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Background: Medication-related problems (MRPs) are a common patient safety
issue among hospitalized individuals, often associated with reduced quality of life,
increased healthcare costs, and higher mortality. Due to the chronic and complex
nature of post-transplant care, liver transplant recipients are particularly
vulnerable to MRPs. Clinical pharmacists play a critical role in identifying and
resolving MRPs, thereby promoting the rational use of medications. The objective
of this study was to characterize MRPs among liver transplant recipients and
assess the clinical determinants associated with their occurrence.

Method: This prospective study was conducted between 5 October 2023 to
31 April 2024 at the Liver Transplantation Institute. A total of 373 hospitalized liver
transplant recipients in inpatient wards and intensive care units who were
receiving at least one medication were included. Donors and patients not
receiving any medication were excluded. The Pharmaceutical Care Network
Europe (PCNE) classification system version 9.1 was used to categorize MRPs.
Clinical and demographic characteristics of patients with and without MRPs were
compared statistically and risk factors were analyzed through logistic regression.
Results: Among the 373 patients included in this study, at least one MRP was
identified in 311 patients, yielding 620 MRPs in total. A total of 620 interventions
were proposed, of which 547 (88.2%) were accepted, while 73 (11.8%) were
rejected. The leading causes of MRPs was “dose selection” (C3) was the most
common cause (44.2%), followed by “drug selection” (C1) at 26.1%. The presence
of at least one comorbidity and acute kidney injury were significant risk factors for
the occurrence of MRPs (p < 0.05).

Conclusion: To our knowledge, this is the first and most comprehensive study
applying the PCNE v.9.1 method to liver transplant recipients hospitalized in both
ward and intensive care unit settings. The most prevalent MRPs were related to
“treatment effectiveness,” primarily caused by “dose selection” and “drug
selection.” Clinical pharmacists and physicians should particularly focus on
these aspects when reviewing transplant patients’ medication regimens. The
results achieved in this study suggest that clinicians should exercise caution
when prescribing new medications to transplant recipients with at least one
comorbidity and a history of acute kidney injury.
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1 Introduction

Since its first implementation by Starzl et al., in 1967, liver
transplantation has become the gold standard treatment for various
liver diseases, including cirrhosis, fulminant hepatitis, certain
metabolic liver disorders, and primary or metastatic liver tumors
(Abbasoglu, 2008; Eris et al., 2013). In Tirkiye, the history of
transplantation began with Dr. Mehmet Haberal. In 1988, he
performed the first adult-to-adult deceased-donor liver transplant
in Tirkiye, followed by the first adult-to-child living-donor liver
transplant in 1990 (Akbulut et al., 2015). Liver transplant recipients
require lifelong immunosuppressive therapy to prevent graft
rejection and ensure the success of solid organ transplantation
(SOT). Achieving therapeutic goals typically necessitates careful
monitoring and individualized dosing of immunosuppressive
addition to the
immunosuppressive

agents. In inherent complexity of

pharmacotherapy, many other
pharmacotherapeutic issues must be considered in transplant
recipients (Lauchart et al., 2005).

The Pharmaceutical Care Network Europe (PCNE) defines any
event or circumstance that interferes with achieving the desired
outcomes of therapy as a medication-related problem (MRP) (Van
Mil et al., 2004). MRPs lead to increased patient morbidity and
mortality, higher rates of hospital admissions, prolonged hospital
stays, and, consequently, elevated healthcare costs (Jung-Poppe
et al, 2022). Since many MRPs are preventable, identifying
specific risk factors that predispose patients to their occurrence is
of critical importance for optimizing healthcare quality, resource
utilization, and patient safety (Saldanha et al., 2020). Risk factors for
MRPs in this patient population include polypharmacy, adverse
drug events, drug-drug interactions, and the inability to maintain
immunosuppressive drugs within their optimal therapeutic range.
Rational, safe, and cost-effective pharmacotherapy relies not only on
accurate diagnosis and effective treatment monitoring but also on
the patient’s adherence to the prescribed regimen (Maxwell, 2016).

Clinical pharmacist interventions play a key role in each of these
aspects by ensuring the safe and effective use of medications.
Numerous studies have demonstrated the crucial role of clinical
pharmacists in identifying and resolving MRPs in hospital settings
(Adusumilli and Adepu, 2014). Given the complexity of post-
transplant ~management, clinical pharmacists, who have
specialized training in pharmacotherapy, are recognized as
integral members of multidisciplinary transplant teams, as
defined by the United Network for Organ Sharing (UNOS) (Ah
etal,, 2016). However, in order to systematically develop documents,
and track pharmaceutical care practices, clinical pharmacists need a
robust classification system. The structure and functionality of such
a classification system are also essential. The PCNE classification
system categorizes MRPs under five main domains: problems,
causes, planned interventions, acceptance of interventions, and
the status of the MRP. This structure allows for a comprehensive
classification from the identification of MRPs to the implementation
of solutions (Van Mil et al., 2020; Satria et al., 2022).

This study aims to highlight the contribution of clinical
pharmacists through the provision of pharmaceutical care
services to patients hospitalized in the liver transplant unit of a
university hospital, identification of MRPs using the PCNE

classification system, and the verbal communication of proposed
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solutions to the attending physician and/or  other

healthcare personnel.

2 Methods

This study was carried out at the Liver Transplant Institute of a
university hospital between 5 October 2023, and 31 April 2024. Both
ICU and ward patients hospitalized at the Liver Transplant Institute
were included. Inclusion criteria were being hospitalized at the Liver
Transplant Institute, a minimum hospital stay of at least 24 h, being
a liver transplant recipient, being on at least one medication, and
being assessed by a clinical pharmacist. The exclusion criteria were
being a liver donor, not being a liver transplant recipient, length of
stay shorter than 24 h, refusing to sign or not signing the informed
consent form, not taking any medication, and being admitted and
discharged on days when the clinical pharmacist was not present.
Patients who voluntarily withdrew from the study during the course
of the research (either by themselves or with the consent of their
legal guardians) were excluded. During the study period, a total of
610 patients were admitted to the liver transplantation institute. Of
these, 207 patients were excluded because they were donors, 2 were
excluded due to absence of medication use, and 28 were excluded as
they were admitted and discharged on days when a clinical
pharmacist was unavailable. A total of 373 patients meeting the
specified criteria were included in this study. Informed consent was
obtained from all individual participants or their legal guardians.

Ethical Approval: Ethical approval for this study was obtained
from the Non-Interventional Clinical Research Ethics Committee of
Inonu University on 4 October 2023 (Decision No: 2023\5026).

The study was designed as a prospective observational
investigation, employing both descriptive statistical methods and
analytical analyses to evaluate the correlations with selected factors
concerning MRP. MRPs were initially assessed using descriptive
approaches, followed by comparisons between patients with and
without MRPs according to clinically relevant variables such as
comorbidity profiles, admission causes, care settings, and
medication classes. Analyses were performed at the patient level,
and multiple MRPs within a single patient were not considered
independent observations.

Patients were divided into two groups regarding the analyzing
methods: The groups included those with MRPs and those without.
In addition, two subgroups were created to examine differences
between patients in the ICU and those in the general ward. The
clinical and demographic characteristics of patients in each group
were recorded. The medical treatments administered during
hospitalization were assessed daily. MRPs observed in the
medical treatment of patients by a clinical pharmacist enrolled in
a clinical pharmacy residency program were prospectively evaluated.
The clinical pharmacist participated in daily ward rounds with the
clinical team, during which identified MRPs were presented and
discussed. Recommendations regarding the MRPs were shared with
the responsible physician and/or other healthcare professionals. The
acceptance or rejection of these recommendations, along with the
reasons for any rejections, was documented. The resolution status of
each MRP was also followed by the clinical pharmacist. The PCNE
classification system v9.1, which is an internationally recognized and
previously validated framework for the classification of MRPs, was
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used in this study. The officially available Turkish version of PCNE
v9.1 classification was applied in accordance with the PCNE
methodological guidance. Problems that did not fit into the
predefined categories of the PCNE system were classified as
“unspecified” or “other” problems.

2.1 Assessment

Patient profiles were created using demographic characteristics,
laboratory data, comorbidities, and medication-related information
collected before and during hospitalization. MRPs were identified
through systematic medication review, medication reconciliation at
admission, therapeutic drug monitoring, and assessment of drug
selection and dosing. Routine clinical pharmacy services, including
patient counseling and medication education, were provided as part
of standard clinical care.

