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Dear Editors,

We thought it might be of interest to readers to 
learn about our study which aimed to show the 
difference in patient costs in administering con-
tinuous infusion of proton-pump inhibitor (PPI) 
versus intermittent intravenous PPI (IIP) if recent 
evidence-based practice was utilized at out hospi-
tal. Upper gastrointestinal bleeding (UGIB) is 
defined as bleeding originating from above the 
ligament of Treitz. The incidence of UGIB ranges 
from 50 to 150 per 100,000 population each year, 
with a higher number of cases reported in the 
lower socioeconomic status groups.1 It is the most 
common cause of emergency admission in gastro-
enterology throughout the world and has an inpa-
tient mortality rate of 10%, which has not changed 
over the years despite advancements in diagnostic 
and treatment modalities.1–3 The common causes 
of UGIB are peptic ulcer disease, esophageal and 
gastric varices, cancer, and angiodysplasia in the 
descending order.4 PPIs are fundamental in the 
management of UGIB. Platelet aggregation, 
which plays a crucial role in arresting bleeding, is 
inhibited by the hydrochloric acid and pepsin in 
the stomach. The low pH environment in the 
stomach also disrupts platelet aggregation signifi-
cantly.4,5 The pH of gastric juice is inversely 
related to clot lysis. A pH of 7.0 and above helps 
to achieve hemostasis by indirectly helping in 
platelet aggregation, platelet calcium, and seroto-
nin release and increases the availability of plate-
let factor III.5,6 The standard practice is to initiate 
a continuous PPI infusion (CPI) with 80 mg of an 
intravenous (IV) bolus of PPI followed by con-
tinuous infusion of 8 mg/h for 72 h.7,8 CPI signifi-
cantly reduces the bleeding risk compared to 
placebo.9 However, in recent years, studies have 
shown that there was no significant difference in 
primary outcomes such as re-bleeding rates when 
IIP is compared to a CPI in nonvariceal UGIB 
even in bleeding ulcers with high-risk features.5,10 

Moreover, IIP provides the added benefit of  
easier administration and lower cost.11 To our 
knowledge, no study has been done to date to 
compare the cost between administering a CPI 
and IIP. Our study aimed to show the difference 
in patient costs between administering a CPI and 
IIP if the recent evidence-based practice was uti-
lized in a single community hospital.

A retrospective review was done to identify the 
number of CPIs that were ordered at our commu-
nity teaching hospital in Warren, Ohio, for a 
period of 1 year using our pharmacy database. 
CPI that was started for patients with nonvariceal 
UGIB were included in the analysis, and CPI that 
was initiated for all other conditions, including 
variceal bleed, were excluded. The standard CPI 
was an 80-mg IV bolus followed by a continuous 
8-mg/h IV infusion for 72 h. The standard dose of 
IIP was 40 mg IV twice daily. The IIP was admin-
istered at 9 AM and 8 PM. The ordering physi-
cian, duration, cost of the infusion, and the cost of 
an equivalent intermittent PPI dose were analyzed 
using IBM SPSS, version 26. A cost comparison 
analysis was performed to compare the patient 
cost of CPI to an equivalent duration of IIP.

Our analysis displays a significant difference in 
the cost of administering CPI when compared to 
using IIP for a similar duration. The study showed 
that 217,452 USD in patient costs could have 
been saved in 1 year by using IIP instead of CPI 
at a single hospital.6 The cumulative cost of CPI 
was 326,262 USD as compared to 108,810 USD 
for IIP for that given period (Figure 1). The mean 
cost difference of CPI was found to be signifi-
cantly higher than IIP at $1025.7/patient 
(p < 0.005). The calculated cost difference 
amounted to 217,452 USD over the 1-year dura-
tion of data collected. Out of the 212 patients that 
were started on CPI, 54% were ordered by gas-
troenterologists as compared to 46%, which were 
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started by other physicians, including internists, 
intensivists, and emergency physicians. The dura-
tion of the CPI tended to be significantly longer 
(3.47 days) in adults > 50 years as compared to 
adults 50 years (2.58 days) with a mean differ-
ence of 0.88 days (p = 0.003).

