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Abstract

Background: After inpatient management of upper gastrointestinal
bleeding (GIB) due to peptic ulcer disease (PUD), oral proton pump
inhibitor (PPI) therapy is recommended at discharge to decrease re-
bleeding risk and improve ulcer healing. Our aim is to determine
whether once-daily oral PPI dosing at hospital discharge is associated
with inferior 30-day rebleeding outcomes as compared to twice-daily
dosing.

Methods: We retrospectively identified 233 patients admitted with
signs and symptoms of upper GIB found to be due to PUD on up-
per endoscopy. After inpatient management, patients discharged on
once-daily oral PPI were compared to those discharged on twice-dai-
ly therapy. We utilized propensity score matching based on Rockall
scores to ensure the two groups were closely matched in terms of
their baseline rebleeding risk. Primary outcome was the incidence of
rebleeding within 30 days. Secondary outcomes were all-cause mor-
tality, blood transfusion requirement, requirement for interventional
radiology or surgery.

Results: Overall, 49 patients were discharged on once-daily and 184
on twice-daily PPI. Recurrent bleeding occurred in 18 patients (7.7%)
within 30 days. There was no statistically significant difference in re-
current bleeding rates between once-daily (n =7, 14.3%) as compared
to twice-daily PPI (n= 11, 6%) (P =0.053). In a 1:1 propensity score
matched analysis, there was no statistically significant difference in
30-day recurrent bleeding rate between groups (14% once-daily vs.
4% twice-daily, P = 0.159). There were no differences in secondary
outcomes.

Conclusions: Once-daily oral PPI dosing at hospital discharge was
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not associated with inferior outcomes compared to twice-daily dosing
in patients hospitalized for upper GIB due to PUD.
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Introduction

Peptic ulcer disease (PUD) is the most common cause of gas-
trointestinal bleeding (GIB) and remains a serious condition
that carries a substantial risk for morbidity and mortality [1].
Rebleeding after initial stabilization is an independent predic-
tor of mortality and is estimated to occur in 7-16% of patients
[2-4]. As a result, efforts aimed at prevention of rebleeding
are highly desirable as they can directly influence prognosis.
Rebleeding most commonly occurs within 72 h of the initial
bleeding episode during which intravenous (IV) therapy with a
proton pump inhibitor (PPI) is often indicated [5, 6]. The risk
for rebleeding does not end at 72 h, however, and up to 44%
of patients who rebleed experience a rebleeding event after the
initial 72 h [7]. As a result, patients are often discharged on
oral PPI therapy to promote ulcer healing and prevent recur-
rent bleeding.

While the need for oral PPI therapy at discharge is well-
established, the appropriate dosing is less clear. With only one
prospective study [8] of 187 patients and, to our knowledge, no
other prospective or retrospective studies directly addressing
this question, the appropriate PPI dosing at discharge remains
unclear. Despite being particularly safe in the short-term, pro-
ton pump inhibitors carry a significant economic and adverse
event burden [9], thus determining appropriate dosing at the
time of discharge is of particular clinical relevance.

In patients found to have GIB due to PUD, we compared
30-day rebleeding rates in those discharged on once versus
twice-daily oral PPI therapy after appropriate inpatient man-
agement.

Methods

This was a retrospective cohort study conducted at the Uni-
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Screening for
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Excluded (n=1219)
+ Not meeting inclusion criteria

(n=1104)
+ No 30-day follow up (n=115)

Included (n=233)

l Allocation 1

L

Once-daily dosing (n=49)
« Omeprazole 40mg (n=21)
« Pantoprazole 40mg (n=25)
« Esomeprazole 40mg (n=3)

Twice-daily dosing (n=184)
s Omeprazole 40mg (n=20)
e Pantoprazole 40mg (n=160)
e Esomeprazole 40mg (n=4)

v [ Propensity score matching ]

Once-daily dosing (n=49)
» Omeprazole 40mg (n=21)
» Pantoprazole 40mg (n=25)
» Esomeprazole 40mg (n=3)

Twice-daily dosing (n=48)
« Omeprazole 40mg (n=4)
« Pantoprazole 40mg (n=41)
+ Esomeprazole 40mg (n=3)

