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Bleeding is a common and potentially life-threatening compli-
cation of peptic ulcer disease and is associated with a mortal-

ity rate of approximately 3% to 10%, although it is reported that 
approximately 80% of peptic ulcer bleeding (PUB) episodes 
resolve spontaneously (1,2). In recent years, epidemiological 
studies have shown a decreasing trend in the occurrence  of upper 
gastrointestinal hemorrhage related to peptic ulcers, but without 
a significant decrease in rebleeding or mortality rates. This could 
be explained by the significantly increased incidence of comorbid 
illnesses and the increased use of nonsteroidal anti-inflammatory 
drugs (NSAIDs), especially in elderly patients (3-5).

In vitro studies (6-9) have identified that clotting proceeds 
more efficiently and that the dissolution of clots by proteolytic 
enzymes occurs more slowly at high pH levels, while the func-
tion of platelets is severely impaired at low pH. Pepsin can 
digest blood clots overlying ulcer craters and its activity is pH-
related. These data suggest that low intragastric pH may pro-
mote the recurrence of PUB.

Endoscopic hemostasis has been the first choice of treat-
ment for PUB, providing better outcomes compared with med-
ical and surgical therapies (10-13). Nevertheless, 15% to 20% 
of patients treated endoscopically experienced rebleeding, with 
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BACKGROUND: Several studies have suggested that proton pump 
inhibitors are efficacious in preventing rebleeding when administered 
immediately after endoscopic treatments. However, there are limited 
clinical outcome data on the use of intravenous pantoprazole.
OBJECTIVE: To evaluate the efficacy of intravenous pantoprazole after 
successful endoscopic treatment for peptic ulcer bleeding using evidence 
from randomized controlled trials (RCTs).
METHODS: The Cochrane Library, MEDLINE, EMBASE and sev-
eral Chinese databases up to July 2008 were searched. RCTs that 
compared the relative effectiveness of intravenous pantoprazole with 
placebo, H2 receptor antagonist or other agents for patients with pep-
tic ulcer bleeding who were pretreated with successful endoscopic 
therapies were retrieved.
RESULTS: Five RCTs comprising a total of 821 participants were 
included in the final meta-analysis. Overall, there were significant differ-
ences in ulcer rebleeding (RR 0.31; 95% CI 0.18 to 0.53; pooled rates 
were 4.7% for pantoprazole and 15.0% for control), surgical intervention 
(RR 0.28, 95% CI 0.09 to 0.83; pooled rates were 1.4% in pantoprazole 
group versus 6.5% in control) and total length of hospital stay (weighted 
mean difference  –1.53; 95% CI –1.91 to –1.16), but not on mortality 
(RR 0.72, 95% CI 0.29 to 1.81; pooled mortality rates were 1.9% for 
pantoprazole versus 2.8% for control) and blood transfusion require-
ments (weighted mean difference –0.53; 95% CI for random effects 
–1.04 to –0.02) when compared with control treatments. A series of 
subgroup analyses supported the results from the main analysis.
CONCLUSIONS: Intravenous administration of pantoprazole after 
endoscopic therapy for peptic ulcer bleeding reduces rates of ulcer 
rebleeding, surgical intervention and overall duration of hospital stay, 
but not mortality and blood transfusion requirements compared with 
placebo, H2 receptor antagonist or somatostatin. 
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Le pantoprazole par intraveineuse en adjuvant après 
le traitement endoscopique réussi de l’hémorragie 
d’un ulcère gastroduodénal

