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Characterization of drug-related problems in 
gram-negative bloodstream infections with 
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ABSTRACT

Patients with Gram-negative bacilli bloodstream infections (GNB-BSIs) have 
a high mortality and morbidity rate. This can result in an increased length of 
hospitalizations and risk of polypharmacy. This study investigates drug-related 
problems (DRPs) and associated factors during antimicrobial treatment 
in GNB-BSI patients. The prospective observational study was conducted 
between April 2023 and April 2024 at a 970-bed tertiary care university 
hospital in Istanbul. The study included 150 adult patients with a mean age of 
58 years, and 57.3% of patients were male.  Multivariable logistic regression 
analysis highlighted significant associations between DRPs and the presence 
of comorbidities, the duration of the patient’s hospitalization, time to adequate 
antimicrobial therapy and the number of prescribed medications per patient 
(p<0.05). In conclusion, this study underscores the significance of clinical 
pharmacists’ collaboration with clinicians in the identification and assessment 
of drug-related problems (DRPs) within the clinical department. 
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INTRODUCTION

Gram-negative bacilli bloodstream infections (GNB-BSIs) are a major public 
health problem due to their high rates of morbidity and mortality1. Timely ini-
tiation of appropriate antibiotic therapy is critical in the treatment of BSIs. to 
decrease mortality and poor outcomes2,3. However, the increasing prevalence 
of antimicrobial resistance (AMR) poses a significant challenge to the treat-
ment and management of GNB-BSIs4,5.

The resistance crisis highlights the need for multidisciplinary antimicrobial 
stewardship (AMS) programs that require collaboration between healthcare 
professionals, including infectious disease specialists, clinical pharmacists and 
microbiologists, to monitor antibiotic use and resistance patterns and imple-
ment evidence-based guidelines6.

Clinical pharmacists play a critical role in AMS programs and drug-related 
problems (DRPs) in infectious disease7,8. These problems can take many 
various forms, including inappropriate drug selection, dosing errors, drug 
interactions, and patient non-compliance, among others9. The overall use 
of antibiotics, associated costs, duration of treatment and infections caused 
by multi-drug resistant organisms have been reduced by the participation of 
clinical pharmacists. Furthermore, the use of appropriate antibiotics10,11.

DRPs in bloodstream infections (BSIs) is a major concern as it leads to treat-
ment failures and increases healthcare costs12. The pharmacist-led review of 
DRPs has become a pivotal strategy in the prevention and mitigation of drug-
related harm13.

The primary objective of this study was to examine the prevalence and types 
of DRPs in critically ill patients, specifically those in hematology-oncology and 
intensive care units, who developed GNB-BSI in our hospital. The secondary 
objective was to identify factors associated with an increased risk of DRPs.

METHODOLOGY

Study design, setting and population

We conducted a prospective study between April 2023 and April 2024 in 
Istanbul, Turkey. Our facility was a tertiary care university hospital with a 
90-bed of intensive care units (ICU) and a 970-bed capacity comprehensive 
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hematology and oncology wards. On the other hand, hematopoietic stem cell 
transplantation and solid organ transplantation were also performed 

This study was conducted with the participation of a clinical pharmacist. The 
clinical pharmacist had a daily ward round with the responsible physician and 
other healthcare professionals. She observed the clinical follow-up of the pa-
tients, the treatments they received, the DRPs that developed and the progres-
sion of DRPs. 

Patients who met the following inclusion criteria were included in the study.

Inclusion criteria

Inpatients≥18 years of age,

Patients with GNB-BSI,

Patients in the hematology ward, oncology ward, solid organ transplantation 
ward, hematopoietic stem cell transplantation ward or ICU.

Exclusion criteria

Patients who refused to participate the study,

Patients were re-admitted during the data collection period,

Patients were discharged within 48 hours after the initial positive blood cul-
ture signal,

Patients that refused treatment or did not receive treatment,

Patients who died within 48 hours after the initial positive blood culture signal,

During the study period, GNB-BSIs were identified in 172 patients, but 150 
patients were included in the final,

During the study period, GNB-BSIs were identified in 172 patients, but 150 
patients were included in the final analysis. The reason for exclusion (n=22) 
was due to patients who died or were discharged within 48 hours after the first 
blood culture. Figure 1 shows the flowchart of the study design.
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Figure 1. Flowchart of the study design

The study was approved by the Istanbul Medipol University Local Ethics 
Committee for non-interventional clinical research (E-10840098-772.02-
803/31.01.2023).

