV=non-bleeding visible vessel.
*503 patients had endoscopic confirmation of bleeding from peptic ulcer from total cohort of 1147 patients with upper gastointestinal tract bleeding.
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comorbid disease.35 Alternatively, there may have been too few
patients in our pooled analysis of mortality data to enable us to
detect a difference. The data are also compatible with treatment
causing a small excess of deaths, which we consider unlikely on
clinical grounds. In most trials, we could not determine whether
deaths were attributable to comorbid conditions.

Some trials compared proton pump inhibitor therapy with
placebo and others with an H2 receptor antagonist, though this is
unlikely to have made any substantive difference in results. A
meta-analysis by Collins and Langman,36 and its update by Lev-
ine and colleagues,37 found no benefit of intravenous H2 receptor
antagonist over intravenous placebo in clinically important out-

comes of bleeding duodenal ulcer and, at best, only small
benefits in bleeding gastric ulcer.

This meta-analysis included randomised controlled trials of
oral or intravenous proton pump inhibitor therapy; both meth-
ods of administration were associated with reduced rebleeding
(table 3). Oral treatment is widely available and has the obvious
advantage of costing less than intravenous administration. In
areas of the world where intravenous treatment is unavailable or
particularly expensive, oral treatment would be appropriate. Fur-
thermore, it would be less costly for any patient with recent ulcer
bleeding who did not require endoscopic haemostatic therapy.

Table 2 Principal outcome measures in patients with ulcer bleeding according to treatment

Outcome at 30 days
after randomisation

No of
trials

No of patients

Heterogeneity (P
value)

Pooled rates (%)

Odds ratio (95% CI)
Number needed to treat

(95% CI)
Proton pump

inhibitor Control
Proton pump

inhibitor Control

Mortality 18 1371 1403 No (0.26) 5.2 4.6 1.11 (0.79 to 1.57) Not calculable

Rebleeding 19 1408 1423 Yes (0.05) 10.6 18.7 0.46 (0.33 to 0.64) 12 (8 to 25)

Surgical intervention 17 1305 1336 No (0.42) 8.4 13.0 0.59 (0.46 to 0.76) 20 (14 to 50)

Oral proton pump inhibitor

 Michel 1994

 Khuroo 1997

 Corragio 1998

 Javid 2001

 Kaviani 2003

Subtotal (95% CI)

Total events: 8 (PPI), 12 (control)

Test for heterogeneity: χ2=2.54, df=4, P=0.64, I 2=0%

Test for overall effect: z=0.87, P=0.39

Intravenous proton pump inhibitor

 Brunner 1990

 Daneshmend 1992

 Perez Flores 1994

 Desprez 1995

 Lanas 1995

 Villanueva 1995

 Cardi 1997

 Hasselgren 1997

 Schaffalitsky 1997

 Lin 1998

 Fried 1999b

 Lau 2000

 Sheu 2002

Subtotal (95% CI)

Total events: 63 (PPI), 53 (control)

Test for heterogeneity: χ2=14.57, df=10, P=0.15, I 2=31.4%

Test for overall effect: z=1.04, P=0.30

Total (95% CI)

Total events: 71 (PPI), 65 (control)

Test for heterogeneity: χ2=18.00, df=15, P=0.26, I 2=16.7%

Test for overall effect: z=0.61, P=0.54

2/38

2/110

3/24

1/82

0/71

325

1/19

23/246

0/38

7/38

2/28

3/45

0/21

11/159

10/130

0/50

1/66

5/120

0/86

1046

1371

Proton pump
inhibitor

1/37

6/110

2/24

2/84

1/78

333

1/20

13/257

0/43

7/38

2/23

1/41

0/24

1/163

11/135

2/50

1/67

12/120

2/89

1070

1403

Control

2.00 (0.17 to 23.05)

0.32 (0.06 to 1.63)

1.57 (0.24 to 10.37)

0.51 (0.05 to 5.69)

0.36 (0.01 to 9.01)

0.67 (0.28 to 1.64)

1.06 (0.06 to 18.17)

1.94 (0.96 to 3.91)

Not estimable

1.00 (0.31 to 3.19)

0.81 (0.10 to 6.23)

2.86 (0.29 to 28.62)

Not estimable

12.04 (1.54 to 94.40)

0.94 (0.38 to 2.29)

0.19 (0.01 to 4.10)

1.02 (0.06 to 16.58)

