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Evaluation of Drug Interactions with Psychotropic Drugs 
Causing QTc Prolongation – A Study in Palliative Care Patients 

SUMMARY

The use of multiple QTc-prolonging psychotropic drugs or agents 
affecting their metabolism can lead to significant drug-drug interactions 
(DDIs). This study aims to compare the severity ratings of potential 
DDIs (pDDIs) specified in two interaction databases and identify 
clinically relevant interactions associated with QTc prolongation 
in palliative care patients. This prospective study was conducted in 
a palliative care unit of a state hospital between October 2023 and 
May 2024. Potential DDIs and their severities were assessed according 
to Micromedex® and Lexicomp® databases. Electrocardiograms 
(ECGs) were performed on patients flagged as having the risk of QTc 
prolongation. The Drug Interaction Probability Scale (DIPS) was 
applied to evaluate the clinical relevance of the detected interactions. 
A clinical pharmacist provided recommendations based on DIPS 
assessments. A total of 209 pDDIs involving 77 different drug pairs 
were identified among 120 patients. Interrater reliability between 
the two databases was poor for major pDDIs (kappa = –0.034) and 
overall (kappa = –0.052). A pDDI involving a psychotropic drug 
was detected in 61.7% of patients. QTc prolongation was observed 
in 66.7% of patients who underwent ECG (n=58). According 
to DIPS, 122 clinically relevant DDIs (63 unique pairs) were 
identified. Physicians accepted 10.5% of the clinical pharmacist’s 
recommendations, leading to modifications in psychotropic drug 
regimens. Follow-up ECGs revealed no QTc prolongation after the 
interventions. The findings highlight the frequent exposure of palliative 
care patients to psychotropic drug interactions that may prolong QTc. 
Although drug interaction databases provide guidance, discrepancies 
in severity ratings and clinical relevance necessitate individualized 
patient evaluation by a multidisciplinary team, including clinical 
pharmacists, to ensure medication safety.
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QTc Uzamasına Neden Olan Psikotrop İlaçlarla İlaç Etkileşimlerinin 
Değerlendirilmesi – Palyatif Bakım Hastalarında Bir Çalışma

ÖZ

QTc uzatan psikotrop ilaçların veya metabolizmalarını etkileyen 
ajanların birlikte kullanımı, önemli ilaç-ilaç etkileşimlerine (İİE) yol 
açabilmektedir. Bu çalışmanın amacı, iki ilaç etkileşim veri tabanı 
tarafından tanımlanan potansiyel ilaç-ilaç etkileşimlerinin (pİİE’ler) 
şiddet derecelerini karşılaştırmak ve palyatif bakım hastalarında QTc 
uzaması ile ilişkili klinik olarak anlamlı etkileşimleri belirlemektir. 
Bu prospektif çalışma, Ekim 2023 ile Mayıs 2024 tarihleri arasında 
bir devlet hastanesinin palyatif bakım ünitesinde yürütülmüştür. 
Potansiyel ilaç etkileşimleri ve şiddetleri, Micromedex® ve Lexicomp® veri 
tabanları kullanılarak değerlendirilmiştir. QTc uzaması riski taşıdığı 
belirlenen hastalar için elektrokardiyogram (EKG) çekilmiştir. Saptanan 
etkileşimlerin klinik önemini değerlendirmek için İlaç Etkileşimi Olasılık 
Ölçeği (DIPS) uygulanmıştır. Klinik eczacı, DIPS değerlendirmelerine 
dayanarak hekime öneride bulunmuştur. 120 hasta arasında toplam 77 
farklı ilaç etkileşim çiftini içeren 209 pİİE tespit edildi. İki veri tabanı 
arasında gözlemciler arası güvenilirlik, majör şiddetteki pİİE  (katsayı = 
–0,034) ve genel pİİE şiddeti için (katsayı = –0,052) düşüktü. Psikotrop 
bir ilaç içeren pİİE, hastaların %61,7’sinde (n=74) tespit edildi. EKG 
çekilen hastaların %66,7’sinde (n=58) QTc uzaması gözlendi. DIPS’e 
göre, 122 klinik olarak anlamlı ilaç etkileşimi (63 farklı ilaç etkileşim 
çifti) tespit edildi. Hekimler, klinik eczacının önerilerinin %10,5’ini 
kabul etti ve bu da psikotrop ilaç tedavisinde değişikliklere yol açtı. Eczacı 
müdahalelerinden sonra takip edilen EKG’lerde QTc uzaması gözlenmedi. 
Bulgular, palyatif bakım hastalarının QTc’yi uzatabilen psikotrop ilaç 
etkileşimlerine sık sık maruz kaldığını vurgulamaktadır. İlaç etkileşim 
veri tabanları rehberlik sağlasa da, şiddet derecelendirmelerindeki ve 
etkileşimin klinik önemiyle ilgili farklılıklar, ilaç güvenliğini sağlamak 
için klinik eczacıların dahil olduğu multidispiliner bir ekip tarafından 
bireyselleştirilmiş hasta değerlendirmesini zorunlu kılmaktadır.

