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Background: Proton pump inhibitors (PPIs) are the most effective agents for managing acid-related disorders. However, inappropri-
ate prescribing of PPIs is becoming an issue of concern.

Objective: This study aimed to assess the appropriate utilization of PPIs in terms of indication, dose, frequency, and route of
administration during admission and discharge. Furthermore, direct costs associated with inappropriate PPI use were calculated.
Methods: A descriptive cross-sectional study was conducted at the internal medicine department of a tertiary hospital in Palestine
from January 1, 2021, to June 30, 2021. The medical records of patients aged 18 years or older, hospitalized for 48 hours or more, and
receiving oral or intravenous (IV) PPIs during their stay were collected and evaluated for the appropriateness of PPIs prescribed
according to clinical guidelines.

Results: Of 262 patients, 80.2% had an appropriate indication for prophylaxis (67.6%) or treatment (12.6%). A total of 230 patients
were prescribed IV pantoprazole.182 (79.1%) had an appropriate indication, whereas 122/182 (67%) received IV PPI instead of oral
without an appropriate indication. Of the 32 patients who received 20 mg of oral omeprazole, 28 (87.5%) had an appropriate
indication, dose, and route of administration, whereas 16/28 (57.1%) had an inappropriate frequency. At discharge, 32.5% of patients
were discharged with unnecessary PPI prescriptions. The total direct cost of inappropriate PPI Indications and route of administration
in 188 patients over six months was $1518.

Conclusion: This study showed that most patients received a PPI for an appropriate indication with the correct dose. However, a high
prevalence of inappropriate IV pantoprazole administration was observed, resulting in the highest costs, demonstrating the importance
of correctly ordering IV medications. Adherence to clinical guidelines, such as those of the American College of Gastroenterology
(ACG), will improve the appropriateness of PPI prescribing, prevent complications, and reduce healthcare costs.
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Introduction

Proton pump inhibitors (PPIs) are the most commonly prescribed antisecretory agents worldwide because of their high
efficacy and safety. PPIs suppress gastric acid secretion by inhibiting the H+/K+ ATPase pump in gastric parietal cells,
thereby increasing gastric pH.' PPIs are indicated for the treatment of gastrointestinal disorders, including gastro-
esophageal reflux disease (GERD) and peptic ulcers, stress ulcer prophylaxis (SUP), prevention of NSAID-induced
gastric ulcers, and antiplatelet-induced gastrointestinal bleeding in high-risk patients.>® IV PPIs are also indicated in
medical conditions such as before endoscopy for acute upper gastrointestinal bleeding (UGIB), post-endoscopic gastric
and duodenal ulcer bleeding for 72 hours, and critically ill patients with nothing by mouth status (NPO).”®
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The inappropriate use of PPIs is becoming an issue of concern because of adverse events and increased healthcare
costs. Several side effects are associated with inappropriate or chronic PPI use. Complications include hypomagnesemia,
rebound hyperacidity, vitamin B12 deficiency, increased risk of enteric Clostridium difficile infection, community-
acquired pneumonia, acute interstitial nephritis, and osteoporosis-induced bone fractures.’ Drug-drug interactions have
been reported in many studies.'® In addition, PPI overuse is associated with increased healthcare costs. PPIs come after
statin medications in terms of global expenditure, estimated at over $11 billion annually in the US At the same time, UK
data indicate that approximately 100 million pounds and 2 billion pounds are spent uselessly nationally and worldwide,
respectively.'

Studies have shown that many PPI prescriptions are initiated in hospitals without a valid indication, with 22—79% of
prescriptions continued on discharge.'* '® A regional study that examined the inappropriate prescribing of PPIs among
hospitalized patients in Jordan showed poor adherence to current practice guidelines, and 70% of patients received a PPI
with no valid indications.'” Furthermore, in a study in Saudi Arabia, the estimated yearly cost of inappropriate IV PPI at
an academic medical center was $156,044.'8

Studies assessing the appropriateness of PPI prescriptions for hospitalized patients in Palestine are lacking. Therefore,
this study aimed to evaluate the appropriate use of PPIs regarding indication, dose, frequency, and route of administration
during admission and discharge and to assess the direct cost associated with inappropriate PPI therapy.