HISTORIQUE : Plusieurs études laissent supposer que les inhibiteurs de 
la pompe à protons sont efficaces pour prévenir des récidives d’hémorragie 
s’ils sont administrés immédiatement après les traitements endoscopiques. 
Cependant, on possède peu de données d’issues cliniques sur l’utilisation du 
pantoprazole par intraveineuse (IV).
OBJECTIF : Évaluer l’efficacité du pantoprazole IV après le traitement 
endoscopique réussi de l’hémorragie d’un ulcère gastroduodénal au moyen 
de données probantes tirées d’essais aléatoires et contrôlés (EAC).
MÉTHODOLOGIE : Les auteurs ont fait des recherches dans la 
Bibliothèque Cochrane, MEDLINE, EMBASE et plusieurs bases de 
données chinoises jusqu’à juillet 2008. Ils ont extrait les EAC dans lesquels 
on comparait l’efficacité relative du pantoprazole IV à un placebo, à un 
antagoniste des récepteurs H2 ou à d’autres agents chez des patients 
souffrant d’hémorragie attribuable à un ulcère gastroduodénal ayant déjà 
été traités avec succès par endoscopie.
RÉSULTATS : La méta-analyse finale incluait cinq EAC, pour un total de 
821 participants. Dans l’ensemble, par rapport aux sujets témoins, on 
constatait une différence significative pour ce qui est des récidives 
d’hémorragie de l’ulcère (RRR 0,31; 95 % IC 0,18 à 0,53; les taux regroupés 
s’élevaient à 4,7 % dans le groupe prenant du pantoprazole et à 15,0 % dans 
le groupe témoin), des interventions chirurgicales (RRR 0,28; 95 % IC 
0,09 à 0,83; les taux regroupés s’élevaient à 1,4 % dans le groupe prenant 
du pantoprazole et à 6,5 % dans le groupe témoin) et de l’hospitalisation 
totale (différence moyenne pondérée –1,53; 95 % IC –1,91 à –1,16), mais 
non pour ce qui est de la mortalité (RRR 0,72; 95 % IC 0,29 à 1,81; les taux 
de mortalité regroupés s’élevaient à 1,9 % dans le groupe prenant du 
pantoprazole et à 2,8 % dans le groupe témoin) et des besoins de transfusion 
sanguine (différence moyenne pondérée –0,53; 95 % IC pour les effets 
aléatoires –1,04 à –0,02). Une série d’analyses de sous-groupes a corroboré 
les résultats de l’analyse principale.
CONCLUSIONS : L’administration de pantoprazole IV après le traitement 
endoscopique de l’hémorragie d’un ulcère gastroduodénal réduit les taux de 
récidive d’hémorragie de l’ulcère, d’intervention chirurgicale et la durée des 
hospitalisations, mais non la mortalité et les besoins de transfusion sanguine 
par rapport à un placebo, à un antagoniste des récepteurs H2 ou à la 
somostatine.
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a mortality rate of 6% to 7% (14). High intragastric acid secre-
tion was observed in these patients. Thus, adjuvant medications 
that promote acid suppression, thereby supporting and main-
taining hemostasis, seem to be beneficial. Although several stud-
ies (15-18) have demonstrated that proton pump inhibitors 
(PPIs) are efficacious in preventing rebleeding when adminis-
tered immediately after endoscopic treatments, there are limited 
clinical outcome data on pantoprazole. Indeed, most of the data 
supporting the use of PPIs for PUB involved omeprazole rather 
than pantoprazole mainly due to its availability and cost-effect-
iveness. However, omeprazole is not available as an intravenous 
(IV) formulation in many countries, including those in North 
America. Furthermore, evidence indicates that pantoprazole, 
when infused continuously at the same dose as omeprazole in 
healthy volunteers and PUB patients, is highly effective in sup-
pressing gastric acid by raising the intragastric pH to higher than 
6 (19,20). Additionally, IV pantoprazole infusion is especially 
distinguished by the lack of clinically relevant drug interactions, 
no dosage adjustment for patients with renal insufficiency or 
with mild to moderate hepatic dysfunction.

A Cochrane systematic review (21) concluded that PPIs 
effectively reduced ulcer rebleeding and surgical intervention 
when compared with placebo or H2 receptor antagonists 
(H2RAs). However, the study included few randomized con-
trolled trials (RCTs) that investigated pantoprazole. Conversely, 
somatostatin, which is conventionally administered to PUB 
patients in clinical practice, is less evaluated than PPIs, 
although the drug has been demonstrated more effective at 
inhibiting gastric acid secretion than pantoprazole (14). Only 
a few high-quality studies concerning IV pantoprazole have 
been published (22-26). Among them, one RCT, presented as 
an abstract (27), revealed that the efficacy of high-dose 
infusion of ranitidine to prevent recurrent ulcer bleeding was 
similar to that of pantoprazole infusion. Another study (26) 
that compared pantoprazole with somatostatin reported no dif-
ference in the outcome of surgical intervention. To further 
explore the role of pantoprazole as an adjuvant therapy to 
endoscopic treatment for PUB patients, we conducted a meta-
analysis to evaluate its efficacy by comparing pantoprazole with 
either placebo, H2RAs or other agents.

METHODS
Literature search
Articles selected for analysis were reviewed separately by two of 
the authors (JT, ZB) and studies fulfilling the inclusion criteria 
underwent further analysis. Relevant papers were identified by 
searching the CENTRAL (The Cochrane Library), MEDLINE, 
and EMBASE databases up to July 2008 by using the search 
terms “peptic ulcer*” or “gastrointestinal ulcer*” or “stomach 
ulcer*” or “gastric ulcer*” or “GU” or “duodenal ulcer*” or 
“DU” and “pantoprazole”. The search strategy was designed 
using a combination of subject and text words. The Chinese 
biomedicine literature database, Chinese technological period-
ical full-text database and the Chinese periodical full-text 
database were also searched. In addition, relevant articles pub-
lished in journals were manually searched and companies and 
researchers in the field were contacted to identify any ongoing 
or unpublished studies.

Review methods
Three reviewers (JW, BM, YL) independently reviewed 
trials and abstracts identified in the search for fulfillment of 

predefined inclusion criteria. The full text of all relevant stud-
ies was obtained whenever possible. If it was not clear whether 
the trial met the inclusion criteria, further information was 
sought from the original authors. The inclusion of trials was 
determined independently by two reviewers (LJ, SS) and any 
disagreements were resolved by consensus.