Anahtar Kelimeler: Psikotrop ilaçlar, ilaç etkileşimi programları, 
klinik olarak önemli ilaç etkileşimleri, palyatif bakım hastaları.
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INTRODUCTION

Palliative care services focused on comfort and 
symptom control are vital for those with terminal 
illnesses. Current estimates indicate that around 25-
42% of individuals nearing the end of life could gain 
from palliative care. The increasing population of 
older individuals and the rising incidence of chron-
ic illnesses in various nations suggest that a greater 
number of individuals may require palliative care in 
the future (Etkind et al., 2017).

Behavioral symptoms, such as anxiety, restless-
ness, depression, and delirium, are common in the 
end stages of life and can be extremely distressing for 
both patients and caregivers. Psychotropic drugs, in-
cluding antipsychotics and benzodiazepines, are com-
monly prescribed in palliative care for the manage-
ment of both behavioral and physical symptoms, such 
as nausea (Gerlach et al., 2021). The prescription of 
psychotropic drugs in elderly patients poses challeng-
es due to prevalent comorbidities and polypharmacy, 
which frequently lead to numerous drug interactions. 
The interaction of these two factors, along with the 
changes in pharmacokinetics and pharmacodynamics 
that come with getting older, as well as the higher risk 
of tolerance and dependence-related conditions, leads 
to a higher risk of side effects, especially corrected QT 
(QTc) prolongation (Mangoni & Jackson, 2004).

The guidelines established by the American Heart 
Association (AHA) and the American College of Car-
diology Foundation (ACCF) indicate that a QTc in-
terval exceeding 470 ms in adult males and 480 ms 
in adult females is considered abnormal. The risk of 
developing torsades de pointes (TdP) increases when 
the QTc interval is ≥ 500 ms in patients (Drew et al., 
2010). According to research, the risk of heart prob-
lems in people with long QT syndrome (LQTS) goes 
up by about 5% for every 10 ms increase in the QTc 
interval (Khatib et al., 2021).

The influence of psychotropic drugs on cardiac 
repolarization is becoming increasingly recognized. 

Numerous antipsychotic and antidepressant drugs 
are associated with QT prolongation (Funk & Bost-
wick, 2013). Haloperidol presents an increased risk 
of QTc prolongation when administered intravenous-
ly (Beach, Celano, Noseworthy, Januzzi & Huffman, 
2013). While atypical antipsychotics are associated 
with QTc prolongation, they pose a lower risk com-
pared to typical antipsychotics (Beach et al., 2013). 
Antidepressants like Citalopram, Escitalopram, and 
Sertraline are known to drastically elevate QTc inter-
vals (Funk & Bostwick, 2013). Citalopram has been 
linked to numerous instances of TdP, resulting in 
the establishment of dosage restrictions by the FDA 
(Åström-Lilja, Odeberg, Ekman & Hägg, 2008).

Evidence indicates that the simultaneous ad-
ministration of various QTc-prolonging drugs, or 
other treatments that may alter the metabolism of a 
QTc-prolonging agent, can lead to detrimental drug-
drug interactions (DDIs) (Wysowski, Corken, Gal-
lo-Torres, Talarico & Rodriguez, 2001). For a more 
accurate assessment of QTc prolongation risk, it is 
important to look at how pharmaceutical agents and 
patient-specific factors interact with each other. Pa-
tient-specific risk factors encompass sex, age, cardiac 
conditions, dyselectrolytemia, and the administration 
of diuretics and antiarrhythmics. 

Drug interaction programs are regarded as essen-
tial tools for alerting physicians to identify DDIs. Pre-
vious studies have identified significant discrepancies 
in the outcomes generated by drug interaction pro-
grams concerning potential drug-drug interactions 
(pDDI) (Tecen-Yucel et al., 2020). Numerous pDDIs 
can be identified using drug interaction programs; 
however, limited research has assessed their clinical 
relevance. 

This study aimed to characterize the differences 
in severity levels of pDDIs identified by two drug in-
teraction programs for psychotropic drugs, as well as 
to identify clinically relevant DDIs in palliative care 
patients receiving psychotropic drugs.
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METHOD

Study design, setting and participants

The study was conducted prospectively in the pal-
liative care unit of a state hospital, where an average 
of 110 patients are followed up annually. The partic-
ipants completed a written informed consent form. 
This study aimed to identify potential and clinically 
relevant drug interactions between two psychotropic 
drugs or between psychotropic drugs and non-psy-
chotropic drugs used in palliative care patients by us-
ing the Micromedex® and Lexicomp® drug interaction 
programs and to assess the risk of these interactions 
causing QTc prolongation.

According to the sample size calculation (Raosoft 
sample size calculator), a minimum of 86 patients 
were planned to participate in the study with a 95% 
confidence interval and a 5% margin of error.

Patients who were hospitalized in the palliative 
care unit between October 2023 and May 2024 who 
were over 18 years old, used at least one psychotro-
pic drug, and had one or more electrocardiograms 
(ECGs) performed during their initial and follow-up 
visits were included in the study. Patients who did not 
meet these criteria were excluded from the study.

Study procedure

A clinical pharmacist participated in clinic visits 
with physicians and examined patient demographics 
(age, gender, number of prescribed medications per 
patient, and diagnosis), drug treatments, and ECG re-
sults from the preceding month.

