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ABSTRACT
Objective: Stress ulcer prophylaxis is generally administered for the prevention stress-related mucosal disease (SRMD) in critically ill patients. Proton pump
inhibitors (PPIs) are most commonly prescribed in preventing bleeding from SRMD. Pantoprazole intravenous (iv) and omeprazole iv are the most effective,
but clinically effective is not always efficient. This study aimed to investigate whether the most efficient PPIs for prophylaxis in intensive care unit settings.

Methods: An observational study was conducted on June 2014 with comparative design by using medical records in January 2012-November 2014 in
a private hospital in Bandung city. Both retrospective and prospective data collection was performed in this study. Paired t-test analysis was used to
compare average cost of the drugs with significant level p<0.05.
Results: The results showed the average cost of pantoprazole iv 458.142 Indonesian Rupiah (IDR)/patient and omeprazole iv 575.573 IDR/patient;
there were significant differences of average drug cost between pantoprazole iv and omeprazole iv (p=0.0085).
Conclusion: Both pantoprazole iv and omeprazole iv were effective, but pantoprazole iv had been found more efficient.
Keywords: Cost analysis, Proton pump inhibitors, Prophylaxis, Stress ulcer bleeding.
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INTRODUCTION
Stress ulcer is superficial erosions of gastric mucosa acutely arising
from physiological stress experienced by critical ill patient with clinical
manifestation is bleeding. Research was conducted by Stollman and
Metz [1], MacLaren and Campbell [2], and Barletta et al. [3] stated that
the increasing of stress ulcer bleeding which reach 5% could lead to
death, increasing length of stay (LOS) (4-8 days), morbidity (more than
49%), and mortality, and also cost of health care.

Stress ulcer is most often found in patients of the intensive care unit (ICU),
which achieve 90% of total ICU patients. It could be happened because
the ICU patients undergoing splanchnic hypoperfusion, using ventilator,
taking opiates, and sedatives medicines [4]. Research conducted by Cook
et al. [5] stated that administration of stress ulcer prophylaxis (SUP)
in patients can lower the risk of bleeding by up to 50%. SUP is most
often used for stress-induced ulcer bleeding prevention, e.g., stomach
acid neutralizer (antacid), proton pump inhibitor (PPI), histamine-2
receptor antagonist, sucralfate, and misoprostol. The previous studies
were conducted by Harty and Ancha [6], Schupp et al. [7], Barkun et al.
[8], and Barletta and Sclar [9] proved that PPI was more effective among
all prophylactic agents in preventing stress ulcer bleeding.
PPIs have five categories; they are omeprazole, pantoprazole,
lansoprazole, rabeprazole, and esomeprazole [4]. All these categories
are commonly used in ICU settings with no guidelines available, so
physicians can prescribe this medicines freely. It became a high-cost
problem to a hospital and inefficient.
METHODS

An observational study with retrospective and prospective data was
conducted on June 2014 with comparative design using medical
records and drug cost data in January 2012-November 2014 in a private
hospital in Bandung city.

Population
Patients medical records included were ≥18 years old with risk factor
of stress ulcer (e.g., failed to breath, coagulopathy, hypotension, sepsis,
liver failure, kidney failure, using glucocorticoid and anticoagulant,
and using nasogastric tube), patient who used PPI injection. Exclusion
criteria were patients <18 years old, admission to a non-ICU floor, having
an active gastrointestinal (GI) bleed before the start of therapy, having a
history of gastroesophageal reflux disease, patient who died in the ICU.
Data collection
Data collected included: (1) The use of PPI before admission and the
indication for the use, (2) the agent used for prophylaxis, (3) changes
in SUP therapy and the reason for the changes, (4) patient outcomes
including development of a GI bleed, (5) LOS in ICU, and (6) cost of
medicines based on payer perspective.
Clinical outcome
Treatment success was defined as the patient not experiencing a GI
bleed and also patient was alive when came out from ICU.