The inclusion criteria were as follows:
RCTs that compared the relative effectiveness of IV •	
pantoprazole with placebo, H2RA or other medication after 
endoscopic hemostasis for PUB;
Patients with endoscopically confirmed active bleeding or •	
with major stigmata of recent bleeding from peptic ulcers 
were included if they were initially successfully treated with 
endoscopic therapies, regardless of hemostatic approaches. 
The major stigmata of ulcer hemorrhage were defined as 
arterial spurting, oozing bleeding, nonbleeding visible vessel 
and adherent clot according to endoscopic appearance. 
Patients with other causes of gastrointestinal hemorrhage 
were excluded; and 
Regarding interventions, the treatment group must have •	
received pantoprazole and the control group must have 
received either placebo, H2RAs or another agent that was 
conventionally used for controlling bleeding. The route of 
administration was restricted to IV only and concomitant 
therapy must have been applied equally to both intervention 
arms.

DEfINITION Of OUTCOME MEASURES
Primary outcomes measure
Ulcer rebleeding: Most trials were defined by the number of 
patients with endoscopically confirmed rebleeding within three, 
seven or 30 days after randomization.

Secondary outcome measures
Mortality: Because PUB is a potentially fatal complication – 
especially in elderly patients with concomitant disease – data 
were not separated according to cause of death. Thus, 30-day 
mortality or in-hospital mortality was used.
Need for surgery: Failure of endoscopic retreatment or occur-
rence of a second rebleeding constituted indications for surgery.
Blood transfusion requirements: When available, blood 
transfusion requirements were expressed as mean (± SD) units 
transfused per patient for patients who needed blood trans-
fusion only after endoscopic treatment.
Total duration of hospital stay: The duration of hospital stay 
was expressed as mean (± SD) days in hospital.

Statistics
The methodological quality of the studies was independently 
assessed by three reviewers (JL, RL, XH), based on three cri-
teria: randomization, double-blinding, and description of with-
drawals and dropouts. The Cochrane Collaboration’s RevMan 
4.2 software was used for statistical analysis. Statistical hetero-
geneity was measured by graphic examination of forest plots 
and statistically through a homogeneity test based on the c2 
test in which P<0.10 was considered to be significant for 
heterogeneity. The I2 statistic was calculated to assess the impact 
of heterogeneity on the results. A value of greater than 50% was 
considered substantial heterogeneity. When heterogeneity was 
detected, clinical parameters were used to explore the hetero-
geneity. Dichotomous data were analyzed using relative risk 
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(RR) and were reported with 95% CIs. Continuous data were 
analyzed using mean differences with their corresponding SEs 
and were reported with 95% CI. Weighted mean differences 
(WMD) were used for outcomes measured on different scales 
that measured the same outcome. A fixed effects model was 
used unless there was significant heterogeneity, in which case a 
random effects model was applied.

RESULTS
The preliminary search identified 1243 potentially relevant 
papers. A total of 1237 articles were excluded from further 
analysis because they were not RCTs (1120 articles); involved 
monotherapy with endoscopy (54 articles) or pantoprazole 
(32 articles); articles that compared two different oral regi-
mens of pantoprazole (13 articles); and duplications (18 arti-
cles). One RCT was excluded (27) because it was only 
presented as an abstract from which no raw data could be 
extracted. Five trials (22-26) comprising 821 patients were 
included in the final meta-analysis. Data regarding characteris-
tics of the studies, patients’ baseline characteristics and quality 
assessment of the studies are summarized in Table 1, Table 2 
and Table 3, respectively. Apart from the main analysis, several 
subgroup analyses were undertaken according to the type of 
control group, the initial dose of pantoprazole (high dose ver-
sus low dose) and the method of IV pantoprazole administra-
tion (ie, bolus infusion versus continuous infusion). Also, 
studies included in the present meta-analysis were divided into 
three subsets in terms of timing for the primary outcome assess-
ment (ulcer rebleeding rate) for the first three days, days 4 to 7, 
and 30 days. Details are as follows:

Subgroup A: Ulcer rebleeding within three days (A1), four to •	
seven days (A2) and 30 days (A3).
Subgroup B: Pantoprazole versus placebo (B1), pantoprazole •	
versus ranitidine (B2) and pantoprazole versus somatostatin (B3).

Subgroup C: Pantoprazole bolus infusion (C1) and pantoprazole •	
continuous infusion (C2).
Subgroup D: Initial high-dose (80 mg) pantoprazole (D1) •	
and low-dose (40 mg) pantoprazole (D2).

Ulcer rebleeding
Five trials (22-26) comprising a total of 362 patients in the 
pantoprazole group and 360 patients in the control group 
reported a rebleeding rate (Figure 1). The pooled effect 
favoured pantoprazole treatment, with an RR of 0.31 (95% CI 
0.18 to 0.53). No significant heterogeneity was observed 
among the five trials (P=0.83; I2=0%). Pooled rebleeding rates 
were 4.7% for pantoprazole and 15.0% for control. Of the five 
trials, two (23,24) did not report rebleeding rates for the first 
three days, but reported 30-day and eight-week rebleeding 
rates, respectively. Because there was a concern that this could 
bias the results of the present analysis, a post hoc sensitivity 
analysis was performed with the exclusion of these two trials. 
The result remained statistically significant in favour of 
pantoprazole treatment (RR 0.34; 95% CI 0.19 to 0.63).

