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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• An adjunct to endoscopy, proton pump

inhibitor (PPI) is effective pharmacotherapy
in high-risk patients with peptic ulcer
bleeding (PUB).

• An intravenous 80-mg bolus and 192 mg
day-1 successive infusion for 3 days is the
currently recommended dosing modality in
administering PPI.

WHAT THIS STUDY ADDS
• Clinical outcomes are not different in PUB

patients receiving infusional pantoprazole at
either 192 mg or 160 mg day-1 for 3 days.

• The effective dosage of PPI may not be as
high as currently recommended.

• In view of cost-effectiveness, a lower dosage
(160 mg day-1) of infusional PPI may be
adopted in the management of PUB.

AIM
The optimal dosage of proton pump inhibitor in bleeding peptic ulcers
remains controversial.
The aim was to compare the clinical effectiveness of two doses of
infusional pantoprazole in peptic ulcer bleeding.

METHODS
Peptic ulcer patients (n = 120) with bleeding stigmata were enrolled
after successful endoscopic therapy. After an initial bolus injection of
80 mg pantoprazole, patients were randomized to receive continuously
infused pantoprazole at either 192 mg day-1 or 40 mg every 6 h (i.e.
160 mg day-1) for 3 days. Clinical outcomes between the two groups
within 14 days were compared, with 14-day recurrent bleeding
regarded as the primary end-point.

RESULTS
Both groups (n = 60 each) were well matched in demographic and
clinical factors upon entry. Bleeding totally recurred in 11 (9.2%)
patients, with six (10%) in the 192 mg day-1 group and five (8.3%) in
the 160 mg day-1 group (relative risk of bleeding recurrence between
two treatments 1.2; 95% CI 0.39, 3.72). All secondary outcomes
between the two groups were similar, including the amount of blood
transfusion (mean 1179 ml vs. 1203 ml, P > 0.1), hospital stay (mean 9.5
days vs. 9.9 days, P > 0.1), need for surgery (n = 1 vs. n = 0, P > 0.1), and
mortality (n = 1 vs. n = 0, P > 0.1).

CONCLUSIONS
Following endoscopic haemostasis, infusional pantoprazole at either
192 mg day-1 or 40 mg every 6 h appear similar.
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Introduction

Peptic ulcer bleeding (PUB) remains a serious medical
problem worldwide,with significant morbidity and mortal-
ity [1, 2]. Endoscopic therapy reduces recurrent bleeding,
surgery and mortality in PUB patients, and has been rec-
ommended as the standard haemostatic modality [3, 4].
Following endoscopic therapy, proton pump inhibitor (PPI)
can reduce re-bleeding and surgery [5, 6].

The therapeutic efficacy of PPI is related to its potent
inhibition of gastric acid [7], because acid and acid-
dependent protease activity impair blood clotting [8, 9].
Although randomized trials have shown evidence of the
clinical effectiveness of high-dose continuous infusional
PPI over placebo or histamine type 2 receptor antagonist
[7, 10–14], the optimal dosage of PPI remains controversial
[5, 15–20]. Current practice guidelines recommend an
80-mg bolus, followed by continuous infusion of 8 mg h-1

for 3 days (192 mg day-1) as the standard regimen.
However, the lowest effective dose is unclear [21, 22].
Because of the costly management of PUB [23], it is clini-
cally relevant to investigate whether a lower dose of PPI
may be as effective. Our previous randomized trials have
already confirmed continuous infusion of omeprazole
40 mg every 6 h (160 mg day-1) as an effective dosing
method [7, 24].

Hence, this study aimed to determine if a lower PPI
dose was as effective as the current standard by directly
comparing two dosing modalities (192 mg day-1 vs.
160 mg day-1) of pantoprazole as adjunct to endoscopic
therapy in PUB.

