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Abstract: Background: High-dose proton pump inhibitor (PPI) therapy, given either intermittently
or continuously for non-variceal upper gastrointestinal bleeding (NV-UGIB), is efficacious. Using
intermittent PPI for low-risk patients may be cost-saving. Our objective was to estimate the annual
cost savings if all low-risk NV-UGIB patients received intermittent PPI therapy. Methods: Patients
who presented to hospital in Calgary, Alberta, who received a PPI for NV-UGIB from July 2015
to March 2017 were identified using ICD-10 codes. Patients were stratified into no endoscopy,
high-risk, and low-risk lesion groups and further subdivided into no PPI, oral PPI, intermittent
intravenous (IV), and continuous IV subgroups. Average length of stay (LOS) in each subgroup
and costs were calculated. Results: We identified 4141 patients with NV-UGIBs, (median age 61,
57.4% male). One-thousand two-hundred and thirty-one low-risk patients received continuous IV
PPI, with an average LOS of 6.8 days (95% CI 6.2-7.3) versus 4.9 days (95% CI 3.9-5.9) for intermittent
IV patients. If continuous IV PPI patients instead received intermittent IV PPI, 3852 patient days and
CAD 11,714,390 (2017 CAD)/year could be saved. Conclusions: Using real-world administrative data,
we demonstrate that a sizable portion of low-risk patients with NV-UGIB who were given continuous
IV PPIif switched to intermittent IV therapy could generate significant potential cost savings.

Keywords: proton pump inhibitor; non-variceal GI bleed; cost-saving; health economics; resource
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1. Introduction

Upper gastrointestinal bleeding (UGIB) is a common reason for gastrointestinal-related
hospital admissions and is a major cause for morbidity, mortality, and cost. Current
guidelines for treatment of non-variceal UGIB include fluid resuscitation, gastric mucosa-
protecting medications, and endoscopy [1]. Proton pump inhibitors (PPI) are routinely
used in clinical practice, both before and after endoscopy, as standard of care [2]. Pre-
endoscopy PP, largely given intravenously (IV), reduces stigmata of high-risk bleeding at
endoscopy and the need for endoscopic therapy but has no effect on rebleeding, surgery, or
mortality [3,4]. Post-endoscopy PPI for 72 h shows reduced bleeding and surgery rates in
patients who received endoscopic hemostasis therapy [5].

The optimal use of PPI is controversial. Previous systematic reviews [6-9] show no
difference in mortality between intermittent versus continuous PPI for 72 h post-endoscopy.
More recently, the International Consensus Group on Upper GI Bleeding guidelines demon-
strate a mortality benefit for IV continuous PPI but not for other PPI doses [8,10], whereas
the updated American College of Gastroenterology Guidelines from 2021 do not prioritize
continuous IV PPI over less intensive doses [11]. Ambulatory 72 h pH monitoring shows
all high-dose PPI, regardless of which specific one, regardless of administration route (IV
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or PO), can maintain gastric pH above 6, compared to the mean pH without PPI use of
2.04 [12-14].

Modelling suggests that PPI pre-endoscopy is more effective and more costly than
placebo in North America [15]. Data regarding savings with PPI have been variable;
a budget impact analysis showed very modest savings with alternative PPI regimens
compared to the standard high dose IV continuous PPI pre- and post-endoscopy [16].
A trainee-led initiative in Chicago demonstrated a 35% reduction in inappropriate PPI
prescriptions; using intermittent PPI instead of PPI infusion led to cost savings estimated at
USD 277 in 2017 per patient per day, yielding a minimum USD 121,000 over 9 months of
savings in pharmacy costs [17]. Given these findings, our objective was to analyze potential
economic effects in the Calgary Zone of Alberta Health Services, using administrative and
clinical data, if all IV continuous PPI therapy were given as IV intermittent instead for
patients admitted with suspected non-variceal upper GI bleeds (NV-UGIB).

2. Materials and Methods
2.1. Cohort Analysis

All patient visits that used an UGIB order set to prescribe PPI in the shared electronic
order entry system from July 2015 to March 2017 at four adult hospitals in Calgary, Alberta,
were obtained in de-identified form. The study dates were chosen to coincide with the
baseline data collection dates for a separate quality improvement project. Using previously
validated ICD-10 codes, as diagnoses in the administrative databases are classified using
the ICD-10 system (Table S1) [18-20], we identified patients with NV-UGIB. The modality
of PPI administration was determined at the discretion of the treating physician.

Patients were classified into three categories by Canadian Classification of Health
Interventions (CCI) procedure codes (Table S2): (a) high-risk UGIB requiring intervention,
defined as esophagogastroduodenoscopy (EGD) or interventional radiology (IR), (b) low-
risk UGIB requiring EGD with biopsy or inspection, or (c) no EGD. Patients with procedure
codes for variceal banding or gluing of gastric varices were excluded. Next, each risk
category was further sorted by PO PPI (any frequency), intermittent IV (pantoprazole
40 mg IV either daily or bid), continuous IV (pantoprazole 80 mg IV or 8 mg/h IV), or no
PPIL. Each category was analyzed for demographic factors, presenting heart rate (HR), blood
pressure (BP), hemoglobin (HGB), percent transfused, and percent admitted to hospital.
Length of stay (LOS) was calculated both as an average and as a median. The proportion of
patients on prolonged PPI therapy (more than 72 h) was also calculated for high-risk and
low-risk groups. Statistical differences between categorical categories were determined
through the use of a Kruskal-Wallis test; a p-value of <0.05 was considered statistically
significant. Data analysis was done using Microsoft Excel v16.75 and SPSS v28.

