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Purpose: The occurrence of drug-related problems (DRPs) and their causes specifically among pulmonary hypertension (PH) with
valvular heart disease (VHD) has not been evaluated and is unknown. Therefore, this study aimed to determine the percentage of
occurrence, types, and causes of DRPs among PH with VHD patients.

Patients and Methods: An observational retrospective study was conducted at Cardiology Centre, Hospital Serdang, from 1st
January to 30th April 2021. Data were collected from medication charts, medical progress notes, laboratory and operative charts
through electronic Health Information System (eHIS). The types and causes of DRPs were identified and classified based on
Pharmaceutical Care Network of Europe’s (PCNE) classification system V9.02. The data were analyzed using descriptive statistics.
Results: All patients (100%) experienced at least one DRP. Total number of DRPs identified was 120 encounters which were
associated with 503 causes. The majority of problems were related to treatment effectiveness (59.1%) and treatment safety (33.4%).
The causes of DRPs are mainly related to inappropriate monitoring including therapeutic drug monitoring (18.6%), inappropriate
combination of drugs, or drugs and dietary/herbal supplement (10.3%), drug dose was too high (8.9%), drug dose was too low (8.2%)
and inappropriate timing of administration or dosing intervals (7.7%).

Conclusion: The percentage of DRP occurrence was high in the studied population. Treatment effectiveness and treatment safety
issues were the main DRPs identified with various preventable causes. The findings may be useful to guide the planning of measures to
prevent and solve future DRPs in the population.
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Introduction

Pulmonary hypertension (PH) with valvular heart disease (VHD) is classified as group 2 PH according to European
Society of Cardiology/European Respiratory Society 2015 guidelines for the diagnosis and treatment of pulmonary
hypertension." VHD is a common clinical problem that has gained significant attention in cardiovascular medicine.”

In managing PH with VHD, the primary goal is to relieve the symptoms, and to deliver timely intervention to reduce
long-term morbidity and mortality.® A standard goal-directed medical therapy is required for the cardiac risk factors,
namely hypertension, diabetes mellitus, and hyperlipidemia.* The percentage of patients with heart failure and other
cardiovascular diseases who experienced drug-related problems (DRPs) was reported as high as 69% to 78%.>® DRPs
are defined as “events or circumstances involving drug therapy that actually or potentially interfere with desired health
outcomes”.” The definition of DRP is comprehensive, encompassing the concepts of adverse events, which may be
preventable, and medication errors, including prescription errors, drug dispensing errors, and drug administration errors.®
DRP is detected and classified as potential if they have the perspective of causing harm to the patient for either
effectiveness or safety aspects.” Adverse drug reaction (ADR) is one of the DRPs that resulted from a preventable
medication error, side-effects from medication administration, or an unforeseen event such as an allergic reaction.” The
World Health Organization defines ADR as a noxious and unintended response to a drug. It occurs at doses normally
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used in man for prophylaxis, diagnosis or therapy of disease, and the modification of physiological function.'® In the
United Kingdom, a landmark study involving 20,000 patients being admitted to hospital found that ADRs lead to an
average of eight additional days of hospital stay and are associated with approximately € 706 million per year, including
ADRs which were judged potentially preventable.'' Thus, preventing DRPs and optimizing drug therapy simultaneously
can prevent ADRs, shorten the length of hospital stays, save lives, and enhance patient quality of life.'?

The Pharmaceutical Care Network of Europe’s (PCNE) system is widely used to classify the DRPs. The system has
an improved usability and internal consistency due to periodic updates and revisions. It is essential to document and
understand the nature of DRPs in the pharmaceutical care process.'® Currently, no published data is available on the
percentage of DRP occurrence and its related causes among PH with VHD patients, especially in low- to middle-income
countries. Thus, this study aimed to determine the percentage of occurrence, types, and causes of DRPs among PH with
VHD patients in a single tertiary centre.

Materials and Methods

Setting and Study Population

This observational retrospective study was conducted at a Cardiology Centre of Hospital Serdang, a tertiary hospital with 633
beds. The study inclusion criteria were patients aged >18 years with confirmed diagnosis of group 2 PH with VHD either left-
sided heart or/and right-sided heart, mPAP >25 mmHg as measured by invasive or non-invasive method who are eligible for
valve surgery, admitted to cardiothoracic wards, underwent follow-up before and after valve surgery, from 1st January 2014 to
31st December 2020. Patients were excluded from the study if they underwent valve surgery with coronary artery bypass graft
procedures, valve surgery redo and defaulter for follow-up before and after surgery. Consent to review the patient medical
record was obtained prior to data collection. The Malaysian Medical Research Ethical Committee [NMRR-20-2396-55935
(IIR.)] and Universiti Kebangsaan Malaysia Ethical Committee (UKM PPI/111/8/JEP-2021-525) approved this study. The
study complied with the Declaration of Helsinki and patient confidentiality.