0.39 (0.13 to 1.15)

0.20 (0.01 to 4.28)

1.22 (0.84 to 1.78)

1.11 (0.79 to 1.57)

Odds ratio (95% CI)Odds ratio (95% CI)

0.01
Favours
PPI

Favours
control

1001010.1

Fig 2 Odds ratios for individual trials and pooled data for mortality, according to route of administration of proton pump inhibitor (PPI)
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Some trials of intravenous proton pump inhibitor treatment
gave intermittent bolus injections, while others used a
continuous infusion after a single intravenous bolus (table 1).
These high dose regimens have been shown to maintain
intragastric pH around 6.0.7 8 The continuous administration of
proton pump inhibitor is not associated with the development of
pharmacological tolerance, unlike continuous H2 receptor
antagonist administration.38 Our predetermined subgroup
analysis examining only those trials that had used such high
doses found no significant reduction in mortality, but significant
reductions in rebleeding and rates of surgery (table 3).

It was important to determine whether the addition of intra-
venous proton pump inhibitor therapy to appropriate
endoscopic haemostatic therapy had any added benefit for those
patients at the greatest risk. In our subgroup analysis of the trials
that used endoscopic haemostatic therapy before randomisation
we found no evidence for any effect on mortality, though there
was a significant reduction in rebleeding. Of the trials that
provided specific outcome data for patients with active arterial
bleeding, oozing of blood, or a non-bleeding visible vessel, only
five routinely incorporated some form of endoscopic haemo-

static therapy before randomisation. In the five trials that did not
routinely use endoscopic haemostatic therapy, proton pump
inhibitor treatment was associated with significant reductions in
rebleeding and surgical intervention but not in mortality. Failure
to use endoscopic haemostatic therapy for such patients,
however, would be considered as outside standard care. Proton
pump inhibitor therapy is not an alternative to appropriate
endoscopic haemostatic therapy, as shown in a trial from Hong
Kong that randomised patients with bleeding ulcer and adherent
clot or non-bleeding visible vessel to high dose intravenous ome-
prazole alone or to the combination of endoscopic haemostatic
therapy and high dose intravenous omeprazole.39 Treatment
with high dose intravenous omeprazole alone was associated
with a significantly higher rate of rebleeding and a longer dura-
tion of hospital stay than combination therapy.

In summary, proton pump inhibitor treatment does not
reduce mortality after ulcer bleeding, though it does reduce rates
of rebleeding and, in general, the need for surgical intervention.
This may be associated with important cost savings, which
should be further evaluated in formal cost effectiveness studies.

Oral proton pump inhibitor

 Michel 1994

 Khuroo 1997

 Corragio 1998

 Javid 2001

 Kaviani 2003

Subtotal (95% CI)

Total events: 31 (PPI), 80 (control)

Test for heterogeneity: χ2=5.97, df=4, P=0.20, I 2=33.0%

Test for overall effect: z=4.92, P<0.00001

Intravenous proton pump inhibitor

 Daneshmend 1992

 Perez Flores 1994

 Desprez 1995

 Lanas 1995

 Villanueva 1995

 Hasselgren 1997

 Labenz 1997

 Lin 1997

 Schaffalitsky 1997

 Lin 1998

 Fried 1999b

 Lau 2000

 Duvnjak 2001

 Sheu 2002

Subtotal (95% CI)

Total events: 118 (PPI), 186 (control)

Test for heterogeneity: χ2=18.29, df=13, P=0.15, I 2=28.9%

Test for overall effect: z=4.36, P<0.00001

Total (95% CI)

Total events: 149 (PPI), 266 (control)

Test for heterogeneity: χ2=28.91, df=18, P=0.05, I 2=37.7%

Test for overall effect: z=4.62, P<0.00001

8/38

10/110

5/24

6/82

2/71

325

58/246

0/38

0/38

6/28

11/45

5/159

3/20

4/26

9/130

2/50

6/66

8/120

1/31

5/86

1083

1408

Proton pump
inhibitor

11/37

37/110

5/24

18/84

9/78

333

70/257

1/43

3/38

9/23

9/41

4/163

2/20

5/13

17/135

12/50

10/67

27/120

4/31

13/89

1090

1423

Control

0.63 (0.22 to 1.80)

0.20 (0.09 to 0.42)

1.00 (0.25 to 4.03)

0.29 (0.11 to 0.77)

0.22 (0.05 to 1.07)