2.2. Costing

We used the Canadian Institute of Health Information (CIHI) Case Mixed Groups+
(CMG+) methodology to estimate the cost of hospitalization which is a form of diagnosis
related grouping [21] similar to diagnosis-related groups (DRG). The CMG+ calculates a
resource intensity weight (RIW) based on nursing (inpatient, outpatient, operating room,
and recovery), clinical lab, medical imaging, other professional services (e.g., laboratory,
nutrition, physiotherapy, and social work), and indirect costs (e.g., staff transport, house-
keeping, laundry services, and health records). The Alberta Government Interactive Health
Data Application combines this RIW with Alberta-specific costs of a standard hospital
stay (CSHS) to generate Alberta zone specific Inpatient Care Case Costs [22]. We utilized
CMG+ code 254 (Gastrointestinal Hemorrhage) looking at all cases of severity in the Cal-
gary zone for the 2016/2017 fiscal year. The average cost per hospitalization was CAD
7981.45 with an average length of stay of 6.22 days; the average cost per day was CAD
1283.21. Physician fees were calculated from the Alberta Health Care Insurance Plan sched-
ule of medical benefits for 2017 [23]; we assumed an attending gastroenterologist saw the
patient in consultation (CAD 186.95), potentially performed an endoscopy (CAD 113.19),
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and spent 20 min for subsequent daily care of the patient (CAD 104.90/day). Local data
were used for drug costs for all modalities of IV PPI given. The cost per dose of 40 mg IV
pantoprazole was CAD 2.20. A 72 h course of IV + bolus pantoprazole requires 16.4 doses
(CAD 36.08) while IV intermittent dosing requires 6 doses (CAD 13.20). Twice-daily oral
PPI was approximately CAD 0.40/day. After completing IV PPI courses, patients were
assumed to be started on twice-oral PPIL. All costs were in 2017 Canadian dollars.

This study was approved by the Conjoint Health Research Ethics Board at the Univer-
sity of Calgary (ID # REB16-0802).

3. Results

Our initial data capture had 5625 patient visits, of which 1484 were excluded as they
did not have codes reflecting a NV-UGIB. Of the remaining 4141 patient visits, 410 (9.9%)
were high-risk; 1403 (33.9%) were low-risk; and 2241 (54.1%) did not undergo EGD in the
same admission (Table 1).

Table 1. Demographic features stratified by risk of bleeding and treatment.

High-Risk Lesion Low-Risk Lesion No EGD
Variable No PP PP No PPI PPI No PP PP
All PPI B+l 1av O sl PPI  B+1 ILa1v O All pPI B+1 11v O
Visits 410 3% 337 i % 1403 152 1079 60 112 241 1373 58 61 25
No. (%) 133 10 110 3 9 553 72 406 2% 9 1051 677 247 23 104
Female @32) (28) @) (33  (36) 39 @) (8 3 @3) @) @9 @) @8) (46
Mean Age o4 64 o4 33 & ) 59 64 &7 67 57 54 ) 57 59
oo 6= (59— (6= (5 (6= (63~  (56- (6= (63— (6= (56 (3= (6=  (l=  (56-
66) 69) 66) 78) 73) 65) 62) 65) 72) 71) 58) 56) 65) 63) 62)
AgeRange 1966 2695 1996  31-93  44-91 }gg 18-97 1133‘ 20-94 12015 1136‘ 1131‘ }gg 19-98  19-96
Heart rate, 92 89 % % 87 91 86 92 89 8 88 86 % % 87
mean,BPM (9= (8-  (9l- (8-  (79-  (90- (8-  (91- (84~ (8- (8- (8- (91— (87— (84
(95% CI) 94) 95) 95) 108) 95) 92) 89) 93) 95) 88) 89) 87) 95) 98) 89)
Systolic
Blood 119 126 17 131 126 126 132 125 127 128 132 134 128 131 131
pressure, (116~ (19~  (115-  (117-  (117- (25—  (129- (124 (121- (124~ (1381-  (133= (126~ (126 (128
mean,mm  121)  132) 1190  144)  134)  128) 135  127)  133)  132)  133)  135)  130)  137)  134)
Hg (95% CI)
Diastolic
Blood 69 75 68 76 68 73 77 73 74 70 78 80 76 75 76
pressure, 67- (68 (67— (69—  (63- (7= (7 (-  (@o- (67~ (- (79— (73 (70— (74
mean, mm 71) 81) 70) 82) 74) 75) 79) 75) 78) 73) 79) 80) 78) 79) 78)
Hg (95% CI)

Hemoglobin, 93 108 91 103 91 103 117 101 105 100 125 132 114 119 123
mean, g/L ©- (97— (88 (8- (80— (101  (112= (99— (96 (95~ (12— (13- (1=  (111-=  (119-
(95% CIy 95) 118) 94) 122)  102) 104  122) 103  113)  106)  127)  133)  116)  127)  127)

. gr‘g?f:; . (ﬁ-’) 5 174 4 12 476 20 411 16 29 249 71 139 7 »
%) (14) (52) (33) (48) (34) (13) (38) (27) (26) (11) ®) (24) (11) (14)
Number 392 29 327 2 % 1191 % 942 52 %9 746 216 383 27 120
admitted (%) (96) ®1)  (©7)  (100) (%) ®)  6H)  ©) @) ®) (33 (16  (66) @)  (3)

B + I = bolus and infusion, I-IV = intermittent intravenous, PO = per os (by mouth), PPI = proton pump inhibitor.

Overall, most patients who presented were male; patients who received endoscopy
had a median age of 65. The no EGD group was younger and had a higher proportion of
females than the low-risk and high-risk groups; full demographic details are in Table 1.
Patients who did not receive an EGD had lower acuity (higher blood pressure, higher
hemoglobin, and lower rate of transfusion and admission) than the low-risk group, which
had more favourable clinical data than the high-risk group. Differences between treatment
strategies were seen most in the high-risk group; the continuous IV subgroup had lower
presenting hemoglobin (by around 10 g/L) and blood pressure (by around 10 mm Hg)
compared to the intermittent IV subgroup (Table 1). The differences between the three
groups regarding age, blood pressure, and hemoglobin were all statistically significant
(p < 0.05) except for age, heart rate, and length of stay between the high-risk and low-risk
groups.

For LOS, there were minimal difference in the median LOS (Figure 1). For average LOS
(with 95% confidence intervals in Table 2), the high-risk group stayed 7.4 days, with the
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intermittent IV subgroup having longer LOS (11.6 days) than the continuous IV subgroup
(7.5 days). The differences in LOS were statistically significant between the no EGD group
and both the low-risk and high-risk groups (p < 0.001), but there was no statistically
significant difference between the high-risk and low-risk groups.

Table 2. Estimated costs of admission. All dollar amounts are in 2017 Canadian dollars.