Study Protocol

Patient characteristics, prescription data, medical progress notes, laboratory and operative data were extracted from
hospital’s electronic Health Information System (eHIS). Drug-related variables were number of medications prescribed,
number of drug-related problems identified, presence of any drug—drug interaction, drug—food interaction and drug
incompatibility, adverse events, and monitoring of therapy outcome. All patients were followed-up from last clinic visit
pre-surgery to first clinic visit post-surgery. All medications taken pre- and post-surgery, either oral or intravenous were
traced from medication chart and documented.

DRPs were categorized using the PCNE classification V9.02.” The PCNE DRP is divided into five domains: problem type
(P), cause (C), intervention (I), acceptance of intervention (A), and outcome (O). Based on the study aim, only the DRP types
(P) and causes (C) were investigated. Each DRP causality assessment was classified independently by two clinical pharmacists
with at least five years’ experience. In cases of uncertainties in the classification’s accuracy, it will be further discussed with the
other co-investigators (AMR & MMB). “Manifested DRP” was defined as drug problems that actually occurred or patient
experienced harm. The percentage of patients with DRPs was calculated by dividing the number of patients who experienced
at least one DRP by the total number of patients who used the drugs; and multiplying with 100%. A patient may encounter
more than one DRP with multiple causes. Any identified adverse drug reactions were assessed utilizing the Naranjo scoring
tool for causality assessment.'* The incidence of DRPs was calculated by dividing the number of patients who manifested the
DRP with the number of patients receive the medications. DRP classifications were identified and determined through
objectively and subjectively measured parameters found in the patient progress reports. For example, a patient was discharged
with oral warfarin 33.5mg per week. During the follow-up clinic visit, the clinician found that INR reading was 1.3, below the
target range (INR 2-3). Thus, the dose was increased from 33.5 mg/week to 35 mg/week. DRP was classified as a treatment
effectiveness issue in this scenario, P1 and subcategory P1.2, “effect of drug treatment not optimal”.

Established references were used to compare drug indications and drug dosage regimen in the identification and
confirmation of DRPs. These references include the 2015 ESC/ERS Guidelines for the diagnosis and treatment of
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pulmonary hypertension: a practical chronicle of progress,’ 2017 ESC/EACTS Guidelines for the management of
valvular heart disease'® and Clinical Practice Guidelines Atrial fibrillation 2012.'® Additional references such as 3rd
edition of National Antimicrobial Guideline Third Edition 2019,'” A Guide to Antimicrobial Therapy in the Adult ICU
2017'® and 2nd edition of Clinical Pharmacokinetics Pharmacy Handbook'® were referred to confirm the appropriateness
of non-cardiovascular drugs for indications and dosage regimen.

Data Collection

Figure 1 explains the process of drug-related problem identification during data collection period. Patient demographic
and clinical data, including age, gender, and type of surgery were extracted from medical records. All patients were
follow-up starting from their most recent pre-operative assessment clinic visit, admission to the hospital, at discharge,
and post-operative assessment for follow-up as second visit. Database was created using SPSS and each of identified
DRP including problem types (P) and causes (C) were recorded.

Statistical Analysis

Availability of specific PH with VHD patients is limited with a total population of 61 patients. Thus, all patients were
recruited as study subjects. SPSS (Version 25) was utilized to descriptively summarize the demographic and clinical
characteristics of the patients. Categorical data were expressed using numbers and percentages.

Results

Demographic Characteristics

The demographic characteristics of study population with drug-related problem summarized in Table 1. The character-
istics of patients (n = 61) with drug-related problems included mean age of 47 (+14.2) years old, 57% (n = 35) were
female, 70% were diagnosed with severe PH, 62% with mitral valve regurgitation and 61% patients were diagnosed with
mitral stenosis. Most of the patients (82%) had undergone repair and replacement procedures. Significant co-morbidities
identified were atrial fibrillation (46%), systemic hypertension (33%) and asthma (15%). Overall, patients were
prescribed with an average of 4.62 (+1.16) types of drugs.