Data collection 

Gram stain was performed when there was a sign of microbial growth on the 
blood cultures. Monitoring of patients was begun with detection of a GNB. The 
follow-up of the patients continued throughout the treatment process of the 
bloodstream infection until discharge or death. 

The patients’ sociodemographic characteristics, comorbidities, Body Mass In-
dex (BMI), medical history, the time interval between the onset of BSI and the 
initiation of appropriate antimicrobial therapy, antimicrobials used, length of 
hospital stay since the first positive blood culture (days), number of prescribed 
medications, profile bacteria that caused BSI, carbapenem resistant, and DRPs 
were recorded. 

The Pharmaceutical Care Network Europe (PCNE) classification version 9.01 
was used to determine of DRPs in the patients14. In the event of a life-threaten-
ing situation, the clinicians implemented the necessary interventions. 

Researching of the PubMed database revealed a paucity of studies on the topic 
of DRP in adult patients with infectious diseases. The objective of the study 
was to ascertain the incidence of DRP and to identify associated risk factors.
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Statistical analysis

Statistical analysis included both descriptive and inferential statistics. Fre-
quency, proportion, mean and standard deviation (SD) were applied as de-
scriptive statistics measures. Inferential statistics analysis was performed by 
using categorical data as input. To this end, the distribution of categorical 
variables was summarized by count and proportions with the purpose to per-
form comparison based on the DRP status (namely, the presence or absence of 
DRPs). In this regard, the chi-square test was performed, which was followed 
by univariate and multivariate logistic regression. The Chi-square test (χ²) was 
applied to test difference in distribution of categorical variables between the 
two study groups (namely patients with DRPs and without DRPs). In order to 
assess the association between the variables in more detail and to gain com-
plementary insights regarding the covariates of DRPs, crude odds ratios and 
adjusted odds rations were computed using univariate and multivariate logis-
tic regression, respectively. The statistical significance of association between 
the studied independent variables and DRPs was tested using the multivariate 
logistic regression analysis method. To this end, significance of variables was 
summarized by single p value or multiple p values, depending on the num-
ber of categories. In case of more than one category, the overall p values were 
provided. For the evaluation of all inferential statistics results, the statistical 
significance level p<0.05 was considered as the cut-off threshold value for sig-
nificance. The SPSS software (version 22) was utilized for statistical analysis.

RESULTS and DISCUSSION

A total of 150 patients with bloodstream infections were included in the study 
and in total 237 DRPs were identified in 74% of the patients. The median age 
of the patients was 58 years and 86% were male. The socio-demographic data 
of the patients are shown in Table 1.
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Table 1. Characteristics of the patients with GNB-BSIs

Characteristics Frequency n (%) Mean (SD)

Gender
Male
Female

86 (57.33)
64 (42.67)

Age, years
18-45 (n, %) 
46-65 (n, %) 
>65 (n, %)

39 (26)
69 (46)
42 (28)

58 (16.28)

Body Mass Index (BMI)
Weight (kg)
Height (m)

25.93 (6.34)
70 (20)

1.65 (12.25)

Comorbidities
1
2
3
4
5

61 (40.67)
44 (29.33)
20 (13.33)
14 (9.33)
7 (4.67)

2.13 (1.28)

The 10 most common comorbidities
Hypertension
Cancer
Type 2 Diabetes Mellitus
Leukemia 
Kidney failure
Lymphoma
Coronary Artery Disease
Multiple Myeloma
Chronic Heart Failure
Liver failure

45 (30)
43 (28.67)
40 (26.67)

27 (18)
27 (18)

17 (4.67)
11 (7.33)
11 (7.33)
10 (6.67)
7 (4.67)

Length of hospital stay since the first 
positive blood culture, (days)

15 (34.24)

Number of prescribed medications 20 (7.41)

Total number of patients readmitted to 
hospital within 30 days 42 (28)

Note: SD: standard deviation.

