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Oral Proton Pump Inhibitors May Be as Effective as
Intravenous in Peptic Ulcer Bleeding: A Systematic
Review and Meta-analysis

Endre Csiki, MD¥2, Hanna Szabd, MD'3, Lilla Hanak, MSc?, Zsolt Szakacs, MD?, Szabolcs Kiss, MD'#, Nora Vorhendi, MD?,
Daniel Pécsi, MD, PhD®, Eszter Hegyi, MD, PhD?, Péter Hegyi, MD, PhD, DSc! and Balint Eréss, MD, PhD!

INTRODUCTION: Current guidelines recommend intravenous (IV) proton pump inhibitor (PPI) therapy in peptic ulcer
bleeding (PUB). We aimed to compare the efficacy of oral and IV administration of PPIs in PUB.

METHODS: We performed a systematic search in 4 databases for randomized controlled trials, which compared the
outcomes of oral PPI therapy with IV PPI therapy for PUB. The primary outcomes were 30-day recurrent
bleeding and 30-day mortality. Odds ratios (ORs) with 95% confidence intervals (Cls) were calculated
for dichotomous outcomes, while weighted mean differences (WMDs) with Cl were calculated for
continuous outcomes in meta-analysis. The protocol was registered a priori onto PROSPERO

(CRD42020155852).

RESULTS: A total of 14 randomized controlled trials reported 1,951 peptic ulcer patients, 977 and 974 of which
were in the control and intervention groups, respectively. There were no statistically significant
differences between oral and IV administration regarding 30-day rebleeding rate (OR = 0.96, CI:
0.65-1.44); 30-day mortality (OR = 0.70, Cl: 0.35-1.40); length of hospital stay (WMD = —0.25, Cl:
—0.93 t0 -0.42); transfusion requirements (WMD = —0.09, Cl: —0.07 to 0.24); need for surgery (OR
= 0.91, Cl: 0.40-2.07); further endoscopic therapy (OR = 1.04, CI: 0.56-1.93); and need for re-
endoscopy (OR = 0.81, Cl: 0.52-1.28). Heterogeneity was negligible in all analysis, except for the

analysis on the length of hospitalization (12 = 82.3%, P = 0.001).

DISCUSSION: Recent evidence suggests that the oral administration of PPI is not inferior to the IV PPI treatment in

PUB after endoscopic management, but further studies are warranted.

SUPPLEMENTARY MATERIAL accompanies this paper at http:/links.lww.com/CTG/A571, http://links.lww.com/CTG/A572, http://links.lww.com/CTG/A573, http:/
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INTRODUCTION

A common source of upper gastrointestinal bleeding is peptic
ulcer bleeding (PUB), with a prevalence of 30% (1), and it has a
high mortality, estimated between 3% and 14% (2). PUB man-
agement is based on 2 methods: urgent endoscopy and, if nec-
essary, endoscopic hemostasis and conservative treatment after
that.

Current protocols recommend 3 days of treatment with in-
travenous (IV) proton pump inhibitor (PPI), but in cases where
patients tolerate it, oral treatment may also be considered. The
European Society of Gastrointestinal Endoscopy guideline from
2015 cautiously intimates that if the patient’s condition permits,
high-dose oral PPI may be an alternative in those able to tolerate
oral medications (3). The American College of Gastroenterology
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guideline from 2012 advocates that only patients with low-risk
ulcers can receive oral PPI therapy instead of IV one (4). The
American Society of Gastrointestinal Endoscopy guideline from
2012 does recommend IV PPI and does not mention oral ad-
ministration as a possible treatment option (5).

Since the publication of the above guidelines, 2 meta-analyses
investigated the differences in outcomes between the oral and IV
administration of PPIs (6,7).

The meta-analysis from 2016 included 7 randomized controlled
trials (RCT's) with 859 patients, and the other one from 2017 included
9 RCTs with 1,036 patients. These meta-analyses concluded that oral
PPI is an equally safe treatment option after the initial endoscopic
management. However, both analyses had several limitations.

A third meta-analysis by Sachar et al. (8) from 2014 focused on
the continuous and intermittent IV administration of PPIs and
found that intermittent PPI therapy is comparable with the cur-
rent guideline recommended regime in patients with endoscop-
ically treated high-risk bleeding ulcers.