Economic outcome
Economic outcomes were measured by drug costs directly related to SUP.
Analysis
Data were analyzed statistically using SPSS.17.
RESULTS

This research was approved by Ethics Committee, Faculty of Medicine
Universitas Padjadjaran, Indonesia. Data were collected from medical
records and billing system of the hospital. A number of 398 medical
records were collected and founded that 245 patients using pantoprazole
with 88 patients succeed, 127 patients using omeprazole intravenous
(iv) with 49 patients succeed, and 3 patients (all succeed) who change
from pantoprazole iv to omeprazole iv.
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Patient characteristics
Based on data, it can be inferred that only 140 patients who had
succeeded with PPI as SUP (Table 1).
Outcome therapy
The outcomes analysis only presented the outcome between
pantoprazole iv and omeprazole iv using Chi-square analysis (Table 2).
Cost analysis
In this study, cost-efficiency analysis was performed by looking at the
difference of average drug costs per patient (Fig. 1).

A transformation data were performed with logarithmic approach
(slope=0.846, power=0.154). Average medication costs were analyzed
using matching principle with unrelated paired t-test, so data will be
more homogeneous and bias can be minimized. Matching criteria were
based on LOS of the patient. Based on LOS, 49 data were selected to be
analyzed with unrelated paired t-text (Table 3).
DISCUSSION

In ICU setting commonly iv PPI is the best choice because of the
effectivity and easier to administer. Based on previous studies,
proven that PPI gave the best results and the most effective among
other SUP in ICU setting [1]. However, the hospitals faced inefficiency
problem due to lacking of SUP guidelines and which PPI should be
used. In this hospital, the using of PPI was varied and based on the
physicians’ decision. However, PPI is quite expensive compared with
others SUP. They could not provide all kind of PPI because of high
cost.
In this study, cost analysis was performed to average cost of PPI per
patient. We only used drug cost because PPI only as prophylaxis and not
for the main diseases or diagnosis. If we used all medication cost, it will
be varied among all patients. Prophylactic medication cost is the total
Table 1: Patient characteristics

Item

Age (year)
Median (SD)
Range
Gender, n (%)
Male
Fermale
Lenght of stay
(days)
Median
Range

Pantoprazole
iv (n=88)

Omeprazole
iv (n=49)

Pantoprazole
iv change to
omeprazole
iv (n=3)

58 (15.36)
18‑86

61 (17.92)
18‑87

33 (9.86)
27‑45

4
3‑19

3
3‑12

3 (0.57)
3‑4

46 (52.3)
42 (42.7)

26 (53.1)
23 (46.9)

iv: Intravenous, SD: Standard deviation
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cost of the drugs (PPIs) that used as SUP during patient treated in the
ICU until the patient is out of ICU.

Based on the age, patients who received prophylactic aged generally
above 50 years old. On the other hand, characteristics of gender
between male and female who received prophylaxis was not much
different neither pantoprazole iv nor omeprazole iv. The previous
study conducted by Schupp et al. [7] and Araujo [10] also stated that
there was no meaningful difference between the age and gender in the
SUP administration. This is because based on the American Society
of Health-System Pharmacist [4], prophylaxis can be given after the
patient is examined about physical condition and risk factors when they
came to ICU. Adjustment of dose and dosage form of prophylaxis is also
needed before administered.

In general, in this hospital, patients who using prophylaxis are postoperative patients, patients with cardiovascular disorders, lung and
kidney disorder, patients with ventilator, as well as patients with risk
factors of sepsis. This finding was same with previous research that
conducted by Barletta et al. [3], Madsen et al. [11], and Harty and
Ancha [6] that patients with disorders of the cardiovascular, pulmonary,
and post-operative stress ulcer was susceptible therefore should be
given prophylactic. The postponement of SUP can lead to bleeding that
will increase the cost to address that bleeding.

Based on the data, there were 375 ICU patients who had risked stress
ulcer and got SUP. However, only 140 (37%) patient who did not
experience with bleeding and/or out from the ICU alive. This finding
was in line with the research conducted by Stollman and Metz [1] and
MacLaren and Campbell [2]; the incidence of stress ulcer in ICU can
increase the risk of death of 49% and mortality by up to four times.
Research conducted by Barletta and Sclar [9] stated that the incidence
of stress ulcer bleeding occurred which impacted may extend LOS/LOS
in the ICU about 4-8 days and also increase the cost. All of the patient in
this study who received PPI as SUP have LOS around 3-19 days.
In Table 2, It can be seen that there was not significant differences
between the outcome of pantoprazole iv and omeprazole iv as SUP
(p=0,347). This is because even both of these drugs have different
pharmacology profile but most likely there was no difference in
effectiveness between both of them. Both of these drugs have the same

3 (100)
0 (0)

Table 2: Outcome therapy analysis

SUP
Pantoprazole iv
Omeprazole iv

Outcome, n (%)
Succeed

Failed

88 (35.9)
49 (38.6)