Figure 1. Flow diagram of included patients.

versity of Florida, a tertiary referral center in the southeastern
United States. This study was approved by the institutional
review board at the University of Florida (IRB201700669).
Between March 2013 and March 2016, a prospectively main-
tained endoscopy database was queried to identify patients
undergoing upper endoscopy for signs and symptoms of up-
per GIB. Patients confirmed to have upper GIB due to PUD
were screened to determine whether they met inclusion/exclu-
sion criteria. Based on the dose of oral PPI prescribed after
inpatient management, patients were allocated into either the
once-daily or the twice-daily dosing group. The incidence of
rebleeding in each group was then recorded up to 30 days after
hospital discharge.

Inclusion/exclusion criteria

Due to the retrospective design, study size was determined by
the number of patients meeting inclusion/exclusion criteria.
Patients aged 18 years and above presenting with signs and
symptoms of upper GIB requiring hospitalization and subse-
quent upper endoscopy were eligible for inclusion. Inclusion
was limited to those with peptic ulcers visualized on upper
endoscopy deemed to be the source of bleeding by the en-
doscopist. Excluded were patients with a history of esophageal
or gastric varices, patients without obvious source of bleeding
on upper endoscopy, patients with non-peptic ulcer causes for
bleeding (arteriovenous malformations, diffuse erosive gastri-
tis, esophagitis, mechanical factors such as nasogastric tube
placement), patients with a history of abnormal upper gastro-
intestinal anatomy due to previous gastrointestinal surgery and
patients with upper gastrointestinal cancers. Patients who were
lost to follow up after their initial bleeding episode were also
excluded. Figure 1 shows the flow diagram of the study popu-
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lation.

Outcomes

The primary outcome was the incidence of rebleeding from
initiation of oral therapy up to 30 days after discharge. Re-
bleeding was defined as recurrent hematemesis, hematochezia,
melena, or blood-tinged nasogastric tube output; or recurrence
of hemodynamic instability with systolic blood pressure less
than 90 mm Hg/heart rate more than 100 bpm and a decrease
in hemoglobin by more than 2 g/dL that was attributed to up-
per GIB. Rebleeding episodes were confirmed by repeat upper
endoscopy demonstrating a bleeding peptic ulcer. Secondary
outcomes included all-cause mortality at 30 days and the fol-
lowing outcomes for the rebleeding episode: blood transfusion
requirements, additional hospital days during rebleeding epi-
sode, requirement for interventional embolization and require-
ment for surgical intervention.

Statistical analysis

Univariate analysis of categorical variables was conducted us-
ing the Chi-square test or Fisher’s exact test as appropriate.
Parametric data was analyzed using the Student’s # test when
two means were compared. Non-parametric data was analyzed
utilizing the Mann-Whitney rank sum test when two medians
were compared. All tests were two-tailed and a P-value of <
0.05 was considered significant.

To account for differences in treatment group size and
baseline rebleeding risk, we also conducted a secondary anal-
ysis utilizing propensity score matching. Propensity score
matching can be used to reduce bias in retrospective studies,
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including selection bias and other potential confounders. Pro-
pensity score matching simulates a randomized controlled tri-
al-like situation where the treatment and the control groups are
matched in terms of selected confounders [10]. The propensity
score for each subject was estimated utilizing a logistic regres-
sion model for recurrent bleeding as a function of the compo-
nents of the Rockall score. The Rockall score is a validated
score that predicts the risk of recurrent bleeding and mortality
after upper gastrointestinal bleeding [11]. The components of
the Rockall score that were utilized to generate the propensity
score for each subject were age, presence of shock, comorbidi-
ties, type of lesion and the visualization of major stigmata of
recent hemorrhage on upper endoscopy. After estimation of the
propensity score for each subject, we performed one-to-one
matching utilizing the nearest neighbor method with a caliper
width of 0.2 of the standard deviation of the logit of the pro-
pensity score. By utilizing propensity score matching, subjects
in both groups were matched by their baseline recurrent bleed-
ing and mortality risk, since some of these baseline charac-
teristics were significantly different between the two groups
prior to matching. After matching, all baseline characteristics
were balanced between the two groups. Statistical analysis was
completed using Stata version 15 (StataCorp, College Station,
TX).