Three trials (22,25,26) separately reported results for ulcer 
three-day rebleeding rates, and three trials (23,25,26) reported 
30-day rebleeding rates (Figure 2). There was no significant 
heterogeneity in each subset; pooled rates for three-day 
rebleeding rates were 5.1% in the pantoprazole group versus 
14.6% in control, while 30-day rebleeding rates were 5.3% 
versus 15.8%, respectively. Significant differences in favour of 
pantoprazole treatment were observed in subgroups A1 (RR 
0.34; 95% CI 0.19 to 0.63) and A2 (RR 0.34; 95% CI 0.18 to 
0.65). Furthermore, the day 4 to 7 rebleeding rates were 
reported in three trials (22,25,26); data were homogeneous 
but nonsignificant (RR 0.72; 95% CI 0.22 to 2.37). Ulcer 
rebleeding rates were 1.6% in the pantoprazole group com-
pared with 2.3% in the control group.

Table 1
Clinic characteristics of studies included in the meta-analysis

author  
(Reference) Country

Treatment/ 
Control, n

Intervention
Pantoprazole Control Outcomes

Jensen et al (25) USA 72/77 Pantoprazole 80 mg IV bolus followed by 
   8 mg/h continuous infusion for the first 
   3 days

Ranitidine 50 mg IV bolus 
   followed by 6.25 mg/h 
   continuous infusion for 
   the first 3 days

Ulcer rebleeding rate for the first three 
   days, days 4–7 and 30 days, 30-day  
   mortality, mean hospital stay, mean  
   number of transfusions

Hsu et al (24) China 52/50 Pantoprazole 40 mg IV bolus followed by  
   40 mg/12 h for the first 3 days

Ranitidine 50 mg IV bolus 
   followed by 50 mg/12 h 
   for the first 3 days

Ulcer rebleeding rate for 8 weeks, 8-week 
   mortality, the need for surgery, mean  
   hospital stay, mean number of 
   transfusions

Tsibouris et al  
   (26)

Greece 82/82 Pantoprazole 40 mg IV bolus followed by  
   8 mg/h continuous infusion for the first  
   2 days

Somatostatin 250 µg IV  
   bolus followed by  
   250 µg/h continuous  
   infusion for the first  
   2 days

Ulcer rebleeding rate for the first 3 days  
   and 30 days, 30-day mortality, mean  
   hospital stay, mean number of  
   transfusions

Hung et al (23) China 54/49/50* Pantoprazole 80 mg IV 
   bolus followed by 
   8 mg/h continuous  
   infusion for the first  
   3 days

Pantoprazole 80 mg IV 
   bolus followed by  
   40 mg/12 h for the 
   first 3 days

No acid suppression for 
   the first 3 days

Ulcer rebleeding rate for 30 days, 30-day  
   mortality, the need for surgery, mean  
   number of transfusions, mean  
   hospital stay

Zargar et al (22) India 102/101 Pantoprazole 80 mg IV bolus followed by  
   8 mg/h continuous infusion for the first  
   3 days

Placebo 80 mg IV bolus  
   followed by 8 mg/h  
   continuous infusion for 
   the first 3 days

Ulcer rebleeding for the first 3 days 
   and days 4–7, mortality, the need for  
   surgery, mean hospital stay, mean  
   number of transfusions

*Continuous infusion n=54, bolus infusion n=49, no treatment n=50. IV Intravenous
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Table 2
baseline comparison of patient demographics and ulcer characteristics
baseline  
characteristics

author (reference)
Hung et al (23) Zargar et al (22) Hsu et al (24) Jensen et al (25) Tsibouris et al (26)

Cases, n (T/C) 54/49/50* 102/101 52/50 72/77 82/82

Age, years, mean (SD)  
(T/C, n)

63.7 (NA)/57.8 (NA)/62.5 
(NA)

55.3 (9.2)/52.4 (8.8) 63.2 (18.2)/64.7 (13.8) 59.6 (16.1)/55.6 (16.8) 67.8 (13.1)/66.4 (13)

NSAID use, n (T/C) 15/11/10 18/15 14/16 69/71 57/57

HP-positive, n (T/C) 33/30/26 62/58 NA 41/27 60/60

History of ulcer bleeding, n  
   (T/C)

NA 21/18 14/9 NA NA

GU, n (T/C) 19/14/20 18/16 25/25 34/31 44/44

DU, n (T/C) NA 84/85 27/25 37/46 38/38

Ulcer size, cm  
   (SD) (T/C)

1.2 (NA)/1.1 (NA)/1.0 (NA) 1.2 (0.8)/1.3 (0.8) 1.2 (0.8)/1.2 (0.6) 1.1 (0.5)/1.2 (0.5) 1.3 (0.6)/1.2 (0.6)

Inpatient bleeding, n (T/C) NA 12/14 NA NA 5/5

Hemoglobin on admission, 
   (g/L) (SD) (T/C)

94 (NA)/101 (NA)/98 (NA) 94 (1.8)/91 (21) 103 (30)/100 (28) NA NA

Shock on admission, n  
   (T/C)