. Average - Overall
Visits LOS(95% CI) Average Cost Per Admission Costs
Lower Upper Hospital Physician Drug
Total Cost 95% 95% Cost Cost Cost
High Risk 410 7.4 (6.3-8.4) N/A
CAD CAD
no PPI 36 5.2(3.5-7) CAD 7514 CAD 5155 10,011 CAD 6673 CAD 841 CADO 270,491
. . CAD CAD CAD
bolus + infusion 337 7.5 (6.3-8.8) 10,742 CAD 9077 12,545 CAD9624 CAD1860 CAD38 3,620,086
. . CAD CAD CAD CAD
intermittent IV 12 11.6 (5.8-17.3) 16,408 CAD 8363 24316 14,885 CAD2713 CAD17 196,901
CAD CAD
PO 25 5.8 (3.5-8.2) CAD 8348 CAD 5158 11,678 CAD 7443  CAD 1507 CAD2 208,707
CAD
Subgroup Total 4,296,185
Low Risk 1403 6.6 (6.1-7.2) N/A
no PPI 152 42 (3.44.9) CAD 6126 CADS5017 CAD7097 CAD 5389 CAD 737 CADO 951A2]:1)6
bolus + infusion 1231 68(62-73) CAD9771 CaDs93s 4D cADS®6 CAD1007 CAD38 Sl
OIS +INILSIO s 10,464 10,542,659
intermittent IV 60 4.9 (3.9-5.9) CAD 7111 CAD5724 CAD8499 CAD 6288 CAD 810 CAD 14 4§6A 62 5
CAD CAD
PO 112 6.3 (4.8-7.8) CAD 9042 CAD 6961 11,123 CAD 8084 CAD 955 CAD3 1,012,713
CAD
Subgroup Total 12,913,274
No EGD 2241 7.9 (7.5-8.4) N/A
no PPI 1373 44 (4.14.6) CAD 6291 CAD5875 CAD 6568  CAD 5646 CAD 645 CADO 8 6C3?1395
. . CAD CAD CAD CAD CAD
bolus + infusion 582 11.1 (9.7-12.7) 15,624 13,682 17,705 14,244 CAD 1341 CAD39 9,093,343
. . CAD CAD CAD CAD
intermittent IV 61 8.5 (6-11) 11,994 CAD 8526 15,462 10,907 CAD 1071 CAD15 731,612
CAD CAD CAD
PO 225 7.7 (6.5-8.9) 10,872 CAD 9207 12,536 CAD9881  CAD 988 CAD 3 2,446,098
CAD
Subgroup Total 20,908,148
CAD
Grand Total 38,117,607

In subgroup analysis, the average LOS of stay for the high-risk group was 7.4 days with
no statistical difference in the LOS between any of the treatment strategies. For the low-risk
group, the average LOS was 6.6 days, with the intermittent IV subgroup (4.9 days) being
less than the continuous IV subgroup (6.8 days) with no significant difference between any
of the PPI strategies although there was a statistically significant difference between the no
PPI group and each of the PPI groups (p < 0.001). For patients who did not receive an EGD,
the average LOS was 7.9 days, with patients receiving intermittent IV PPI (8.5 days) having
shorter LOS than patients receiving continuous IV PPI (11.1 days). Statistically significant
differences were seen between all groups (p < 0.003) except for between the oral PPI and
intermittent IV PPI groups and the continuous IV PPI and intermittent IV PPI groups.
Thus, the groups of particular interest are the low-risk patient who received continuous IV
PPI (representing 30% of all NV-UGIB visits) and patients that did not undergo EGD who
received continuous IV PPI, representing 14.35% of all patients.
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Figure 1. Length of stay stratified by risk of bleeding and treatment. Numbers of patients in each
group reported at base of graph; 95% confidence intervals reported in whiskers. PPI = proton
pump inhibitor. PO: Per os. EGD: Esophagogastroduodenoscopy. There were statistically significant
differences in the low-risk population between the no PPI and each of the PPI groups (* p < 0.001)
and in the no EGD population between the no PPI and intermittent infusion group(+ p < 0.001, no
PPI and oral PPI, (+ p < 0.001), no PPI and continuous infusion group(f p < 0.001) and the oral PPI
and intermittent infusion groups (§ p = 0.003).

Based on our costing estimates, the 4141 patients admitted with upper GI bleeding
cost the health care system approximately CAD 38 million dollars (Table 2). Patients who
received intermittent PPI in the higher-risk group had the highest costs related to the length
of stay. Conversely, in the low-risk group, patients who received intermittent PPI cost CAD
2660 less per admission less than those who had continuous PPI dosing with no difference
in outcomes. Similarly, patients in the no EGD group cost CAD 3630 less per admission.
Given the mixed evidence and guidance around PPI therapy for high-risk patients, to be
conservative they were excluded (n = 410) from the cost savings calculation. If all patients
who received continuous IV PPl in the low-risk and no EGD groups received intermittent
IV PPI dosing instead over the study period, there could potentially be 1.9 days of LOS
saved for 1231 low-risk patients (2338.9 days in total, CAD 6.2 million in savings) and
2.6 days of LOS saved for 582 no EGD patients (1513.2 days in total, CAD 3.5 million in
savings). This corresponds to total potential savings of CAD 11.7 million over 21 months or
CAD 6.7 million per year equivalent to 30% savings.
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4. Discussion

In this analysis of 4141 patient visits over nearly two years in the Calgary Zone,
we determined that 88% of patients did not require endoscopy or had low-risk lesions on
endoscopy, and of these, 49.8% received continuous IV PPL In patients with low-risk lesions,
there was a 1.9-day difference in average length of stay between patients who received
continuous IV PPI and intermittent IV PPI with no differences in outcome, and in patients
who did receive endoscopy, there was a 2.6-day average LOS difference between the
groups. In total, these patients with low-risk endoscopy lesions accounted for 3852.1 days
of potentially unneeded hospitalization and potentially CAD 3.8 million/year in savings
with intermittent PPI use.