IV administration of PPI is more complicated compared with
the oral route. Long-term IV cannulation may result in throm-
bophlebitis and can serve as a gateway for other infections. The
management of IV cannula needs specially trained nursing staff,
while the continuous infusion reduces the mobility and the
comfort of the patients. IV medication carries significantly more
iatrogenic risks than their oral equivalents. Finally, the same dose
of IV PPI can cost many times more than oral (9).

Given the above-detailed issues with IV administration and
the advantages of oral administration, we wanted to compare the
efficacy of the 2 administration routes in RCTs and analyze
whether future RCT's are needed.

METHODS

Protocol and registration

We reported the meta-analysis and systematic review fol-
lowing the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) Statement (10). Our work was
performed following the Cochrane Handbook for Systematic
Reviews of Interventions Version 5.1.0 (11). The protocol
was registered in PROSPERO under registration number
CRD42020155852 (12).

Systematic search

Our PICO items were as follows: We looked for studies on pa-
tients admitted with bleeding peptic ulcers after endoscopic as-
sessment (P) that compare 2 PPI treatment regimes: oral (I) or IV
(C). The primary outcomes were 30-day rebleeding and 30-day
mortality. Secondary outcomes were overall mortality, total
rebleeding during follow-up, blood transfusion requirement,
length of hospital stay, need for surgery, re-endoscopy, and fur-
ther endoscopic treatment (O).

The following search key was used on October 26, 2020, in
MEDLINE (through PubMed), Embase, Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), and Scopus: (“oral” or
“per os” or “po” or “p.0.”) and (“intravenous” or “bolus” or
“parenteral” or “iv” or “i.v.”) and (“proton pump inhibitor” or
“PPI” or “proton-pump inhibitor”) and (random*). No filters or
language restrictions were applied.

Eligibility criteria

All RCTs that compared oral with IV PPI administration in
PUB, regardless of Forrest classification, with any reported

Clinical and Translational Gastroenterology

clinical outcome (mortality, rebleeding, re-endoscopy, further
endoscopic treatment, blood transfusion, length of hospital stay,
and surgery) were included in our analysis. Full-text articles and
conference abstracts were eligible. There was no language re-
striction imposed.

Screening and selection

Articles yielded by the initial search were imported into a refer-
ence management program (EndNote X7; Clarivate Analytics,
Philadelphia, PA). The same software was used to remove du-
plicates by searching for articles with overlapping publication
years, authors, or titles. Two independent reviewers (E.C. and
H.S.) screened the records by title, abstract, and full text against
the eligibility criteria. Disagreements were resolved by consensus
and the involvement of the corresponding author (B.E.).

Data extraction
From the eligible studies, 2 review authors (E.C. and H.S.) in-
dependently extracted relevant data. Disagreements were resolved by
consensus and the involvement of the corresponding author (B.E.).
Data were extracted and manually introduced into a purpose-
designed Excel sheet (Office 365; Microsoft, Redmond, WA).
Data were collected on the year of publication, study and publi-
cation type, geographical location, number of cases and controls,
and basic demographics (age and sex). Data were also collected on
the Forrest classification of the PUB, details of endoscopic pro-
cedure before PPI treatment, PPI therapy before endoscopic di-
agnosis and treatment, type of the oral PPI therapy after the
intervention/comparator PPI, the oral and IV treatment regimes
(doses, timing, and other specifics of the drugs). Most impor-
tantly, data on rebleeding, transfusion requirements (data pro-
vided in mL and L were converted in internationally used 300-mL
packed red blood cell units), length of hospital stay, mortality,
need for surgery, re-endoscopy, and further endoscopic treat-
ment were recorded as well.

Risk-of-bias assessment and quality of evidence
The risk of bias was assessed using the RoB 2: A revised Cochrane
risk-of-bias tool for randomized trials (13) by 2 independent
reviewers (E.C. and S.K.). Disagreements were resolved by con-
sensus and the involvement of the corresponding author (B.E.).
To rate the quality and evidence of the results, we used the
Grading of Recommendations, Assessment, Development, and
Evaluation (GRADE) method by 2 independent reviewers (E.C.
and S.K.) (14).