Initially, pDDIs were observed with psychotropic 
drugs that cause QTc prolongation, and their sever-
ity levels were detected from a patient’s treatment 
schedule utilizing Micromedex® and Lexicomp® drug 
interaction programs. These two drug interaction 
programs are frequently utilized by physicians in hos-
pitals. The Lexicomp® database (by Wolters Kluwer) 
and the Micromedex® database (by IBM) necessitate 
subscriptions for access to medication interaction in-
formation (Wolters Kluwer (n.d.), IBM, (n.d.)).

Table 1 was categorized pDDIs into five classifi-
cations for analysis: severe (contraindicated), major, 
moderate, minor, and none. When a drug interaction 
combination was categorized into multiple classifica-
tions by the programs, the most severe category was 
chosen for comparison between the Micromedex® 
and Lexicomp® programs. If the possible drug inter-
action was classified as severe/contraindicated, major, 
moderate, or minor to produce QTc prolongation in 
any program, an ECG was performed. The calculat-
ed QTc was derived using the Bazett Formula (QTc 
= QT/(RR)0.5). QTc intervals ranging from 450 to 
500 ms in males and from 470 to 500 ms in females 
were deemed borderline prolonged. QTc ≥ 500 ms or 
a variation over 60 ms from baseline was classified 
as prolonged. The cutoffs were selected based on the 
research in the scientific literature indicating an in-
creased risk of sudden cardiac death or arrhythmias 
(Das, Ramasubbu, Agnihotri, Kumar & Rawat, 2021).

Upon determining that a patient’s clinical status 
aligned with the effects (related signs and symptoms) 
of a pDDI, the Drug Interaction Probability Scale 
(DIPS) criteria were employed for a causal assessment 
of the specific interaction. A clinical pharmacist ulti-
mately intervened to address identified clinically rele-
vant drug interactions using the DIPS, a tool including 
10 questions that evaluate the likelihood of a causal 
association between an observed occurrence and the 
effects of a drug interaction. The assessment of DDI 
encompasses the following criteria: (1) prior reliable 
reports; consistency with the established characteris-
tics of (2) precipitant or (3) object drug; (4) temporal 
progression; (5) dechallenge; (6) rechallenge; (7) al-
ternative explanations; (8) concentration of the object 
drug in blood or other fluids; (9) additional objective 
evidence aside from drug concentration; and (10) al-
teration in the interaction with the precipitant drug 
dosage modification. Each question may be respond-
ed to with “yes,” “no,” or “unknown/not applicable,” 
accompanied by a designated numeric score for each 
inquiry. The final score corresponds to a qualitative 
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scale that indicates the likelihood of the reaction be-
ing a medication interaction. The likelihood of drug 
interaction was classified as uncertain (<2), possible 

(2-4), probably (5-8), or highly probable (>8) (Horn, 
Hansten & Chan, 2007).

Table 1. Classification of potential drug-drug interactions based on severity as indicated by drug interac-
tion programs

Severity of Interaction (Category) Micromedex Lexicomp

Severe (5) Contraindicated (X) Avoid combination 

Major (4) Major (D) Consider therapy modification 

Moderate (3) Moderate (C) Monitor therapy 

Minor (2) Minor (B) No action needed 

None (1) Unknown (A) No known interaction 

Statistical analysis

Data were analyzed using descriptive statistics 
(including mean, standard deviation, median, inter-
quartile range, frequency, and percentages). The sta-
tistical analysis of the study was performed using SPSS 
version 23 (IBM, Armonk, NY). The normality of the 
data was determined using Shapiro-Wilk tests.

The Fleiss’ kappa statistic was used to summarize 
the agreement in the category of pDDI provided by 
2 drug interaction programs. The Fleiss’ kappa is a 
measure of interrater reliability that removes agree-
ment expected by chance and is suitable for 2 or more 
raters. A kappa value varies between −1 and 1, with 
1 indicating perfect agreement, −1 indicating perfect 
disagreement, and 0 indicating agreement expected 
by chance (Fleiss, 1971). The interpretation of Fleiss’ 
kappa values is based on guidelines established by 
Landis and Koch, such that <0.0 is poor agreement; 
0.0-0.2 is slight agreement; 0.21-0.40 is fair agreement; 
0.41-0.60 is moderate agreement; 0.61-0.80 is substan-
tial agreement; and 0.81-1.00 is almost perfect agree-
ment (Landis & Koch, 1977). P values were calculated 
for the kappa, with a P<0.05 meaning that rater agree-

ment was unlikely to be because of chance. A high 
level of concordance across evaluators does not nec-
essarily imply that the response is accurate, nor does a 
lack of agreement guarantee its inaccuracy. All Fleiss’ 
kappa values were computed utilizing the R software 
package “irr,” version 0.84.1 (Gamer, Lemon, Fellows 
& Singh, 2019).

Ethics committee approval

This study was approved by the Anadolu Univer-
sity Scientific Research and Publication Ethics Com-
mittee (Protocol number: 744611).