Percentage of DRP and Types of Causes
The percentage of patients with DRPs was identified at 100% (n = 61 patients). The studied population recorded 120
DRPs with 503 associated causes (Supplementary Table 1). On average, each patient encountered 1.97 (£0.91) DRPs

during the study period. Majority of the patients (60.7%) experienced two or more DRPs. The distribution of DRP’s
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Figure | The process of drug-related problems identification.
Abbreviations: DRP, drug related problem; CICU, cardiac intensive care unit, PCNE, Pharmaceutical Care Network Europe.
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problem domains is presented in Table 2. The primary problem domains were the treatment effectiveness issue (P1;
59.1%) and treatment safety (P2; 33.4%). Among the sub-domain of problems, “effect of drug treatment not optimal”
(P1.2) was the most common issue (50.8%). The distribution of DRP’s cause domains is presented in Table 3. Generally,
the causes of DRPs were related to no or inappropriate outcome monitoring (including therapeutic drug monitoring)
(C9.1; 18.6%), inappropriate combination of drugs, or drugs and dietary/herbal supplement (C1.4; 10.3%), drug dose was
too high (C3.2; 8.9%), drug dose was too low (C3.1; 8.2%) and inappropriate timing of administration or dosing intervals

(C6.1; 7.7%).

Related Problems

Table | Demographic Characteristics of Study Population with Drug-

Characteristic Total Cohort %
(n=61)

Age, mean (SD) 47.1 (x14.2)
BMI (kg/m2 BSA) 28.9 (+6.8)
Gender, n (%)

Male 26 (43)

Female 35 (57)
Severity of pulmonary hypertension, (based on
mPaP only) n (%)

Mild PH (25—40mmHg) 12 (20)

Moderate PH (41-49mmHg) 6 (10)

Severe PH (= 50mmHg) 43 (70)
Types of valve diseases, n (%)

Mitral valve regurgitation 38 (62)

Mitral stenosis 37 (61)

Aortic regurgitation 14 (23)

Tricuspid valve regurgitation 40 (66)
Types of procedure, n (%)

Repair 2 (3)

Replace 9 (15)

Repair and replace 50 (82)
Co-morbidities, n (%)

Atrial fibrillation 28 (46)

Hypertension 20 (33)

Gastritis 1 (2)

Hyperthyroidism 2 (3)

Asthma 9 (15)
No of cardiovascular related medications, n (%)

| drug I (1.6)

2 drugs 2 (34

3 drugs 11 (18)

24 drugs 47 (77)

Mean (SD) 4.62 (£1.16)
Number of patients with DRPs

| DRP 24 (39.3)

2 DRPs 17 27.9)

3 DRPs 18 (29.5)

4 DRPs 2 (33)

Mean (SD) 1.97 (0.91)

Abbreviations: SD, standard deviation; BMI, body mass index; BSA, body surface area;
mPaP, mean pulmonary artery pressure; PH, pulmonary hypertension; DRPs, drug-related
problems.
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Table 2 Types of Drug-Related Problems Identified Among Pulmonary Hypertension with Valvular Heart Disease