Our study showed that administration of CPI over 
72 h on a patient costed 310 USD/day more than 
that of an IIP administered over a similar duration. 
CPIs tended to be administered for a longer dura-
tion of time in patients >50 years when compared 
to patients <50 years (mean 3.47 days vs 2.58 
days). This was significantly longer than the rec-
ommended duration of 72 h. Naturally, the overall 
cost of administering a CPI was significantly higher 
in patients >50 years, as depicted in Figure 2. 
Whether this was due to the overall increased risk 
based on the risk predictors in that age group or 
inappropriate medication reconciliation where 
physicians failed to discontinue the infusion after 
72 h is beyond the scope of this study. Incidentally, 
CPIs were initiated by gastroenterologists (54.2%) 
more than other physicians, including internists, 
intensivists, and emergency physicians (45.8%). 
Overall, this study shows there is a significant dif-
ference in the cumulative patient cost with an esti-
mate of 326,262 USD for CPI as compared to 
108,810 USD for an equivalent duration of IIP 
over the period of 1 year at a community hospital 
with a robust gastroenterology service.

UGIB9 is a significant economic burden on health-
care. A nationwide study showed that the hospi-
talization costs associated with uncomplicated and 
complicated nonvariceal bleed were $3402 and 
$5632, respectively, and that of uncomplicated 
and complicated variceal bleed were $6612 and 
$23,207, respectively.12 A recent quality improve-
ment study13 made use of electronic health record 

alerts to reduce inappropriate use of PPI infusion. 
It required physicians to select an appropriate indi-
cation for ordering PPI infusions. At the end of 9 
months, a 35% decrease in inappropriate PPI infu-
sions was noted, and the study estimated saving of 
at least $121,000 in terms of pharmacy costs 
between intermittent and continuous infusion of 
PPI in patients with UGIB.13 The results are in 
line with the findings of this study. A recent sys-
tematic review and meta-analysis by Sachar and 
colleagues compared intermittent PPI therapy to 
bolus plus CPI. The study showed that the risk 
ratio of re-bleeding within 7 days for intermittent 
versus bolus plus CPI to be 0.72 and the absolute 
risk difference to be –2.64%.14

Several studies reported that the duration of 
hospital stay, the necessity of blood transfusion 
or urgent surgery in patients who received inter-
mittent PPI after endoscopic therapy was simi-
lar to that of patients who received CPI after 
endoscopic therapy.12,15 In addition, intermit-
tent PPI therapy has the advantage of easier 
administration.12 When high-dose and low-dose 
PPI were compared, there was no difference in 
their efficacy, rates of re-bleeding, surgical 
intervention or mortality, and high-dose PPIs 
did not prove to be superior to non-high-dose 
PPIs.16–20

Limitations of this study include the retrospective 
observational nature of the study, the inability to 
comment on cost-effectiveness or outcomes as it 
was beyond the scope of this study. There is no 
universal standard pricing for CPI or IIP, as the 
cost depends on the manufacturer and pharmacy 
dispensing it in each hospital, although the varia-
bility is marginal in the United States. The cost of 
PPI is different in other countries and this study 
cannot be generalized.

Figure 1. Total annual cost of PPI infusion versus 
PPI BID.

Figure 2. Cost of PPI infusion and PPI BID for an 
equivalent duration of administration.
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Given the significant difference in the cost 
between a CPI and an IIP, along with the recent 
evidence that CPIs have noninferior outcomes 
compared to an IIP in nonvariceal bleed, the util-
ity of CPI in patients with nonvariceal UGIB is 
debatable. Further studies comparing the cost-
effectiveness of CPI versus IIP are required to re-
think and revise our management guidelines in 
the near future.

Funding
The authors received no financial support for the 
research, authorship, and/or publication of this 
article.

Conflict of interest statement
The authors declared no potential conflicts of 
interest with respect to the research, authorship, 
and/or publication of this article.

IRB
Institutional Review Board exempt study as the 
data were de-identified.

Transparency declaration
The corresponding author affirms that this manu-
script is an honest, accurate, and transparent 
account of the study being reported; that no 
important aspects of the study have been omitted; 
and that any discrepancies from the study as 
planned (and, if relevant, registered) have been 
explained.

ORCID iD
Vishnu Charan Suresh Kumar  https://orcid.
org/0000-0002-9472-2869

References
 1. British Society of Gastroenterology Endoscopy 

Committee. Non-variceal upper gastrointestinal 
hemorrhage: guidelines. Gut 2002; 51(Suppl. 4): 
iv1–iv6.

 2. Amitrano L, Guardascione MA, Manguso F, 
et al. The effectiveness of current acute variceal 
bleed treatments in unselected cirrhotic patients: 
refining short-term prognosis and risk factors. Am 
J Gastroenterol 2012; 107: 1872–1878.