There are a number of areas of controversy in the use of PPIs in hemostasis. The data are
mixed on whether continuous IV PPI after endoscopic hemostasis reduces mortality [10,24].
The optimal dose and route of administration for post-endoscopy PPI therapy is unclear
from the literature. Meta-analyses and systematic reviews are challenged by the heterogene-
ity of the definition of “high-dose” of PPI therapy [6-8,10,11,25,26]. Most studies define
it as an IV bolus of 80 mg followed by an IV continuous infusion of 8 mg/hour for 72 h,
totaling 656 mg IV over 72 h. Others used IV 40 mg every 12 h, for a total of 240 mg IV
over 72 h [27,28]. One study used an IV 80 mg bolus followed by IV 40 mg every 6 h, for a
total of 560 mg over 72 h [29]. Some studies used esomeprazole 40 mg PO every 12 h or
rabeprazole 20 mg every 12 h and termed this “high-dose oral” therapy [30,31].

For patients with high-risk stigmata who received endoscopic hemostasis, the data
support using continuous IV PPI therapy for 72 h post-endoscopy [10,11,25,26]. There
are also data to suggest that smaller doses of PPI therapy, given intermittently, delivered
either IV or PO, can have similar effects [6-8]. The level of evidence is not strong, leading
to different recommendations when interpreting the same data, but it is certainly strong
enough that no guidelines recommend against smaller doses of PPI [10,11,25,26]. Thus,
if we are being conservative with our line of reasoning, low-risk patients who received
no endoscopic hemostasis or no endoscopy at all should have no adverse events with IV
intermittent or PO intermittent PPI therapy at higher-than-standard doses for NV-UGIB.
In fact, the guidelines recommend PO standard dose (i.e., once daily) for this patient
group [10,11,25,26].

Among the current guidelines (Table 3) for high-risk stigmata lesions treated with
endoscopic hemostasis or adherent clots without hemostasis, both the American College
of Gastroenterology (ACG) in 2021 and European Society of Gastrointestinal Endoscopy
(ESGE) in 2021 recommended high-dose PPI (defined by the ACG as >80 mg/24 h) given
either by continuous IV, intermittent IV, or intermittent PO for 72 h post-endoscopy [11,32].
The International Consensus Group in 2019 recommended an IV bolus and then continuous
PPI for 72 h post-endoscopy [10], and the Asia-Pacific working group in 2018 recommended
high-dose oral PPI as an adjunct [25]. For post-endoscopic intermittent IV PPI use (non
high-dose), the International Consensus Group could not make a recommendation for
or against [10], and the ESGE recommended considering intermittent IV dosing or high-
dose oral PPI therapy [32]. For pre-endoscopic PPI, ACG guidelines could not make a
recommendation for or against its use; the International Consensus Group did not comment
on it in 2019 (previously recommended considering continuous IV PPI in 2010) [1,10]; the
Asia-Pacific working Group did not agree to recommend it; and the ESGE recommended
considering continuous IV PPI[10,11,25,32]. Based on our data, we would suggest starting
with either continuous or intermittent IV PPI and switch to intermittent oral dosing if the
lesions are low risk endoscopically.
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Table 3. Summary of current guidelines on PPI use for NV-UGB.

Post-endoscopy finding
high-risk lesion

American College of International Asia-Pacific European Society of
Gastroenterology Consensus Group Working Group  Gastrointestinal Endoscopy
(ACG) (2021) [11] (2019) [10] (2018) [25] (ESGE) (2021) [32]

IV bolus + infusion IV bolus + infusion High-dose PO PPI IV bolus + infusion

as adjunct

High-dose intermittent, ~Neither for nor against No commenton  Can consider intermittent IV

IV or PO intermittent IV intermittent IV or high-dose PO

Pre-endoscopy

No comment

. Previously
Previously recommended IV No agreement on

recommended . L. recommend- Consider IV bolus + infusion
. bolus + infusion in .
considering IV ing PPI

. . 2010 version
bolus + infusion D
of guidelines

No recommendation.

Previous data from Canada, the United States, and United Kingdom have shown that
there are often inappropriate indications for PPI use in hospital [17,33,34]. Pre-endoscopy,
most patients in Canada receive appropriate IV PPI therapy, especially given the diagnostic
uncertainly at times [33]. Unfortunately, the majority of patients who have had endoscopy
and do not have an indication for IV continuous PPI therapy are still continued on it
inappropriately, with national rates ranging from 56.9% to 91.5% [33,35] and local rates in
Calgary being 47% [36]. Our finding of 45% patients receiving IV continuous PPI despite
having no endoscopy or low-risk findings are similar to previous local data from a different
period although lower than the nationally reported rates.

The previous literature on the cost of PPI use have looked at either regimens of IV PPI
prior to endoscopy or PPI selection post-endoscopy. Prior to endoscopy, using continuous
IV PPI has been shown to reduce the rate of endoscopic interventions [37] and reduce the
risk of GI bleeding with incremental cost-effectiveness ratios of CAD 19,832 CDN/GI bleed
averted [15]. After endoscopy, the literature to date is less clear. In a decision analysis
model from a managed care organization perspective, the use of IV PPI as compared to
oral PPI post endoscopy cost USD 708,735 per quality adjusted life year [38]. A second
decision analytic model analyzed a spectrum of NV-UGIB and performed a budget impact
analysis comparing multiple PPI strategies pre- and post-endoscopy. High-dose PPI pre-
and post-endoscopy cost USD 11,399 in 2014. Different IV PPI dosing, whether continuous
or intermittent, had a very modest effect on the total cost [16]. We similarly conclude that
the formulation of the PPl itself represents a small percentage of the total hospitalization
cost but that there is a signal towards decreased LOS if patients are not on a continuous
IV PPI regimen post-endoscopy. A lower length of stay will have the highest impact on
the cost of the total admission due to daily hospital charges as well as physician fees. In
contrast to this model, our study offers real world admission data regarding length of stay
that is risk-stratified, and we feel that it may provide cost data that are more reflective of
reality.

Potassium-competitive acid blockers (P-CABs) are a new class of medications used for
similar indications as PPIs (e.g., Helicobacter pylori treatment and peptic ulcer treatment).
The first molecule in this class to be available clinically outside of trials was vonoprazan
in Japan in 2015 [39]. As of mid-2023, there are no published manuscripts specifically
addressing the use of P-CABs in NV-UGIB. A nationwide database study in Japan showed
non-inferiority of vonoprazan compared to PPIs in rates of NV-UGIB in patients with
ischemic heart disease receiving multiple anti-thrombotic medications [40]. There are
multiple studies that comment on the effect of vonoprazan compared to PPIs for iatrogenic
gastric or duodenal ulcers as a result of endoscopic submucosal dissection, with most
finding an advantage with vonoprazan [41,42]. Finally, one study using Japanese pricing
and a Markov simulation model found vonoprazan to be more cost-effective compared
to lansoprazole or esomeprazole in quality-adjusted life years gained for patients taking
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low-dose acetylsalicylic acid for secondary prevention of cardiovascular diseases [43]. Thus,
future updates on this topic may reflect on a bigger role in the NV-UGIB setting for P-CABs.
These medications are currently not available in Canada and are only available in the
United States as a part of a pre-packaged combination medication for the treatment of
H. pylori.