Primary Domain Code | Drug-Related Problems n %
Pl: Treatment All PI problems 71 59.1
effectiveness Pl.1 No effect of the drug treatment 4 33
PI.2 Effect of drug treatment not optimal 61 50.8
PI1.3 Untreated symptoms or indication 6 5
P2: Treatment safety P2.1 Adverse drug event (possibly) occurring 40 334
P3: Others All P3 problems 9 75
P3.2 Unnecessary drug-treatment 3 25
P3.3 Unclear problem/complaint. Further clarification necessary (please use as escape only) 6 5
Table 3 Types of Causes of Drug-Related Problems in Pulmonary Hypertension with Valvular Heart Disease
Primary Code | Drug-Related Problems n %
Domain
CI: Drug selection All CI causes 96 19
Cl.1 Inappropriate drug according to guidelines/formulary 16 3.1
Cl.2 Inappropriate drug (within guidelines but otherwise contra-indicated) 6 1.2
Cl3 No indication for drug 10 2
Cl.4 Inappropriate combination of drugs, or drugs and herbal medications, or drugs and 52 10.3
dietary supplements
Cl.6 No or incomplete drug treatment in spite of existing indication 8 1.6
Cl.7 Too many drugs prescribed for indication 4 0.8
C2: Drug form C2.1 Inappropriate drug form (for this patient) 4 0.8
C3: Dose selection All C3 causes 90 17.9
C3.1 Drug dose too low 41 82
C32 Drug dose too high 45 8.9
C35 Dose timing instructions wrong, unclear or missing 4 0.8
C4: Treatment All C4 causes 31 6.2
duration C4.1 Duration of treatment too short 10 2
C4.2 Duration of treatment too long 21 42
C5: Dispensing All C5 causes 31 6.1
C53 Worong drug, strength or dosage advised (OTC) 15 3
C54 Worong drug or strength dispense 16 3.1
Cé: Drug use All Cé causes 66 12.7
process Cé.1 Inappropriate timing of administration or dosing intervals 39 77
Cé6.2 Drug under-administered 5 0.9
Cé.3 Drug over-administered 17 34
Cé6.4 Drug not administered at all | 0.2
C6.5 Wrong drug administered | 0.2
Cé6.6 Drug administered via wrong route 3 0.6
C7: Patient related All C7 causes 74 14.1
C7.1 Patient uses/takes less drug than prescribed or does not take the drug at all 25 5
C7.2 Patient uses/takes more drug than prescribed 14 2.8
C75 Patient takes food that interacts 31 6.2
C7.6 Patient stores drug inappropriately 2 0.4
c7.9 Patient unable to use drug/form as directed | 0.2
C7.10 | Patient unable to understand instructions properly | 0.2
(Continued)
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Table 3 (Continued).

Primary Code | Drug-Related Problems n %

Domain

C9: Other All C9 causes I 21.7
ca.l No or inappropriate outcome monitoring (incl. TDM.) 93 18.6
C9.2 Other cause; specify 17 34
C9.3 No obvious cause | 0.2

Abbreviations: OTC, over the counter; incl, including; TDM, therapeutic drug monitoring.

Incidence of DRPs

The incidence of DRPs based on specific drug usage is shown in Table 4. Thirty-four patients experienced manifested
DRPs. Twenty-one patients had experienced ADRs with total 24 episodes (Table 5). Three patients had encountered more
than one ADR episodes. According to the Naranjo causality assessment,'* 8 ADR episodes were classified as definite (8/
24, 33%), 11 episodes as probable (11/24, 46%), and 5 episodes as possible (5/24, 21%). The ADRs were associated with
the usage of catecholamine group drugs (n = 1/1, 100%), antiarrhythmic class III (n = 7/10, 70%), phosphodiesterase-5
inhibitors (n = 1/3, 33.3%), antihypertensive (n =1/3, 33.3%), antithrombotic agents (n = 8/25, 32%) and antibiotics (n =
3/28, 11%).

Relationship Between DRPs and the Types of Causes

Figure 2 depicts the simplified network that explains the relationship between DRPs and causes. The thickness of the line
showed the frequency of causes to each DRP. Effect of drug treatment not optimal (sub-domain P1.2; n = 259) and
adverse drug reactions (sub-domain P2.1; n = 195) were the highest number of DRPs identified. The common causes for
sub-domain P1.2 were no or inappropriate outcome monitoring (C9.1, n = 51), drug dose too low (C3.1, n = 36), and
patient uses/takes less drug than prescribed or does not take the drug at all (C7.1, n = 22). The identified causes for sub-
domain P2.1 were drug dose too high (C3.2, n = 40), no or inappropriate outcome monitoring (C9.1, n = 30), and
inappropriate combination of drugs, or drugs and herbal medications, or drugs and dietary supplements (C1.4, n = 28).

Table 4 The Incidence of Drug-Related Problems in Pulmonary Hypertension with Valvular Heart Disease

Name of Drug Involved No of Patients No of Patient with | Incidence of DRPs | Total No. Incidence of
(According to Pharmacology Received the Manifested DRPs Per Type of Drug of DRPs DRPs Per
Group) Drug (n) (n) (%) (n) Overall (%)
Antiarrhythmic, class llI 10 8 80 10 8.3
Antibiotics 28 8 28.6 34 284
Antiepileptics 4 0 0 4 33
Antithrombotic agents 25 9 36 32 26.7
Analgesics and antipyretics | 0 0 | 0.8
Adrenergic, inhalants | 0 0 | 0.8
Iron preparations 6 | 16.7 6 5
Antihypertensive 3 2 66.7 3 2.5
Cardiac glycosides 8 0 0 9 7.5
Catecholamine | | 100 | 0.8
Diuretics 4 | 25 4 33
Electrolyte’s solutions 5 2 40 6 5
Proton pump inhibitors 2 0 0 2 1.7
PDE-5 Inhibitors 3 2 66.7 3 2.5
HMG CoA reductase inhibitors 2 0 0 2 1.7
Others 2 0 0 2 1.7