 3. Hearnshaw SA, Logan RF, Lowe D, et al. Acute 
upper gastrointestinal bleeding in the  
UK: patient characteristics, diagnoses and 
outcomes in the 2007 UK audit. Gut 2011;  
60: 1327–1335.

 4. Green FWJ, Kaplan MM, Curtis LE, et al. 
Effect of acid and pepsin on blood coagulation 
and platelet aggregation. A possible contributor 
prolonged gastroduodenal mucosal hemorrhage. 
Gastroenterology 1978; 74: 38–43.

 5. Barkham P and Tocantins LM. Action of human 
gastric juice on human blood clots. J Appl Physiol 
1953; 6: 1–7.

 6. Chaimoff C, Creter D and Djaldetti M. The 
effect of pH on platelet and coagulation factor 
activities. Am J Surg 1978; 136: 257–259.

 7. Laine L and Jensen DM. Management of patients 
with ulcer bleeding. Am J Gastroenterol 2012; 107: 
345–361.

 8. Barkun AN, Bardou M, Kuipers EJ, et al. 
International Consensus Upper Gastrointestinal 
Bleeding Conference Group. International 
consensus recommendations on the management 
of patients with nonvariceal upper gastrointestinal 
bleeding. Ann Intern Med 2010; 152: 101–113.

 9. Laine L and McQuaid KR. Endoscopic therapy 
for bleeding ulcers: an evidence-based approach 
based on meta-analyses of randomized controlled 
trials. Clin Gastroenterol Hepatol 2009; 7: 33–47.

 10. Laine L, Yang H, Chang SC, et al. Trends for 
incidence of hospitalization and death due to GI 
complications in the United States from2001 to 
2009. Am J Gastroenterol 2012; 107: 1190–1196.

 11. Yüksel I, Ataseven H, Köklü S, et al. Intermittent 
versus continuous pantoprazole infusion in peptic 
ulcer bleeding: a prospective randomized study. 
Digestion 2008; 78: 39–43.

 12. Viviane A and Alan BN. Estimates of costs of 
hospital stay for variceal and nonvariceal upper 
gastrointestinal bleeding in the United States. 
Value Health 2008; 11: 1–3.

 13. Coronel E, Bassi N, Donahue-Rolfe S, et al. 
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.

 14. Sachar H, Vaidya K and Laine L. Intermittent 
vs continuous proton pump inhibitor therapy 
for high-risk bleeding ulcers: a systematic review 
and meta-analysis. JAMA Intern Med 2014; 174: 
1755–1762.

 15. Wang CH, Ma MH, Chou HC, et al. High-dose 
vs non–high-dose proton pump inhibitors after 
endoscopic treatment in patients with bleeding 
peptic ulcer: a systematic review and meta-
analysis of randomized controlled trials. Arch 
Intern Med 2010; 170: 751–758.

http://journals.sagepub.com/home/cmg
https://orcid.org/0000-0002-9472-2869
https://orcid.org/0000-0002-9472-2869


Therapeutic Advances in Gastrointestinal Endoscopy 13

4 journals.sagepub.com/home/cmg

 16. Andriulli A, Loperfido S, Focareta R, et al. High- 
versus low-dose proton pump inhibitors after 
endoscopic hemostasis in patients with peptic 
ulcer bleeding: a multicentre, randomized study. 
Am J Gastroenterol 2008; 103: 3011–3018.

 17. Tsoi KKF, Hirai HW and Sung JJY. Meta-analysis: 
comparison of oral vs intravenous proton pump 
inhibitors in patients with peptic ulcer bleeding. 
Aliment Pharmacol Ther 2013; 38: 721–728.

 18. Wu LC, Cao YF, Huang JH, et al. High-dose 
vs low-dose proton pump inhibitors for upper 

gastrointestinal bleeding: a meta-analysis. World J 
Gastroenterol 2010; 16: 2558–2565.

 19. Neumann I, Letelier LM, Rada G, et al. 
Comparison of different regimens of proton 
pump inhibitors for acute peptic ulcer 
bleeding. Cochrane Database Syst Rev 2013; 6: 
CD007999.

 20. Heidelbaugh JJ, Goldberg KL and Inadomi 
JM. Overutilization of proton pump inhibitors: 
a review of cost-effectiveness and risk. Am J 
Gastroenterol 2009; 104(Suppl. 2): S27–S32.

Visit SAGE journals online 
journals.sagepub.com/
home/cmg

SAGE journals

http://journals.sagepub.com/home/cmg
http://journals.sagepub.com/home/cmg
http://journals.sagepub.com/home/cmg