Limitations

The LOS differences generally do not reach significance in our subgroups, especially
because of the low numbers of patients receiving intermittent IV PPI. Furthermore, we can
only infer correlation between PPI administration and LOS through this administrative
database. This could be an indirect effect from earlier ambulation (without an infusing
IV pump), fewer falls from tripping on IV lines, or faster step-down to PO PPI therapy.
Comparing the clinical parameters we collected, the patients receiving continuous IV PPI
appear to be more ill, and this likely reflects physician comfort and clinical judgement.
Truly establishing clinical difference or equivalence in these study populations would
require a more intentional analysis of comorbidities which is not available in this dataset.
Data regarding rebleeding, surgery, and mortality unfortunately are not captured in our
database. Additionally, it is possible that some patients presenting with an upper GI
bleed may have been missed if an order set were not used. In the authors’ experience,
order sets are generally used with the initial presentation to hospital. As records from this
administrative dataset were de-identified, there is limited information about comorbidities
and medications available. As such, additional risk factors for UGI bleeding cannot be
accounted for in this analysis.

The group of patients who had ICD codes of NV-UGIB yet did not have endoscopy
show the limits of using administrative data to infer real-world situations. It is unclear
whether these patients declined EGD, were too ill to undergo EGD, did not have EGD in
their goals of care, or were simply miscoded. The CMG+ are limited in their ability to
capture all the healthcare expenditure associated with a condition. Only half of patients
coded as NVUGIB ended up undergoing EGD. Of those not receiving EGD, some received
lower endoscopy instead. This speaks to the accuracy of ICD coding (the codes K92.0,
K91.0, and K92.0 can have overlap from lower GI bleed as well).

Finally, we have grouped the patients who presented with NV-UGIB but did not
receive endoscopy with other low-risk patients. There may be a subset of these patients
that did not receive endoscopy because they were too ill and thus the PPI therapy was
a “best non-invasive treatment” approach. We believe these patients constitute a smaller
portion of this overall group, since the clinical characteristics were still overall less acute
than the high-risk patient group.

5. Conclusions

In summary, our study uses large-number, local, real-world data to calculate potential
cost savings from a minor medication administration change. With some basic assumptions
about the pharmacodynamics and efficacy of PPIs and patient stratification, we can identify
a population of patients that can safely receive intermittent IV PPI rather than continuous
IV PPL In a lean healthcare setting, this gives us further direction on quality improvement
projects and advocacy in guidelines.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /medicines10070044/s1, Table S1: ICD-10 Codes Used for Data
Extraction; Table S2: Canadian Classification of Health Intervention Codes Used for Stratifying Patients.

Author Contributions: Conceptualization, Y.L. and S.E.C.; methodology, Y.L. and S.E.C.; formal
analysis, Y.L., K.L.N. and S.E.C.; resources, K.L.N.; data curation, J.H.; writing—original draft
preparation, Y.L.; writing—review and editing, ].H., K.L.N. and S.E.C.; supervision, S.E.C. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.


https://www.mdpi.com/article/10.3390/medicines10070044/s1
https://www.mdpi.com/article/10.3390/medicines10070044/s1

Medicines 2023, 10, 44 9of 11

Institutional Review Board Statement: The study protocol was approved by the Conjoint Health
Research Ethics Board at the University of Calgary (ID # REB16-0802).

Informed Consent Statement: Patient consent was waived by approval of the Conjoint Health
Research Ethics Board due to the number of patients and the data was anonymized for analysis.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Conflicts of Interest: S.E.C. reports grants from Bristol-Myers Squibb Canada, Gilead Sciences,
Genlfit, Allergan, Axcella Health, Inc., Sequana Medical, and AstraZenica and personal fees from
Intercept Pharmaceuticals, AstraZeneca, and Novo Nordisk outside the submitted work. K.L.N.
reports advisory board fees from AbbVie, Janssen, Pfizer, Ferring, and Takeda; speaker’s fees from
AbbVie, Janssen, and Pfizer; and research support from AbbVie and Janssen outside the submitted
work. Y.L. and J.H. have no disclosures to report.

References

1.

10.

11.

12.

13.

14.

15.

16.

Barkun, A.N.; Bardou, M.; Kuipers, E.J.; Sung, J.; Hunt, R.H.; Martel, M.; Sinclair, P. International Consensus Recommendations on
the Management of Patients with Nonvariceal Upper Gastrointestinal Bleeding. Ann. Intern. Med. 2010, 152, 101-113. [CrossRef]
[PubMed]

Barkun, A.; Fallone, C.A.; Chiba, N.; Fishman, M.; Flook, N.; Martin, J.; Rostom, A.; Taylor, A.; for the Nonvariceal Upper
GI Bleeding Consensus Conference Group A. Canadian Clinical Practice Algorithm for the Management of Patients with
Non-Variceal Upper Gastrointestinal Bleeding. Can. . Gastroenterol. 2004, 18, 605-609. [CrossRef] [PubMed]

Scally, B.; Emberson, ].R.; Spata, E.; Reith, C.; Davies, K.; Halls, H.; Holland, L.; Wilson, K.; Bhala, N.; Hawkey, C.; et al. Effects of
Gastroprotectant Drugs for the Prevention and Treatment of Peptic Ulcer Disease and Its Complications: A Meta-Analysis of
Randomised Trials. Lancet Gastroenterol. Hepatol. 2018, 3, 231-241. [CrossRef] [PubMed]

Kanno, T.; Yuan, Y.; Tse, F.; Howden, C.W.; Moayyedi, P.; Leontiadis, G.I. Proton Pump Inhibitor Treatment Initiated Prior to
Endoscopic Diagnosis in Upper Gastrointestinal Bleeding. Cochrane Database Syst. Rev. 2022, 1, CD005415. [CrossRef]