Pediatric patients were defined as those who were less than
18 years of age. Polypharmacy was defined as the concomitant use of
five or medications (Masnoon et al., 2017). Patients estimated
glomerular filtration rates were calculated using the 2021 Chronic
Kidney Disease Epidemiology Collaboration (CKD-EPI) formula
(Lee et al,, 2025). Chronic kidney disease (CKD) was defined as
structural or functional kidney abnormalities persisting for at least
3 months (Stevens et al., 2024). CKD stages, acute kidney injury
(AKI), and renal replacement therapy were all recorded. Drug
selection, dose regimens, and potential drug-drug interactions
were evaluated based on national and international clinical
guidelines using UpToDate ® and Lexicomp ©. All identified
MRPs and related recommendations were communicated to the
responsible physician or healthcare staff. MRPs, interventions, and
outcomes were classified using the PCNE v9.1 system (Van Mil
et al., 2020).

2.2 Statistical analysis

The statistical analysis of the data was performed using IBM
SPSS Statistics (Statistical Package for the Social Sciences) version
27.0. The study was designed as a prospective observational inquiry
to include all eligible liver transplant patients admitted within a
specified timeframe, rather than as a hypothesis-driven study with a
preset sample size. Thus, the study population consisted of all
patients who met the inclusion criteria during the study period,
forming a consecutive cohort representative of routine clinical
practice. The normality of quantitative data was assessed using
the Kolmogorov-Smirnov test. As the data did not conform to a
normal distribution, continuous variables were summarized as
medians. Quantitative data from two groups were compared
using the Mann-Whitney U test, while comparisons across more
than two groups were conducted using the Kruskal-Wallis H test.
The chi-square test was applied for comparisons of categorical
variables, and relationships between qualitative variables in two
groups were also assessed using the chi-square test. Multivariate
analysis was conducted using logistic regression. Variables included
in the multivariable logistic regression model were those showing a
statistically significant association at the level by 0.2 with MRPs in
univariable analyses (p < 0.2). Given the limited number of events, a
highly parsimonious model was intentionally constructed to

minimize overfitting and model instability. The variance

Frontiers in Pharmacology

10.3389/fphar.2026.1738563

explained by the model was indicated by the Nagelkerke R*
value, and model fit was evaluated using the Hosmer-Lemeshow
test. Risk factors were presented as odds ratios (OR). A p-value
of <0.05 was considered statistically significant.

3 Results

373 patients were included in this study, consisting of
141 females (37.8%) and 232 males (62.2%). The median age of
all patients was 50 years, with an interquartile range (IQR) of 35-61.
The median age was 49 years (IQR: 26.5-60) for females and
51.5 years (IQR: 37.25-61) for males (Table 1). 51 (13.7%)
patients were pediatric patients whose age were less than
18 years. The overall mortality rate was 25.5% (n = 96, n =
9 pediatric and n = 87 adult patients).

Since all included patients were taking five or more medications,
polypharmacy was identified in the entire study population. The
median number of medications used per patient was 15
(IQR: 12-19).

Both general ward and intensive care unit (ICU) patients were
included in the study. Of the total cohort, 194 patients (52%) were
admitted to the ICU and 179 patients (48%) to the general ward.
Patient information is given in Table 2. Pediatric patients 27 (7.2%),
and adult patients, 167 (44.8%) were admitted to the ICU. There was
no relationship between pediatric or adult patients and admission
units (p < 0.05).

The most common reasons for hospitalization were hepatitis
B-related cirrhosis (21.4%) and cryptogenic cirrhosis (19%). Patient
information is given in Table 3. Comorbidities were identified in
312 patients (83.6%), with hypertension being the most prevalent,
followed by diabetes mellitus. Patient information is given
in Table 4.

Since all patients in this study were liver transplant recipients,
the immunosuppressive therapy was administered to all. Apart from
immunosuppressants, the most frequently used drug classes were
proton pump inhibitors (99.5%) and antimicrobial agents (99.5%).
The distribution of drugs used in patients according to the presence
of MRP is given in Table 5. Spearman correlation analysis in the
group with MRPs revealed a positive correlation between the
number of MRPs and the number of antimicrobial agents (r =
0.175, p = 0.001) and antihypertensive drugs (r = 0.133, p = 0.01),
indicating that MRP frequency increased with the number of these
medications.

Throughout the study period, a total of 620 suggestions were
made for 373 patients. At least one MRP was identified in
311 patients (83.37%). The mean number of MRPs per patient
was calculated to be 1.66. The total number of medications was
significantly higher in patients with MRPs (median 16, IQR: 12-20)
compared to those without MRPs (median 13.5, IQR: 8-27) (p <
0.001). No significant difference was found between ICU and
general ward patients in terms of the presence of at least one
MRP (p > 0.05). Additionally, there was no relationship between
pediatric and adult patients in terms of the presence of at least one
MRP (p > 0.05). However, when evaluating the total number of
MRPs, ICU patients had a significantly higher number of MRPs per
patient (p < 0.05). The presence of comorbidities, acute kidney
injury (AKI), continuous renal replacement therapy (CRRT), acute-
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TABLE 1 Univariable and multivariable analyses of demographic characteristics according to medication related problems.

Total (%)

Univariate analysis

Multivariate analysis

With MRP (%) No MRP (%) OR (CI) P°
Sex
Male 232 (62.2) 194 (52,0) 38 (10,2) 0.887* - -
Female 141 (37.8) 117 (31,36) 24 (6,44) - -
Patient age group
Adult 322 (86.3) 265 (71,02) 57 (15,28) 0.159* - 0.225
Pediatric 51 (13.7) 46 (12,36) 5 (1,34)
Median age (IQR) 50 (35-61) 52 (34-61) 47 (36-58) 0.431** - -

*Pearson Chi-square test **Fischer Exact Test Logistic regression.

TABLE 2 Univariable and multivariable analyses of medication related problem occurrence according to clinical care setting.

Total (%)

Univariate analysis

Multivariate analysis

With MRP (%) No MRP (%) OR (CI) P
Hospital unit
ICU 194 (52.01) 166 (44,50) 28 (7,51) 0.237* - -
Ward 179 (47.99) 145 (38,87) 34 (9,12)
Median number of medications (IQR) 15 (12-19) 16 (12-20) 13.5 (8-27) <0.001** - 0.196
ICU 194 (52.01) 16 (13-20) 13 (11-15.75) 0.358** - -
Ward 179 (47.98) 15 (12-19) 14 (11-15.25) - -

*Pearson Chi-square test **Fischer Exact Test t Logistic regression.
Statistically significant values are indicated in bold in the relevant tables (p < 0.05).

on-chronic kidney injury, and stage G3b chronic kidney disease
(CKD) were significantly associated with MRP occurrence (p <
0.05). Having stage G1 of CKD was found to be associated with the
absence of MRPs (Table 4).

In this study, medication dosing problems among patients with
impaired renal function were systematically assessed based on their
hospital unit. Issues related with renal dose adjustment were
identified in 24.3% of ICU patients and 22.4% of general
ward patients.

Factors contributing to elevated MRP risk were identified by
evaluating both the total number of medications and clinical
characteristics. Multicollinearity among independent variables
was assessed using variance inflation factors (VIF). All VIF
values were below 2, indicating no significant multicollinearity.
Model calibration was assessed using the Hosmer-Lemeshow
goodness-of-fit test, which indicated adequate fit (p = 0.768). The
presence of at least one comorbidity (OR: 2.69, CI:1.11-6.5) and the
occurrence of acute kidney injury (OR: 16.4, CI: 1.7-156.9) were
found to be independent risk factors for MRPs (Table 4).

Among the classified problems, “treatment effectiveness” (P1)
was the most frequently observed category, accounting for 59.8% of
all MRPs. Regarding causes of MRPs, the most frequent category was
“dose selection” (C3), observed in 44.2% of cases. Most pharmacist

Frontiers in Pharmacology

interventions were categorized as “at the drug level” (I3), accounting
for 43.45% of all interventions. Of these, 88.2% were accepted by the
clinical team. The resolution status of MRPs following the
interventions is presented in Table 6. Supplementary Table Sl
provides representative, real-word clinical examples of MRPs
from our cohort.

The types and causes of MRPs were also evaluated based on the
hospital unit. “Treatment effectiveness” (P1), “treatment safety”
(P2), “drug selection” (Cl1), “dose selection” (C3), and “other”
(C9) causes were found to be significantly more common in ICU
patients than in ward patients. Conversely, patient-related causes
(C7) were significantly more prevalent among general ward patients.
Comparison of MRP types and reasons by patient care unit is given
in Table 7.

The distribution of MRP types and causes was evaluated
according to age groups, and the corresponding results are
presented in Table 8. Statistically significant associations between
age group and MRP categories were identified particularly for drug
selection (C1), dose selection (C3), and patient-related causes (C7) (p
< 0.05). No statistically significant differences were observed between
the two age groups for the remaining MRP types and domains.