RESULTS AND DISCUSSION

A total of 120 patients were included in the study; 
62.5% (n=75) were women, and the mean age was 
77.7±12.7 years. The most common diseases were 
hypertension (58.3%), dementia (46.7%), and diabe-
tes (36.7%). Polypharmacy, defined as the regular use 
of 5 or more medications at the same time (Varghese, 
Ishida, Patel & Haseer Koya, 2024), was observed in 
94.2% of the patients, and the most commonly pre-
scribed psychotropic drugs were quetiapine (60.0%), 
haloperidol (24.2%), and donepezil (24.2%) (Table 2).
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Table 2. Demographic characteristics of the patients (n=120)

Variables Participants
(n=120)

Age (Mean±SD) 77.7±12.7

Gender
Female 
Male

75 (62.5%)
45 (37.5%)

No. of drugs prescribed per patient
≤5 
6-9 
10-14 
≥15 

7 (5.8%)
41 (34.2%)
50 (41.7%)
22 (18.3%)

Diagnosis
Hypertension
Dementia
Diabetes Mellitus
Cerebrovascular Accident
Kidney Disease
Heart Disease
Cancer
Asthma & COPD
Pneumonia
General Condition Disorder 
Parkinson’s Disease
Respiratory Failure
Thyroid Disease
Epilepsy
Dyspnea
ALS
Others*

70 (58.3%)
56 (46.7%)
44 (36.7%)
26 (21.7%)
20 (16.7%)
20 (16.7%)
16 (12.3%)
14 (11.7%)
12 (10.0%)
12 (10.0%)

8 (6.7%)
7 (5.8%)
5 (4.2%)
4 (3.3%)
4 (3.3%)
3 (2.5%)

18 (15.0%)

Psychotropic drugs 
Quetiapine
Haloperidol
Donepezil
Memantine
Levetiracetam
Tramadol
Escitalopram
Levodopa/Carbidopa/Entacapone
Olanzapine
Citalopram
Sertraline
Mirtazapine
Modafinil
Diazepam
Valproic Acid
Alprazolam
Aripiprazole
Trazodone
Others**

72 (60.0%)
29 (24.2%)
29 (24.2%)
24 (20.0%)
24 (20.0%)
19 (15.8%)
12 (10.0%)
11 (9.2%)
8 (6.7%)
6 (5.0%)
6 (5.0%)
5 (4.2%)
5 (4.2%)
5 (4.2%)
4 (3.3%)
4 (3.3%)
4 (3.3%)
3 (2.5%)

15 (12.5%)

*Other (diagnosis): subarachnoid hemorrhage (n=2), prostate (n=2), intracranial hemorrhage (n=1), history of myocardial infarction 
(n=1), rheumatoid arthritis (n=1), atrial fibrillation (n=1), bipolar disorder (n=1), nutritional disorder (n=1), pulmonary embolism 
(n=1), multiple trauma (n=1), bradycardia (n=1), schizophrenia (n=1), cholecystitis (n=1), pleural effusion (n=1), anemia (n=1), 
vertigo(n=1)

**Other (psychotropic drugs): chlorpromazine (n=2), rasagiline (n=2), phenytoin (n=2), carbamazepine (n=2), gabapentin (n=2), 

duloxetine/paroxetine (n=2), amantadine (n=1), levodopa/benserazide (n=1), rivastigmine (n=1)
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Two drug interaction programs detected 209 pD-
DIs, including 77 different drug interaction pairs that 
may cause QTc prolongation in patients. While 52 
pDDIs (20 different interaction pairs) were observed 
only with the Micromedex® drug interaction program 
and 48 pDDIs (16 different interaction pairs) were ob-
served only with the Lexicomp® drug interaction pro-
gram, 109 pDDIs (40 different drug interaction pairs) 
were common to both programs (Figure 1). The inter-
rater reliability was poor (kappa = −0.034) for major 
pDDI; in addition, the overall interrater reliability was 
only poor (kappa = −0.052). Table 3 shows the num-
ber of pDDIs by severity level in Micromedex® and 
Lexicomp® programs. 

The most common pDDI pair seen was haloperi-
dol-quetiapine (n=22 patients, 18.3%). Of those 22, 16 
patients could get an ECG, and QTc prolongation was 
seen in 12 (75.0%) of them. Along with other common 
possible interactions, donepezil-quetiapine was seen in 
12 patients (10.0%), and QTc prolongation was found 
in 8 of 9 patients (88.0%) for whom an ECG could be 
done. A potential interaction between levetiracetam 
and quetiapine was observed in 11 patients (9.2%), and 
QTc prolongation was detected in 6 (60.0%) of 10 pa-
tients for whom an ECG could be conducted. Table 4 
shows the drug interaction pairs observed with drug 
interaction programs in each of the 120 patients, as 
well as the ECG results performed on the patients in 
whom these interactions were observed.

Figure 1. Overlap of pDDIs pairs between Micromedex® and Lexicomp® drug interaction programs

Table 3. The number of pDDIs observed with psychotropic drugs by the drug interaction programs

Minor Moderate Major Severe Total number of pDDIs, n

Lexicomp®
30

(16 different 
pairs)

77
(28 different 

pairs)

43
(6 different 

pairs)

7
(6 different 

pairs)

157
(56 different pairs)

Micromedex® 0 0
161

(61 different 
pairs)

0 161
(61 different pairs)

pDDI= potential drug-drug interaction
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Table 4.  QTc prolongation on ECG according to drug interaction pairs (n=120)