Immunosuppressed and critically ill patients accounted for 77% of the total 
patient population. The Table 2 presents the characteristics of the pathogens 
in the initial blood culture. 
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Table 2. Characteristics of the pathogens in the initial blood culture 

Frequency (n) Percentage (%)

Gram-negative bacteria
Carbapenem resistant

150
58

100
38.67

Escherichia coli
Carbapenem resistant

66
9

44
14

Klebsiella spp.
Carbapenem resistant

50
26

33.33
52

Pseudomonas spp.
Carbapenem resistant

19
19

12.66
100

Enterobacter spp.
Carbapenem resistant

6
2

4
33.33

Acinetobacter spp.
Carbapenem resistant

1
1

0.66
100

Other Gram-negative bacteria
Carbapenem resistant

8
1

5.3
13

The most common pathogens were E. coli 44% (n=66) and K. pneumoniae 
33.3% (n=50). The frequency and percentage of antibiotics used are shown in 
Figure 2. 

Figure 2. The frequency and percentages the antibiotics used.

The most commonly used antibiotics were piperacillin-tazobactam with 52%. 
Table 3 illustrates the time interval between initial appropriate antibacterial 
treatment and the onset of symptoms indicative of a bloodstream infection.
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Table 3. The time interval between the onset of BSI and the initiation of appropriate 
antimicrobial therapy

Time to adequate 
antimicrobial therapy Frequency (n) Percentage (%)

<6 hour 80 53.33

7-24 hour 47 31.33

25-48 hour 17 11.33

>49 hour 6 4

TOTAL 150 100

It was observed that 85% of patients received appropriate antibacterial treat-
ment within the first 24 hours after the onset of symptoms consistent with a 
bloodstream infection.

The primary types of DRPs were treatment effectiveness (P1) (33%), treatment 
safety (P2) (53%), and other issues (P3) (14%).  The problems are shown in 
Figure 3, and the causes of DRPs are shown in Table 4.

Figure 3. The problems, PCNE classification for drug-related problems V9.1
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Table 4. The causes, PCNE classification for drug-related problems V9.1

Causes (including possible causes for potential problems) 268

 Number %

N1. Drug selection 
N2. Drug form
N3. Dose selection
N4. Treatment duration
N5. Dispensing
N6. Drug use process
N7. Patient related
N8. Patient transfer related
N9. Other

115
0

25
82

-
6
-

19
21

42.91
-

9.32
30.59

-
2.23

-
7.01
7.83

The most common causes of DRPs were drug selection (42.91%), treatment 
duration (30.59%), and dose selection (9.3%). By the day-28, 13.3% (n=20) 
patients had died, 52.6% (n=79) patients had been discharged from the hospi-
tal, 2% (n=3) patients were still followed in the ICU, and 32% (n=48) patients 
were still followed in the wards. 

Based on the estimates of the performed χ2 tests (in the form of χ2 statistics 
and p values), it is plausible to conclude that a significant difference (p<0.05) 
exists between patients with DRP and patients without DRP with respect to 
the following categorical variables: age (p=0.043), presence of comorbid-
ity (p=0.002), length of stay at hospital (p=0.024), time to adequate antimi-
crobial therapy (p=0.012) and number of prescribed medications per patient 
(p<0.001) (Table 5).  
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Table 5. Chi-square test results for difference in distribution of variables between patients 
with DRPs and without DRPs

Variables Category
DRPs 
Yes

n (%)

DRPs 
No

n (%)
χ² statistic χ² p-value

Sex

Female 44 (68.75) 20 (31.25)

1.60 0.206

Male 67 (77.90) 19 (22.10)

Age (years)

18-45 23 (58,97) 16 (41)

6.28 0.043*46-65 54 (78,26) 15 (21,74)

>65 34 (80,95) 8 (19)

Presence of 
comorbidity

No 42 (61.76) 26 (38.24)

9.68 0.002*

Yes 69 (84.15) 13 (15.85)

Length of stay 
at hospital 
(days)

<7 37 (63.79) 21 (36.21) 5.12 0.024*

≥7 74 (80.43) 18 (19.57)

Time to 
adequate 
antimicrobial 
therapy 
(hours)

<12 60 (66.67) 30 (33.33)

6.29 0.012*

≥12 51 (0.85) 9 (0.15)

Number of 
prescribed 
medications 
per patient

7-14 19 (55.88) 15 (44.12)

23.0 < .001*

15-19 23 (57.50) 17 (42.50)

20-29 51 (92.73) 4 (7.27)

>30 18 (85.71) 3 (14.29)

Carbapenem 
resistance

No 63 (68.48) 29 (31.52)

3.77 0.052

Yes 48 (82.76) 10 (17.24)

DRPs: drug related problems; * indicates significance at p<0.05.



603Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025

Furthermore, the results of univariate and multivariate logistic regression 
analyses, which were performed as a further step to assess associations be-
tween the studied variables, are shown in the Table 6. 

Table 6. Bivariate and Multivariate logistic regression analysis result of DRPs covariates 
among patients 

Variables Category

DRPs 
Yes
n 

(%)

DRPs
No
n 

(%)

COR 
(95% CI)

AOR 
(95% CI) p-value Overall 

p-value

Sex

Female 44 
(68.75) 20 (31.25) 1 1

Male 67 
(77.90) 19 (22.10) 1.603

(0.769-3.340)
1.421

(0.563-3.586) 0.457

Age (years)

18-45 23 
(58.97)

16 
(41) 1 1

0.46646-65 54 
(78.26) 15 (21.74) 2.504

(1.063-5.900)
1.953

(0.670-5.688) 0.220

>65 34 
(80.95)

8 
(19)

2.957
(1.087-8.038)

1.631
(0.462-5.758) 0.448

Presence of 
comorbidity

No 42 
(61.76) 26 (38.24) 1 1

Yes 69 
(84.15) 13 (15.85) 3.286

(1.524-7.085)
2.877

(1.122-7.375) 0.028*

Length of stay at 
hospital (days)

<7 37 
(63.79) 21 (36.21) 1 1

≥7 74 
(80.43) 18 (19.57) 2.333

(1.110-4.905)
2.770

(1.041-7.372) 0.041*

Time to adequate 
antimicrobial 

therapy (hours)

<12 60 
(66.67) 30 (33.33) 1 1

≥12 51 
(0.85)

9 
(0.15)

2.833
(1.232-6.519)

4.993
(1.586-15.716) 0.006*
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Number of 
prescribed 

medications per 
patient

7-14 19 
(55.88) 15 (44.12) 1 1

0.000* 15-19 23 
(57.50) 17 (42.50) 1.068

(0.425-2.687)
1.260

(0.394-4.036) 0.697

20-29 51 
(92.73)

4 
(7.27)

10.066
(2.965-34.173)

14.379
(3.427-60.343) 0.000*

>30 18 
(85.71) 3 (14.29) 4.737

(1.171-19.155)
6.974

(1.330-36.567) 0.022*

Carbapenem 
resistance

No 63
(68.48) 29 (31.52) 1 1 1

0.951
Yes 48 

(82.76) 10 (17.24) 2.210
(0.982-4.971)

0.969
(0.351-2.673) 0.951

DRPs: drug related problems; AOR: adjusted odds ratio; CI: confidence interval; COR: 
crude odds ratio.; * indicates significance at p<0.05.

Here, univariate logistic regression provided crude (unadjusted) odd ra-
tions, while multivariate logistic regression analyses computed adjusted odd 
ratios and p values. To this end, multivariate regression analysis delineated 
statistically significant association between DRPs (the dependent variable) 
and the following covariates (independent variables): presence of comorbid-
ity (p=0.028), length of stay at hospital (p=0.041), time to adequate antimi-
crobial therapy (p=0.006) and number of prescribed medications per patient 
(p<0.001). Overall, the significant associations between these four variables 
and the mentioned DRP status were detected by both the χ2 tests and the mul-
tivariate logistic regression. Consequently, the χ2 test estimates and the ob-
served odds ratios altogether suggest that presence of comorbidity, increase in 
length of stay at hospital, increase in time to adequate antimicrobial therapy 
and increase in number of prescribed medications per patient are potential 
risk factors of DRPs.

The prevalence and types of DRPs

The DRPs was detected in nearly three-quarters of our patients, and the most 
common antimicrobial treatment was piperacillin-tazobactam. The incidence 
of DRPs ranges from 8.54% to 99.16% (12). A single-center study has reported 
antibiotic-associated DRPs 87.3% in patients with community-acquired pneu-
monia15. On the other hand, in a prospective study on patients with various 
systemic bacterial infections, the rate of DRPs was found 71.51%16.  In addition, 
two studies among patients with COVID-19 in showed that 65.3% and 33.2% 
of patients had at least one drug related problem, respectively17,18. DRPs have 
been reported within a wide range in the literature, and the rate of DRPs in our 
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study was considered high compared to previous reports. The wide range of 
DRPs is thought to be due to differences in the way the trials were conducted, 
the characteristics of the patients included, and the follow-up practices of the 
centers. With all that, our study is thought to reflect more reliable data because 
of its prospective design. 