In addition to MRP classification, adverse drug events (ADEs)
potentially related to treatment safety were identified during routine
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TABLE 3 Univariable analyses of medication related problem occurrence according to hospital admission indication.

Total (%)

Cause of hospital admission

Univariate analysis

With MRP (%)

No MRP (%)

Hepatitis-B-related cirrhosis 81 (21.7) 71 (19.0) 10 (2.7) 0.355*
Cryptogenic cirrhosis 71 (19) 60 (16.1) 11 (2,9)
HCC 29 (7.8) 24 (6.4) 5 (1.4)
Autoimmune hepatitis 27 (7.2) 21 (5.6) 6 (1.6)
Acute fulminant hepatitis 25 (6.7) 24 (6,5) 1(0.2)
Wilson disease 20 (5.4) 17 (4.6) 3(0.8)
Hepatitis-C-related cirrhosis 17 (4.6) 14 (3.8) 3(0.8)
Budd Chiari 17 (4.6) 15 (4.0) 2 (0.6)
Primary sclerosing cholangitis 17 (4.6) 14 (3.8) 3(0.8)
HBV + HDV 16 (4.3) 12 (3.2) 4 (1.1)
Biliary atresia 12 (3.2) 8 (2.1) 4 (1.1)
Ethanol-related cirrhosis 11 (2.9) 8 (2.1) 3(0.8)
PFIC 10 (2.7) 10 (2.7) 0
NASH 3(0.8) 2 (0.6) 1(0.2)
Primary biliary cirrhosis 3 (0.8) 2 (0.6) 1(0.2)
Portal vein thrombosis 2 (0.6) 2 (0.6) 0
GI bleeding 1(0.2) 1(0.2) 0

*Pearson Chi-square test **Fischer Exact Test *** Mann Whitney U test Logistic regression. GI: gastrointestinal; HCC: hepatocellular carcinoma; HBV: Hepatitis B virus; HDV: Hepatitis D virus;

NASH: nonalcoholic steatohepatitis; PFIC: progressive familial intrahepatic cholestasis.

clinical follow-up and medication review. These events were based
on clinical documentation and relevant laboratory abnormalities
observed in daily practice. Selected examples of such events and their
corresponding suspected medications are presented in Table 9.

4 Discussion

4.1 Demographic and clinical characteristics
of the patients

In this study, 62.2% of the included patients were male. In the
literature, similar gender distributions have been reported, with
male rates of 60.9% by Murder et al., 75.9% by Pinheiro et al., and
57.8% by Shawaqfeh et al. (Mulder et al., 2021; Pinheiro et al., 2020;
Shawaqfeh et al., 2023). These findings align with the literature,
indicating that liver transplantation is more commonly performed
in male patients. The median age of all patients in this study was
50 years (IQR: 35-61). Regarding the ages of liver transplant
recipients, Schuh et al. reported a median age of 59.7 years in
their study, while Mulder et al. found a median age of 59.5 years
(IQR: 47-66) (Yang et al, 2019; Mulder et al, 2022). These
international studies reported consistent median age values
among liver transplant recipients. The comparatively lower
median age in this cohort is likely attributable to the inclusion of
pediatric patients who were hospitalized in the ward or ICU. When
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evaluating the relationship between patients’ demographic
characteristics and the incidence of medication-related problems
(MRPs), no significant relationship was found between gender or
age and MRP occurrence. Similar results were also reported in the
literature (Mulder et al., 2021; Martin and Zavala, 2004; Azadi
et al., 2022).

The median number of medications used by patients in this
study was 15 (IQR: 12-19; range: 8-30). In a study carried out on
solid organ transplant (SOT) recipients, the mean number of
medications used was reported to be 10.9 £ 3.9 (20). Another
study investigating the effects of polypharmacy on transplant
recipients revealed that, in the early post-transplant period, an
average of 8 medications were prescribed, with the number
increasing to 10-15 due to chronic comorbidities (Kim et al.,
2023). These results are consistent with the result of present
study. Furthermore, the total number of medications was
significantly higher in the group with MRPs (p < 0.05). Similarly,
O’Grady et al. reported that polypharmacy may reduce medication
adherence and contribute to the development of MRPs (O’Grady
et al,, 2010). This may be due to the complex and demanding
therapeutic regimens that transplant recipients must adhere to
throughout their lives to treat or prevent complications.

The most frequently used drug classes among the study
population were immunosuppressive agents (100%), proton
pump inhibitors (99.5%), and antimicrobial agents (99.5%). In a
study conducted by Duwez et al, the most commonly used
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TABLE 4 Univariable and multivariable analyses of medication related problem occurrence according to comorbidity.

Total (%) Univariate analysis Multivariate analysis
With MRP (%) No MRP (%) OR (CI) P
Comorbidity 312 (83.6) 269 (72.11) 43 (11.5) 0.001* 2.69 (1.11-6.5) 0.028
Hypertension 169 (45.3) 144 (38.6) 25 (6.7) 0.388* - -
Diabetes 149 (39.9) 116 (31.1) 33 (8.8) 0.019* 0.323 (0.154 -0.680) 0.003
Hyperlipidemia 36 (9.7) 33 (8.8) 3(0.9) 0.160* - 0.108

Thyroid disorders - -

Hypothyroidism 13 (3.5) 10 (2.6) 3 (0.9) 0.360* - -

Hyperthyroidism 2 (0.6) 1(0.3) 1(0.3) - -

Chronic kidney disease

Gl 62 (16.6) 44 (11.8)° 18 (4.8) 0.008* - 0.976
G2 21 (5.6) 15 (4.0) 6 (1.6)

G3a 16 (4.3) 15 (4.0) 1(0.3)

G3b 20 (5.4) 20 (5.4)° 0

G4 7 (1.9) 7 (1.9) 0

G5 8 (2.1) 8 (2.1) 0

AKI on CKD 25 (6.7) 25 (6.7) 0 0.012%* - 0.998
AKI 85 (22.8) 84 (22.5) 1(0.3) <0.001* 16.453 (1.72-156.9) 0.015
RRT . B
Hemodialysis 12 3.2) 11 (2.9) 1(0.3) <0.001* - 0.777
SRRT 71 (20.7) 71 (20.7) 0

Neurological diseases - R

Epilepsy 18 (4.8) 14 (3.8) 4 (1.0) 0.910* - B
Parkinson’s disease 8 (2.1) 7 (1.8) 1(0.3) - -
CVD 7 (1.8) 6 (1.5) 1(0.3) - -

Respiratory disease - -

Asthma 63 (16.9) 50 (13.4) 13 (3.5) 0.588* - -
COPD 27 (7.2) 22 (5.9) 5(1.3) - -
Pulmonary embolism 5(1.3) 5(1.3) 0 - -

Cardiovascular disease - -

AF 69 (18.5) 60 (16.1) 9 (24) 0.459* - -
Heart failure 4 (1.1) 4 (1.1) 0 - -
Atherosclerotic heart disease 27 (7.2) 24 (6.4) 3(0.8) - -

*Pearson Chi-square test **Fischer Exact Test *** Mann Whitney U test Logistic regression. GI, gastrointestinal; COPD, chronic obstructive pulmonary disease; AKI, acute kidney injury; CKD,
chronic kidney disease; RRT, renal replacement therapy; SRRT, sustained renal replacement therapy; AF, atrial fibrillation; CVD, cerebrovascular disease.

“Statistically significant difference within the same category.

Statistically significant values are indicated in bold in the relevant tables (p < 0.05).

medications were also immunosuppressants, followed by  antimicrobial, and antihypertensive agents, respectively (Yang
antimicrobials (Duwez et al., 2020). Consistent with the results et al., 2019).

achieved in the present study, Yang et al. reported that the most The most common comorbidities among the patients in this
frequently used drug classes were immunosuppressive, study were hypertension (45.3%), diabetes mellitus (39.9%), chronic
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TABLE 5 Distribution of medications used in patients by the presence of MRPs.

Medication group

Frequency (%)

With MRP (%) Without MRP (%)

Antimicrobial agents 371 (99.5) 309 (99.4) 62 (100) 10*
Antidiabetic agents 138 (37) 106 (34.1) 32 (51.6) 0.009*
Antihypertensive agents 179 (48) 156 (50.2) 23 (37.1) 0.06*
Proton pump inhibitors 371 (99.5) 310 (99.7) 61 (98.4) 0.305**
Immunosuppressive agents 373 (100) 311 (100) 62 (100)
Monotherapy 120 (32.2) 98 (31.5) 22 (35.5) 0.541*
Dual therapy 151 (40.5) 126 (40.5) 25 (40.3) 0.978*
Triple therapy 111 (29.8) 94 (30.2) 17 (27.4) 0.659*

*indicates the Pearson Chi-Square test.
*¥indicates the Fisher’s Exact test.
Statistically significant values are indicated in bold in the relevant tables (p < 0.05).

kidney disease (35.9%), and cardiovascular diseases (26.3%). Even
though Mulder et al. reported slightly different rates, the most
prevalent comorbidities were also hypertension (59%), diabetes
(26%), and renal diseases (11.3%) (Mulder et al., 2022). Another
study conducted in 2021 revealed the most frequently observed
comorbidities to be chronic kidney disease (40.6%) and diabetes
(29.7%) (Mulder et al., 2021).