1/1/1 28/24 3/3 NA 36/36

Comorbid diseases, n (T/C) NA 25/22 NA NA 46/46

Endoscopic appearance, n (T/C)

   Spurting bleeding 6/5/4 12/14 4/2 35/37 16/16

   Oozing bleeding 28/24/29 25/31 18/17 33/36 36/36

   Nonbleeding visible  
      vessel

5/8/3 65/56 18/21 4/4 30/30

   Adherent clot 33/31/28 –/– 12/12 –/– –/–

*Continuous infusion n=54, bolus infusion n=49, no treatment n=50. C Control subjects; DU Duodenal ulcer; GU Gastric ulcer; HP Helicobacter pylori; NA Not applicable; NSAID 
Nonsteroidal anti-inflammatory drug; T Treated subjects 

Table 3
Quality assessments of studies included in the meta-analysis
author 
(Reference) Randomization

allocated 
concealment blinding

Follow-up 
(weeks) loss of follow-up

Dropout  
(T/C) Quality grade*

Hung et al (23) Adequate Not used Unclear 8 Not described 11/4 C

Zargar et al (22) Adequate Adequate Adequate (double-blind) 6 Not described 0/0 A

Hsu et al (24) Adequate Adequate Unclear 8 Not described 0/0 B

Jensen et al (25) Adequate Adequate Adequate (double-blind) 4 Not described 10/13 A

Tsibouris et al (26) Adequate Adequate Adequate (double-blind) 4 Not described 0/0 A

*Based on reference 21; C Number of patients in control group; T Number of patients in treatment group

figure 1) Ulcer rebleeding (main analysis). Intravenous pantoprazole as an adjuvant therapy following successful endoscopic treatment for 
peptic ulcer bleeding. df Degrees of freedom
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figure 2) Ulcer rebleeding (subgroup analysis). df Degrees of freedom. Continued on next page
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Subgroup analyses that compared pantoprazole with three 
different agents in the five trials (22-26) were performed. The 
results were homogeneous and significant, with respective RRs 
of 0.34 (95% CI 0.16 to 0.69), pooled rates of 5.8% for 
pantoprazole versus 17.2% for control in subgroup B1 (22,23), 
0.36 (95% CI 0.14 to 0.97) and 4.0% versus 11.0% in sub-
group B2 (24,25) and 0.21 (95% CI 0.06 to 0.72) and 3.7% 
versus 17.1% in subgroup B3. Pantoprazole was prescribed as an 
IV bolus infusion in four studies (22,23,25,26) and an IV con-
tinuous infusion in two (23,24). No significant heterogeneity 
was found in each subset, and the results were significant in 
favour of pantoprazole treatment (RR 0.32, 95% CI 0.19 to 
0.57; RR 0.25; 95% CI 0.09 to 0.71, respectively). Pooled rates 
were 4.0% versus 16% in subgroup C1 and 4.8% versus 14.8% 
in subgroup C2, which compared pantoprazole treatment to 
the control. Furthermore, pantoprazole was initially adminis-
tered at high dose (80 mg) in three trials (22,23,25) and at low 
dose (40 mg) in the other two (24,26). Data for rebleeding 
were homogeneous and significant, with RRs of 0.37 (95% CI 
0.20 to 0.70) and 0.22 (95% CI 0.09 to 0.57), respectively. 
Pooled rates were 5.3% versus 14.0% in subgroup D1 and 3.7% 
versus 16.7% in subgroup D2.

Mortality
Overall, mortality was not significantly affected by 
pantoprazole treatment (RR 0.72; 95% CI 0.29 to 1.81) 
(Figure 3). There was no heterogeneity among the studies 
(P=0.94, I2=0%); pooled rates in the pantoprazole group 

were 1.9% and 2.8% in control. Of the five trials, three (23, 
25,26) stated all-cause mortality within 30 days of random 
assignment, one (24) reported the eight-week mortality rate and 
the other (22) did not specify the time for mortality assessment. 
When these two trials were removed for sensitivity analysis, the 
overall effect did not change (RR 0.84; 95% CI 0.25 to 2.85).

There was no statistically significant effect of pantoprazole 
treatment on pooled mortality rates when pantoprazole was 
compared with placebo (RR 0.44; 95% CI 0.10 to 1.94), raniti-
dine (RR 1.04; 95% CI 0.27 to 4.06) or somatostatin (RR 1.00; 
95% CI 0.06 to 15.72) (Figure 4). Respective pooled rates were 
1.3% versus 3.3% for subgroup B1, 3.2% versus 3.1% in sub-
group B2 and 1.2% for each treatment group in subgroup B3. 
Similar effects were found in subgroups C1 (RR 0.59; 95% CI 
0.08 to 4.45), C2 (RR 0.69; 95% CI 0.26 to 1.85), D1 (RR 
0.66; 95% CI 0.23 to 1.88) and D2 (RR 0.98; 95% CI 0.14 to 
6.85), with pooled mortality rates of 1% versus 2%, 1.9% ver-
sus 2.9%, 2.2% versus 3.8% and 1.5% versus 1.5%, respectively. 
Again, no heterogeneity was observed in each subset.