The most commonly observed DRPs in previous studies were treatment safety 
and treatment efficacy, ranging from 29.9% to 77.18% and 18.44% to 47.9%, 
respectively, similar to our study16,19,20. The leading causes of these DRP types 
were often related to drug selection and dose selection21,22. Our results were 
partially in contrast with these findings since we identified drug selection and 
treatment duration as the most common causes for DRPs.  The duration of 
antibiotic use was extended in our study. The effect of appropriate dose and 
duration of antibiotic use on clinical outcomes, adverse reaction of antibiotics 
and AMR is well known2,4. However, our study contributed to the literature by 
presenting striking data emphasizing the association of inappropriate doses 
and durations of antibiotic use with DRPs. This results also highlight the criti-
cal role of a clinical pharmacist, even for a single parameter such as treatment 
duration.

Risk factors for DRPs

Our study underscores comorbidities, length of hospital stay, time to adequate 
antimicrobial therapy and increased number of drugs prescribed per patient as 
potential risk factors for DRPs.  

We revealed that the DRPs was higher in patients with comorbidities, simi-
lar to previous studies23-25. Another factor that associated with development of 
DRPs was delays in initiating appropriate antimicrobial therapy in our study. 
This delay is strongly associated with worse clinical outcomes, including an 
increased risk of progression to organ failure2 that causes more intervention 
and using a larger number of medications. Existing literature has shown that 
early and targeted antimicrobial therapy significantly reduces both complica-
tions and mortality in patients with BSIs26,27. And the third one was length of 
hospital stay that increases the risk of DRPs in our study which consistent with 
literature data16,25. The findings of the present study suggest an association be-
tween DRPs and a number of factors, including the presence of comorbidities, 
delays in the initiation of appropriate treatment and prolonged hospitalization. 
DRPs were thought to be associated with many factors, when all findings of our 
study were taken into consideration; the presence of comorbidities, delays in 
appropriate treatment and prolonged hospitalization. All of these factors are 
thought to be associated with polypharmacy. In conclusion, the factors that di-
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rectly or indirectly influence polypharmacy should be considered significant in 
the context of DRP and the management of polypharmacy should be improved.

The increasing risk of drug interactions and adverse events by the polypharma-
cy is well-known16,24. We have also shown statistically significant association 
between development of DRPs and high number of the prescribed medications 
per patient. Our findings are compatible with the previous study that reported 
higher rates of DRPs in patients undergoing polypharmacy28. These results 
from our study have highlighted the importance of collaboration between the 
clinical pharmacologist and clinicians. The EUROBACT-2 study found that in-
frequent consultations with clinical pharmacists were associated with higher 
mortality rates, underscoring their critical role in optimizing antimicrobial 
therapy for hospital-acquired BSIs29. Clinical pharmacists improve patient 
outcomes through medication counseling, adherence support, and follow-up 
care, reducing adverse drug reactions and medication errors. Despite higher 
initial costs associated with their interventions, the overall economic impact 
is positive when considering the savings from avoided adverse drug events30,31.

In our study, the relationship between DRPs and carbapenem resistance was 
not statistically significant in the Chi-square test and multivariate analysis. 
This hints that the actual effect could be context-dependent and much com-
plex, making it more difficult to detect. The elaborate and comprehensive in-
vestigation with larger sample size is needed to clarify the impact of carbap-
enem resistance.

In this regard, this study emphasis for the importance of clinical pharmacists 
in the detection and evaluation of DRPs and in the management of antimicro-
bial therapy for GNB-BSIs in collaboration with infectious disease specialists 
in GNB-BSIs. 

The large number of our cases and the prospective design of our study increase 
the reliability of our study. On the other hand, our single-center data, which 
reflects the clinical practice of our center, is a limitation of our study.

STATEMENT OF ETHICS

The study was approved by the Istanbul Medipol University Local Ethics 
Committee for non-interventional clinical research (E-10840098-772.02-
803/31.01.2023).