0.32 (0.20 to 0.50)

0.82 (0.55 to 1.23)

0.37 (0.01 to 9.30)

0.13 (0.01 to 2.64)

0.42 (0.12 to 1.45)

1.15 (0.42 to 3.14)

1.29 (0.34 to 4.90)

1.59 (0.24 to 10.70)

0.29 (0.06 to 1.36)

0.52 (0.22 to 1.20)

0.13 (0.03 to 0.63)

0.57 (0.19 to 1.67)

0.25 (0.11 to 0.57)

0.23 (0.02 to 2.14)

0.36 (0.12 to 1.06)

0.57 (0.44 to 0.73)

0.46 (0.33 to 0.64)

Odds ratio (95% CI)Odds ratio (95% CI)

0.01
Favours
PPI

Favours
control

1001010.1

Fig 3 Odds ratios for individual trials and pooled data for rebleeding, according to route of administration of proton pump inhibitor (PPI)
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Fig 4 Odds ratios for individual trials and pooled data for rates of surgical intervention, according to route of administration of proton pump inhibitor (PPI)
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Rebleeding 10.4 17.6 No (0.51) 0.53 (0.35 to 0.78) 13 (8 to 25)

Surgical intervention 7.9 11.1 No (0.36) 0.68 (0.38 to 1.20) 25 (13 to 100)

Placebo as control (7 trials)

Mortality 5.7 4.9 Yes (0.02) 0.96 (0.43 to 2.15) Not calculable

Rebleeding 10.7 19.2 Yes (0.005) 0.41 (0.23 to 0.72) 11 (8 to 20)

Surgical intervention 8.7 13.5 Yes (0.09) 0.52 (0.32 to 0.84) 20 (13 to 50)

IV PPI versus IV placebo or IV H2 receptor antagonist (16 trials)

Mortality 6.0 5.0 No (0.15) 1.22 (0.84 to 1.78) Not calculable

Rebleeding 10.9 17.1 No (0.15) 0.57 (0.44 to 0.73) 17 (11 to 25)

Surgical intervention 9.0 12.6 No (0.55) 0.67 (0.50 to 0.90) 25 (17 to 100)

“High dose” IV PPI versus IV placebo or IV H2 receptor antagonist (4 trials)

Mortality 5.7 5.6 Yes (0.02) 0.98 (0.25 to 3.77) Not calculable

Rebleeding 5.2 12.8 Yes (0.09) 0.39 (0.18 to 0.87) 11 (5 to 50)

Surgical intervention 5.2 9.4 No (0.36) 0.53 (0.31 to 0.89) 25 (14 to 100)
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Mortality 6.3 4.5 No (0.76) 1.42 (0.85 to 2.38) Not calculable

Rebleeding 16.1 20.3 No (0.53) 0.67 (0.50 to 0.91) 17 (10 to 100)

Surgical intervention 12.3 15.3 No (0.60) 0.76 (0.53 to 1.08) Not calculable

Oral PPI treatment versus oral placebo or H2 receptor antagonist (5 trials)

Mortality 2.5 3.6 No (0.64) 0.67 (0.28 to 1.64) Not calculable
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Rebleeding 8.6 15.0 No (0.11) 0.52 (0.39 to 0.70) 14 (11 to 25)

Surgical intervention 5.4 9.3 No (0.73) 0.53 (0.35 to 0.79) 25 (14 to 50)

No routine EHT before randomisation (8 trials)

Mortality 7.0 5.6 No (0.34) 1.25 (0.75 to 2.09) Not calculable

Rebleeding 16.0 25.8 Yes (0.03) 0.38 (0.18 to 0.81) 9 (5 to 50)

Surgical intervention 12.8 18.6 No (0.16) 0.64 (0.46 to 0.89) 17 (10 to 50)
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PPI=proton pump inhibitor, IV=intravenous, EHT=endoscopic haemostatic therapy, NBVV=non-bleeding visible vessel.
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What is already known on this topic

Proton pump inhibitors are effective for healing
non-bleeding ulcers

Their role in the management of patients with bleeding
ulcers is unclear

What this study adds

This systematic review and meta-analysis found that proton
pump inhibitor treatment reduces the risk of ulcer
rebleeding but does not influence overall mortality from
ulcer bleeding

Requirement for surgery to manage ulcer bleeding is also
likely to be reduced with early proton pump inhibitor
treatment
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