In this study, the presence of at least one comorbidity
increased the risk of MRPs by 3.3 times. In contrast, Azadi
et al. found that having more than three comorbidities
increased the risk of MRPs by 1.65 times (Azadi et al., 2022).
The discrepancy in risk ratios may be due to differing thresholds
used to define comorbidity-related risk. Interestingly, when
comorbidities were examined, patients with a history of
diabetes showed a decreased risk of MRPs. This is thought to
be a coincidental finding associated with the small number of
patients without MRPs in this group. On the other hand, the
presence of acute kidney injury increased the risk of MRPs by
15.16 times. A literature review revealed that there was no study
individually assessing comorbidities as risk factors for MRPs in
transplant patients. The observed association between MRPs and
acute kidney injury likely reflects overall disease severity and
clinical complexity rather than a direct causal relationship.

The higher MRP burden observed among ICU patients and
those with renal dysfunction suggests the presence of confounding
by indication, as greater disease severity necessitates more complex
and is associated  with

pharmacotherapy independently

adverse outcomes.

4.2 Classification of medication
related problems

In the literature, the number of studies in the literature
evaluating MRPs in solid organ transplantation (SOT), including
liver transplantation, is limited.

In this study, at least one MRP was identified in 311 patients
(83.37%) who were admitted to either the ICU or inpatient wards.
Consistent with these findings, Mulder et al. reported MRPs in
87.8% of patients, while Bonkowski et al. detected MRPs in 83.8% of
SOT recipients (Mulder et al., 2022; Bonkowski et al., 2014).

Frontiers in Pharmacology

Although the reported incidence rates vary slightly across studies,
the literature consistently demonstrates a high prevalence of MRPs
in liver transplant recipients.

In this study, the most frequently observed type of MRP fell
under the category of “treatment effectiveness” (P1), accounting for
59.8% of all problems, followed by “treatment safety” (P2), at 34.4%.
Similarly, in a study that evaluated MRPs in SOT recipients
monitored in the ICU due to COVID-19 using the PCNE
classification system, “treatment effectiveness” was also the most
common MRP category, comprising 34.12% of all problems,
followed by “treatment safety” at 33.02% (Azadi et al, 2022).
Since the MRPs in other studies involving similar patient
populations were not classified according to the PCNE system,
direct comparisons by problem type are not feasible. A review of
the literature indicates that this study is the first and most
comprehensive to classify MRPs using the PCNE v9.1 system in
liver transplant recipients hospitalized in both the ICU and
inpatient wards.

When focusing solely on liver transplant recipients in the ICU,
the most frequently observed MRPs were again related with
“treatment effectiveness” (P1), accounting for 38.5%, followed by
“treatment safety” (P2), at 23.3%. In line with the findings achieved
in this study, Li et al. also reported that “treatment effectiveness”
(P1) was the most common category, at 41%, in ICU patients (Li
et al,, 2020). In other studies, evaluating MRPs using the PCNE
v9.1 system, issues classified under “treatment effectiveness” (P1)
became the most common category, accounting for 47.9% and
50.4% of all MRPs (Kara et al, 2024; Cakir et al., 2024).
However, a study utilizing PCNE v9.0 in ICU patients reported
that 43.4% of MRPs were related with “treatment safety” (P2), and
another similar study found this rate to be as high as 77.18%
(Durmus et al, 2024; Albayrak et al, 2022). These variations
suggest that differences in the most frequently encountered MRP
categories may be attributable to differences in patient populations
across studies.

A review of the literature reveals no existing studies investigating
MRPs associated with renal dose adjustment in liver transplant
recipients. In this study, among ICU patients with renal impairment
who required renal dose adjustments, 24.3% had at least one MRP
related to these medications. Notably, these problems accounted for
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TABLE 6 Classification of MRPs and planned interventions.

Type of MRP

10.3389/fphar.2026.1738563

ICU
n (%)

Pediatric patients
n (%)

Adult patients
n (%)

P1. Treatment effectiveness 371 (59.8) 132 (21.3) 239 (38,5) 54 (15) 317 (85)
P1.2. Drug therapy not sufficiently effective 220 (35.5) 81 (13.1) 139 (22.4) 39 (17.8) 181 (82.2)
P1.3. There are untreated symptoms or indications 151 (24.3) 51 (8.2) 100 (16.1) 15 (10) 136 (90)
P2.1. Treatment safety 213 (34.4) 69 (11.1) 144 (23.3) 30 (14) 183 (86)
P3. Others 36 (5.8) 17 (2.7) 19 (3.1) 6 (16.7) 30 (83.3)
P3.1. Unnecessary drug therapy 36 (5.8) 17 (2.7) 19 (3.1) 6 (16.7) 30 (83.3)
P. Total 620 (100) 218 (35.1) 402 (64.9) 90 (14.5) 530 (85.5)
Causes of MRPs
C1 drug selection 237 (26.1) 78 (8.6) 159 (17.5) 23 (9.7) 214 (90.3)
Cl1.1. Drug not appropriate per guidelines/formulary 26 (2.9) 10 (1.1) 16 (1.8) 3 (11.5) 23 (88.5)
C1.2. No indication for the drug 15 (1.7) 8 (0.9) 7 (0.8) 1(6.7) 14 (93.3)
C1.3. Inappropriate combination with other drugs and/or 19 (2,1) 5(0.6) 14 (1.5) 1(5.3) 18 (94,7)
supplements such as herbal ones
Cl.4. Unnecessary duplication within drug class or active ingredient 13 (1.4) 5(0.5) 8 (0.9) 2 (15.4) 11 (84.6)
C1.5. Drug not prescribed for an existing indication 162 (17.9) 50 (5.6) 112 (12.3) 15 (9.3) 147 (90.7)
C1.6 Excessive variety of drugs for same indication 2(0.2) 0 (0) 2(0.2) 1 (50) 1 (50)
C2 Dosage form 37 (4.3) 15 (1.8) 22 (2.5) 6 (16.2) 31 (83.8)
C2.1. Inappropriate dosage form/formulation for the patient 37 (4.3) 15 (1.8) 22 (2.5) 6 (16.2) 31 (83.8)
C3. Dosage selection 399 (44.0) 129 (14.2) 270 (29.8) 85 (21.3) 314 (78.7)
C3.1. Drug dose too low 73 (8.0) 24 (2.6) 49 (5.4) 18 (24.7) 55 (75.3)
C3.2. Drug dose too high 166 (18.3) 53 (5.8) 113 (12.5) 34 (20,5) 132 (79,5)
C3.3. Dosing regimen not frequent enough 33 (3.7) 8 (0.9) 25 (2.8) 6 (18.2) 27 (81.8)
C3.4. Dosing regimen too frequent 124 (13.7) 42 (4.7) 82 (9) 26 (21) 98 (79)
C3.5. Instructions regarding timing of dose are unclear, incorrect, or 3(0.3) 2(0.2) 1(0.1) 1(33.3) 2 (66.7)
incomplete
C4. Duration of therapy 24 (2.6) 2(0.2) 22 (2.4) 4 (16.7) 20 (83.3)
C4.1. Duration of therapy too short 12 (1.3) 1(0.1) 11 (1.2) 0 (0) 12 (100)
C4.2. Duration of therapy too long 12 (1.3) 1(0.1) 11 (1.2) 4 (33.3) 8 (66.7)
C.6 medication administration process 18 (2) 9 (1) 9 (1) 1 (5.6) 17 (94.4)
Cé6.1. Inappropriate timing of administration and/or dosing intervals 11 (1.3) 5 (0.6) 6 (0.7) 0 (0) 11 (100)
by healthcare provider
C6.2. Drug under-administered by healthcare provider 2(0.2) 2(0.2) 0 (0) 0 (0) 2 (100)
C6.3. Drug over-administered by healthcare provider 3(0.3) 1(0.1) 2(0.2) 1(33.3) 2 (66.7)
C6.4. Drug not administered at all by healthcare provider 2(0.2) 1(0.1) 1(0.1) 0 (0) 2 (100)
C.7 patient-related factors 33 (3.6) 30 (3.3) 3 (0.3) 0 (0) 33 (100)
C7.1. Patient intentionally (knowingly) takes less or no medication 5(0.5) 4 (0.4) 1(0.1) 0 (0) 5 (100)
than prescribed
C7.2. Patient takes more medication than prescribed 3(0.3) 3(0.3) 0 0 (0) 3 (100)
C7.6. Medication stored under inappropriate conditions by patient 10 (1.1) 9 (0.9) 1(0.1) 0 (0) 10 (100)
(Continued)
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TABLE 6 Continued