Abbreviations: DRPs, drug related problems; PDE-5 inhibitors, phosphodiesterase-5 inhibitors; HMG-CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitors.
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Table 5 The Incidence of Adverse Drug Reactions in Pulmonary Hypertension with Valvular Heart Disease

Name of Drug Involved (According to No of Patients Received No of Patients Incidence of ADRs Per
Pharmacology Group) the Drug (n) Manifested ADRs (n) Type of Drug (%)
Antiarrhythmic, class Ill 10 7 70
Antibiotics 28 3 I
Antiepileptics 4 0 0
Antithrombotic agents 25 8 32
Analgesics and antipyretics | 0 0
Adrenergic, inhalants | 0 0

Iron preparations 6 0 0
Antihypertensive 3 | 33

Cardiac glycosides 8 0 0
Catecholamine | | 100
Diuretics 4 0 0
Electrolyte’s solutions 5 0 0

Proton pump inhibitors 2 0 0

PDE-5 Inhibitors 3 | 33

HMG CoA reductase inhibitors 2 0 0

Others 2 0 0

Abbreviations: ADRs, adverse drug reactions; PDE-5 inhibitors, phosphodiesterase-5 inhibitors; HMG-CoA, 3-hydroxy-3-methyl-glutaryl-coenzyme A reductase inhibitors.

Discussion

The percentage of patients with DRPs identified in this study is high and comparable with the studies reported for other
populations related to cardiovascular diseases.” Hospital admission due to DRPs was estimated at 5-10%, in which more
than half of them is preventable.”* Common causes of the DRPs identified may also serve as a guide to enhance
pharmacotherapeutic management of patients in PH with VHD.

The disease’s complexity has aided the emergence of treatment complications and led to DRPs among patients. PH
with VHD is commonly underdiagnosed and strongly associated with increased mortality and morbidity.' Post-surgery
and potential risks contributing to DRPs include valve-related complications such as thromboembolism, bleeding
complications, prosthetic valve endocarditis, and prosthetic valve dysfunctions.’ In addition, common co-morbidities
such as AF, hypertension, and chronic rheumatic heart disease and the number of drugs taken by the patient also
contributed to the development of DRPs.?* Drugs such as antibiotics, amiodarone, digoxin, iron sucrose and warfarin that
are commonly used as part of the medical management after VHD surgery were categorized as high-risk medications and
some were narrow therapeutic index (NTI).>*** This explains the reasons that lead to the high percentage of inappropri-
ate monitoring in this study. An increasing number of drugs taken by the patients exponentially elevated the risk of
harm.? This risk has been quantified at 13% with two medications, 58% with five medications and 82% with seven or
more medications.?® Thus, the current study supported this notion as most of the study participants also received three or
more medications. Available medications such as beta-blockers, diuretics, amiodarone and digoxin may be used at
suboptimal doses to reduce the cost of therapy, which ultimately contributes to DRPs and can exacerbate the patient’s
condition.

This study identified issues related to treatment effectiveness as the primary DRPs. It was associated with the drug
treatment not being optimal, which resulted in the progression of PH with VHD. Inappropriate monitoring of treatment
outcome, usage of lower doses, drug—drug interactions, improper timing of drug administration and patient’s adherence
contributed to the problem. INR readings and digoxin levels among patients who received warfarin and digoxin were
subtherapeutic after valve surgery. The subtherapeutic INR maybe due to interruptions of procedures that necessitate warfarin
discontinuation, which frequently occurs before surgery.*> Thus, patients may experience prolonged hospital stay after
surgery while waiting for appropriate warfarin effect.” Other contributing causes to subtherapeutic INR include recent
administration of vitamin K, non-adherence to treatment, diarrhea, vomiting, changes in concomitant drug therapy, dietary
and lifestyle, and disease status.” The effectiveness of warfarin in patients with mechanical heart valves requires continuous
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Figure 2 Simplified network diagram between the types and causes of drug related problems (DRPs).