Methods

Setting and patients
This open-label, randomized, controlled trial was con-
ducted in a regional teaching hospital (Lotung Poh-Ai Hos-
pital) in north-eastern Taiwan. The hospital’s Institutional
Review Board approved the study protocol (ClinicalTrial-
.gov, NCT00731601). Patients who presented with hae-
matemesis, melena, haematochezia, unexplained anaemia
or other symptoms suggestive of upper gastrointestinal
(UGI) bleeding were screened for eligibility. Patients were
enrolled if they were aged >18 years, underwent UGI endo-
scopy within 24 h of presentation, and had peptic ulcers
with high-risk stigmata confirmed by endoscopy. Endo-
scopic stigmata included active spurting (Forrest IA),
oozing (Forrest IB), nonbleeding visible vessel (NBVV,
Forrest IIA), or adherent blood clot (Forrest IIB). Patients
were included after successful endoscopic haemostasis
and after providing written informed consent.

Patients were excluded if they were pregnant, did not
obtain initial haemostasis with endoscopic therapy,did not
give written informed consent, had bleeding tendencies
(i.e. platelet count <50 ¥ 109 l-1, serum prothrombin <30%

of normal, or using anticoagulants), used PPI within 7 days,
had severe renal insufficiency (uraemia with or without
dialysis), or bled from gastric cancers.

Endoscopic procedures
All endoscopic procedures were carried out by experi-
enced endoscopists using standard video-endoscopes
(GIF-XQ240 or GIF-XQ260; Olympus, Tokyo, Japan). Bleed-
ing stigmata of peptic ulcers was evaluated by applying
the Forrest classification [25]. An NBVV (Forrest IIA) was
defined as a discrete protuberance at the ulcer base, and
with an adherent clot (Forrest IIB) resistant to forceful
washing or suction. Endoscopic therapy with multi-polar
electro-coagulation (ForceTM 2-2PCH; Valley Laboratory,
Elgin, IL, USA) was done and the probe acted as a tampon-
ade on the bleeders, which were electro-coagulated 10 s
per pulse for three to four pulses. On the other hand,
endoscopic injection of diluted epinephrine (1:10 000)
was optional and left at the discretion of the treating
endoscopists.

The bleeder was observed for 3 min and successful
haemostasis was required for entry to the study. Infection
by Helicobacter pylori was examined by rapid urease test
during endoscopy (CLO test; Kimberly-Clark, Fullerton, CA,
USA). Urease-positive patients received a 1-week course of
standard triple therapy (pantoprazole 40 mg twice daily,
clarithromycin 500 mg twice daily, and amoxicillin
1000 mg twice daily) after discharge.

Randomization process and intervention
The study patients were randomly divided with 1:1 propor-
tions into two groups, using sealed envelopes containing
a therapeutic option derived from a computer-generated
random table. The envelope was not opened until treat-
ment was assigned to a patient. After an initial intravenous
(i.v.) bolus of 80 mg pantoprazole, study participants
received continuously infused pantoprazole at either
192 mg day-1 (192 mg day-1 or Group 192) or 40 mg every
6 h (160 mg day-1 or Group 160), both for 3 days. After
completing the i.v. therapy, both groups received oral pan-
toprazole of 40 mg once daily for 2 months.

Follow-up monitoring and outcome
measurements
After enrolment, the patients’ vital signs were checked
every hour for the first 12 h, every 2 h for the second 12 h,
every 4 h for the next 24 h, and then four times daily. Hae-
moglobin and haematocrit levels were checked at least
once daily and blood transfusion was given if the haemo-
globin became <90 g l-1 or if the patient’s vital signs dete-
riorated. Shock was defined as systolic blood pressure
<100 mmHg or pulse rate >100 beats min-1 accompanied
by cold sweating, pallor, or oliguria.

Re-bleeding was suspected when there were unstable
vital signs, continuous tarry or bloody stools, drop of
haemoglobin level >20 g l-1, or little increase (<10 g l-1) of
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haemoglobin level despite two or more units of blood
transfusion. Emergency endoscopy was immediately per-
formed in such cases. Re-bleeding was confirmed if active
bleeding, fresh blood or blood clots in the stomach were
found. All patients with re-bleeding were treated with
electro-coagulation unless they refused.

The primary end-point was recurrent bleeding within
14 days, while secondary end-points were hospital stay,
volume of blood transfusion, need for surgery, and all-
cause mortality at day 14.