Results

Patients and baseline characteristics

Of 1,452 patients screened for inclusion, 1,104 did not meet
inclusion criteria. An additional 115 eligible for inclusion were
excluded due to having no 30-day follow-up after their initial
gastrointestinal bleeding episode. Of the remaining included
233 patients, 49 were discharged on once-daily oral PPI ther-
apy and 184 on twice-daily oral PPI therapy (Fig. 1). Overall,
mean age of participants was 61.2 years and 123 (53%) were
males. Median BMI was 26.7 kg/m?, 73 (31%) patients were
active smokers and 85 (37%) reported alcohol use. Hemody-
namic shock, defined as a systolic blood pressure of < 90 mm
Hg with a heart rate of > 100 beats per min, was present in 48
(20.6%) patients at presentation. The most common presenting
symptom was melena in 143 (61.4%), followed by hematem-
esis in 46 (20%), hematochezia in 30 (13%) and syncope in
11 (5%) patients. Thirty-four patients (14.6%) were found to
be H. pylori positive on biopsy after endoscopy. Prior to their
bleeding episode, 118 (51%) patients were on aspirin therapy,
101 (43%) reported active non-aspirin NSAID use, 27 (12%)
used anti-platelet therapy, 23 (10%) used warfarin, 12 (5%)
used direct oral anti-coagulants and 10 (4%) used subcutane-
ous heparin. Demographics and clinical characteristics of both
groups are shown in Table 1. In patients discharged on once-
daily PPI the most frequently prescribed PPI was pantoprazole
40 mg (n = 25, 51%), followed by omeprazole (n = 21, 43%)
and esomeprazole 40 mg (n =3, 6%). In the twice-daily group,
pantoprazole 40 mg was also the most frequently prescribed
PPI (n = 160, 87%), followed by omeprazole 40 mg (n = 20,
11%) and esomeprazole 40 mg (n = 4, 2%). Details of dis-
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charge PPI types and dosing are shown in Table 2.

Before propensity score matching, significant differences
were found between the two groups in gender and American
Society of Anesthesiologists (ASA) score. After one-to-one
propensity score matching, we identified 48 pairs of patients
with baseline characteristics that were closely balanced.

Endoscopic findings

Findings on upper endoscopy after the time of initial bleed-
ing episode are shown in Table 3. Overall, the median Rock-
all score was 4 in both groups. Ulcer size ranged from 2 - 40
mm. There were 68 (29.2%) patients with Forrest class ulcers
2a and above. The majority of ulcers were gastric (n = 144,
61.8%) and 123 patients (52.8%) had single ulcers on endos-
copy. Prior to propensity score matching, there were signifi-
cant differences in the Forrest classification of ulcers between
the two groups. This was well-balanced after matching. There
were no other differences between groups.

Outcomes

Overall, 18 patients (7.7%) had endoscopically confirmed re-
current bleeding within 30 days of discharge. There was no
significant difference in 30-day rebleeding rates between the
two groups; seven patients (14.3%) in the once-daily oral
PPI dose group had rebleeding as compared to 11 (6%) in the
twice-daily oral PPI group (P = 0.053). The lack of signifi-
cant difference between the two groups persisted in the pro-
pensity score-matched analysis with seven patients (14.3%)
bleeding in the once-daily dose group as compared to two pa-
tients (4.2%) in the twice-daily dose group (P = 0.159). No
significant differences were found between the two groups
in all-cause mortality (zero in once-daily vs. four deaths in
twice-daily, P = 0.582), blood transfusion requirement (mean
1.5 units of packed red blood cells (pRBCs) per rebleed in
once-daily vs. 1.3 units in twice-daily, P = 0.584), additional
hospital days during rebleeding episode (mean 6.7 additional
days per rebleed in once-daily vs. 6.2 days in twice-daily, P =
0.614), requirement for embolization by interventional radiol-
ogy or requirement for surgical intervention for the rebleeding
episode (Table 4). There were four deaths in the twice-daily
dosing group, three of which were due to septic shock and one
due to cardiogenic shock. No deaths were directly related to a
rebleeding event. To determine whether our findings persisted
when patients thought to be at a low-risk of rebleeding were
excluded, we conducted secondary sensitivity analyses by as-
sessing for a change in the primary outcome after sequentially
excluding patients with Rockall scores lower than 4, 5 and 6
respectively in the two groups and this did not alter our results.