antithrombotic with an INR reading within the target range.* Therefore, patient educational program and close surveillance
by an experienced health-care professional is necessary. Patient monitoring through dedicated anticoagulation clinics resulted
in lower complication rates than those seen with standard care and was more cost-effective.” Digoxin has become a part of
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postoperative AF management to maintain hemodynamic stability, control the symptoms, and prevent thromboembolism.
Digoxin dose should be adjusted to achieve therapeutic level of 0.8-2 mcg/L."? Thus, dose optimization is crucial, and this
can be achieved with appropriate monitoring of digoxin levels, renal function status, electrolytes, and concomitant medica-
tions. All patients received antibiotic prophylaxis either cefazolin or cefuroxime; these antibiotics were prolonged after valve
surgery between 48 and 72 hours. Some patients were switched to a broader spectrum antibiotic such as piperacillin/
tazobactam or meropenem. However, patients tend to receive lower doses for certain antibiotics, which contributed to
suboptimal treatment. For example, the cefazolin was frequently prescribed with lower dose than recommendation. Local
guidelines recommended that cefazolin dose should be adjusted according to the patient’s body weight.'” These DRPs are
preventable through collaboration between clinicians, clinical pharmacists, and microbiologists.

More than half of patients experienced DRPs, resulting in clinical manifestation like ADRs throughout the treatment
in this study. Antiarrhythmics class III, catecholamines, antihypertensive, phosphodiesterase-5 inhibitor, electrolyte’s
solutions and antithrombotic agents were among the drugs that caused DRPs and led to ADRs. Abu Ebsa (2021) reported
ADRs caused 1.6% resulted in hospital admission, 1.4% required intensive medical care and 0.3% of the reported ADRs
caused permanent harm.>’ The occurrence of ADRs required early cessation of the causal drug, which worsened the
disease condition. Factors such as dose-related and drug-related ADR are usually predictable but sometimes
unavoidable.?® It is highly dependent on the patient’s sensitivity to the drug and the drug’s combination.? In addition,
antiarrhythmics such as amiodarone often cause drug-induced liver injury, which was highly associated with a high drug
dose, and inappropriate monitoring worsens the patient’s clinical conditions.>® The majority of ADRs occur due to the
extension of the desired pharmacologic effects of a drug, often due to the substantial variability in the pharmacokinetics
and pharmacodynamics seen among patients, including genetic factors.*°

Patients who received intravenous (IV) amiodarone developed elevation of total bilirubin and alanine transaminase reading
after 24-48 hours throughout the study period, which was similarly reported earlier.*® Solubilizers such as polysorbate 80 in
the IV amiodarone preparation may trigger immune-mediated alteration of the hepatocellular membrane.*' Hepatobiliary
ADRs were the top reported ADRs by pharmacists, manifested mainly by increased liver enzymes, jaundice, or cholestasis.
Thus, appropriate dosing and close monitoring of liver profiles may help in preventing ADRs.

Therapy optimization is crucial, and the responses towards drugs with NTI depend on appropriate doses and close
monitoring. Preventing ADR is critical, therefore identification of patient-specific factors such as liver and kidney
function, history of drug allergies and ADRs may reduce the ADR risk and provide possible alternatives. For instance,
three patients encountered the same ADRs throughout the treatment, which may be preventable if the history of ADRs
and drug allergies were well taken and documented. Additionally, drug interaction checkers are available on handheld
devices may be utilized with the help of mobile information technology. Every health institution should support and
maintain an active ADR team that responsible to evaluate incidents, monitor trends, and identify opportunities to improve
medication and patient safety.

Understanding the type of DRPs and their causes among patients with PH and VHD helps health-care providers,
namely doctors and pharmacists, to plan strategies to identify, resolve and prevent the DRPs. The results presented are
helpful for optimization of collaborative patient management. Nevertheless, the study may have some limitations. The
retrospective nature of the study is known to be associated with possible missing or misinterpretation of data. The
diagnosis of confirmed PH with VHD was solely based on documented in progress notes. The pharmacists who
performed the data collection may be associated with information bias and under/overestimating the DRPs percentage.
Effort was taken to reduce this issue through reconfirmation of the DRP classification by another two researchers (AMR
and MMB). The short duration of followed up may affect the number of DRPs. Longer exposure to multiple medications
may increase the number of DRPs. The data were also gathered from a single institution, which may also limit the
generalizability of the findings.

Conclusion

The percentage of DRPs among patients with PH and VHD was high. Treatment effectiveness and safety issues were the
main DRPs identified with various preventable causes. The findings may be useful to guide the planning of measures to
identify, solve and prevent future DRPs in the population.
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