Statistical analysis
Sample size estimation was based on detecting a 20% dif-
ference in favour of the 192 mg day-1 pantoprazole dosing
with a type I error of 0.05 and type II error of 0.2. At least 59
patients were required for each group.

Unpaired Student’s t-test was used to compare con-
tinuous variables between the two groups, and the c2 test,
with or without Yates’ correction, was used for the
categorical variables. Fisher’s exact test was used if the
expected value was <10. All statistical tests were two-tailed
with a P-value < 0.05 considered as significant.

Results

Between May 2008 and March 2009, 1258 patients who
presented at the emergency department with symptoms
suggestive of gastrointestinal bleeding were screened
(Figure 1). Among the 132 peptic ulcer patients with bleed-
ing stigmata documented by emergency endoscopy, 12
were excluded for lack of written consent (n = 2), bleeding

Patients presenting with symptoms suggestive
of gastrointestinal hemorrhage

(N = 1258)

Enrolled patients with bleeding peptic ulcers
(N = 132)  

Not enrolled: No EGD within 24
hours of presentation (N = 278),
no upper gastrointestinal bleeding
(N = 200), no bleeding
ulcers with high-risk
stigmata at endoscopy (n = 648)      

Patients randomly allocated
(N = 120) 

Excluded (n = 12) 
Consent not obtained (n = 2)
Bleeding tendency (n = 2)
Poor cooperation (n = 2)
Gastric malignancy (n = 2)
Hemostasis not achieved (n = 1)
Recent use of PPI (n = 3)       

Pantoprazole 192 mg/day
N = 60 

Pantoprazole 160 mg/day
N = 60 

Figure 1
Flowchart of this study
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tendency (n = 2), poor cooperation (n = 2), gastric malig-
nancy (n = 2), failure to achieve haemostasis (n = 1), and
prior use of PPI (n = 3). The two groups were well matched
in terms of baseline demographic and clinical factors
(Table 1).

Clinical outcomes were summarized in Table 2.The two
treatment groups were not different in either primary or
secondary outcomes (Table 2). Overall recurrent bleeding
occurred in 11 study participants (9.2%) within 14 days,
with six (10%) from Group 192 and five (8.3%) from Group
160 (relative risk of bleeding recurrence between two
treatments 1.2; 95% CI 0.39, 3.72).Ten of the 11 re-bleeding
patients were successfully managed by rescue endoscopic
electro-coagulation. Unfortunately, massive and uncon-

trolled bleeding recurred in one patient in Group 192 and
mortality ensued despite emergency surgery. There was
neither surgical nor fatal outcome in Group 160 (P > 0.1 for
both comparisons).

The mean volume of blood transfusion was 1179 ml
[95% confidence interval (CI) 487, 1995] in Group 192 and
1203 ml (492, 2009) in Group 160 (P > 0.1). On average,
patients in Group 192 and Group 160 stayed in the hospital
for 9.5 days (95% CI 8.4, 10.6) and 9.9 days (95% CI 8.3, 10.7),
respectively (P > 0.1).

Discussion

This randomized, controlled trial has demonstrated the
comparable clinical effectiveness of two doses of infu-
sional pantoprazole in patients with high-risk bleeding
peptic ulcers. By head-to-head comparison, the re-
bleeding rate, mortality rate, need for surgery, blood trans-
fusion and length of hospital stay were similar whether
pantoprazole was continuously infused at 192 mg day-1 or
at 40 mg every 6 h.These findings add to the growing body
of evidence suggesting that effective dosages of PPI may
not necessarily be as high as currently recommended [21,
22]. This is of important clinical relevance in view of cost-
effectiveness in managing such a common but serious
disease as PUB.