Discussion

In our retrospective cohort study of 233 patients admitted for
peptic ulcer bleeding, we found no significant difference in
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Table 1. Baseline Patient Characteristics in Patients Discharged on Once Versus Twice-Daily Oral PPI Therapy

All patients

Propensity score-matched patients

Once-daily (n =49) Twice-daily (n=184) P value Once-daily (n =49) Twice-daily (n=48) P value

Age, mean + SD 61.6+ 14 61.1+152
Male, n (%) 33 (67.4) 90 (48.9)
Caucasian 44 (90) 160 (87)
BMI (kg/m?), median (IQR) 26.5 (23.1 - 31.4) 27.1(23.2-32.5)
Smokers, n (%) 12 (24.5) 61 (33.1)
Alcohol use 18 (36.7) 67 (36.4)
ASA score (n=218)
1 2(4.2) 0(0)
2 8 (16.7) 53(31.2)
3 29 (60.4) 96 (56.5)
4 9 (18.8) 21(12.4)
Hemodynamic shock 7 (14.3) 41 (22.3)
Presenting symptoms
Melena 32 (65.3) 111 (60.3)
Hematemesis 10 (20.4) 36 (19.6)
Hematochezia 4(8.2) 26 (14.1)
Syncope 1(2) 10 (5.4)
H. pylori status
Negative 34 (69.4) 140 (76.1)
Positive 4(8.2) 30 (16.3)
Missing 11 (22.5) 14 (7.6)
Medications
Aspirin 23 (46.9) 95 (51.6)
Non- aspirin NSAIDs 16 (32.7) 58 (31.5)
Anti-platelet 7(14.3) 20 (10.9)
DOAC 2 (4.1) 10 (5.4)
Warfarin 7(14.3) 16 (8.7)
Heparin 24.1) 8(4.4)
Steroids 1(2) 16 (8.7)

0.800 61.6+14 61143 0.821
0.022  33(67.4) 24 (50) 0.083
0.593 44 (90) 42 (88) 0.721
0673 265(23.1-314)  258(223-303)  0.449
0335  12(24.5) 16 (33.3) 0.626
0967  18(36.7) 16 (33.3) 0.726
0.011 0.084

2(42) 0 (0)

8 (16.7) 14 (29.8)

29 (60.4) 30 (63.8)

9 (18.8) 3(6.4)
0219  7(14.3) 11 (22.9) 0.274
0.525  32(65.3) 20 (41.7) 0.020
0.895 10 (20.4) 11 (22.9) 0.764
0268 4(8.2) 2(4.1) 0.414
0320 1(2) 4(8.3) 0.161
0.283 0.526

34 (69.4) 39(81.2)

4(8.2) 7 (14.6)

11 (22.5) 2(4.2)
0.559 23 (46.9) 27 (56.3) 0.359
0.880  16(32.7) 16 (33.3) 0.943
0.507  7(14.3) 6 (12.5) 0.796
0.703  2(4.1) 2(42) 0.983
0244  7(14.3) 4(8.3) 0.355
0935 2(4.1) 0 (0) 0.157
0111 12 6 (12.5) 0.047

Values between parentheses are percentages unless otherwise specified. Values with a plus/minus sign () represent means * standard deviation.
BMI: body mass index; ASA: American Society of Anesthesiologists; NSAID: non-steroidal anti-inflammatory drug; DOAC: direct oral anticoagulant.

30-day rebleeding rates between patients discharged on once-
daily as compared to twice-daily oral PPI therapy. We also
observed no difference in all-cause mortality, requirement for
arterial embolization by interventional radiology, surgical in-
tervention, additional hospital days or amount of packed red
blood cell transfusion for rebleeding between the two groups.