Methodology
Type and Sample of the Study

This descriptive, retrospective, cross-sectional study was conducted at a tertiary hospital in Palestine. The study included
patients aged > 18 who were admitted or transferred to the Department of Internal Medicine between January 1, 2021,
and June 30, 2021, and received oral or IV PPIs during their stay in the Department of Internal Medicine. (Figure 1)
Patients with less than 48 hours of hospital stay, diagnosed with septic shock, transferred to other departments, died, did
not receive a PPI, and patients with incomplete medical information were excluded from the study.

N= 1827

Patients admitted to medical
ward between January 1- June
30,2021

n= 419 patients admitted for
more than 48 hour

N= 157 excluded patients

n= 14 patients less than 18 years
n= 71 patients not received PPIs
—| n= 64 died patients with incomplete
records

n= 8 patients with septic shock

N=262

Patients meet the inclusion criteria

\%
N=177 N=33 | N=52 \Z
Patients received PPIs for an Patients received PPIs for an Patients received PPIs with no
appropriate prophylaxis appropriate treatment valid indications
indication PPIs indication
Figure | Patients flowchart.
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Data Collection

Data were obtained from the electronic medical records of the hospital. Data included age, sex, length of stay, medical
history, medication history, the reason for admission, PPI regimen (dose, frequency, route of administration, and duration
of use), and G.I. risk medications during hospitalization and discharge. G.I. risk medications include anticoagulants,
antiplatelets, glucocorticoids, and NSAIDs.

Assessment of Appropriateness of PPl Therapy

Two clinical pharmacists and two senior Pharm-D students assessed the appropriateness of PPI prescriptions based on the
American College of Gastroenterology (ACG) clinical guidelines.>*'? All PPI orders, either for treatment or prophy-
laxis, were evaluated in terms of dose, frequency, and route of administration.”* >}

Patients on PPIs were categorized into three groups: on PPIs indicated for G.I. treatment, PPIs indicated for
prophylaxis, and others with no valid indication. Indications for PPI treatment include UGIB, NSAID-induced ulcers,
and PUD. Indications for prophylaxis with a PPI include patients prescribed PPIs for NSAIDs-induced ulcer prevention,
SUP, patients taking >2 antithrombotic, concomitant use of NSAID and steroids, and prior history of gastrointestinal
bleeding. Patients prescribed PPIs for a valid indication and/or in an appropriate dosage form for at least one day where
deemed appropriate. Indications for IV PPIs were considered appropriate if the patient had UGIB symptoms, nausea,
vomiting, and NPO. Simultaneously, the IV dosage form was considered unjustified for patients who can tolerate oral
medications without a clear indication for an IV route of administration.

Cost Analysis

The cost avoidance calculations associated with the inappropriate use of PPIs were performed manually based on the number
of days of inappropriate PPI use, including inappropriate indications and missed opportunities to switch from IV to oral
formulations. The frequency of PPI use was multiplied by the cost and the number of inappropriate PPI use days. The cost
avoidance calculations were based on the actual cost of the product and did not include administration or nursing time.

Statistical Analysis
The data collected from the records were entered into the SPSS statistical package for social science (version 22.0.0.0)
and then identified, categorized, recoded, and analyzed.

Descriptive analysis was performed for categorical data, expressed as frequencies and percentages, and continuous
data expressed as means and standard deviations. In addition, chi-square and fisher’s exact tests were used to assess the
association between the appropriateness of PPI prescription during admission and discharge with the patient’s age,
gender, comorbidities, and the number of past and discharged G.I. risk medications. P-values less than 5% were
considered statistically significant.

Ethical Considerations

This study was approved by the Ethical Committee of Birzeit University (reference number BZUPNH2104). Moreover, the
requirement to obtain written patient consent was waived because this was a retrospective study and patient information was
anonymous. The study complied with the ethical guidelines of the Declaration of Helsinki and patient data.