Lau, J.YYW,; Sung, J.].Y,; Lee, KK.C.; Yung, M.; Wong, SK.H.; Wu, ].C.Y,; Chan, EK.L.; Ng, EK.W.; You, ] H.S.; Lee, CW.; et al.
Effect of Intravenous Omeprazole on Recurrent Bleeding after Endoscopic Treatment of Bleeding Peptic Ulcers. N. Engl. . Med.
2000, 343, 310-316. [CrossRef]

Sachar, H.; Haven, N.; Vaidya, K.; Haven, N.; Laine, L.; Haven, N.; Connecticut, A.; Haven, W. Intermittent vs Continuous Proton
Pump Inhibitor Therapy for High-Risk Bleeding Ulcers: A Systematic Review and Meta-Analysis. JAMA Intern. Med. 2015, 174,
1755-1762. [CrossRef]

Rodriguez, E.A.; Donath, E.; Waljee, A.K.; Sussman, D.A. Value of Oral Proton Pump Inhibitors in Acute, Nonvariceal Upper
Gastrointestinal Bleeding: A Network Meta-Analysis. |. Clin. Gastroenterol. 2017, 51, 707-719. [CrossRef]

Neumann, I.; Letelier, L.M.; Rada, G.; Claro, ].C.; Martin, ].; Howden, C.W.,; Yuan, Y.; Leontiadis, G.I. Comparison of Different
Regimens of Proton Pump Inhibitors for Acute Peptic Ulcer Bleeding. Cochrane Database Syst. Rev. 2013, 6, CD007999. [CrossRef]
Zhu, W,; Chen, L.; Zhang, J.; Wang, P. Effects of High-Dose versus Low-Dose Proton Pump Inhibitors for Treatment of Gas-
trointestinal Ulcer Bleeding: A Meta-Analysis of Randomized Controlled Trials. J. Int. Med. Res. 2022, 50, 3000605211067396.
[CrossRef]

Barkun, A.N.; Almadi, M.; Kuipers, E.J.; Laine, L.; Sung, J.; Tse, F.; Leontiadis, G.I.; Abraham, N.S.; Calvet, X.; Chan, FK.L.; et al.
Management of Nonvariceal Upper Gastrointestinal Bleeding: Guideline Recommendations From the International Consensus
Group. Ann. Intern. Med. 2019, 171, 805. [CrossRef]

Laine, L.; Barkun, A.N.; Saltzman, J.R.; Martel, M.; Leontiadis, G.I. ACG Clinical Guideline: Upper Gastrointestinal and Ulcer
Bleeding. Am. J. Gastroenterol. 2021, 116, 899-917. [CrossRef] [PubMed]

Javid, G.; Zargar, S.A.; U-Saif, R.; Khan, B.A.; Yatoo, G.N.; Shah, A.H.; Gulzar, G.M.; Sodhi, ].S.; Khan, M.A. Comparison of p.o.
or i.v. Proton Pump Inhibitors on 72-h Intragastric PH in Bleeding Peptic Ulcer. J. Gastroenterol. Hepatol. 2009, 24, 1236-1243.
[CrossRef] [PubMed]

Laine, L.; Shah, A.; Bemanian, S. Intragastric PH With Oral vs Intravenous Bolus Plus Infusion Proton-Pump Inhibitor Therapy in
Patients With Bleeding Ulcers. Gastroenterology 2008, 134, 1836—1841. [CrossRef]

Hartmann, M.; Ehrlich, A.; Fuder, H.; Lithmann, R.; Emeklibas, S.; Timmer, W.; Wurst, W.; Liicker, PW. Equipotent Inhibition
of Gastric Acid Secretion by Equal Doses of Oral or Intravenous Pantoprazole. Aliment. Pharmacol. Ther. 1998, 12, 1027-1032.
[CrossRef] [PubMed]

Al-Sabah, S.; Barkun, A.N.; Herba, K.; Adam, V.; Fallone, C.; Mayrand, S.; Pomier-Layrargues, G.; Kennedy, W.; Bardou, M.
Cost-Effectiveness of Proton-Pump Inhibition Before Endoscopy in Upper Gastrointestinal Bleeding. Clin. Gastroenterol. Hepatol.
2008, 6, 418-425. [CrossRef] [PubMed]

Lu, Y,; Adam, V,; Teich, V.; Barkun, A. Timing or Dosing of Intravenous Proton Pump Inhibitors in Acute Upper Gastrointestinal
Bleeding Has Low Impact on Costs. Am. J. Gastroenterol. 2016, 111, 1389-1398. [CrossRef] [PubMed]


https://doi.org/10.7326/0003-4819-152-2-201001190-00009
https://www.ncbi.nlm.nih.gov/pubmed/20083829
https://doi.org/10.1155/2004/595470
https://www.ncbi.nlm.nih.gov/pubmed/15497000
https://doi.org/10.1016/S2468-1253(18)30037-2
https://www.ncbi.nlm.nih.gov/pubmed/29475806
https://doi.org/10.1002/14651858.CD005415.pub4
https://doi.org/10.1056/NEJM200008033430501
https://doi.org/10.1001/jamainternmed.2014.4056
https://doi.org/10.1097/MCG.0000000000000625
https://doi.org/10.1002/14651858.CD007999.pub2
https://doi.org/10.1177/03000605211067396
https://doi.org/10.7326/M19-1795
https://doi.org/10.14309/ajg.0000000000001245
https://www.ncbi.nlm.nih.gov/pubmed/33929377
https://doi.org/10.1111/j.1440-1746.2009.05900.x
https://www.ncbi.nlm.nih.gov/pubmed/19682194
https://doi.org/10.1053/j.gastro.2008.03.006
https://doi.org/10.1046/j.1365-2036.1998.00406.x
https://www.ncbi.nlm.nih.gov/pubmed/9798809
https://doi.org/10.1016/j.cgh.2007.12.037
https://www.ncbi.nlm.nih.gov/pubmed/18304891
https://doi.org/10.1038/ajg.2016.157
https://www.ncbi.nlm.nih.gov/pubmed/27140030