Need for surgery
Among the five RCTs, four (22-24,26) provided rate data for 
surgery intervention. Unfortunately, data from one trial (26) 
could not be extracted the due to mixed results in this outcome. 
Thus, the remaining three trials (22-24) comprising 208 
patients in the pantoprazole arm and 201 patients in the control 
group were assessed. There was no significant heterogeneity 
among the trials (P=0.72; I2=0%) (Figure 5). Pooled rates were 

figure 3) Mortality (main analysis). df Degrees of freedom

figure 2 continued) Ulcer rebleeding (subgroup analysis). df Degrees of freedom; IV Intravenous; VS Versus 
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1.4% in the pantoprazole group versus 6.5% in control. There was 
a highly significant difference favouring pantoprazole treatment  
over control (RR 0.28; 95% CI 0.09 to 0.83).

Significant differences in favour of pantoprazole were 
observed in all subsets except for subgroups B3 and subgroup 
D2 (Figure 6). However, there was only one trial involved in 
each subset (24) and this may not represent a robust result (RR 
0.32; 95% CI 0.01 to 7.69).

Blood transfusion requirements
Data regarding mean (± SD) of units of blood transfused per 
treatment group were extracted from four trials (22,24-26). 
These trials comprised a total of 618 patients; 308 on pantoprazole 
treatment and 310 as control (Figure 7). There was statistically 
significant heterogeneity among the trials (P<0.00001; 
I2=98.4%). No statistically significant difference (WMD –0.25; 
95% CI for random effects –0.86 to 0.35) was found between 

figure 4) Mortality (subgroup analysis). df Degrees of freedom; IV Intravenous; VS Versus 
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figure 5) Need for surgery (main analysis). df Degrees of freedom

figure 6) Need for surgery (subgroup analysis). df Degress of freedom; IV Intravenous; VS Versus
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groups, with transfusion requirements in mean units of blood 
ranging from 0.15±0.06 units to 4.9±5.8 units for pantoprazole 
treatment; and from 0.5±0.1 units to 5.7±6.8 units for control 
treatment (24,26). Categories of blood products were specified, 
but the total units were not reported in one study (25). Data 
abstracted from this study refer only to red blood cells, which is 
the most often used clinical practice in such circumstances. 

Conversely, although one trial (24) provided the total units of 
blood products, it was unclear from the data whether it was 
presented in units transfused after endoscopic hemostasis or 
total duration of hemostasis. However, when these two studies 
(24,25) were excluded in a sensitivity analysis, the result 
became marginally significant (WMD –0.53, 95% CI random 
effects – 0.04 to –0.02).

figure 7) Blood transfusion requirements (main analysis). df Degrees of freedom; WMD Weighted mean difference

figure 8) Blood transfusion requirements (subgroup analysis). df Degrees of freedom; IV Intravenous; VS Versus; WMD Weighted mean 
difference
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Incompatible results were also observed in subgroup analy-
ses (Figure 8) in which data were heterogeneous and nonsig-
nificant in groups C2 and D1, and homogeneous and significant 
in groups B2 and D2. The other subsets (B1, B3 and C1) 
included one trial in each group, and only group C1 (24), dem-
onstrated an insignificant effect (WMD –0.80; 95% CI random 
effects –3.26 to –1.66).

Total duration of hospital stay
Four trials (22,24-26) reported a mean (± SD) of hospitaliza-
tion days comprising a total of 308 patients on pantoprazole 
treatment and 310 patients as controls (Figure 9). No statistic-
ally significant heterogeneity was observed among the trials 
(P=0.83; I2=0%). There was a statistically significant differ-
ence between the two groups (WMD –1.53; 95% CI –1.91 to 

figure 10) Total duration of hospital stay (subgroup analysis). df Degrees of freedom; IV Intravenous; VS Versus; WMD Weighted mean 
difference

figure 9) Total duration of hospital stay (main analysis). df Degrees of freedom; WMD Weighted mean difference
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–1.16). Among the four trials, the mean duration of hospital 
stay ranged from 2.5±1.2 days to 6.24±1.85 days for pantoprazole 
treatment and from 4.1±1.9 days to 7.55±2.33 days for the 
control treatment (25,26).

Data from each subgroup (Figure 10) was homogenous and 
significant in favour of pantoprazole, with the exception of sub-
group C1, for which only one study was included (24) and was 
nonsignificant (WMD –1.60; 95% CI –3.24 to 0.04).

DISCUSSION
The results demonstrated that IV pantoprazole given after 
initial successful endoscopic control of PUB produced a statis-
tically significant beneficial effect in terms of rebleeding, need 
for surgery and total duration of hospital stay. Mortality and 
blood transfusion requirements showed a trend toward better 
results in the pantoprazole group, although these differences 
were not statistically significant. Because the present study was 
limited in terms of inclusion, the conclusion reached may not 
be reliable due to the small number of trials analyzed. 
Furthermore, one RCT (27) that compared the treatment 
effect of pantoprazole with ranitidine was published only as an 
abstract, which constrained our ability to completely evaluate 
and generalize the reported outcomes. On the other hand, all 
of the included study data were analyzed after randomization of 
endoscopic treatments. Because variations exist in the methods 
of endoscopic treatment and technical knowledge of the 
endoscopists in each trial, outcomes may be biased.