Results

Patient Characteristics

Of the 1827 patients, 262 who received PPIs during hospital admission had complete health records and met the inclusion
criteria (Figure 1). The average age of the participants was (60.91+17.438), 139 (53.1%) were less than 65 years, and 144
(55%) were male. More than 50% of the participants had more than three comorbidities. One hundred (38.2%) patients
were on antiplatelet therapy before hospital admission, whereas 181 (69.1%) patients took oral anticoagulants during
admission. (Table 1).
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Table | Characteristics of Patients Prescribed PPl (N=262)

n (%) or Mean % S.D.

Age 60.91+17.438
Age 2 65 123 (46.9)
Age < 65 139 (53.1)
Gender

Male 144 (55)
Female 118 (45)

Number of comorbidities

None 13 (5)

One 57 (21.8)
Two 52 (19.8)
Three or more 140 (53.4)

G.l. Risk Medication Prior to Admission

Antiplatelet 100 (38.2)
Anticoagulants 24 (9.2)
NSAIDs 24 (9.2)
Corticosteroids 21 (8)

Admission diagnosis

Gl 37 (14.1)
Non- G.I. 225 (85.9)
G.l. Risk Medications During Admission

Antiplatelets* 121 (46.2)
Anticoagulants** 181 (69.1)
Glucocorticosteroids 104 (39.7)
NSAIDs 934

Notes: *Aspirin and/or Clopidogrel, **Clexane.

Figure 2 shows the participants’ medical histories: 53.4% of the sample had three or more comorbidities, half of the
patients had a history of HTN, 40% had diabetes, and 42.7% had CVD.

Figure 3 shows the reasons for hospital admission; 85.9% of the participants presented with non-GI complications,
such as renal, respiratory, and CNS disorders (23.3%, 21.8%, and 17.9%, respectively). Regarding G.I. disorders, 14.1%
had G.I. complications, and 11.1% presented with UGIB.

Figure 2 Past Medical History (N=262). *Others: benign prostatic hyperplasia, malignant tumors, infections, retinopathy, constipation, liver disorders, and hernia.
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Figure 3 Reasons for hospital admission (N=262). *Others: Benign prostatic hyperplasia, autoimmune disorder (Guillain-Barre syndrome), malignancies, psoriasis flares,
anasarca, ascites, bladder stone, thyroid disorders, dyslipidemia, electrolyte disorders, hypo/hyperglycemic state, diabetic foot, oral candidiasis, dehydration, and vertigo.

PPl Regimen During Admission

Of 262 admitted patients, 230 (87.8%) received 40 mg intravenous pantoprazole, and 32 (12.2%) received 20 mg oral
omeprazole either once or twice a day. Of the 230 patients who received IV PPIs, 182 (79.1%) had an appropriate PPI
indication, dosage, and frequency. In contrast, 122/182 (67%) patients had an inappropriate route of administration. For
patients receiving oral PPIs, 28/32 (87.5%) were prescribed PPI for an appropriate indication with the correct dosage and
route of administration. However, 16/28 of (57.1%) patients had an inappropriate frequency (Figure 4).

Association Between Patients’ Characteristics and Appropriateness of PPI
Indication During Admission and Discharge

As shown in Table 2, of 262 admissions, 177 (67.6%) patients were prescribed PPI for prophylaxis indication, 33
(12.6%) patients were prescribed PPIs for treatment indication, and 52 (19.8%) were prescribed PPIs with no indications.
Bivariate analysis revealed that patients aged < 65 years were significantly more likely to take PPI with no indication
(26.6%) than those aged > 65 years (12.2%) during admission (p = 0.007). Furthermore, patients not receiving high-risk
G.I. medication before admission were significantly more likely to have PPI with no appropriate indication (27.4%) than
those receiving two or three medications (8.8% and 0.0%, respectively (p = 0.016).