Medicines 2023, 10, 44 10 of 11

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Coronel, E; Bassi, N.; Donahue-Rolfe, S.; Byrne, E.; Sokol, S.; Reddy, G.; Arora, V.M. Evaluation of a Trainee-Led Project to Reduce
Inappropriate Proton Pump Inhibitor Infusion in Patients with Upper Gastrointestinal Bleeding: Skip the Drips. JAMA Intern.
Med. 2017, 177, 1687-1689. [CrossRef]

Quan, S.; Frolkis, A.; Milne, K.; Molodecky, N.; Yang, H.; Dixon, E.; Ball, C.G.; Myers, R.P; Ghosh, S.; Hilsden, R.; et al.
Upper-Gastrointestinal Bleeding Secondary to Peptic Ulcer Disease: Incidence and Outcomes. World ]. Gastroenterol. 2014, 20,
17568-17577. [CrossRef]

Ahmed, A.; Armstrong, M.; Robertson, I.; Morris, A.J.; Blatchford, O.; Stanley, A.J.; Ahmed, A.; Morris, A.J.; Stanley, A.].; Unit, G.IL;
et al. Upper Gastrointestinal Bleeding in Scotland 2000-2010: Improved Outcomes but a Significant Weekend Effect. World J.
Gastroenterol. 2015, 21, 10890-10897. [CrossRef]

Valkhoff, V.E.; Coloma, PM.; Masclee, G.M.C.; Gini, R.; Innocenti, E; Lapi, F.; Molokhia, M.; Mosseveld, M.; Schou, M.;
Schuemie, M.; et al. Validation Study in Four Health-Care Databases: Upper Gastrointestinal Bleeding Misclassification Affects
Precision but Not Magnitude of Drug-Related Upper Gastrointestinal Bleeding Risk. ]. Clin. Epidemiol. 2014, 67, 921-931.
[CrossRef]

Canadian Institute for Health Information. CMG+ [Internet]. Available online: https:/ /www.cihi.ca/en/cmg (accessed on
9 May 2023).

Government of Alberta. Interactive Health Data Application [Internet]. Available online: http:/ /www.ahw.gov.ab.ca/IHDA _
Retrieval/ (accessed on 9 May 2023).

Government of Alberta. ALBERTA HEALTH CARE INSURANCE PLAN Medical Price List As of 01 April 2017 [Internet].
Available online: https://open.alberta.ca/dataset/376dc12c-5bbb-494e-810b-ad3a6e13874a/resource/f4017e43-3407-4551-8ac7-8
c60065617e4 /download /somb-medical-prices-2017-04.pdf (accessed on 9 May 2023).

Laine, L.; McQuaid, K.R. Endoscopic Therapy for Bleeding Ulcers: An Evidence-Based Approach Based on Meta-Analyses of
Randomized Controlled Trials. Clin. Gastroenterol. Hepatol. 2009, 7, 33-47. [CrossRef] [PubMed]

Sung, J.J.; Chiu, P.C.; Chan, EK.L,; Lau, J.Y,; Goh, K.-L.; Ho, L.H,; Jung, H.-Y.; Sollano, ].D.; Gotoda, T.; Reddy, N.; et al. Asia-Pacific
Working Group Consensus on Non-Variceal Upper Gastrointestinal Bleeding: An Update 2018. Gut 2018, 01136, 1757-1768.
[CrossRef] [PubMed]

Gralnek, I.; Dumonceau, ]J.-M.; Kuipers, E.; Lanas, A.; Sanders, D.; Kurien, M.; Rotondano, G.; Hucl, T.; Dinis-Ribeiro, M.;
Marmo, R.; et al. Diagnosis and Management of Nonvariceal Upper Gastrointestinal Hemorrhage: European Society of
Gastrointestinal Endoscopy (ESGE) Guideline. Endoscopy 2015, 47, al-a46. [CrossRef]

Yamada, S.; Wongwanakul, P. Randomized Controlled Trial of High Dose Bolus versus Continuous Intravenous Infusion
Pantoprazole as an Adjunct Therapy to Therapeutic Endoscopy in Massive Bleeding Peptic Ulcer. J. Med. Assoc. Thai. 2012, 95,
349-357.

Mehmedovic-Redzepovic, A.; Mesihovi¢, R.; Prnjavorac, B.; Kulo, A.; Merlina, K. Hematologic and Laboratory Parameters in
Patientis with Peptic Ulcer Bleeding Treated by Two Modalities of Endoscopic Haemostasis and Proton Pompe Inhibitors. Med.
Glas. 2011, 8, 151-157.

Hsu, Y.C,; Perng, C.L.; Yang, T.H.; Wang, C.S.; Hsu, W.L.; Wu, H.T.; Cheng, Y.C.; Chiang, M.F,; Lin, H.J. A Randomized Controlled
Trial Comparing Two Different Dosages of Infusional Pantoprazole in Peptic Ulcer Bleeding. Br. J. Clin. Pharmacol. 2010, 69,
245-251. [CrossRef] [PubMed]

Sung, J.J.; Suen, B.-Y.; Wu, J.C; Lau, ].Y,; Ching, ].Y.; Lee, V.W.; Chiu, PW.; Tsoi, K.K.; Chan, EK. Effects of Intravenous and Oral
Esomeprazole in the Prevention of Recurrent Bleeding from Peptic Ulcers after Endoscopic Therapy. Am. . Gastroenterol. 2014,
109, 1005-1010. [CrossRef]

Kim, HK.; Kim, J.S.; Kim, T.H.; Kim, C.W.; Cho, Y.S.; Kim, S.S.; Chae, H.S.; Han, S.W.; Park, YYW.; Son, H.S.; et al. Effect of
High-Dose Oral Rabeprazole on Recurrent Bleeding after Endoscopic Treatment of Bleeding Peptic Ulcers. Gastroenterol. Res.
Pract. 2012, 2012, 317125. [CrossRef]

Gralnek, L.M,; Stanley, A.J.; Morris, A.J.; Camus, M.; Lau, J.; Lanas, A.; Laursen, S.B.; Radaelli, F.; Papanikolaou, L.S.; Curdia
Gongalves, T.; et al. Endoscopic Diagnosis and Management of Nonvariceal Upper Gastrointestinal Hemorrhage (NVUGIH):
European Society of Gastrointestinal Endoscopy (ESGE) Guideline—Update 2021. Endoscopy 2021, 53, 300-332. [CrossRef]