Type of MRP

Pediatric patients

n (%)

10.3389/fphar.2026.1738563

Adult patients

n (%)
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C7.7. Inappropriate timing or dosing intervals 8 (0.9) 8 (0.8) 0 0 (0) 8 (100)
C7.8. Patient unintentionally (unknowingly) uses or administers drug 7 (0.8) 6 (0.6) 1(0.1) 0 (0) 7 (100)
incorrectly
C.8 patient transfer-related issues 26 (2.9) 9 (1) 17 (1.9) 0 (0) 26 (100)
C8.1. Medication reconciliation problem 26 (2.9) 9 (1) 17 (1.9) 0 (0) 26 (100)
C9. Others 133 (14.5) 45 (5) 86 (9.5) 23 (17.3) 110 (82.7)
C9.1. Therapy not monitored or inappropriately monitored (including 133 (14.5) 45 (5) 86 (9.5) 23 (17.3) 110 (82.7)
therapeutic drug monitoring)
C.Total 907 (100) 327 (36) 580 (64) 142 (15.7) 765 (84.3)
Classification interventions
I1. Prescriber-level 520 (41.2) 169 (13.4) 351 (27.8) 116 (22.3) 404 (77.7)
1.1.1. Prescriber was informed only 2(0.2) 0 (0) 2(0.2) 1 (50) 1 (50)
I1.2. Information was obtained from the prescriber 77 (6.6) 22 (1.7) 55 (4.9) 9 68 (88.3)
11.3. Intervention was suggested to the prescriber 266 (21.6) 102 (8.1) 164 (13.5) 76 (28.6) 190 (71.4)
I1.4. Intervention was discussed with the prescriber 155 (12.8) 45 (3.6) 110 (9.2) 30 (19.4) 125 (80.6)
1.2 patient-level 93 (7.32) 85 (6.7) 8 (0.6) 9(9.7) 84 (90.3)
L1.2.1. Patient counseling provided 31 (2.42) 28 (2.2) 3(0.3) 0 (0) 31 (100)
I 2.2. Written information only 15 (1.2) 14 (1.1) 1(0.1) 9 (60) 6 (40)
1 2.3. Patient referred to prescriber 17 (1.3) 15 (1.2) 2 (0.1) 0 (0) 17 (100)
1 2.4. Discussion held with family member/caregiver 30 (2.4) 28 (2.2) 2 (0.1) 0 (0) 30 (100)
I3. Medication-level 548 (43.48) 188 (15) 360 (28.45) 112 (20.4) 436 (79.6)
I3.1. Drug was changed to ... .................. 2(0.2) 0 (0) 2(1.2) 0 (0) 2 (100)
13.2. Dose was changed to ... .................. 227 (18) 69 (5.5) 158 (12.5) 49 (21.6) 178 (78.4)
13.3. Formulation was changed to ... ... ... ... 36 (2.9) 17 (1.4) 19 (1.5) 5(13.9) 31 (86.1)
13.4. Instructions for use were changed to ...... 17 (1.3) 8 (0.6) 9 (0.7) 3 (17.6) 14 (82.4)
13.5. Drug discontinued or temporarily withheld 123 (9.8) 44 (3.5) 79 (6.2) 17 (13.8) 106 (86.2)
13.6. New drug initiated 143 (11.25) 50 (4) 93 (6.35) 11 (7.7) 132 (92.3)
I4. Another intervention or activity 100 (8) 35 (2.8) 65 (5.2) 27 (27) 73 (73)
14.1. Other intervention 100 (8) 35 (2.8) 65 (5.2) 27 (27) 73 (73)
LTotal 1,261 (100) 477 (37.8) 784 (62.2) 264 (20.9) 997 (79.1)
Acceptance status of interventions
Al. Intervention accepted 547 (88.2) 200 (32.2) 347 (56) 82 (15) 465 (85)
Al.1. Intervention accepted and fully implemented 545 (87.8) 200 (32.2) 345 (55.7) 82 (15) 463 (85)
A1.3. Intervention accepted but not implemented 2 (0.4) 0 2 (0.3) 0 (0) 2 (100)
A2. Intervention not accepted 73 (11.8) 19 (3.1) 54 (8.7) 9 (12.3) 64 (87.7)
A2.1. Intervention not accepted: not suitable to administer 5(0.8) 1(0.1) 4(0.7) 1 (20) 4 (80)
A2.2. Intervention not accepted: consensus not reached 68 (11) 18 (3) 50 (8.0) 8 (11.8) 60 (88.2)
A.Total 620 (100) 219 (35.3) 401 (64,7) 91 (14.7) 529 (85.3)
(Continued)
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TABLE 6 Continued

10.3389/fphar.2026.1738563

pe o RP ota ard Pedia oF Ad patie
Resolution status of MRPs
O1.1. Problem fully resolved 540 (87) 197 (31.8) 343 (55.3) 82 (15.2) 458 (84.8)
03. Problem not resolved 80 (13) 21 (3.4) 59 (9.5) 9 (11.2) 71 (88.8)
03.2. Problem not resolved due to the lack of cooperation from the 3(0.5) 0 (0) 3 (0.5) 0 (0) 3 (100)
prescriber
03.3. Problem not resolved, intervention was ineffective 1(0.2) 0 (0) 1(0.2) 0 (0) 1 (100)
03.4. Problem could not or did not need to be resolved 76 (12.3) 21 (3.4) 55 (8.8) 9 (11.8) 67 (88.2)
0. Total 620 (100) 218 (35.2) 402 (64.8) 91 (14.7) 529 (85.3)
TABLE 7 Comparison of problem types and causes by patient care unit.
Type and cause of the problem Ward (n) ICU (n) p*
P1 132 239 0.001
P2 69 144 0.006
P3 17 19 0.812
C1 78 159 <0.001
C2 15 22 0.536
C3 129 270 0.004
C4 2 22 0.954
Cé6 9 9 0.753
Cc7 30 3 <0.001
C8 9 17 0.247
C9 45 86 0.009
*Mann Whitney U test.
Statistically significant values are indicated in bold in the relevant tables (p < 0.05).
TABLE 8 Comparison of Problem Types and patient groups regarding pediatric or adult.
Type and cause of the problem Pediatric (n) Adult (n) p*
P1 54 317 0.860
P2 30 183 0.869
P3 6 30 0.585
Cl 23 214 0.037
C2 6 31 0.691
C3 85 314 <0.001
C4 4 20 0.614
C6 1 17 0.073
C7 0 33 0.015
C8 0 26 0.041
C9 23 110 0.944

*Mann whitney U test.

Statistically significant values are indicated in bold in the relevant tables (p < 0.05).

Frontiers in Pharmacology

frontiersin.org


https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1738563

Guzel Karahan et al.

TABLE 9 Examples of observed adverse drug events.

Drugs Adverse effect (n)

Colistin Nephrotoxicity (5)
Neurotoxicity (1)
Fluconazole Hepatotoxicity (3)
Fosfomycin Hypokalemia (2)
Hypernatremia (1)

Linezolid Thrombocytopenia (2)

Mycophenolate mofetil Leukopenia (3)

Diarrhea (2)

Meropenem Anemia (1)

Metoclopramide Confusion (1)

Piperacillin and tazobactam Increased INR (1)

Tacrolimus Posterior reversible Encephalopathy syndrome
(PRESS) (2)

Visual disturbance (1)

Terlipressin Hyponatremia (2)

Trimethoprim-
sulfamethoxazole

Hepatotoxicity (4)
Pancytopenia (3)

Topiramate Weight loss (1)
Valganciclovir Pancytopenia (3)
Valproate Hepatotoxicity (2)

the majority of those categorized under “treatment safety” (P2). In a
study carried out by Garin et al., the incidence of MRPs associated
with renal dose adjustments in ICU patients was reported as 17%,
while Alsayed et al. reported a rate of 22% (Garin et al., 2021; Ali
et al., 2024).

In this study, the most frequently encountered cause of MRPs
was “dose selection” (C3), accounting for 44.2% of cases, followed by
“drug selection” (C1) at 26.1%. Similarly, in a study carried out by
Repp et al. among heart transplant patients, “dose selection” was
reported as the most common cause of MRPs at 48.2%. This was
followed by Duwez et al’s study in lung transplant recipients
(39.6%) and Lee et al’s study in kidney transplant recipients
(38%) (Bonkowski et al., 2014; Lima et al., 2016; Lee et al., 2016).
These findings suggest that clinical pharmacists’ recommendations
regarding dose selection can significantly contribute to the
prevention of MRPs.