It was not the purpose of the present review to examine the 
evidence concerning the timing of initiation of IV infusion of 
pantoprazole for PUB patients. The analysis of the studies was 
confined to RCTs conducted with patients who had undergone 
endoscopic treatment of PUB. We acknowledge, however, that 
pantoprazole treatment was often initiated before endoscopic 
hemostasis in clinical practice.

For ulcer bleeding, only the data regarding days 4 to 7 were 
nonsignificant. The result may be affected by administration of 
oral PPIs or H2RAs after three-day IV treatment as stated in 
the studies. However, this finding also suggests that PUB 
patients may require treatment for longer than 72 h with either 
high-dose IV or oral pantoprazole to reduce early rebleeding.

There was no evidence to indicate that pantoprazole pro-
duced a reduction in mortality following PUB, although there 
was a substantial and statistically significant reduction in 
rebleeding rates associated with pantoprazole treatment. This 
suggests that much of the mortality following an episode of 
PUB may be unrelated to continued or recurrent bleeding but 
is more likely to be the result of comorbid disease being exacer-
bated by the bleeding episode. Although some studies specified 
that the cause of death was related to associated diseases, most 
of the deaths were not related to rebleeding. Caution is recom-
mended when interpreting the results of blood transfusion 
requirements because of the increase in substantially signifi-
cant heterogeneity when the studies are collectively taken into 
consideration. Heterogeneity would have originated from dis-
crepancies in the criteria for the need of blood transfusion; and 
the mixed outcomes in individual studies that did not directly 
report data regarding categories of blood products.

Of the five RCTs, only one (23) assigned patients to two 
treatment groups (bolus infusion and continuous infusion), and 
these groups were compared with a nontreatment group 
labelled as the control. This study only provided outcomes for 
bolus or continuous infusion compared with the control, but 

also reported comparative outcomes of these two treatment 
groups. Data in each arm for subgroup analysis were separately 
included (bolus and infusion, respectively). In the main analy-
sis, however, we only included the results of continuous 
infusion versus no treatment because the regimen was used 
more often in clinical practice than bolus infusion. Moreover, 
observation from healthy volunteers further confirmed that 
continuous IV pantoprazole was superior to intermittent bolus 
injection for increasing intragastric acidity to higher than pH 6 
(19). In the subgroup analyses, bolus infusion and continuous 
infusion had similar treatment effects on the outcomes of ulcer 
rebleeding, mortality and blood transfusion requirements, but 
not for surgical intervention and the overall duration of hospi-
tal stay. As shown in the forest plot, continuous infusion 
seemed be more efficacious than bolus infusion on the out-
comes of surgical intervention and hospital stay. However, 
these results should be interpreted with caution due to the low 
recruitment number involved in each subgroup and the low 
quality of study methodology (23). Furthermore, the study 
authors provided bolus infusion versus continuous infusion 
data for the all of the outcomes mentioned above. The differ-
ence in each end point was minor and nonsignificant. However, 
to date, there is insufficient evidence and no consensus on the 
optimal dose of pantoprazole for the treatment of PUB. In the 
subgroup analyses for initial dose of pantoprazole, we deter-
mined that 80 mg and 40 mg had similar superiority over con-
trol on ulcer rebleeding and total duration of hospital stay, but 
not on mortality and blood transfusion requirements. Regarding 
the results of surgical intervention, high doses of pantoprazole 
seemed to be more effective. However, in the subset of patients 
who were on low-dose pantoprazole, there was only one study 
(24) involved. Therefore, these results were not robust.

One of the five trials (22) used a placebo as the control 
treatment, whereas in another (23), the randomly assigned 
patients were not prescribed any antacid treatment for the first 
three days (ie, no treatment was considered as placebo during 
the analysis). In fact, the treatment effect between placebo 
and no treatment are not the same (28). We acknowledge, 
however, that this assumption could bias the outcomes and 
should be undertaken with caution. Furthermore, it is unethical 
to withhold treatment from patients with ulcer complications 
such as PUB. Therefore, future studies should investigate the 
use of other agents such as H2RAs as the comparator rather 
than placebo. On the other hand, it was demonstrated that 
somatostatin could significantly reduce splanchnic blood flow 
in patients with variceal and nonvariceal bleeding (29,30). In 
addition to its vasoactive effect, somatostatin appeared to act as 
a potent inhibitor of gastric acid secretion through the inhib-
ition of gastrin (31,32). This additional advantage of somato-
statin may be of importance for the early control of PUB. 
Furthermore, because the drug is conventionally used for preven-
tion of ulcer rebleeding, studies comparing the treatment effect 
of pantoprazole with somatostatin are expected in the future.