After Lau and colleagues reported their landmark trial
in 2000 [10], their infusional method of an initial 80-mg
bolus injection and successive infusion of 8 mg h-1 for 72 h
has become the recommended dosing modality in admin-
istering PPI to PUB patients after successful endoscopic
haemostasis [21, 22, 26]. However, convincing evidence
supporting the superiority of 8 mg h-1 over other infu-
sional methods with lower dosages has not been available
to date. Simon-Rudlere et al. [18] retrospectively compared
high-dose omeprazole (80-mg bolus followed by 8 mg h-1)
with low-dose omeprazole (40 mg once daily) and
reported that high-dose PPI reduced recurrent bleeding,
surgery and bleeding-related mortality. However, because
their comparison was derived from historical cohorts (the
low-dose receivers were patients managed between 1997
and 2001 and the high-dose receivers those managed
between 2001 and 2004), probable bias and confounding
factors could not be overlooked.

In contrast, several comparative trials directly examin-
ing the clinical effectiveness of different doses of PPI have
revealed that higher and lower doses of PPI were equally
effective in PUB patients [15–17, 20], consistent with our
findings. Moreover, pooled analysis of randomized trails
comparing PPI with placebo or H2-receptor antagonist has
shown that the therapeutic benefit of PPI was indepen-
dent of dosage [5, 19].

It may not be necessary to keep high serum con-
centrations of PPI to achieve therapeutic efficacy because
it exerts its potent suppression of acid secretion by

Table 1
Demographic and clinical variables of the study patients upon entry

Pantoprazole
192 mg day-1

Pantoprazole
160 mg day-1

(n = 60) (n = 60)

Age, mean (years) 65.5 (20.4–82.7) 64.5 (20.2–80.7)
Male gender (%) 40 (66.7%) 42 (70%)

Location of ulcer (%)
Stomach 43 (71.7%) 38 (63.3%)
Duodenum 17 (28.3%) 22 (36.7%)

Endoscopic findings (%)
Spurting 5 (8.3%) 7 (11.7%)
Oozing 22 (36.7%) 18 (30%)
NBVV 25 (41.7%) 27 (45%)
Clot 8 (13.3%) 8 (13.3%)

Gastric contents (%)
Blood 20 (33.3%) 22 (36.7%)
Coffee grounds 25 (41.7%) 24 (40%)
Clear 15 (25%) 14 (23.3%)

Shock (%) 12 (20%) 10 (16.7%)

Ulcer size (cm) 1.05 (0.4–2.0) 1.10 (0.5–2.1)
Helicoibacter pylori infection (%) 38 (63.3%) 40 (66.7%)

Rockall score 5.05 (3.8–7.0) 4.98 (3.5–6.9)

Numerical variables expressed as mean with 95% confidence interval of distribu-
tion. There was no statistically significant difference between the two groups.
NBVV, nonbleeding visible vessel.

Table 2
Clinical outcomes of patients according to PPI regimen

Pantoprazole
192 mg day-1

Pantoprazole
160 mg day-1

(n = 60) (n = 60)

Recurrent bleeding (%) 6 (10%) 5 (8.3%)
Hospital stay (days) 9.5 (8.4–10.6) 9.9 (8.3–10.7)

Volume of blood transfusion
after therapy (ml)

1179 (487–1995) 1203 (492–2009)

Surgery (%) 1 (1.7%) 0

Death (%) 1 (1.7%) 0

Numerical variables expressed as mean with 95% confidence interval of distribu-
tion. There was no statistically significant difference between the two groups.
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forming irreversible disulphide bonding with a cysteine
residue of the proton pump. Therefore, the inhibitory
effect of PPI on gastric acid secretion can be restored only
on turnover of the pumps [27]. In a randomized controlled
trial comparing high-dose (80 mg bolus followed by
8 mg h-1) and low-dose regimens of pantoprazole (80 mg
bolus followed by 40 mg every 12 h) [17], Hung et al. dem-
onstrated that both clinical outcomes and pH control
were not different between the two groups. Interestingly,
the low-dose group achieved an intragastric pH value > 4
in 76.8% of the study period (85.9% in the 8 mg h-1 group,
P = 0.12), and >6 in 49% of the duration (59% in the
8 mg h-1 group, P = 0.18).