CONFLICT OF INTEREST STATEMENT

The authors affirm that the research was carried out without any affiliations or 
financial associations that could be perceived as a possible conflict of interest.



607Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025

AUTHOR CONTRIBUTIONS

Concept – Selda Aydin, Rumeysa Cakmak, Meyha Sahin, Mesut Yilmaz (au-
thors contributed equally); Design – Selda Aydin, Rumeysa Cakmak, Mesut 
Yilmaz (authors contributed equally); Data Collection and Processing – 
Rumeysa Cakmak, Meyha Sahin, Elif Güner Yeniaydin; Statistical Analysis 
and Interpretation – Kıvanç Kök; Literature Search – Selda Aydin, Rumeysa 
Cakmak; Drafting of the Manuscript – Rumeysa Cakmak, Meyha Sahin; Criti-
cal Revision of the Manuscript – Selda Aydin, Rumeysa Cakmak, Kıvanç Kök, 
Mesut Yilmaz.

FUNDING SOURCES

This study was not funded by any organization.

ACKNOWLEDGMENTS

The authors of this study are grateful to Istanbul Medipol University for pro-
viding opportunities and support.



608 Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025

REFERENCES
1. Xu S, Song Z, Han F, Zhang C. Effect of appropriate empirical antimicrobial therapy on 
mortality of patients with Gram-negative bloodstream infections: a retrospective cohort study. 
BMC Infect Dis, 2023;23(344). Doi: 10.1186/s12879-023-08329-2

2. Van Heuverswyn J, Valik JK, Desirée van der Werff S, Hedberg P, Giske C, Nauclér P. Asso-
ciation between time to appropriate antimicrobial treatment and 30-day mortality in patients 
with bloodstream infections: a retrospective cohort study. Clin Infect Dis, 2023;76(3):469-478. 
Doi: 10.1093/cid/ciac727

3. Lee CC, Chen PL, Ho CY, Hong MY, Hung YP, Ko WC. Prompt antimicrobial therapy and 
source control on survival and defervescence of adults with bacteraemia in the emergency de-
partment: the faster, the better. Crit Care, 2024;1:28(1). Doi: 10.1186/s13054-024-04963-7 

4. Waters J, Shorr AF. Bloodstream infection and Gram-negative resistance: the role for newer 
antibiotics. Antibiotics, 2023;12(6):977. Doi: 10.3390/antibiotics12060977

5. Holmes CL, Anderson MT, Mobley HLT, Bachman MA. Pathogenesis of Gram-negative bac-
teremia. Clin Microbiol Rev, 2021;34(2):e00234-20. Doi: 10.1128/cmr.00234-20

6. Khadse SN, Ugemuge S, Singh C. Impact of antimicrobial stewardship on reducing antimi-
crobial resistance. Cureus, 2023;15(12):e49935. Doi: 10.7759/cureus.49935

7. Cheng J, Dang CD, Li X, Wang JJ, Huang X, Li Y, et al. The participation of clinical phar-
macists in the treatment of patients with central nervous system infection can improve the 
effectiveness and appropriateness of anti-infective treatments: a retrospective cohort study. 
Front Pharmacol, 2023;14:1226333. Doi: 10.3389/fphar.2023.1226333

8. Dighriri IM, Alnomci BA, Aljahdali MM, Althagafi HS, Almatrafi RM, Altwairqi WG, et al. 
The role of clinical pharmacists in Antimicrobial Stewardship Programs (ASPs): a systematic 
review. Cureus, 2023;15(12). Doi: 10.7759/cureus.50151

9. Ayele Y, Tesfaye ZT. Drug-related problems in Ethiopian public healthcare settings: sys-
tematic review and meta-analysis. SAGE Open Med, 2021;9. Doi: 10.1177/20503121211009728

10. Xia H, Li J, Yang X, Zeng Y, Shi L, Li X, et al. Impacts of pharmacist-led multifaceted 
antimicrobial stewardship on antibiotic use and clinical outcomes in urology department 
of a tertiary hospital in Guangzhou, China: an interrupted time series study. J Hosp Infect, 
2024;151:148-160. Doi:  10.1016/j.jhin.2024.05.003