DDIs pairs (number of patients, %) Severity in 
Lexicomp®

Severity in 
Micromedex®

QTc prolongation in ECG

Yes No No ECG 
was taken

Haloperidol-Quetiapine (n=22, 18.3%) D Major 12 4 6 

Donepezil-Quetiapine (n=12, 10.0%) - Major 8 1 3 

Levetiracetam-Quetiapine (n=11, 9.1%) C - 6 4 1 

Quetiapine-Ondansetron (n=9, 8.0%) D Major 5 2 1 

Quetiapine-Salbutamol (n=7, 5.8%) C - 4 2 1 

Quetiapine-Memantine+ Donepezil (n=7, 5.8%) - Major 4 1 2 

Haloperidol-Ipratropium+ Salbutamol (n=6, 5.0%) C - 1 3 2 

Haloperidol-Olanzapine (n=5, 4.1%) C Major 3 1 1 

Donepezil-Escitalopram (n=5, 4.1%) B Major 2 2 1 

Escitalopram-Quetiapine (n=5, 4.1%) D Major 4 1 -

Olanzapine-Quetiapine (n=5, 4.1%) D Major 4 1 -

Haloperidol-Memantine+ Donepezil (n=5, 4.1%) C Major 2 1 2 

Aripiprazol-Memantine+ Donepezil (n=4, 3.3%) - Major - 1 3

Donepezil-Haloperidol (n=4, 3.3%) C Major 2 - 2

Escitalopram-Ipratropium+ Salbutamol (n=4, 3.3%) B - 2 - 2

Mirtazapine-Quetiapine (n=4, 3.3%) C Major 2 - 2

Quetiapine-Sertraline (n=3, 2.5%) C Major 3 - -

Aripiprazole-Haloperidol (n=3, 2.5%) - Major - 1 2

Aripiprazole-Quetiapine (n=3, 2.5%) - Major - 1 2

Donepezil-Ondansetron (n=3, 2.5%) B Major 2 1 -

Donepezil-Sertraline (n=3, 2.5%) - Major 3 - -

Haloperidol-Levetiracetam (n=3, 2.5%) C - 2 1 -

Haloperidol-Ondansetron (n=3, 2.5%) - Major 2 1 -

Levetiracetam-Domperidone (n=3, 2.5%) B - 2 1 -

Citalopram-Haloperidol (n=3, 2.5%) C Major 2 1 -

Citalopram-Quetiapine (n=3, 2.5%) C Major 2 1 -

Escitalopram-Levetiracetam (n=2, 1.6%) B - 1 1 -

Escitalopram-Olanzapine (n=2, 1.6%) C Major 1 - 1

Escitalopram-Trazodone (n=2, 1.6%) - Major 1 - 1

Haloperidol-Solifenacin (n=2, 1.6%) C Major 1 - 1

Olanzapine-Salbutamol (n=2, 1.6%) B - 1 - 1

Olanzapine-Solifenacin (n=2, 1.6%) - Major 1 - 1

Sertraline-Ondansetron (n=2, 1.6%) - Major 1 1 

Haloperidol-Salbutamol (n=2, 1.6%) C - 1 - 1

Haloperidol-Mirtazapine (n=2, 1.6%) C Major - - 2

Haloperidol-Moxifloxacin (n=2, 1.6%) C Major - - 2

Quetiapine-Metronidazole (n=2, 1.6%) C Major - - 2

Quetiapine-Moxifloxacin (n=2, 1.6%) X Major 1 - 1

Citalopram-Ipratropium+ Salbutamol (n=2, 1.6%) B - 1 1 -

Dexmedetomidine-Haloperidol (n=1, 0.8%) - Major - 1 -

Dexmedetomidine-Ondansetron (n=1, 0.8%) B Major - 1 -
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Dexmedetomidine-Quetiapine (n=1, 0.8%) - Major - 1 -