Statistical methods

Odds ratios (ORs) were calculated for dichotomous outcomes
and weighted mean differences (WMDs) for continuous vari-
ables, both with 95% confidence intervals (CIs). The random-
effects model was applied at all analyses with the DerSimonian-
Laird estimation (15). Statistical heterogeneity was assessed using
Cochrane Q and the I* statistics. According to the Cochrane
Handbook, heterogeneity could be interpreted as moderate be-
tween 30% and 60%, as substantial between 50% and 90%, and as
considerable above 75% (16).

To analyze precision and determine whether additional RCT's
are needed or might influence our results, we tried to conduct
Trial Sequential Analysis (TSA). It is a tool for quantifying data’s
statistical reliability in the cumulative meta-analysis, adjusting
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Figure 1. Preferred Reporting ltems for Systematic Reviews and Meta-Analyses flow chart.

significance levels for sparse data. TSA was performed with TSA
program version 0.9 beta (available from www.ctu.dk/tsa).

To assess the probability that future studies in a similar setting
would have the same result, we calculated the prediction interval
(PI) for our meta-analysis’ primary outcomes (16).

Sensitivity analyses (the leave-one-out method) were also
performed. Publication bias was assessed by the visual in-
spection of the funnel plots and by the Egger test, where a
significant test result (P < 0.1) indicates the presence of bias
(17). Statistical analyses were performed with Stata 16
(StataCorp).

RESULTS

Study selection

Our search yielded a total of 1,900 articles, 184 in MEDLINE
(through PubMed), 1,053 in Embase, 348 in the Cochrane Central
Register of Controlled Trials (CENTRAL), and 315 in Scopus.
Two articles were identified by cross-referencing. A total of 21
potentially eligible articles were identified, from which 7 were
excluded with reasons (18-24). Details of the search and selection
are in Figure 1.

Description of the studies included

Our research analysed 14 RCTs with a pooled study population
of 1,951 PUB patients, with 977 controls and 974 in the in-
tervention group (9,25-37). The number of patients in in-
dividual studies ranged from 25 to 323. Eleven of the included
studies were from Asia (9,26,28-32,34-37), 1 study was from
Europe (27), and 2 from North America (25,33). Thirteen of the
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14 studies included cases with Forrest Ia, Ib, Ila, and IIb. By
contrast, a single study included cases where endoscopic treat-
ment was not necessary according to current guidelines (Forrest
IIc and III) (37). The main characteristics of the included studies
are shown in Table 1.

Eleven studies used the currently recommended IV treatment
regime (8 mg PPI/hr) (9,25,28-33,35,37), while 3 used IV bolus
(32,34,37) and 1 reduced dosage of PPI (3.375 mg/hr) (26). Dif-
ferent PPIs were used as comparators, including pantoprazole
(9,25,28,35), omeprazole (29,31,37), rabeprazole (30,34), lanso-
prazole (26,36), and esomeprazole (27,32,33). Further details of
the management are shown in Table 1 (Supplementary Digital
Content 1, http://links.Iww.com/CTG/A571).

Primary outcomes
Recurrent bleeding. The oral administration was not associated
with the risk of 30-day recurrent bleeding, OR = 0.96, CI 95%
(0.65-1.44), P = 0.857; PI: 0.60-1.54. There was no heterogeneity
among the included studies (I* = 0%). There were 53 episodes of
recurrent bleedings in 782 enrolled subjects in the oral group and
55 in 784 in the IV group (Figure 2a).

We performed a subgroup analysis, and it did not demonstrate
a difference in the risk of 30-day rebleeding between the bolus and
continuous PPI administration. The OR of rebleeding in the case
of continuous administration was 0.93 (CI: 0.59-1.46) and 1.10
(CIL: 0.47-2.59) in the case of administration in a bolus both
compared against per os treatment.

The oral administration was not associated with the risk of total
recurrent bleeding either, OR = 0.96, CI95% (0.67-1.38), P = 0.812.
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Table 1. Main characteristics of the included studies
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Bajaj et al. (25) (2007) Wisconsin, USA 12 63 14%
13

N
~
o

No data No data

(&)
~

Ie}
(@)

Focareta et al. (27) (2004) Rotondo, Italy 45 No data No data 30
42

o

No data No data

o

Javid et al. (29) (2009) Kashmir, India 45 35.6 No data 19 26
45 18 27

o

9/85 (10.5) 2/85(2.3)

o

Mostaghni et al. (31) (2011) Shiraz, Iran 44 59.4 74.1% 14 30
41 12 29

o

No data 0/108

o
o

Theyventhiran et al. (33) (2013) United States 52 No data No data 108°

(o)
[&)]
o
o

7/178 (3.9) 4/178 (2.2)

o

Valizadeh Toosi et al. (35) (2018) Sari, Iran 90 No data 63% 0P

Yilmaz et al. (37) (2006) Diyarbakir, Turkey 99 52.7 68.7% 0 37 62 12/211 (5.6) 5/211 (2.4)
112 0 30 8

1V, intravenous; PPI, proton pump inhibitor.