Regarding PPI prescription at discharge, 203 (77.5%) patients were given a PPI. Of these, 137 (67.5%) patients had
an appropriate indication, with only 15 patients discharged with a PPI for a specific duration of treatment, and 188 were

120
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i) 57.1
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8 42.9
E 20 - H Appropriate
M Inappropriate
20 | pprop
0 0 0
0 -
Dose ‘ Frequency ‘ Route ‘ Dose ‘ Frequency
Oral 20 mg omeprazole n =28 ‘ IV 40 mg pantoprazole n = 182

Route of adminstration

Figure 4 Evaluation of the PPl regimen for patients who received PPI for appropriate indications during the hospital stay.
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Table 2 Association Between Patient Characteristics and Appropriateness of PPl Indications During Admission and Discharge

Patients Received PPl on Admission (N=262)

Patients Discharged with PPl (n=203)

Patients PPI PPI PPI Not P value | Patients PPI PPI Not P value
Characteristics | Indicated Indicated Indicated Characteristics | Indicated at | Indicated at

Treatment | Prophylaxis | (n=52) Discharge Discharge

(n=33) (n=177) (n=137) (n=66)
Age Age
265 20 (16.3) 88 (71.5) 15 (12.2) 0.007 265 90 (83.3) 18 (16.7) <0.001
<65 13 (9:4) 89 (64.0) 37 (26.6) <65 47 (49.5) 48 (50.5)
Gender Gender
Male 16 (11.1) 103 (71.5) 25 (17.4) 0.316 Male 77 (71.3) 31 (28.7) 0217
Female 17 (14.4) 74 (62.7) 27 (22.9) Female 60 (63.2) 35 (36.8)
Number of Number of
Comorbidities Comorbidities
None 1 (7.7) 8 (61.5) 4 (30.8) 0.603 None 2 (40.0) 3 (60.0) 0.044
One 5(8.8) 39 (68.4) 13 (22.8) One 21 (53.8) 18 (46.2)
Two 10 (19.2) 32 (61.5) 10 (19.2) Two 28 (63.6) 16 (36.4)
Three or more 17 (21.1) 98 (70.0) 25 (17.9) Three or more 86 (74.8) 29 (25.2)
Past G.I. risk Discharged G.
medications I. risk

medications

None 12 (9.7) 78 (62.9) 34 (27.4) 0.016 None 22 (44.9) 27 (55.1) <0.001
One 18 (18.9) 62 (65.3) 15 (15.8) One 54 (58.7) 38 (41.3)
Two 2 (5.9) 29 (85.3) 3(88) Two 47 (97.9) I (2.1)
Three 1 (I1.1) 8 (88.9) 0 (0.0 Three 14 (100.0) 0 (0.0)

discharged on a PPI for a non-specific duration of therapy. Chi-square results showed that patients aged < 65 years

(50.5%) were significantly associated with a prescription of PPIs for no indication compared to patients aged 65 years

and older (16.7%) (p < 0.001), in addition, patients with no comorbidities were at a higher risk of being discharged on

PPIs inappropriately (60%) compared to patients with three or more comorbidities (25.2%) (p = 0.044). A total of 55.1%

of patients discharged with no G.I. risk medications were more likely to be prescribed a PPl with inappropriate

indications than those discharged with two or three medications (2.1% and 0.0%, respectively; p < 0.001) (Table 2).

Cost Analysis
The mean hospitalization days was 5.52+2.537, with a median of 5, IQR (4 and 7) days, a maximum length of 20 days,

and a minimum of 2 days. As shown in Table 3, 1515.91 USD is the total cost avoidance for the study period. Most cost

avoidance opportunities (65%) are associated with IV oral switching. For cost evaluation based on days of

Table 3 Cost Effect of Inappropriate PPIs Indications and Route of Administration

Sum (Mean % S.D.) Days

Total Cost (USD)

# of days of inappropriate IV indication

299 (1.14 + 2.471)

518.58 (34%)

# of days of inappropriate PO indication

41 (0.16+ 0.915)

2.54 (1%)

# of days candidate for IV switch

593 (2.26+ 2.848)

994.79 (65%)

The total direct cost to be avoided

1515.91 (100%)

Notes: Cost of 20mg PO omeprazole (1000 tablets = 36.72 USD), Cost of 40mg IV pantoprazole (I vial = .69 USD).
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inappropriateness, the total number of days for inappropriate IV indication was 299, the number of inappropriate oral
indications was 41 days, and 593 days for inappropriate IV route of administration required switching to oral
administration.