Donepezil +Memantine- Famotidin (n=1, 0.8%) - Major 1 - -

Donepezil+ Memantine-Solifenacin (n=1, 0.8%) - Major 1 - -

Escitalopram-Haloperidol (n=1, 0.8%) C Major - - 1

Escitalopram- Domperidone  (n=1, 0.8%) X Major - 1 -

Levetiracetam-Amiodaron (n=1, 0.8%) C - 1 - -

Olanzapine-Memantine +Donepezil (n=1, 0.8%) - Major 1 - -

Quetiapine-Amiodaron (n=1, 0.8%) X Major 1 - -

Quetiapine-Ciprofloxacin (n=1, 0.8%) C Major - 1 -

Quetiapine-Trazodone (n=1, 0.8%) C Major 1 - -

Quetiapine-Solifenacin (n=1, 0.8%) C Major 1 - -

Quetiapine-Domperidone (n=1, 0.8%) X Major - 1 -

Citalopram-Dexmedetomidine (n=1, 0.8%) B Major - 1 -

Citalopram-Ondansetron (n=1, 0.8%) C Major - 1 -

Escitalopram-Moxifloxacin (n=1, 0.8%) C Major - - 1

Mirtazapine-Olanzapine (n=1, 0.8%) - Major - - 1

Mirtazapine-Solifenacin (n=1, 0.8%) - Major - - 1

Mirtazapine-Moxifloxacin (n=1, 0.8%) B Major - - 1

Escitalopram-Solifenacin (n=1, 0.8%) B Major - - 1

Olanzapine-Moxifloxacin (n=1, 0.8%) C Major - - 1

Donepezil-Trazodone (n=1, 0.8%) - Major - - 1

Donepezil-Mirtazapine (n=1, 0.8%) - Major - 1 -

Quetiapine-Levofloxacin (n=1, 0.8%) D Major - 1 -

Escitalopram-Memantine+ Donepezil (n=1, 0.8%) B Major 1 - -

Escitalopram-Salbutamol (n=1, 0.8%) B - 1 - -

Mirtazapine-Memantine+ Donepezil (n=1, 0.8%) - Major 1 - -

Citalopram-Amiodaron (n=1, 0.8%) X Major - 1 -

Citalopram-Sertraline (n=1, 0.8%) - Major - 1 -

Amiodaron-Sertraline (n=1, 0.8%) C Major - 1 -

Escitalopram-Ondansetron (n=1, 0.8%) C Major - 1 -

Quetiapine-Chlorpromazine (n=1, 0.8%) X Major 1 - -

Haloperidol- Chlorpromazine (n=1, 0.8%) D Major 1 - -

Levetiracetam- Chlorpromazine (n=1, 0.8%) C - 1 - -

Levetiracetam-Ondansetron (n=1, 0.8%) B - 1 - -

Levetiracetam-Citalopram (n=1, 0.8%) B - 1 - -

Rivastigmine-Domperidone (n=1, 0.8%) B - 1 - -

74 (61.7%) of 120 palliative care patients had pD-
DIs with psychotropic drugs that could cause QTc 
prolongation (Table 5). 57 of 74 patients (77.0%) un-

derwent ECG. Despite having a pDDI, 17 patients 
could not undergo an ECG due to discharge, death, 
or ward change.
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Table 5. Prevalence of potential QTc prolonging drug‐drug interactions in palliative care patients

Type of prevalence Patients (n) %

Overall prevalence 74 61.7

QT‐DDI per patient
1‐2 
3‐4 
>4

42
17
15

35.0%
14.2%
12.5%

Gender‐wise prevalence 
Male
Female

25
49

20.8%
40.9%

Age‐wise prevalence
<60
60‐69 
70‐79 
80‐89 
>90

4
9

16
37
8

3.3%
7.5%

13.3%
30.8%
6.8%

QT‐DDI: QT prolonging drug‐drug interactions

Of the 57 patients with ECG, 38 (66.7%) showed 
QTc prolongation. Table 6 presents the QTc prolon-
gation and DIPS scores according to drug interaction 
pairs in 57 patients who underwent ECG.

In order to evaluate the clinical significance of poten-
tial drug interactions in patients with ECG, DIPS scor-
ing was implemented. Accordingly, 8 (4.9%) of 161 po-
tential drug-drug interactions detected in Micromedex® 
were classified as “probable,” and 77 (47.8%) were clas-
sified as “possible” with a score between 2-8 in DIPS. Of 
the 157 potential drug-drug interactions in Lexicomp®, 
11 (7.0%) were classified as “probable” and 76 (48.4%) as 
“possible” according to DIPS. A total of 122 (58.3%) out 
of 209 potential drug interactions were clinically rele-
vant. Micromedex® and Lexicomp® drug interaction pro-
grams identified 52.7% and 55.4% of the potential drug 

interactions as clinically relevant, respectively. 

A total of 38 patients were recommended for med-
ication change due to suspicion of potential drug in-
teraction-induced QT prolongation. Some of these 
recommendations were rejected due to patient dis-
charge status, service change, hospital drug shortages, 
and patient inapplicability. In only 4 patients (10.5%), 
the clinical pharmacist’s recommendations were ac-
cepted by the physician, and in all of these patients, 
no QT prolongation was observed in ECGs taken after 
drug discontinuation or switching. Two of these pa-
tients stopped taking haloperidol, and three of them 
started taking alprazolam instead of quetiapine. Ad-
ditionally, in one patient, memantine was switched to 
rivastigmine, and in another patient, duloxetine was 
switched to escitalopram.
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Table 6. Potential drug-drug interactions observed with psychotropic drugs by the drug interaction pro-
grams and the drug interaction probability scale (n=57)

DDIs pairs (number of patients, %) Number 
of patients 

with QT 
prolongation 

DIPS (number of patients)

Highly 
Probable Probable Possible Doubtful

Haloperidol-Quetiapine  (n=16, 28.1%) 12 (75.0%) 0 2 14 0

Donepezil-Quetiapine (n=9, 15.8%) 8 (66.7%) 0 1 7 0

Levetiracetam-Quetiapine  (n=10, 17.5%) 6 (60.0%) 0 1 5 0

Quetiapine-Ondansetron  (n=7, 12.3%) 5 (71.2%) 0 0 5 0

Quetiapine-Salbutamol  (n=6, 10.5%) 4 (66.7%) 0 0 4 0

Quetiapine-Memantine+Donepezil  (n=5, 8.8%) 4 (80.0%) 0 0 4 0

Haloperidol-Ipratropium+ Salbutamol (n=4, 7.0%) 1 (25.0%) 0 1 0 0

Haloperidol-Olanzapine (n=4, 7.0%) 3 (75.0%) 0 1 2 0

Donepezil-Escitalopram (n=4, 7.0%) 2 (50.0%) 0 0 2 0

Escitalopram-Quetiapine (n=5, 8.8%) 4 (80.0%) 0 1 3 0

Olanzapine-Quetiapine (n=5, 8.8%) 4 (80.0%) 0 2 2 0

Haloperidol-Memantine+ Donepezil (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Aripiprazol-Memantine+ Donepezil (n=1, 1.8%) 0 (0%) 0 0 0 0