@Chen et al. (2015) was a multicenter, while Kim et al. (2012) was a 2-center study; all the other randomized controlled trials included were single-center.

®In the Chen et al. (2015) and Valizadeh et al. (2018) studies, there were no details with regards the specific Forrest classification of the bleeding ulcers, and only a wider interval was given.
°In the Focareta et al. (2004) and Theyventhiran et al. (2013) studies, it was not specified nor the number of patients who received the IV treatment, neither the po treatment.

9In Tsai et al. (2009) study, the explanation for the higher rebleeding rate is the use of epinephrine injection as single and primary method of hemostasis.
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Studies OR (95% CI) po iv Weight
Bajaj, J. S, etal (2007) - 0.18(0.01,425) 012 213 163
Jang, J. Y, etal (2006) + 0.47(0.04,5.70) 119 219 259
Valizadeh Toosi, S. M, etal (2018) ———y— 0.72(0.16,3.33) 380 4/88 689
Yilmaz, S., etal. (2006) ——— 0.80(0.24,2.60) 599 mi2 1151
Sung, J. J., etal (2014) —-ﬁl— 0.82(0.31,2.20) 8/126 9118 16.47
Chen, C.C,, etal (2015) —*‘— 085(0.33,2.21) 8/156 10167 1755
Tsal, J. J, etal (2009) ——‘F— 1.10(0.47,259) 13/78 12778 2191
Mostaghni, A A, etal (2011) —-‘0—— 1.19(0.30,4.76) 5/44 441 831
Karim et al. (2020) ————— 1.66 (0.47,5.86) 7/104 4/96 10.09
Kim, H.K, etal (2012) - 3.00(0.30,29.81) 3/54 1/52 3.05
Overall (-squared = 0.0%, p = 0.935) <> 0.96 (0.65,1.44) 53/782 55/784 100.00
with estimated predictive interval (0.60, 1.54)
NOTE: Weights are from random-effects analysis
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Yen, H.H., etal (2012) —%— 1.00(0.14,7.39) 2/50 2/50 33
Javid, G, etal. (2009) _"-— 1.00(023,427) 4/45 4/45 6.28
Tsai, J.J., etal (2009) — . 1.10(0.47,259) 13/78 12/78 18.06
Mostaghni, A A, etal (2011) —lﬁ— 1.19(0.30,4.76) 5/44 441 6.86
Focareta etal (2004) —_—— 1.27(027,6.03) 4/45 3/42 544
Karim etal. (2020) ———— 1.66(0.47,586) 7/104  4/96 832
Kim, H.K, etal (2012) - 3.00(0.30,29.81) 3/54 1/52 251
Overall (Isquared = 0.0%, p = 0.985) <> 096 (0.67,1.38) 64974 67/977 10000
NOTE: Weights are from random-effects analysis
I I I I I

001 01 1 1 10 100
favors po favors iv

Figure 2. (a) ORs for 30-day recurrent bleeding with oral proton pump inhibitors (vs IV proton pump inhibitors). (b) ORs for total recurrent bleeding with oral
proton pump inhibitors (vs IV proton pump inhibitors). CI, confidence interval; IV, intravenous; OR, odds ratio; po, per os.