Discussion

This retrospective cross-sectional study is the first to address prescribing PPIs during hospitalization and at discharge at
a tertiary hospital in Palestine. The two main PPIs on the hospital formulary were IV pantoprazole and oral omeprazole.
The PPIs were assessed for indication, dose, frequency, and route of administration. Furthermore, the cost associated with
inappropriate use was assessed and calculated.

The prescription of PPI with no valid indication for use was more prevalent among patients aged less than 65 years
and patients not taking G.I. risk medication. Participants with these characteristics are less prone to G.I. complications
and do not fulfill the criteria for using PPIs for treatment or prophylaxis indications. This finding was supported by
a study that assessed factors associated with the inappropriate use of acid-suppressive inhibitors and stated that patients
with no past G.I. risk medications had higher odds of being prescribed AST inappropriately.24 This finding reflects the
practitioner’s behavior in prescribing PPIs to most patients upon admission and discharge rather than not prescribing
them because PPIs are well-known drugs with reasonable safety profiles and few complications, making prescribers less
hesitant to order and prescribe them. Many reports have shown that PPIs are associated with long-term complications
such as osteoporosis, which increases the risk of C. difficile infection. In a recent study in Palestine, PPI use was
associated with an increased risk of CDI among hospitalized patients.?* Furthermore, the appropriateness of PPI therapy
was noted as related to the patient gender and the number of comorbidities.

Most patients in the study were prescribed PPIs for an appropriate indication, with only 20% being prescribed PPIs
without a clear indication. The most appropriate indication was for G.I. bleeding prevention owing to the combined use
of antiplatelet agents and anticoagulants in patients older than 65 years, followed by SUP-and NSAIDs NSAID-induced
ulcer prevention which is similar to the findings of a similar study that was conducted in a tertiary hospital in Malaysia,
where PPI use was inappropriate in 19% of 153 patients.”® Other studies conducted in Saudi Arabia, Portugal, and
Shanghai found higher rates of inappropriate use; 76.4%, 61.5%, and 47%, respectively.”*27-*3

In this study, antiplatelet and anticoagulants were prescribed in 46.2% and 69.1% of the cases, respectively. The use
of these drugs, alone or combined with other G.I. risk factors, contributed to a high percentage of PPI orders for ulcer
prophylaxis. However, although beyond the scope of this study, the appropriate indication of antithrombotic drug use
should be assessed for appropriate indications because of the finding of a recent study that assessed venous thromboem-
bolism (VTE) prophylaxis among medical patients in Palestine. The study reported overuse of anticoagulants without
proper indication. Hence, prescribing PPIs might have resulted from a prescribing cascade in these patients.>’

Regarding the dose of the PPIs prescribed to the participant, of the 182 patients who received IV 40 mg pantoprazole,
all patients were given the correct dose, except for one with an inappropriate frequency. For prophylaxis indications, all
patients received a correct dose of pantoprazole 40 mg once daily. For omeprazole, of the 28 patients who received it, all
were prescribed a higher dose of 20 mg twice daily for gastric prophylaxis, where 20 mg daily was more appropriate.?’
This result is higher than that of a similar regional study conducted in Saudi Arabia, where the appropriate dose of acid-
suppressive therapy (AST) was only 12.7% of patients (n= 256).%*

The high trend of inappropriate IV pantoprazole use was evident in this study. Of 182 patients with appropriate
indications for pantoprazole use, 67% had an inappropriate IV route of administration. Some Patients were administered
IV PPIs without a valid indication, such as suspected UGIB, NPO, and severe nausea and vomiting. In these situations,
oral PPI is preferred to reduce complications, cost, nursing time, and effort in administering intravenous medications.
Furthermore, some patients who were appropriately initiated on IV PPI therapy were not switched when they became
candidates for oral PP leading to an increased risk of infections, adverse effects, and financial burden on the hospital.
A similar finding in regional studies was seen in a study conducted in Saudi Arabia, where IV pantoprazole was
inappropriately prescribed in 62.2% (n=74) and 68.3% (n= 100) of cases.'®** Furthermore, 52 patients with no valid
indication for PPI therapy were 92.3% inappropriately administered intravenous pantoprazole. This finding is similar to
studies in Brazil and Labuan, which reported that 76.6% of 333 patients received IV omeprazole and 85% of 117 patients
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received IV pantoprazole and esomeprazole, with no indication.*® Inappropriate prescribing of IV medication where
patients qualify for oral drug administration continues to be an opportunity for healthcare cost saving. Hospitals need to
develop clear protocols for ordering IV medications and Where physicians and clinical pharmacists assess the appro-
priateness of oral versus IV dosage forms.