Donepezil-Haloperidol (n=2, 3.5%) 2 (100%) 0 1 1 0

Escitalopram-Ipratropium+ Salbutamol (n=2, 3.5%) 2 (100%) 0 1 1 0

Mirtazapine-Quetiapine (n=2, 3.5%) 2 (100%) 0 0 2 0

Quetiapine-Sertraline (n=3, 5.3%) 3 (100%) 0 0 3 0

Aripiprazole-Haloperidol (n=1, 1.8%) 0 (0%) 0 0 0 0

Aripiprazole-Quetiapine (n=1, 1.8%) 0 (0%) 0 0 0 0

Donepezil-Ondansetron (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Donepezil-Sertraline (n=3, 5.3%) 3 (100%) 0 0 3 0

Haloperidol-Levetiracetam (n=3, 5.3%) 2 (66.7%) 0 1 1 0

Haloperidol-Ondansetron (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Levetiracetam-Domperidone (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Citalopram-Haloperidol (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Citalopram-Quetiapine (n=3, 5.3%) 2 (66.7%) 0 0 2 0

Escitalopram-Levetiracetam (n=2, 3.5%) 1 (50%) 0 0 1 0

Escitalopram-Olanzapine (n=1, 1.8%) 1 (100%) 0 1 0 0

Escitalopram-Trazodone (n=1, 1.8%) 1 (100%) 0 0 1 0

Haloperidol-Solifenacin (n=1, 1.8%) 1 (100%) 0 0 1 0

Olanzapine-Salbutamol (n=1, 1.8%) 1 (100%) 0 0 1 0

Olanzapine-Solifenacin (n=1, 1.8%) 1 (100%) 0 0 1 0

Sertraline-Ondansetron (n=2, 3.5%) 1 (50%) 0 0 1 0

Haloperidol-Salbutamol (n=1, 1.8%) 1 (100%) 0 0 1 0

Quetiapine-Moxifloxacin (n=1, 1.8%) 1 (100%) 0 0 1 0

Citalopram-Ipratropium+ Salbutamol (n=2, 3.5%) 1 (50%) 0 0 1 0

Dexmedetomidine-Haloperidol (n=1, 1.8%) 0 (0%) 0 0 1 0

Dexmedetomidine-Ondansetron (n=1, 1.8%) 0 (0%) 0 0 1 0

Dexmedetomidine-Quetiapine (n=1, 1.8%) 0 (0%) 0 0 1 0

Donepezil +Memantine- Famotidin (n=1, 1.8%) 1 (100%) 0 0 1 0
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Donepezil+ Memantine-Solifenacin (n=1, 1.8%) 1 (100%) 0 0 1 0

Escitalopram- Domperidone (n=1, 1.8%) 0 (0%) 0 0 1 0

Levetiracetam-Amiodaron (n=1, 1.8%) 1 (100%) 0 0 1 0

Olanzapine-Memantine +Donepezil (n=1, 1.8%) 1 (100%) 0 0 1 0

Quetiapine-Amiodaron (n=1, 1.8%) 1 (100%) 0 0 1 0

Quetiapine-Ciprofloxacin (n=1, 1.8%) 0 (0%) 0 0 1 0

Quetiapine-Trazodone (n=1, 1.8%) 1 (100%) 0 0 1 0

Quetiapine-Solifenacin (n=1, 1.8%) 1 (100%) 0 0 1 0

Quetiapine-Domperidone (n=1, 1.8%) 0 (0%) 0 0 1 0

Citalopram-Dexmedetomidine (n=1, 1.8%) 0 (0%) 0 0 1 0

Citalopram-Ondansetron (n=1, 1.8%) 0 (0%) 0 0 1 0

Donepezil-Mirtazapine (n=1, 1.8%) 0 (0%) 0 0 1 0

Quetiapine-Levofloxacin (n=1, 1.8%) 0 (0%) 0 0 1 0

Escitalopram-Memantine+ Donepezil (n=1, 1.8%) 1 (100%) 0 0 1 0

Escitalopram-Salbutamol  (n=1, 1.8%) 1 (100%) 0 0 1 0

Mirtazapine-Memantine+ Donepezil (n=1, 1.8%) 1 (100%) 0 0 1 0

Citalopram-Amiodaron (n=1, 1.8%) 0 (0%) 0 0 1 0

Citalopram-Sertraline (n=1, 1.8%) 0 (0%) 0 0 1 0

Amiodaron-Sertraline (n=1, 1.8%) 0 (0%) 0 0 1 0

Escitalopram-Ondansetron (n=1, 1.8%) 0 (0%) 0 0 1 0

Quetiapine-Chlorpromazine (n=1, 1.8%) 1 (100%) 0 0 1 0

Haloperidol- Chlorpromazine (n=1, 1.8%) 1 (100%) 0 0 1 0

Levetiracetam- Chlorpromazine (n=1, 1.8%) 1 (100%) 0 0 1 0

Levetiracetam-Ondansetron (n=1, 1.8%) 1 (100%) 0 0 1 0

Levetiracetam-Citalopram (n=1, 1.8%) 1 (100%) 0 0 1 0

Rivastigmine-Domperidone (n=1, 1.8%) 1 (100%) 0 1 0 0

Our findings reveal common prescriptions of drug 
interactions involving psychotropic drugs associated 
with known risks of QTc prolongation in patients re-
ceiving palliative care. A significant proportion of pal-
liative care patients experienced both minor and ma-
jor polypharmacy, which included agents known to 
induce high-risk QTc prolongation. In the study, poly-
pharmacy was observed in 94.2% of the patients. Sim-
ilar to our study, McNeil et al. found 94% polyphar-
macy in patients near the end of life (McNeil, Kamal, 
Kutner, Ritchie & Abernethy, 2016). A meta-analysis 
involving patients aged 65 years and older (2005–
2020) indicated that the frequency of polypharmacy 
varied from 4% to 96.5%, depending on the healthcare 
setting and region (Pazan & Wehling, 2021).