There was no heterogeneity among the included studies (I* = 0%). In the case of the 3-day recurrent bleeding, the results were
There were 64 episodes of recurrent bleeding in 974 enrolled subjects ~ similar, with no significant differences noted: OR = 1.07, CI 95%
in the oral group and 67 in 977 in the IV group (Figure 2b). (0.63-1.80), P = 0.799; I* = 0%. There were 33 episodes of
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Bajaj, J. S., et al. (2007) i 1.00 (0.02, 54.48) 0/12 0/13 279
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Kim, H. K., et al. (2012) : L 3.02 (0.12,77.34) 1/54 0/52 4.24
Overall (I-squared = 0.0%, p = 0.997) <:> 0.75(0.39, 1.47) 14/803 19/817 100.00
NOTE: Weights are from random-effects analysis E
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Figure 3. (a) ORs for 30-day mortality with oral proton pump inhibitors (vs IV proton pump inhibitors). (b) ORs for total mortality with oral proton pump
inhibitors (vs IV proton pump inhibitors). Cl, confidence interval; IV, intravenous; OR, odds ratio; po, per os.

recurrent bleeding in 553 enrolled subjects in the oral group and ~ Mortality. Regarding the other primary outcome, the oral ad-
31 in 551 in the IV group (see Figure 1, Supplementary Digital =~ ministration was not associated with the risk of 30-day mortality,
Content 3, http://linkslww.com/CTG/A573). OR = 0.70,CI95% (0.35-1.40), P = 0.314,PI: 0.31-1.58. There was
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Figure 4. Top: Results of the Cochrane Risk of Bias assessment tool 2 for randomized controlled trials. Bottom: Risk of bias assessment for domains. Points
evaluated: randomized process, deviations from intended interventions, missing outcome data, measurement of the outcome, selection of the reported

result, and overall risk of bias.

no heterogeneity among the included studies (1> = 0%). There were
13 deaths in 704 enrolled subjects in the oral group and 19in 720 in
the IV group (Figure 3a).

The total mortality figures were similar to that of the 30-day mor-
tality. The oral administration was not associated with the risk of death,
OR: 0.75, CI 95% (0.39-1.47), P = 0.405. There was no heterogeneity
among the included studies (I* = 0%). There were 14 deaths in 803
enrolled subjects in the oral and 19 in 817 in the IV group (Figure 3b).

American College of Gastroenterology

Secondary outcomes

Concerning the secondary outcomes, the oral administration was
not associated with the risk of re-endoscopy (OR = 0.81, 95% CI:
0.52-1.28, P = 0.371, I* = 0%), need for further endoscopic
therapy (OR = 1.04, 95% CI: 0.56-1.93, P = 0.894; I> = 0%), and
need for surgery (OR = 0.91, 95% CI: 0.40-2.07, P = 0.829;
I* = 0%) (see Figures 2-4, Supplementary Digital Content
4, Supplementary Digital Content 5, Supplementary Digital
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Content 6, http://linksIww.com/CTG/A574, http://links.Iww.
com/CTG/A575, http://links.lww.com/CTG/A576).

The oral administration was not associated with increased
risk in terms of blood transfusion requirements (WMD = —
0.09,95% CI: —0.07 to 0.24, P = 0.270; I*> = 16.3%) or length
of hospitalization (WMD = —0.25,95% CI: —0.93 to 0.42; I
= 82.3%, P = 0.001) (see Figures 5, 6, Supplementary Digital
Content 7, Supplementary Digital Content 8, http://links.
Ilww.com/CTG/A577, http://links.lww.com/CTG/A578).

Additional analysis

Considerable heterogeneity was observed only in the case of the
hospitalization length (I* = 82.3%, P < 0.001). Therefore, we
performed a sensitivity analysis that showed that the study by Yen
et al. (36) was the outlier. The association did not change by
removing this study, but the heterogeneity disappeared I* =
20.5%, P = 0.273. Moreover, sensitivity analyses (the leave-one-
out method) did not identify influential studies (see Figures
17-26, Supplementary Digital Content 19, Supplementary Digital
Content 20, Supplementary Digital Content 21, Supplementary
Digital Content 22, Supplementary Digital Content 23, Supple-
mentary Digital Content 24, Supplementary Digital Content 25,
Supplementary Digital Content 26, Supplementary Digital Con-
tent 27, and Supplementary Digital Content 28, http://links.Iww.
com/CTG/A589, http://links.Iww.com/CTG/A590, http://links.
lww.com/CTG/A591, http://links.lww.com/CTG/A592, http://
links.lww.com/CTG/A593,  http://links.lww.com/CTG/A594,
http://links.lww.com/CTG/A595,  http://linksIww.com/CTG/
A596, http://links.lww.com/CTG/A597, and http://links.lww.
com/CTG/A598).