Rebleeding is one of the strongest predictors of mortality
in upper GIB [12]. While the advent of endoscopic and intra-
venous proton pump inhibitor therapy has reduced recurrent
bleeding rates, it continues to occur in a substantial percentage
of patients. It is well recognized that utilization of oral PPI
therapy at the time of discharge reduces rebleeding rates [13].
However, the appropriate dosing of oral PPI remains unclear.

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

In a 2012 clinical practice guideline, the American College of
Gastroenterology recommended once-daily oral PPI therapy at
discharge in low-risk patients (ulcers that have flat pigmented
spots or clean bases) [14]. However, no recommendation is
made regarding patients deemed to be high-risk. Some provid-
ers prescribe twice-daily oral PPI therapy at discharge in an
effort to improve ulcer healing and prevent rebleeding. How-
ever, evidence for such practice is scarce.

To our knowledge, only one prospective study of patients at
high risk of rebleeding reported that twice-daily dosing for the
first 11 days after discharge significantly decreased rebleeding
risk. In their 2014 study, Cheng et al concluded that high-risk
patients with Rockall score > 6 treated with oral esomeprazole
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Table 2. Details of Proton Pump Inhibitor Therapy Types, Frequency, and Dosing in the Two Groups

All patients

Propensity score matched patients

Once-daily (n = 49)

Twice-daily (n = 184)

Once-daily (n = 49) Twice-daily (n = 48)

Omeprazole 40 mg 21 (42.8%) 20 (11%)
Pantoprazole 40 mg 25 (51%) 160 (87%)
Esomeprazole 40 mg 3 (6%) 4 (2%)

21 (43%) 4 (8%)
25 (51%) 41 (85%)
3 (6%) 3 (6%)

twice daily for 11 days after 72 h of intravenous esomeprazole
for peptic ulcer bleeding had a significantly lower incidence
of rebleeding at 1 month than those receiving once-daily oral
esomeprazole (10.8% vs. 28.7%) [8].

Our findings differ from the aforementioned study, even
when we attempted to emulate their inclusion criteria in our
sensitivity analysis (including only patients with a Rockall
score of score > 6). We note that their study was conducted in a
predominantly Asian population as compared to the predomi-
nantly Caucasian population in our cohort. Asians metabolize
proton pump inhibitors differently due to their smaller pari-
etal mass and have a higher prevalence of the CYP2C19 al-
lele leading to poor metabolism and substantially higher serum
concentrations of the medication [15, 16]. Another difference
in study design is their use of only oral esomeprazole as the

study PPI. Esomeprazole has significant differences in its phar-
macokinetics and pharmacodynamics from other PPIs which
may also explain the different outcome of their study [16]. In
our cohort, a limited number of patients were discharged with
oral esomeprazole.

Studies utilizing gastric pH monitoring with PPI therapy
have demonstrated a failure of daily PPI dosing to suppress
acid secretion consistently over 24 h which may be the impe-
tus for providers to prescribe twice-daily PPI [17]. However,
while twice-daily dosing may improve the efficacy of acid sup-
pression, studies have demonstrated periods of “acid break-
through” despite twice-daily dosing [18]. Profound acid sup-
pression may not always correlate with improved outcomes; in
one study, suppressing gastric pH beyond 3.0 was not found
to improve ulcer healing [19]. Interestingly, there is increas-

Table 3. Initial Endoscopic Findings in Patients Discharged on Once Versus Twice-Daily Therapy

Propensity score-matched patients

Once-daily (n =49) Twice-daily (n =184) P value Once-daily (n =49) Twice-daily (n =48) P value

All patients

Rockall score, median (IQR) 4(3-5) 4(3-6)
Forrest class

la 0 9(4.9)

b 4(8.2) 27 (14.7)

2a 4(8.2) 24 (13)

2b 8(16.3) 6(3.2)

2¢c 2(4.1) 13 (7.1)

3 31 (63.3) 105 (57.1)
Number of endoscopic treatments

0 30 (61.2) 114 (62)

1 8 (16.3) 24 (13)

2 11 (22.5) 34 (18.5)

3 0(0) 12 (6.5)
Ulcer size, mm

Mean + SD 10.7+7.8 11.3+7.6

Range 2-30 2-40
Ulcer location, n (%)