Lu, Y;; Barkun, A.N.; Martel, M. Adherence to Guidelines: A National Audit of the Management of Acute Upper Gastrointestinal
Bleeding. The REASON Registry. Can. |. Gastroenterol. Hepatol. 2014, 28, 495-501. [CrossRef]

Craig, D.G.N.; Thimappa, R.; Anand, V.; Sebastian, S. Inappropriate Utilization of Intravenous Proton Pump Inhibitors in Hospital
Practice-a Prospective Study of the Extent of the Problem and Predictive Factors. QJM 2010, 103, 327-335. [CrossRef] [PubMed]
Enns, R.A.; Andrews, C.N.; Fishman, M.; Hahn, M.; Atkinson, K.; Kwan, P.; Levy, A. Description of Prescribing Practices in
Patients with Upper Gastrointestinal Bleeding Receiving Intravenous Proton Pump Inhibitors: A Multicentre Evaluation. Can. J.
Gastroenterol. 2004, 18, 567-571. [CrossRef] [PubMed]

Kaplan, G.G.; Bates, D.; Mcdonald, D.; Panaccione, R.; Romagnuolo, J. Inappropriate Use of Intravenous Pantoprazole: Extent of
the Problem and Successful Solutions. Clin. Gastroenterol. Hepatol. 2005, 3, 1207-1214. [CrossRef] [PubMed]

Tsoi, KK.F; Lau, ].Y.W,; Sung, ].].Y. Cost-Effectiveness Analysis of High-Dose Omeprazole Infusion before Endoscopy for Patients
with Upper-GI Bleeding. Gastrointest. Endosc. 2008, 67, 1056-1063. [CrossRef]


https://doi.org/10.1001/jamainternmed.2017.4851
https://doi.org/10.3748/wjg.v20.i46.17568
https://doi.org/10.3748/wjg.v21.i38.10890
https://doi.org/10.1016/j.jclinepi.2014.02.020
https://www.cihi.ca/en/cmg
http://www.ahw.gov.ab.ca/IHDA_Retrieval/
http://www.ahw.gov.ab.ca/IHDA_Retrieval/
https://open.alberta.ca/dataset/376dc12c-5bbb-494e-810b-ad3a6e13874a/resource/f4017e43-3407-4551-8ac7-8c60065617e4/download/somb-medical-prices-2017-04.pdf
https://open.alberta.ca/dataset/376dc12c-5bbb-494e-810b-ad3a6e13874a/resource/f4017e43-3407-4551-8ac7-8c60065617e4/download/somb-medical-prices-2017-04.pdf
https://doi.org/10.1016/j.cgh.2008.08.016
https://www.ncbi.nlm.nih.gov/pubmed/18986845
https://doi.org/10.1136/gutjnl-2018-316276
https://www.ncbi.nlm.nih.gov/pubmed/29691276
https://doi.org/10.1055/s-0034-1393172
https://doi.org/10.1111/j.1365-2125.2009.03575.x
https://www.ncbi.nlm.nih.gov/pubmed/20233195
https://doi.org/10.1038/ajg.2014.105
https://doi.org/10.1155/2012/317125
https://doi.org/10.1055/a-1369-5274
https://doi.org/10.1155/2014/252307
https://doi.org/10.1093/qjmed/hcq019
https://www.ncbi.nlm.nih.gov/pubmed/20211846
https://doi.org/10.1155/2004/204968
https://www.ncbi.nlm.nih.gov/pubmed/15457296
https://doi.org/10.1016/S1542-3565(05)00757-3
https://www.ncbi.nlm.nih.gov/pubmed/16361046
https://doi.org/10.1016/j.gie.2007.11.056

Medicines 2023, 10, 44 11 of 11

38.

39.
40.

41.

42.

43.

Spiegel, BM.R,; Dulai, G.S.; Lim, B.S.; Mann, N.; Kanwal, E; Gralnek, .M. The Cost-Effectiveness and Budget Impact of
Intravenous Versus Oral Proton Pump Inhibitors in Peptic Ulcer Hemorrhage. Clin. Gastroenterol. Hepatol. 2006, 4, 988-997.e2.
[CrossRef]

Garnock-Jones, K.P. Vonoprazan: First Global Approval. Drugs 2015, 75, 439-443. [CrossRef]

Tsujita, K.; Deguchi, H.; Uda, A.; Sugano, K. Upper Gastrointestinal Bleeding in Japanese Patients with Ischemic Heart Disease
Receiving Vonoprazan or a Proton Pump Inhibitor with Multiple Antithrombotic Agents: A Nationwide Database Study. J.
Cardiol. 2020, 76, 51-57. [CrossRef]

Abe, H.; Hatta, W.; Ogata, Y.; Koike, T.; Saito, M.; Jin, X.; Nakagawa, K.; Kanno, T.; Uno, K.; Asano, N.; et al. Prevention of Delayed
Bleeding with Vonoprazan in Upper Gastrointestinal Endoscopic Treatment. . Gastroenterol. 2021, 56, 640-650. [CrossRef]
Jiang, X.; Li, J.; Xie, J.; Liang, Z.; Wan, N.; Jiang, ].; Zhang, T.; Wu, Y. Histamine2-Receptor Antagonists, Proton Pump Inhibitors, or
Potassium-Competitive Acid Blockers Preventing Delayed Bleeding After Endoscopic Submucosal Dissection: A Meta-Analysis.
Front. Pharmacol. 2019, 10, 1055. [CrossRef]

Ishii, M.; Kawai, T.; Tsujita, K.; Igarashi, A.; Suzuki, M.; Deguchi, H.; Fernandez, J. Cost-Effectiveness of Vonoprazan Compared
With Proton Pump Inhibitors in Patients Taking Low-Dose Aspirin for Secondary Prevention of Cardiovascular Events in Japan.
Circ. . 2023, 87, 348-359. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.cgh.2006.05.019
https://doi.org/10.1007/s40265-015-0368-z
https://doi.org/10.1016/j.jjcc.2020.02.012
https://doi.org/10.1007/s00535-021-01781-4
https://doi.org/10.3389/fphar.2019.01055
https://doi.org/10.1253/circj.CJ-22-0127

	Introduction 
	Materials and Methods 
	Cohort Analysis 
	Costing 

	Results 
	Discussion 
	Conclusions 
	References