11. Yu J, Liu Y, Qu R, Wang Z, Zhao Y, Zhao Y, et al. Evaluation of a clinical pharmacist-led 
antimicrobial stewardship program in a neurosurgical intensive care unit: a pre-and post-in-
tervention cohort study. Front Pharmacol, 2023;14. Doi:  10.3389/fphar.2023.1263618

12. Ni XF, Yang CS, Bai YM, Hu ZX, Zhang LL. Drug-related problems of patients in primary 
health care institutions: a systematic review. Front Pharmacol, 2021;12. Doi: 10.3389/fphar. 
2021.698907

13. Lekpittaya N, Kocharoen S, Angkanavisul J, Siriudompas T, Montakantikul P, Paiboonvong 
T. Drug-related problems identified by clinical pharmacists in an academic medical centre in 
Thailand. J Pharm Policy Pract, 2024;17(1). Doi:  10.1080/20523211.2023.2288603

14. Pharmaceutical Care Network Europe Association. The PCNE Classification V9.1 [Inter-
net]. 2003-2020 Pharmaceutical Care Network Europe Association; 2020 [Jun 1, 2024]. Avail-
able from: https://studylib.net/doc/25639956/417-pcneclassification-v9-1-final

15. Horodnycha O, Zimenkovsky A. Antibiotic therapy of adult inpatients with community-
acquired pneumonia: a retrospective hospital-based study in Ukraine. Acta Pharm Sci, 
2023;61(1). Doi: 10.23893/1307-2080.APS6102

https://doi.org/10.1186/s12879-023-08329-2
https://doi.org/10.1093/cid/ciac727
https://doi.org/10.1186/s13054-024-04963-7
https://doi.org/10.3390/antibiotics12060977
https://doi.org/10.1128/cmr.00234-20
https://doi.org/10.7759/cureus.49935
https://doi.org/10.3389/fphar.2023.1226333
https://doi.org/10.7759/cureus.50151
https://doi.org/10.1177/20503121211009728
https://doi.org/10.1016/j.jhin.2024.05.003
https://doi.org/10.3389/fphar.2023.1263618
https://doi.org/10.3389/fphar.2021.698907
https://doi.org/10.3389/fphar.2021.698907
https://doi.org/10.1080/20523211.2023.2288603
https://studylib.net/doc/25639956/417-pcneclassification-v9-1-final
https://www.actapharmsci.com/abstract.php?id=765


609Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025

16. Bekele F, Fekadu G, Bekele K, Dugassa D, Sori J. Drug-related problems among patients 
with infectious disease admitted to medical wards of Wollega University Referral Hospital: 
prospective observational study. SAGE Open Med, 2021;9. Doi:  10.1177/2050312121989625

17. Ünder D, Enver C, Demirci MY, Ayhan YE, Özgan B, İlerler EE, et al. Clinical 
pharmacist-led medication review in hospitalized confirmed or probable patients with 
COVID-19 during the first wave of COVID-19 pandemic. Turk J Pharm Sci, 2024;21(2):152-
158. Doi: 10.4274/tjps.galenos.2023.47105

18. Barceló-Vidal J, Echeverría-Esnal D, Carballo N, De Antonio-Cuscó M, Fernández-Sala 
X, Navarrete-Rouco ME, et al. Drug-related problems in patients admitted for SARS-CoV-2 
infection during the COVID-19 pandemic. Front Pharmacol, 2022;13:993158. Doi: 10.3389/
fphar.2022.993158

19. Albayrak A, Başgut B, Bıkmaz GA, Karahalil B. Clinical pharmacist assessment of drug-
related problems among intensive care unit patients in a Turkish university hospital. BMC 
Health Serv Res, 2022;22(1):79. Doi: 10.1186/s12913-022-07494-5

20. Çakır A, Memiş H, Gün ZÜ, Bıçakçıoğlu M. Evaluation of drug-related problems of in-
tensive care unit patients by clinical pharmacists: a retrospective study. Turk J Pharm Sci, 
2024;21(4):274-283. Doi: 10.4274/tjps.galenos.2023.44459

21. Durmuş M, Gün Z, Berktaş H. 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. Istanbul J Pharm, 2024;54(1):1-11. Doi: 10.26650/IstanbulJPharm.2024.1327194  