Two trials (23,26) separately provided outcomes of 24 h pH 
monitoring during the first day of drug infusion. One study 
(26) that compared pantoprazole with somatostatin reported 
that both medications were equally effective in achieving acid 
suppression of more than pH 6, although in that trial, pH mon-
itoring was performed in only some of the patients. The other 
trial (23) demonstrated the difference between continuous and 
bolus infusions of pantoprazole in the effect on intragastric pH 
by means of mean pH value and duration of pH greater than 6. 
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This study showed that pantoprazole bolus infusion or continu-
ous infusion both had excellent outcomes over the control. 
However, continuous infusion achieved a higher mean pH 
value and a longer duration at higher than pH 6 than bolus 
infusion, although the difference was not significant (P=0.069 
and P=0.182, respectively). In one study (23), the trend of less 
rebleeding associated with higher gastric pH was noted. This 
finding further confirms the fact that hemostasis works best at 
near neutral pH. Therefore, intragastric pH studies after IV PPI 
infusion would also be of significant clinical interest to docu-
ment proof-of-concept of the treatment effect (intragastric pH 
6 or higher), and future studies should be coupled with gastric 
pH measurements to achieve the optimal level of acid suppres-
sion in bleeding peptic ulcers. In addition, four trials 
(22,23,25,26) reported side effects. However, they were minor 
and the frequencies in the two groups were similar.

Overall, the five trials included in the present meta-analysis 
were almost balanced regarding baseline characteristics of 
treatment groups. Of note, one trial (22) enrolled more 
patients with shock on admission in the pantoprazole arm than 
in the control arm (n=28, n=24, respectively). In another trial 
(24), fewer patients with a history of ulcer rebleeding in the 
pantoprazole treatment arm than in the control arm was 
reported (n=14, n=9, respectively). These differences were not 
significant; however, they could bias the outcomes, especially 
on mortality. We could not assess the influence of different 
stigmata of ulcer hemorrhage on the outcomes in the current 
meta-analysis because the original studies did not report 
adequate data for this factor. However, according to the obser-
vation from baseline characteristics of patients (Table 2), only 
one study (22), included fewer patients with oozing bleeding in 
the pantoprazole group than in control (n=25, n=31, respect-
ively) and more patients with a nonbleeding visible vessel in 
the pantoprazole treatment group than in control (placebo) 
(n=65, n=56, respectively). The differences were small and 
nonsignificant; however, if more patients had oozing bleeding 
(active bleeding) in the control group, the outcome may have 
favoured pantoprazole treatment. Notably, the five trials had 
different definitions for the recruitment of patients with major 
stigmata of ulcers; two (23,24) enrolled ulcer patients with an 
endoscopically confirmed adherent clot, whereas the other 
three trials deliberately excluded these patients. In this case, 
the outcomes also could be biased. Moreover, one trial (22) 
involved more patients with duodenal ulcer (84/85) and fewer 
patients with gastric ulcer (18/16) in the pantoprazole group 
and in the control group (placebo), respectively (Table 2). 

Also, in another trial (25), although not statistically signifi-
cant (P=0.23), there were fewer patients with bleeding from 
duodenal ulcers in the pantoprazole treatment group (duodenal 
ulcers to gastric ulcers ratio 37:34) than in the control (raniti-
dine) treatment group (duodenal ulcers to gastric ulcers ratio 
46:31). The imbalance in the ratio of duodenal ulcers to gastric 
ulcers between the treatment groups could potentially bias the 
analysis. However, it remains unclear in which direction the 
imbalance of the ratio of duodenal ulcers to gastric ulcers 
would bias the outcomes of the trial (7,17). Again, a higher 
number of patients who were Helicobacter pylori-positive were 
included in the pantoprazole treatment group than in the con-
trol group (41 versus 27) of a trial (25) that also included more 
patients who were of advanced age in the pantoprazole treat-
ment group than in the control group. It was demonstrated that 
the difference in H pylori status between the groups was mar-
ginally significant (P=0.05). However, we thought this would 
bias outcomes in favour of pantoprazole treatment on the 
grounds that PPIs produce a greater degree of suppression of 
gastric acid secretion in the presence of H pylori infection (33). 
Conversely, with more elderly patients in the pantoprazole 
group (31 subjects who were older than 70 years of age) versus 
18 subjects who were younger than 70 years of age in the con-
trol group, the outcomes could be also biased favouring control 
treatment (ranitidine).

We did not find any difference in outcomes between the 
Asian studies and the trials conducted elsewhere in the current 
meta-analysis mainly due to low recruitment. However, plenty 
of evidence (21,34,35) has suggested that PPIs were more effi-
cacious for ulcer bleeding among Asian patients than Europeans 
or North Americans. This could be explained by the lower 
parietal cell mass and the slower metabolism of PPIs by cyto-
chrome P450 2C19 in the Asian population (36).

Among the five studies, three (22,25,26) were ranked grade A 
according to the Cochrane quality assessment method (Table 3). 
In the future, more multicentre, high-quality studies from differ-
ent countries and regions that compare pantoprazole with other 
agents rather than placebo are required. Also, results from RCTs 
investigating dose-effect relationships are expected.

CONCLUSION
In patients with peptic ulcer bleeding, pantoprazole, when 
administered intravenously after endoscopic therapies, reduces 
ulcer rebleeding, surgery intervention and the overall duration 
of hospitalization, but not mortality and blood transfusion 
requirements compared with placebo, H2RAs or somatostatin.
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