The most drug-related problems associated with prescribing PPIs on discharge were indication and duration of
treatment. Most patients (77.5%) were discharged on a PPI, with only 32.5% having a valid indication. This finding is
lower than a study conducted in Portugal, which reported that 62.3% of patients (n=171) were discharged on PPIs with
no indication.?” Furthermore, 92.6% of patients were discharged on PPIs without a specific duration of treatment. Not
specifying the treatment duration can cause patients to continue taking the medication for an extended period, masking
major GI complications or causing long-term side effects associated with PPI use. The long-term consumption of PPIs
leads to health complications, including Clostridium difficile and peritonitis infection, hypomagnesemia, B12 deficiency,
pneumonia, bone fracture, dementia, and chronic kidney disease. Furthermore, it is associated with an increased financial
burden on the healthcare systems and patients.

The cost associated with inappropriate PPI use during hospital admission were calculated. A total cost of 1515.91
USD would have been saved in 6 months if PPIs were appropriately prescribed to 188 patients in terms of indication and
route of administration. Most of the cost burden (65%) was attributed to the incorrect use of the IV route when oral PPIs
were more appropriate. For example, an oral Pantoprazole tablet costs $0.04 compared to $1.70 for an IV vial. Therefore,
using the correct route will decrease costs and highlight the importance of appropriate PPI prescription.

Similar studies have the cost burden of improper use of PPIs. For example, a study performed in Brazil showed that
the cost of inadequate prescription of IV PPIs was $1696 in six months.*° Also, a study conducted in Saudi Arabia
indicated that the total annual cost of an inadequate prescription of IV PPI was 585,167 Saudi Riyal (SAR) (156,044
USD)."® A Lebanese study found that the semi annual cost of inappropriate use of PPIs is $17,732.5 in terms of
indication and $14,571 in the appropriate route of administration.*’ This cost was calculated from the actual drug cost,
reflecting direct cost savings. At the same time, indirect cost savings, including nurse time for drug preparation and
administration, were not measured but would also be affected if PPIs were correctly prescribed.

The inappropriateness of PPI prescriptions can be minimized by implementing stewardship programs necessary to
reduce inappropriate prescribing, prevent complications, and save time and money. In addition, providing continuing
education and evaluating the healthcare staff’s level of knowledge is also essential to increase awareness about the
criteria for appropriate prescribing of PPIs, improve staff practice and behavior, and decrease the inappropriate utilization
of PPIs.

Limitations and Strengths

This study had several strengths, including the sample size over a reasonable period of six months, which is comparable
with other similar studies and considered sufficient to reflect the trends of PPIs use in clinical practice. In addition,
patients were not randomly selected; all patients admitted during the study period were examined case by case, and those
who fulfilled the inclusion criteria were included in the study.

However, this study has some limitations. First, the study was conducted in a single tertiary hospital in Palestine;
therefore, the results cannot be generalized to other clinical settings. Second, the number of patients with a short hospital
stay of less than 48h was significant; they were not included in this study, which may have underestimated the
appropriateness of PPIs. Third, it is noteworthy that the study was conducted only on PPIs and did not consider other
acid suppression medications, such as H2 antagonists. Furthermore, patient information on over-The-counter PPI and PPI
prescribed by primary care providers is unavailable. Finally, we did not examine the specialty of PPI prescribers.

Conclusion

This study showed that most patients were prescribed a proper dose for an appropriate indication, with a high prevalence
of inappropriate IV PPIs, increasing healthcare costs and demonstrating the importance of adequately ordering IV
medications. In addition, most patients were discharged on PPIs without a specific duration, leading to unnecessary
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use. Commitment to clinical guidelines, such as the American College of Gastroenterology (ACG) guidelines, will

improve the appropriateness of PPIs prescription regimens, prevent complications, and reduce healthcare costs.
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