To find out whether additional RCTs are needed or might
influence our results, we tried to conduct a TSA. However, the
software refused to draw the figure as the accrued information
size was substantially below the required information size.

To assess the probability that future studies in a similar setting
would have the same result, we calculated the estimated predictive
intervals in the case of 30-day rebleeding and 30-day mortality.
The analyses could not unequivocally conclude whether further
studies would have negative or positive results, PI: 0.6-1.54 and
PI: 0.31-1.58, respectively.

Risk of bias and quality of evidence assessment

Visual assessment of the Funnel plots and Egger tests did not
suggest publication bias (see Figures 7-16, Supplementary Digital
Content 9, Supplementary Digital Content 10, Supplementary
Digital Content 11, Supplementary Digital Content 12, Supple-
mentary Digital Content 13, Supplementary Digital Content 14,
Supplementary Digital Content 15, Supplementary Digital Con-
tent 16, Supplementary Digital Content 17, and Supplementary
Digital Content 18, http://links.Ilww.com/CTG/A579, http://
links.lww.com/CTG/A580,  http://linkslww.com/CTG/A581,
http://links Iww.com/CTG/A582,  http://links.Iww.com/CTG/
A583, http://linkslww.com/CTG/A584, http://linksIww.com/
CTG/A585, http://linksIww.com/CTG/A586, http://links.lww.
com/CTG/A587, and http://links.lww.com/CTG/A588).

The risk of bias, according to the RoB 2: A revised Cochrane
risk-of-bias tool for randomized trials (13), identified some
concerns. Of the 14 studies, only 3 carried a low risk of bias
(9,32,35,36). Because of the lack of detailed information in the
individual studies, some concerns were present in most domains,
especially for the reporting of results. There was a low risk of bias
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across the studies concerning the outcome measurement. Details
of the risk assessment are shown in Figure 4.

DISCUSSION

Findings from this meta-analysis, involving nearly 2,000 patients
in 14 RCTs, imply that oral administration of PPIs is noninferior
compared with IV administration in PUB. No statistically sig-
nificant difference was found regarding the risks of rebleeding,
mortality, repeat interventions (endoscopy, endoscopic treat-
ment, or surgery), nor in need for transfusion or length of hos-
pitalization between oral and IV PPIs.

Thirty-day recurrent bleeding occurred in about 7% of all
participants in both IV and oral administration, and the 3-day
rebleeding rate was around 6%. Our results suggest that recurrent
bleeding is an early complication of PUB, and the risk of
rebleeding was not increased, regardless of the interval. Death
occurred very rarely across the RCTs; 1.8% and 2.6% of partici-
pants died in the oral and IV groups, respectively. As PUB pa-
tients do not die from bleeding but decompensation of their
comorbidities, we think that the most important primary out-
come of PPI treatment of PUB is rebleeding.

Given that mortality and rebleeding rates (around 2% and 7%,
respectively) are low in patients with PUB, a large number of
patients would have been required to show the difference (if there
is any), so that type II error may distort the conclusions of the
individual studies. As shown by the wide estimated predictive
intervals of 30-day rebleeding and mortality (which included 1 in
all cases), our meta-analysis is likely suffering from type Il error as
well, so that further, sufficiently powered studies are needed.
However, the analyses of recent data unequivocally suggest
clinical noninferiority of PPI’s oral administration compared
with IV in all outcomes examined.

In our meta-analysis, the only significant statistical hetero-
geneity among the studies included affected the analysis on the
length of hospitalization and could be explained with a single
RCT. The heterogeneity was no longer detectable on exclusion of
the study of Yen et al. (36). In this study, participants were dis-
charged after a mean length of hospitalization of 3.9 and 1.8 days
(P < 0.01) in the IV and oral groups, respectively. None of the
other studies demonstrated a difference in the length of hospital
stay. The 1.8 days of mean length of hospital stay was an extreme
outlying result. In all the other RCTSs, the mean length of hospi-
talization was longer than 3 days in the IV and oral groups.