157 (64.1)
78 (61.4)

SUP: Stress ulcer prophylaxis, iv: Intravenous

Total

p (one tailed)

245
127

0,347

Fig. 1: Average cost of each treatment

Table 3: Paired t‑test of medication cost

IDR: Indonesian Rupiah

SUP

n

Mean (SD)

Mean differences (CI 95%)

p (one tailed)

Pantoprazole iv
Omeprazole iv

49
49

5.5836 (0.26)
5.7468 (0.22)

0.1631 (0.0707‑0.2556)

0.000

SUP: Stress ulcer prophylaxis, iv: Intravenous, SD: Standard deviation
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mechanism, they are inhibiting the secretion of gastric acid. However,
both of these drugs have different category of drug interactions.
Therefore, we suggest that administering of this drug should be based
on the guidelines and considered other drugs so that patients will
not get drug interactions when take one of this medicine [12,13]. The
difference category of interaction is an important consideration in
the administering of SUP. Harty and Ancha [6] stated that in spite of
pantoprazole and omeprazole have the same effectiveness, but they
have different aspects of pharmacokinetics. Pantoprazole does not have
interaction when metabolized in the liver but omeprazole had a very
varied interaction.

Effectivity and safety are not the only consideration in drug choice, cost
also become a major problem [14]. Fig. 1 showed the decision diagram
of SUP costs per patient based on the clinical outcome. It can be seen
that the average of drug costs per patient who given pantoprazole iv
were smaller than omeprazole iv. The difference in average drug costs
per patient for the pantoprazole iv and omeprazole iv are approximately
99,631 Indonesian Rupiah (IDR). However, if a replacement therapy of
pantoprazole iv to omeprazole iv was performed, it could increase the
average drug costs per patient about 25,237 IDR. This decision diagram
is closely related with the opportunity cost. Opportunity cost is the
opportunity that was lost due to the selection of an alternative. When
associated with SUP, the selection of the patients who given pantoprazole
iv will experience the opportunity cost against omeprazole iv and vice
versa. Therefore, based on the results, a decision of a therapy not only
impacted the opportunity cost but also cost savings of a prophylaxis.
Based on the calculation, it was obtained by administering pantoprazole
iv can be carried out cost saving of SUP around 99,631 IDR.

Cost efficiency analysis or cost minimization analysis used to compare
average costs among two or more intervention with same therapeutic
results (outcomes) [14,15]. Based on the statistical analysis, it can be seen
that the average cost of pantoprazole iv were lower than omeprazole iv
so that pantoprazole iv was more efficient or cost minimize compared
with omeprazole iv (p<0.05) (Table 3). There was a significant difference
between the average cost of these two drugs, approximately 174,859 IDR.
This finding was slightly different from previous research conducted by
Udeh et al. [16]; the results showed that pantoprazole was ranked third
for the average highest cost, i.e., $514.07 after cimetidine iv ($633.25)
and sucralfate ($579.42) as prophylaxis of stress ulcer.
From the unit cost aspect, the cost of both the injection has no big
differences. It is only around 10,129 IDR. However, when saw from
the average cost, there were a significant difference in average drug
costs. It was likely caused by the amounts of drugs given to patients in
a day. Pantoprazole iv in general is given once a day as a prophylactic
for ICU patients while sometimes omeprazole iv is given twice a day
for patients with severe conditions [17]. Other factors that may affect
the cost difference was the length of prophylaxis usage. Based on the
patient’s medical record the time SUP usage is quite diverse. Schupp
et al. [7] used some parameters to control SUP usage, e.g., hematemesis,
melena, bloody/nasogastric aspirate ground coffee, a decrease in
hemoglobin of 3 g/dl with hemodynamic.

Heidelbaugh et al. [18] stated that the use of PPI should be controlled as
well as it can cause side effect to the patient especially in case of excessive
use (overutilization). Overutilization is a factor that can increase
medication cost and if the side effects due to overutilization it will have
an impact on the increasing of the maintenance costs of the patient [19].
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Using retrospective data are a limitation of this study. Therefore, it can
lead to recall bias during data justification. However, the researchers
also gathered prospective data as a combination data and also reference
so the recall bias can be minimized.
CONCLUSION

Both pantoprazole iv and omeprazole iv were effective, but
pantoprazole iv had been found more cost minimize.
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