When evaluating MRP causes identified exclusively in critically
ill patients, the most frequent issue was again found to be related
with “dose selection” (C3), accounting for 30% of cases, consistent
with the overall findings of this study. In a study carried out by Kara
et al., “dose selection” was also the most frequently observed MRP
cause, reported at 77% (Kara et al., 2024).

Within the category of MRPs classified under “drug selection,”
the most common subcategory was “absence of drug therapy
despite an existing indication” (Cl.5), which accounted for
17.8% of cases. This aligns with the findings achieved by
Mulder et al,, who reported an untreated indication rate of
15%, and those achieved by Wang et al., who found this rate

Frontiers in Pharmacology

11

10.3389/fphar.2026.1738563

to be 20.9% in a study on kidney transplant recipients (Mulder
et al., 2022; Wang et al., 2008).

In this study, the most frequently observed subcategory under
the “other” classification was “treatment outcome not monitored or
inappropriately therapeutic ~ drug
monitoring)” (C9.1), at 14.4%. In line with these results, Duwez

monitored (including
et al. reported a frequency of 11.2% for this issue, Covert et al.
reported 13% in kidney transplant patients, and Yang et al. found a
rate of 10% in their study on kidney transplant recipients (Duwez
et al., 2020; Yang et al., 2019; Covert et al., 2017).

A total of 620 suggestions were offered for the 620 identified
MRPs in this study. The majority of these suggestions were directed
at the “drug level” (I3) (43.45%) and at the “prescribing physician
level” (I1) (41.2%).

Among the suggestions related with MRPs at the “drug level”
(I3), the most common suggestion was “dose changed to...”
(I3.2), which accounted for 18% of the suggestions. Consistent
with these findings, Pinheiro et al. reported a similar rate of
18.2% for dose change suggestions, Wang et al. reported 15%,
and Lima et al. found a rate of 10.2% (Pinheiro et al., 2020; Wang
et al., 2008; Lima et al., 2016). In a study carried out by Duwez
et al, change recommendations constituted 43.8% of all
interventions, while this proportion was 33.8% in the study
carried out by Mulder et al. (Bonkowski et al., 2014; Kara
et al., 2024). These variations in reported frequencies are
likely attributable to differences in the methods used for MRP
classification.

Considering the “drug level” (I3) category, the second most
common suggestion was “initiation of a new medication” (I3.6),
accounting for 11.2% of the suggestions. In line with these results,
Mulder et al. reported a rate of 10.2% for similar suggestions, and
Pinheiro et al. reported 11% (Mulder et al., 2021). However, in the
study carried out by Azadi et al.,, “initiation of a new medication”
(I3.6) was reported at a significantly lower rate of 1.83% (Azadi et al.,
2022). The discrepancy among studies may be due to additional
suggestions related to patients’ therapeutic regimens during the
COVID-19 pandemic.

Of the suggestions offered for MRPs identified in this study,
88.2% were accepted. This acceptance rate is comparable to those
reported in the literature, such as 93% reported by Lee et al. for
kidney transplant recipients, 93.6% by Mulder et al., and 95% in
another study involving both kidney and liver transplant recipients
(Pinheiro et al., 2020; Mulder et al., 2022; Lee et al., 2016). These
findings highlight the high acceptance rates of clinical pharmacists’
suggestions worldwide in promoting safe and effective
pharmacotherapy.

Although the PCNE v9.1 classification was employed as a
standardized framework for the systematic categorization of
MRPs, its standalone presentation may be perceived as largely
descriptive if not accompanied by clinical context. To enhance
clinical interpretability, a Supplementary Table S1 has been
added, providing representative, real-word clinical examples from
our cohort. This table illustrates the application of the PCNE
v9.1 classification across the problem, cause, intervention and
outcome domains, thereby contextualizing the classification
within routine clinical practice.

The ADEs observed in the present study illustrate key
safety inherent to liver

pharmacotherapy-related risks
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transplantation. Predominant renal, hematological, neurological,
and electrolyte disturbances associated with commonly used
agents highlight the
narrow therapeutic margins and cumulative toxicity burden in

immunosuppressive and antimicrobial

this population. These findings provide clinically relevant safety
context for MRPs and underscore the importance of systematic
medication review and close pharmacotherapy monitoring in
routine transplant care.

In the evaluation of MRPs, particularly in highly complex
patient populations, a delicate balance exists between the
standardized recommendations provided by clinical practice
guidelines and individualized, patient-specific clinical
Although
guidelines aim to standardize medical care based on scientific

evidence, treatment decisions are often influenced by the

decision-making  processes clinical ~ practice

patient’s clinical condition, comorbidities and broader
contextual factors (Mercuri et al., 2015). In this context, some
of the MRPs identified in the present study may reflect deliberate
deviations from guideline recommendations driven by
individualized clinical judgment in specific clinical scenarios,
rather than in appropriate treatment practices per se. From a
clinical pharmacist perspective, such deviations were classified
as MRPs due to their potential risk profile. Moreover, the non-
acceptance of certain pharmacist recommendations by the
clinical team may represent patient-spesific,context-driven
decision-making rather than erroneous clinical practice.
Taken together, these conditions suggest that the concept of
MRPs should not be viewed solely as indicators of absolute
inappropriateness, but rather within a broader framework that
also encompasses clinical risk awareness and the need for

multidisciplinary evaluation.
4.3 Strengths and limitations

Among the strengths of this study are its prospective design,
which allowed for direct communication with both patients and
healthcare professionals, and its inclusion of the entire
transplantation unit. To the best of our knowledge, this is the
first prospective study in which all liver transplant recipients
admitted to both the ICU and inpatient ward were included,
medication-related problems (MRPs) were identified by a clinical
pharmacist, suggestions were offered, and all findings were classified
using the PCNE v9.1 system.

This study has several limitations. First, its single-center design
may limit the generalizability of the findings, and the absence of a
control group precludes causal inferences regarding the impact of
clinical pharmacy interventions. In addition, no structured educational
training program was provided to patients or healthcare staff as part of
the study. Although MRPs and pharmacist interventions were
prospectively identified and classified, the clinical severity and
potential harm associated with individual MRPs were not
clinical

systematically assessed. Furthermore, patient-centered

outcomes following pharmacist recommendations were not
evaluated in a structured manner. As the primary aim of the study
was to characterize MRPs and pharmacist interventions within a
highly complex transplant population, outcome-oriented analyses

were beyond the scope of the present investigation.
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No formal a priori sample size or power calculation was
the
observational investigation including all eligible liver transplant

performed, as study was designed as a prospective
recipients admitted during the predefined study period. Given
the limited sample size, subgroup analyses based on key
transplant-related factors-such as immunosuppressive burden,
renal function, and infection status were not performed, as could
have result in small subgroup sizes and increased the risk of model
overfitting, thereby compromising the robustness of effect estimates.
In addition, despite the use of a conservative variable selection
strategy to construct a parsimonious multivariable model, the
limited number of events for certain predictors particularly
AKI - may have contributed to wide confidence intervals and
potential sparse-data bias, warranting cautious interpretation of
these findings. Collectively, these limitations may restrict the
clinical interpretability of the findings.

Future research should focus on outcome-oriented study
designs incorporating validated severity grading of MRPs,
structured assessment of patient-centered clinical outcomes (e.g.,
renal function, infection rates, or length of hospital stay), and
appropriate control groups. In addition, adequately powered
multicenter studies enabling stratified and subgroup analyses
based on key transplant — related factors may further clarify the
clinical impact and added value of pharmacist-led interventions in
transplant care.

4.4 Conclusion

The literature review suggests that this study is the first and
most comprehensive investigation to classify MRPs in liver
transplant recipients hospitalized in both the ICU and the
the PCNE v9.1
Furthermore, it is the first study to demonstrate differences in

inpatient ward using methodology.
MRP categories between patients in the ICU and those in the
general ward. The most common MRP categories identified in
both ICU and ward patients were “treatment effectiveness,” with
the primary causes being “inappropriate dose selection” and
“inappropriate drug selection.

This study is that MRPs in liver transplant recipients frequently
reflect the complexity of individualized clinical decision-making
rather than isolated prescribing errors. By identifying and
contextualizing these risks, clinical pharmacists support rational
pharmacotherapy and informed multidisciplinary decision-making
in complex transplant care.

The presence of at least one comorbidity and acute kidney injury
was found to be an independent risk factors for MRPs in liver
transplant recipients, contributing novel data to the existing body
of knowledge.

This study concludes that clinicians should exercise particular
caution when prescribing new medications to liver transplant
recipients with comorbid conditions and a history of acute
kidney injury.