Furthermore, it remains undetermined to what extent
and for what duration the inhibition of acid secretion is
sufficient to facilitate haemostasis after optimal endo-
scopic therapy. A remarkably lower dose of PPI and thus
significantly poorer inhibition of acid secretion (still pH > 4
at most durations) may still be regarded as clinically suffi-
cient [16, 28]. Whilst the lowest effective dose of PPI
remains to be determined, this study and our previous
trials [7, 24] suggest the dosing method of an 80-mg bolus
followed by 40 mg every 6 h can be recommended in
Asian PUB patients with high-risk stigmata. Nonetheless,
caution should be exercised in extrapolating this recom-
mendation in specific patient populations, such as those
with comorbidities [29]. Although it is reasonable that
a larger dose and stronger gastric acid suppression will
be beneficial in patients with higher risks, more research
is warranted to provide direct evidence. Future studies
with adequate statistical power and standardized optimal
endoscopic therapy are needed to determine the settings
(presumably the most at-risk patients) in which high-dose
infusional PPI is preferred.

The route of administration is another unsettled issue
regarding PPI dosing in PUB. Randomized controlled trials
have demonstrated that oral PPI is more effective than
placebo in reducing recurrent bleeding, blood transfusion
and need for surgery in bleeding peptic ulcer patients
[30–32]. Indirect comparison by meta-analysis studies have
found no evidence suggesting oral administration to be
inferior to the i.v. route [5, 19]. Pharmacological trials
directly comparing oral and i.v. lansoprazole revealed
equivalent efficacy of the two routes in controlling intra-
gastric pH [33, 34]. Furthermore, our open-label random-
ized trial demonstrated that oral rabeprazole (20 mg twice
daily) was as effective as infusional omeprazole (40 mg
every 12 h) in the management of PUB [35]. Considering
cost-effectiveness and convenience, more studies are
expected to resolve the controversy surrounding the
optimal route of PPI.

The strengths of this study were clear inclusion criteria
to enrol only those at high risk of recurrent bleeding, and
universally applicable outcome measurements to observe
clinical end-points. Moreover, the endoscopic therapy
adopted in this study was thermo-coagulation with or

without epinephrine injection, which was recognized as
the optimal method in performing endoscopic haemosta-
sis [36, 37]. Indeed, the present study addressed several
shortcomings of previous research, such as inclusion of
peptic ulcers with low risk of re-bleeding (Forrest IIc
ulcers) [16], nonstandardized endoscopic therapy that
allowed epinephrine injection alone [15–17, 20], sched-
uled second-look endoscopy that was not universally
applied [15], and enrolment confined to severely comor-
bid patients with noticeably high re-bleeding rates
(overall, 34.41%) [20].

Nonetheless, this study has several limitations. First,
intragastric pH value was not monitored, so that it could
not be concluded that both regimens resulted in similar
control of acid suppression. However, there was no need to
reaffirm the antisecretory efficacy of infusional PPI 40 mg
every 6 h, which had already been demonstrated in our
previous study [7]. Furthermore, whether or not these two
regimens differed in inhibiting gastric acid would not
change the conclusion because it was clinical effectiveness
that was being investigated. Second, since genetic poly-
morphism of cytochrome P450 2C19, which determined
pharmacokinetics and serum level of pantoprazole, was
different between Asian and Western populations, this
study did not address the issue of pharmacogenetics [38,
39]. Moreover, it has been observed that the therapeutic
effectiveness of PPI appeared more pronounced in Asian
PUB patients than in their Western counterparts [40].
Therefore, whether our results are applicable to Whites
remains unknown and requires prospective validation in
future research. Finally, this was an open-label trial without
specific blinding methods for either patients or treating
physicians. Consequently, there might be concerns about
bias resulting from knowledge of treatment allocation.
However, we believe this limitation would not change our
results, because the predefined primary as well as second-
ary outcomes were measured and evaluated on the basis
of objective definition, leaving little room for subjective
judgment.

In conclusion, this comparative trial has revealed that
continuously infused pantoprazole 40 mg every 6 h follow-
ing an initial 80-mg bolus is similar to the current standard
modality in patients with high-risk PUB. Clinical outcomes,
including recurrent bleeding, blood transfusion, length of
hospitalization, surgery and mortality are all similar. Our
findings add to existing evidence that questions the
current recommended dosage and have important clinical
implication in terms of cost-effectiveness.
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