22. Ali Hussain Alsayed H, Saheb Sharif-Askari F, Saheb Sharif-Askari N, Halwani R. Clinical 
pharmacist interventions in an intensive care unit reduces ICU mortality at a tertiary hos-
pital in Dubai, United Arab Emirates. Explor Res Clin Soc Pharm, 2024;14. Doi: 10.1016/j.
rcsop.2024.100431

23. Kara E, Kelleci Çakır B, Sancar M, Demirkan K. Impact of clinical pharmacist-led interven-
tions in Turkey. Turk J Pharm Sci, 2021;18(4):517-526.  Doi: 10.4274/tjps.galenos.2020.66735

24. Pramotesiri P, Putthipokin K, Ruangritchankul S. Drug related problems among older in-
patients at a tertiary care setting. J Clin Med, 2024;13(6). Doi: 10.3390/jcm13061638

25. Bektay MY, Sancar M, Karaköse OF, Durdu B, İzzettin FV. Identification of drug-related 
problems and investigation of related factors in patients with COVID-19: an observational 
study. Bezmialem Science, 2022 Dec;10(6):777-785. Doi: 10.14235/bas.galenos.2022.63935

26. Ohnuma T, Chihara S, Costin B, Treggiari MM, Bartz RR, Raghunathan K, et al. Associa-
tion of appropriate empirical antimicrobial therapy with in-hospital mortality in patients with 
bloodstream infections in the US. JAMA Netw Open, 2023;6(1). Doi: 10.1001/jamanetworko-
pen.2022.49353

27. Hsueh SC, Chen PL, Ho CY, Hong MY, Lee CC, Ko WC. Comparing the prognostic impacts 
of delayed administration of appropriate antimicrobials in older patients with afebrile and 
febrile community-onset bacteremia. Antibiotics, 2024;13(5). Doi: 10.3390/antibiotics13050465

28. Jung-Poppe L, Nicolaus HF, Roggenhofer A, Altenbuchner A, Dormann H, Pfistermeister 
B, et al. Systematic review of risk factors assessed in predictive scoring tools for drug-related 
problems in inpatients. J Clin Med, 2022;11. Doi: 10.3390/jcm11175185

29. Tabah A, Buetti N, Staiquly Q, Ruckly S, Akova M, Aslan AT, et al. Epidemiology and out-
comes of hospital-acquired bloodstream infections in intensive care unit patients: the EURO-
BACT-2 international cohort study. Intensive Care Med, 2023;49(2). Doi: 10.1007/s00134-
022-06944-2

https://doi.org/10.1177/2050312121989625
https://pubmed.ncbi.nlm.nih.gov/38742835/
https://doi.org/10.3389/fphar.2022.993158
https://doi.org/10.3389/fphar.2022.993158
https://doi.org/10.1186/s12913-022-07494-5
https://doi.org/10.4274/tjps.galenos.2023.44459
https://doi.org/10.26650/IstanbulJPharm.2024.1327194
https://doi.org/10.1016/j.rcsop.2024.100431
https://doi.org/10.1016/j.rcsop.2024.100431
https://doi.org/10.4274/tjps.galenos.2020.66735
https://doi.org/10.3390/jcm13061638
https://doi.org/10.14235/bas.galenos.2022.63935
https://doi.org/10.1001/jamanetworkopen.2022.49353
https://doi.org/10.1001/jamanetworkopen.2022.49353
https://doi.org/10.3390/antibiotics13050465
https://doi.org/10.3390/jcm11175185
https://doi.org/10.1007/s00134-022-06944-2
https://doi.org/10.1007/s00134-022-06944-2


610 Acta Pharmaceutica Sciencia. Vol. 63 No. 3, 2025

30. Fu M, Zhu Y, Wei G, Yu A, Chen F, Tang Y, et al. Evaluation of pharmacist-led medication 
reconciliation at county hospitals in China: a multicentre, open-label, assessor-blinded, non-
randomised controlled study. J Glob Health, 2024;14. Doi: 10.7189/jogh.14.04058

31. Yakti O, Al-Badriyeh D, Rijims M, Abdelaal M, Alsoukhni O, Al Hail M, et al. Clinical pharma-
cists’ interventions for preventing adverse events in critically ill neonates in Qatar: an econom-
ic impact analysis. J Pharm Policy Pract, 2024;17(1). Doi: 10.1080/20523211.2023.2291508

https://doi.org/10.7189/jogh.14.04058
https://doi.org/10.1080/20523211.2023.2291508