Gastric 32 (65.3) 112 (60.9)

Duodenal 16 (32.7) 83 (45.1)
Number of ulcers

Single ulcer 27 (55.1) 96 (52.2)

Multiple ulcers 22 (44.9) 88 (47.8)

0259 4(3-5) 4(3-5) 0.858
0.006 0.201
0 12.1)
4(8.2) 5(10.4)
4(8.2) 4(8.3)
8 (16.3) 12.1)
2(4.1) 4(8.3)
31 (63.3) 33 (65.9)
0.282 0.473
30 (61.2) 33 (68.8)
8 (16.3) 4(8.3)
11 (22.5) 10 (20.8)
0 (0) 1(1)
0.373 0.662
10.7+7.8 10.6+ 7.7
2-30 2-40
0.570 32 (65.3) 31 (64.6) 0.941
0.117 16 (32.7) 19 (39.6) 0.477
0.715 0.126
27 (55.1) 19 (39.6)
22 (44.9) 29 (60.4)
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Table 4. Primary and Secondary Outcomes in Patients Discharged on Once Versus Twice-Daily Therapy

Propensity score-matched patients

All patients

P value

= 48)

=49) Twice-daily (n

Once-daily (n

P value

=184)

=49) Twice-daily (n

Once-daily (n

Recurrent bleeding

2(42) 0.159

7(14.3)

11 (6) 0.053

7(14.3)

Within 30 days
All-cause mortality

Articles © The authors | Journal compilation © Gastroenterol Res and Elmer Press Inc™

2(4.2) 0.242

0(0)

4(22) 0.582

0(0)

Within 30 days
Blood transfusion requirement

27

47

50

For recurrent bleed

Mean (SD)
Additional hospital days for recurrent bleed

0.445

0.5(0.7)

3.9 (4.5)

1.3 (1.6) 0.584

1.5(2.1)

47

68

47

Total

0.125
0.495
0.32

2(4.2)
0 (0)
0 (0)

6.2(5.2) 0.614 1(2)

2(18.2)
0 (0)

6.7 (4.4)
2 (28.6)

Mean (SD)
Required IR embolization within 30 days

2(4.1)

12.1)

0.389

1(14.3)

Required surgery within 30 days

ing evidence that PPIs as a class of medication have an anti-
inflammatory effect that may contribute to peptic ulcer heal-
ing, independent of their acid-suppressing effects [20]. Such
an anti-inflammatory effect may not necessarily increase with
more frequent dosing, which may help explain our findings.

Our study adds to the very limited literature on this topic
and reflects a “real-life” scenario in terms of population, setting
and intervention for upper gastrointestinal bleeding. However,
we do acknowledge certain limitations. Our study’s retrospec-
tive design carries an inherent risk for bias and unmeasured
confounders. However, we applied strict inclusion and exclu-
sion criteria to minimize such bias leading to an 84% (1,219
excluded from initial sample of 1,452 patients) reduction of
patients from the initially identified sample. Due to the retro-
spective design, we were also unable to verify patient adher-
ence to prescribed dosing and frequency of PPI therapy, how-
ever this is a limitation of other study designs. It is also notable
that patients in our study were discharged on different types of
PPIs, and there is literature to suggest subtle differences in PPI
pharmacokinetics and dynamics, which may introduce some
bias. However, this most closely mimics “real-life” practice
where different providers prescribe different types of PPIs. Re-
flecting practice patterns at our institution, we had a smaller
number of patients in the once-daily dose arm. However, with
one-to-one propensity score matching, we attempted to very
closely match these patients to those in the twice-daily dose
group. Finally, the power of our study to detect a significant
difference between the two groups may have been hindered
by the numbers of patients included and a potential difference
may exist that we were not able to detect.

In conclusion, our analysis indicates that once-daily oral
PPI dosing at hospital discharge was not associated with infe-
rior outcomes compared to twice-daily dosing in patients hos-
pitalized for upper GIB due to PUD. We believe the risks of
patient non-adherence, potential side effects, medication inter-
actions as well as the higher financial burden associated with
more frequent PPI dosing currently outweighs the potential
benefits. Prospective trials in larger patient cohorts are needed
to validate our findings.
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