Not only the oral vs IV but also the IV continuous vs bolus
administration of PPI is of interest. The previous evidence in a
meta-analysis of Sachar et al., involving 13 RCT's with more than
1,700 participants, showed no difference in three-, seven-, and
thirty-day rebleeding risk bolus and continuous IV administra-
tion of PPIs were compared in patients with high-risk bleeding
ulcers. There was no statistically significant heterogeneity
detected in their analyses (8). Our study could meta-analyze 2
subgroups, 1 with bolus and 1 with continuous IV PPI adminis-
tration. The meta-analytical calculations showed no clinically
significant difference in either of the 2 subgroups compared with
oral administration. Seventy-two hours of IV PPI administration
may not be necessary even in patients with high-risk ulcer stig-
mata requiring endoscopic therapy, and there is likely no added
benefit of intermittent IV PPI compared with oral PPI based on
the findings. Therefore, we can state that oral, IV bolus and
continuous IV administration of PPIs all seem equally effective in
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PUB treatment. These are powerful arguments against the com-
mon use of 72 hours of IV PPIs in a continuous infusion.

Potential explanations for the clinical noninferiority of the
different routes of administration of PPIs in PUB

The equal clinical efficacy shown in our meta-analysis is most
likely explained by the pharmacokinetic and pharmacodynamic
properties of PPIs. We know from the study of Shin et al. that
omeprazole reaches its peak serum levels within an hour in the
case of oral administration in a rat model. The serum half-life of
omeprazole and the other PPIs is about 1 hour. Still, the acid-
activated PPIs covalently bind to the gastric H+, K+-ATPase and
can maintain their beneficial acid-suppressing effect, even when
they are barely detectable in the serum. PPIs differ in their time to
maximal plasma concentration, but they vary between 1 and 5
hours (38).

The study of Javid et al. (29) gave valuable insights on the acid-
reducing potential of omeprazole, pantoprazole, and rabeprazole:
All could equally reduce pH regardless of the administration
route (IV or per os).

Strengths

To date, this is the most comprehensive meta-analysis in the topic
with a rigorous and up-to-date methodology. There was no sig-
nificant statistical heterogeneity in the analysis, meaning that
clinical differences (different types, dosages, bolus, or continuous
IV PPI administration) do not substantially distort the results of
the analysis.

Limitations

Regarding the limitations, the most critical one was the lack of
sample size estimation in 9 studies (9,25-29,31,33,35,37). Only 2
of the studies (31,33) specified pre-emptive PPI use before en-
doscopy, and 1 of the studies included participants who did not
need endoscopic therapy (37). The majority of the included RCT's
focused on the high-risk PUB patients (proportion of 92%, CI:
90-93); although approximately 42%-77% of patients have
Forrest I1I, low-risk ulcers in studies on general PUB populations
(39,40). We detected a significant difference among the studies in
the approach of the endoscopic treatment of the bleeding ulcer.
Also, the development of endoscopic hemostasis in recent de-
cades is a vital aspect of PUB treatment and might have caused a
degree of chronological bias. However, neither earlier (before
2010) nor later individual RCTs (after 2010) confirmed the oral
PPT’s inferiority against IV. There was no need for additional
meta-analytical calculation as the outcomes were not statistically
different between the 2 arms in any studies in the 2 subgroups.
There were also major differences in both the oral and IV treat-
ment regimes because 4 studies (26,27,34,36) used bolus IV PPI
administration rather than the currently recommended contin-
uous administration. Differences were also noted regarding the
active substances as well as dosages and timing (see Table 1,
Supplementary Digital Content 1, http://links.Iww.com/CTG/
A571). Out of the 14 included studies, 3 were available only as
conference abstracts with limited data. Another critical issue
might be the heterogeneity among the populations. Eight studies
enrolled men predominantly (28,30-32,34-37), and 1 study en-
rolled very few men (25). Also, major differences were observed
concerning the studied populations’ age. Interestingly, none of
the apparent clinically heterogeneous aspects translated into
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statistical heterogeneity. Finally, the included studies were not
free of biases, as discussed in the results and shown in Figure 4.

Grade of evidence

All the limitations were downgrading items when we assessed the
evidence levels for all outcomes following the GRADE approach
(see Table 2, Supplementary Digital Content 2, http://links.lww.
com/CTG/A572). Based on the results and the careful assessment
of the evidence level, the certainty levels were very low for each
outcome.

We can conclude that IV PPI—either as a continuous infusion
or intermittent dosing compared with oral PPI, as an adjunct to
endoscopic therapy receiving in most patients in the meta-
analysis—does not appear to provide clinical benefit.
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