Both clinical pharmacists and clinicians should pay close
attention to “dose selection” and “drug selection” when reviewing
the treatment plans of patients in liver transplant units.

Moreover, this study demonstrates that the active involvement
of clinical pharmacists as part of the multidisciplinary team
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significantly contributes to the successful management of MRPs in
transplant recipients with complex medication regimens.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary Material, further inquiries can be directed
to the corresponding author.

Ethics statement

The studies involving humans were approved by Inéni
University ~ Non-Interventional = Clinical ~ Research  Ethics
Committee. The studies were conducted in accordance with the
local legislation and institutional requirements. Written informed
consent for participation in this study was provided by the
participants’ legal guardians/next of kin.

Author contributions

SG:
Writing

Methodology, Data curation,
original draft, Visualization,

Investigation,
- Conceptualization,
Resources, Writing — review and editing. MD: Writing — review
and editing, Investigation, Visualization, Methodology, Formal
Analysis. AC: Visualization, Formal Analysis, Methodology,
Writing - review and editing, Resources, Conceptualization,
Investigation, Supervision. ZU: Methodology, Conceptualization,
Writing editing, Investigation,
draft. SY:
Conceptualization, Supervision, Writing — review and editing.

review and

Supervision,

Visualization, Resources, Writing -

original

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

References

Abbasoglu, O. (2008). Liver transplantation: yesterday, today and tomorrow. World
J. Gastroenterol. 14 (20), 3117-3122. doi:10.3748/wjg.14.3117

Adusumilly, P. K., and Adepu, R. (2014). Drug-related problems - an over view of various
classification systems. Asian J. Pharm. Clin. Res. 7 (4), 7-10.

Ah, Y. M, Lee, J. Y., Moon, M. R, Cho, Y. S., Kim, H. S., Yi, N. ], et al. (2016). Clinical
and economic evaluation of pharmacists’ contribution to patient care on a multi-
disciplinary liver transplant team. Int. J. Clin. Pharmacol. Ther. 54 (2), 102-109. doi:10.
5414/CP202501

Akbulut, S., and Yilmaz, S. (2015). Liver transplantation in Turkey: historical review and
future perspectives. Transpl. Rev. Orl. 29 (3), 161-167. doi:10.1016/j.trre.2014.12.002

Albayrak, A., Basgut, B., Bikmaz, G. A., and Karahalil, B. (2022). Clinical pharmacist
assessment of drug-related problems among intensive care unit patients in a Turkish
university hospital. BMC Health Serv. Res. 22 (1), 79. doi:10.1186/s12913-022-07494-5

Ali, H. A. H., Saheb Sharif-Askari, F., Saheb Sharif-Askari, N., and Halwani, R. (2024).
Clinical pharmacist interventions in an intensive care unit reduces ICU mortality at a
tertiary hospital in Dubai, United Arab Emirates. Explor Res. Clin. Soc. Pharm. (14),
100431. doi:10.1016/j.rcsop.2024.100431

Azadi, S., Shahabinezhad, F., and Shafiekhani, M. (2022). Drug-related problems in
solid-organ transplant recipients hospitalized for COVID-19: an experience of a referral

Frontiers in Pharmacology

13

10.3389/fphar.2026.1738563

Conflict of interest

The author(s) declared that this work was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was used in the
creation of this manuscript. As the authors are non-native
English speakers, the language of this manuscript was edited with
the assistance of ChatGPT (GPT-5, OpenAl, San Francisco, CA,
United States; accessed between November 2025 and January 2026)
and QuillBot Premium (QuillBot) Chicago, IL, United States;
accessed January 2026).

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors identify any issues,

wherever possible. If you

please contact us.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fphar.2026.1738563/
full#supplementary-material

tertiary center in Iran. Iran. J. Med. Sci. 47 (6), 577-587. doi:10.30476/1JMS.2022.93366.
2467

Bonkowski, J., Weber, R. J., Melucci, J., Pesavento, T., Henry, M., and Moffatt-Bruce, S.
(2014). Improving medication administration safety in solid organ transplant patients
through barcode-assisted medication 515 administration. Am. J. Med. Qual. 29 (3),
236-241. doi:10.1177/1062860613492374

Cakur, A., Memis, H., Zii, G., and Bigakcioglu, M. (2024). Evaluation of drug-related
problems of intensive care unit patients by clinical pharmacists: a retrospective study.
Turk J. Pharm. Sci. 21 (4), 274-283. doi:10.4274/tjps.galenos.2023.44459

Covert, K. L., Mardis, C. R., Fleming, J. N,, Pilch, N. A., Meadows, H. B., Mardis, B.
A., et al. (2017). Development of a predictive model for drug-related problems in
kidney transplant recipients. Pharmacotherapy 37 (2), 159-169. doi:10.1002/phar.
1886

Durmus, M., Zii, G., and Berktas, H. B. (2024). The evaluation and classification of drug-
related problems by a clinical pharmacist in an internal diseases intensive care unit: a
prospective cohort 7-month study. 54(1):1-11. doi:10.26650/Istanbul]JPharm.2024.
1327194

Duwez, M., Chanoine, S., Lepelley, M., Vo, T. H., Pluchart, H., Mazet, R, et al. (2020).
Clinical evaluation of pharmacists’ interventions on multidisciplinary lung transplant

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fphar.2026.1738563/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fphar.2026.1738563/full#supplementary-material
https://doi.org/10.3748/wjg.14.3117
https://doi.org/10.5414/CP202501
https://doi.org/10.5414/CP202501
https://doi.org/10.1016/j.trre.2014.12.002
https://doi.org/10.1186/s12913-022-07494-5
https://doi.org/10.1016/j.rcsop.2024.100431
https://doi.org/10.30476/IJMS.2022.93366.2467
https://doi.org/10.30476/IJMS.2022.93366.2467
https://doi.org/10.1177/1062860613492374
https://doi.org/10.4274/tjps.galenos.2023.44459
https://doi.org/10.1002/phar.1886
https://doi.org/10.1002/phar.1886
https://doi.org/10.26650/IstanbulJPharm.2024.1327194
https://doi.org/10.26650/IstanbulJPharm.2024.1327194
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1738563

Guzel Karahan et al.

outpatients’ management: results of a 7-year observational study. BMJ Open 10 (11),
€041563. doi:10.1136/bmjopen-2020-041563

Eris, C., Akbulut, S., Sakcak, I, Kayaalp, C., Ara, C., and Yilmaz, S. (2013). Liver
transplant with a marginal donor graft containing a hydatid cyst--a case report. Transpl.
Proc. 45 (2), 828-830. doi:10.1016/j.transproceed.2012.11.002

Garin, N,, Sole, N., Lucas, B., Matas, L., Moras, D., Rodrigo-Troyano, A., et al. (2021).
Drug related problems in clinical practice: a cross-sectional study on their prevalence,
risk factors and associated pharmaceutical interventions. Sci. Rep. 11 (1), 883. doi:10.
1038/541598-020-80560-2

Jung-Poppe, L., Nicolaus, H. F., Roggenhofer, A., Altenbuchner, A., Dormann, H.,
Pfistermeister, B., et al. (2022). Systematic review of risk factors assessed in predictive
scoring tools for drug-related problems in inpatients. J. Clin. Med. 11 (17), 5185. doi:10.
3390/jcm11175185

Kara, E., Soysal, H. Y., Yumrucu, F. G., Halacli, B., Ersoy, N., Demirkan, K., et al. (2024).
Clinical pharmacy interventions for critically ill patients. J. Crit. Care 81, 154619. doi:10.
1016/j.jcrc.2024.154619

Kim, S., Kim, M. G., and Koo, T. Y. (2023). Prevalence of polypharmacy and associated
adverse outcomes in kidney transplant recipients. Nephrol. Dial. Transpl. 38 (Suppl. 1),
gfad063c. doi:10.1093/ndt/gfad063c_5280

Lauchart, W., Gubernatis, G., and Bliimke+, M. (2005). Transplantasyon tibb1. Yogun
Bakim Tibbi 42, 481-488. doi:10.1007/s00390-005-0612-y

Lee, P. H., Fan, P. Y. W, and Kee, T. Y. S. (2016). Medication therapy management by
pharmacists in a kidney transplant ambulatory clinic. Proc. Singap. Healthc. 25 (2),
117-121. doi:10.1177/2010105816630026

Lee, K. S., Jang, ], Jang, H., Kang, H., Rim, J. H,, and Lim, J. B. (2025). Better prediction
of clinical outcome with 475 estimated glomerular filtration rate by CKD-EPI 2021.
J. Appl. Lab. Med. 10 (2), 274-285. doi:10.1093/jalm/jfae103

Li, X. X,, Zheng, S. Q., Gu, J. H,, Huang, T, Liu, F., Ge, Q. G,, et al. (2020). Drug-related
problems identified during pharmacy intervention and consultation: implementation of
518 an intensive care unit pharmaceutical care model. Front. Pharmacol. 11, 571906.
doi:10.3389/fphar.2020.571906

Lima, L. F.,, Martins, B. C,, Oliveira, F. R,, Cavalcante, R. M., Magalhes, V. P., Firmino,
P. Y, et al. (2016). Pharmaceutical orientation at hospital discharge of transplant
patients: strategy for patient safety. Einstein (Sdo Paulo) 14 (3), 359-365. d0i:10.1590/
S$1679-45082016A 03481

Martin, J. E., and Zavala, E. Y. (2004). The expanding role of the transplant pharmacist in
the multidisciplinary practice of transplantation. Clin. Transpl. 18 (12), 50-54. doi:10.
1111/j.1399-4920012.2004.00218.x

Masnoon, N., Shakib, S., Kalisch-Ellett, L., and Caughey, G. E. (2017). What is
polypharmacy? A systematic review of definitions. BMC Geriatr. 17, 230. doi:10.
1186/512877-017-0621-2

Maxwell, S. R. (2016). Rational prescribing: the principles of drug selection. Clin. Med.
(Lond). 16 (5), 459-464. doi:10.7861/clinmedicine

Mercuri, M., Sherbino, J., Sedran, R. J., Frank, J. R., Gafni, A., and Norman, G. (2015).
When guidelines don’t guide: the effect of patient context on management decisions
based on clinical practice guidelines. Acad. Med. 90 (2), 191-196. doi:10.1097/ACM.
0000000000000542

Frontiers in Pharmacology

14

10.3389/fphar.2026.1738563

Mulder, M. B., Borgsteede, S. D., Darwish Murad, S., Landman, C. S., Metselaar, H. J.,
and Hunfeld, N. G. M. (2021). Medication-related problems in liver transplant recipients
in the outpatient setting: a Dutch cohort study. Front. Pharmacol. 12, 637090. doi:10.
3389/fphar.2021.637090

Mulder, M. B, Doga, B., Borgsteede, S. D., van den Burg, A. M., Metselaar, H. J., den
Hoed, C. M., et al. (2022). 510 evaluation of medication-related problems in liver
transplant recipients with and without an outpatient medication consultation by a
clinical pharmacist: a cohort study. Int. J. Clin. Pharm. 44 (5), 1114-1122. doi:10.1007/
511096-022-01423-6

O’Grady, J. G., Asderakis, A., Bradley, R., Burnapp, L., McPake, D. M., Perrin, M.,
et al. (2010). Multidisciplinary insights into optimizing adherence after solid
organ transplantation. Transplantation 89 (5), 627-632. doi:10.1097/TP.
0b013e3181ca87b0

Pinheiro, M. K., Chaves, E. F., Oliveira, A. B., Andrade, C. C., Bastos, K. X., and Guedes,
M. M. (2020). Pharmaceutical recommendations in a university hospital transplant unit.
Rev. Bras. Farmdcia Hosp. Servicos Satide 10 (4), 0361. doi:10.30968/rbfhss.2019.104.
0361

Saldanha, V., Aratjo, I. B., Lima, SIVC, Martins, R. R,, and Oliveira, A. G. (2020). Risk
factors for drug-related problems 447 in a general hospital: a large prospective cohort.
PLoS One 15 (5), €0230215. doi:10.1371/journal.pone.0230215

Satria, M. A., Andrajati, R.,, and Supardi, S. (2022). The translation process of
pharmaceutical care network Europe v9.00 to bahasa Indonesia: an instrument to
detect drug-related problem. Malays J. Med. Sci. 29 (3), 133-144. doi:10.21315/
mjms2022.29.3.1

Shawagfeh, M. S., Alangari, D., Aldamegh, G., Almotairi, J., Bin Orayer, L., Albekairy, N.
A, et al. (2023). Unveiling medication errors in liver transplant patients towards
enhancing the imperative patient safety. Saudi Pharm. J. 31 (11), 101789. doi:10.
1016/j.jsps.2023.101789

Stevens, P. E., Ahmed, S. B., Carrero, J. J., Foster, B., Francis, A., Hall, R. K., et al.
(2024). KDIGO 2024 clinical practice guideline for the evaluation and management
of chronic kidney disease. Kidney Int. 105 (4), 117-314. doi:10.1016/j.kint.2023.
10.018

Van Mil, J. W., Westerlund, L. O., Hersberger, K. E., and Schaefer, M. A. (2004). Drug-
related problem classification systems. Ann. Pharmacother. 38 (5), 859-867. doi:10.1345/
aph.1D182

Van Mil, J. W. F., Horvat, N., Westerlund, T., and Richling, I. (2020). PCNE
classification for drug-related problems V9.1. Zuidlaren (NL): pharmaceutical
care network Europe association. Available online at: https://www.pcne.org/
upload/files/555_09_PCNE_classification_V9-1_final.pdf (Accessed February 2,
2024).

Wang, H. Y., Chan, A. L, Chen, M. T, Liao, C. H,, and Tian, Y. F. (2008).
Effects of pharmaceutical care intervention by clinical pharmacists in renal
transplant clinics. Transpl. Proc. 40 (7), 2319-2323. doi:10.1016/j.transproceed.2008.
06.050

Yang, H,, Li, L, Hu, X., Wang, W., Yang, X,, Liu, H,, et al. (2019). Impact of pharmacist-
led post transplant medication management for kidney transplant recipients: a
retrospective pre- and post intervention study. J. Clin. Pharm. Ther. 44 (4), 603-610.
doi:10.1111/jcpt.12826

frontiersin.org


https://doi.org/10.1136/bmjopen-2020-041563
https://doi.org/10.1016/j.transproceed.2012.11.002
https://doi.org/10.1038/s41598-020-80560-2
https://doi.org/10.1038/s41598-020-80560-2
https://doi.org/10.3390/jcm11175185
https://doi.org/10.3390/jcm11175185
https://doi.org/10.1016/j.jcrc.2024.154619
https://doi.org/10.1016/j.jcrc.2024.154619
https://doi.org/10.1093/ndt/gfad063c_5280
https://doi.org/10.1007/s00390-005-0612-y
https://doi.org/10.1177/2010105816630026
https://doi.org/10.1093/jalm/jfae103
https://doi.org/10.3389/fphar.2020.571906
https://doi.org/10.1590/S1679-45082016AO3481
https://doi.org/10.1590/S1679-45082016AO3481
https://doi.org/10.1111/j.1399-4920012.2004.00218.x
https://doi.org/10.1111/j.1399-4920012.2004.00218.x
https://doi.org/10.1186/s12877-017-0621-2
https://doi.org/10.1186/s12877-017-0621-2
https://doi.org/10.7861/clinmedicine
https://doi.org/10.1097/ACM.0000000000000542
https://doi.org/10.1097/ACM.0000000000000542
https://doi.org/10.3389/fphar.2021.637090
https://doi.org/10.3389/fphar.2021.637090
https://doi.org/10.1007/s11096-022-01423-6
https://doi.org/10.1007/s11096-022-01423-6
https://doi.org/10.1097/TP.0b013e3181ca87b0
https://doi.org/10.1097/TP.0b013e3181ca87b0
https://doi.org/10.30968/rbfhss.2019.104.0361
https://doi.org/10.30968/rbfhss.2019.104.0361
https://doi.org/10.1371/journal.pone.0230215
https://doi.org/10.21315/mjms2022.29.3.1
https://doi.org/10.21315/mjms2022.29.3.1
https://doi.org/10.1016/j.jsps.2023.101789
https://doi.org/10.1016/j.jsps.2023.101789
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1016/j.kint.2023.10.018
https://doi.org/10.1345/aph.1D182
https://doi.org/10.1345/aph.1D182
https://www.pcne.org/upload/files/555_09_PCNE_classification_V9-1_final.pdf
https://www.pcne.org/upload/files/555_09_PCNE_classification_V9-1_final.pdf
https://doi.org/10.1016/j.transproceed.2008.06.050
https://doi.org/10.1016/j.transproceed.2008.06.050
https://doi.org/10.1111/jcpt.12826
https://www.frontiersin.org/journals/pharmacology
https://www.frontiersin.org
https://doi.org/10.3389/fphar.2026.1738563

	Prospective evaluation of medication-related problems and pharmacist interventions in liver transplant recipients
	1 Introduction
	2 Methods
	2.1 Assessment
	2.2 Statistical analysis

	3 Results
	4 Discussion
	4.1 Demographic and clinical characteristics of the patients
	4.2 Classification of medication related problems
	4.3 Strengths and limitations
	4.4 Conclusion

	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher’s note
	Supplementary material
	References