In the present study, the most frequently pre-
scribed psychotropic drugs were quetiapine, hal-

operidol, and donepezil, respectively. Azab et al. 
(2024) indicated that antipsychotics were the most 
frequently prescribed psychotropic drugs, which is 
consistent with our finding (Azab, Novella, Ianes & 
Pasina, 2024). Since the implementation of Medicare’s 
documentation requirements for medications in hos-
pice care, an evaluation conducted in 2016 identified 
lorazepam, morphine, and haloperidol as the most 
commonly prescribed medications (Mohamed, Uvais, 
Moideen, Cp & Saif, 2024). Unlike our finding, San-
tos-Peres et al. (2021) found that anxiolytics/hypnot-
ics were the most frequently prescribed psychotropic 
drugs (Santos-Pérez, Salgueiro-Vázquez, Sáinz-Gil & 
Martín-Arias, 2021).

This study assessed drug interactions with psy-
chotropic drugs using two commonly utilized drug 
interaction programs. The findings indicated signifi-
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cant differences among these programs regarding the 
identified number of pDDIs. The interrater reliability 
was poor (kappa = −0.034) for major pDDI; in ad-
dition, the overall interrater reliability was only poor 
(kappa = −0.052). Health care professionals must rec-
ognize the variety of potential pDDIs identified by 
various drug interaction programs.

Drug interaction programs compile information 
from scientific literature and categorize it for health-
care professionals. However, there is growing concern 
among these professionals regarding the variability in 
quality and effectiveness of the information provided 
by different programs. Also, these programs can’t take 
into account the specific needs of each patient, which 
means they can’t adjust doses for each person and 
don’t provide specific safety instructions for health-
care professionals (Hammar, Hamqvist, Zetterholm, 
Jokela & Ferati, 2021).

In clinical practice, physicians receive numerous 
pDDI alerts, many of which can be rapidly disregard-
ed. Excessive alerts may obscure the significance of 
a specific DDI. Consequently, pharmacists’ vigilant 
oversight of palliative care patients can facilitate the 
identification and prevention of drug-drug interac-
tions, potentially enhancing patient health outcomes 
(Russ-Jara et al., 2023). Research conducted by Ro-
bleck et al. (2016) demonstrated that pharmacist 
intervention significantly reduces the number of pa-
tients with clinically significant DDIs (Roblek et al., 
2016).

The interaction of psychotropic drugs with 
each other or with other drugs increases the risk of 
QTc prolongation. This study identified numerous 
QTc-prolonging drug-drug interactions involving 
combinations of antipsychotics with antipsychotics, 
antipsychotics with antidepressants, and antidepres-
sants with antidepressants. Combining antipsychotic 
and antidepressant drugs in polypharmacy has been 
shown to cause torsades de pointes (TdP) and a signif-
icant prolongation of the QTc. The concurrent admin-
istration of antipsychotic and antidepressant medica-
tions leads to a cumulative effect on the QTc interval. 

The arrhythmogenic potential of antipsychotics varies 
significantly (Das et al., 2021). 

In the current study, quetiapine, haloperidol, and 
olanzapine were the antipsychotics most frequently as-
sociated with QTc-prolonging drug-drug interactions 
in the palliative care patients. In this study involving 
geriatric patients, escitalopram and citalopram were 
the antidepressants most frequently associated with 
QTc-prolonging drug-drug interactions. The most 
frequently observed pDDIs pairs in the study were 
haloperidol-quetiapine and donepezil-quetiapine, re-
spectively. Similar to our study, Wang et al. indicated 
that more than 10% of patients receiving quetiapine 
and haloperidol therapy developed QTc prolongation 
(Wang et al., 2024). The study by Vogel et al. found 
that adding 20 mg of donepezil to the treatment of a 
person who was taking quetiapine made the QT in-
terval longer, which is also consistent with our finding 
(Vogel, Mican & Smith, 2019).

Consequently, drug interactions with psychotro-
pic drugs must be thoroughly evaluated and subse-
quently confirmed by healthcare professionals in pal-
liative care patients by utilizing suitable and validated 
instruments such as DIPS to ensure the treatment’s 
efficacy. The Naranjo algorithm, another tool utilized 
in the literature, evaluates the likelihood of adverse 
drug reactions instead of drug interactions (Naranjo 
et al., 1981). The DIPS algorithm facilitates objective, 
reliable, and transparent evaluation of causation in 
clinically relevant DDIs.

In the study, a pDDI with psychotropic drugs that 
could cause QTc prolongation was detected in 74 out 
of 120 palliative care patients (61.7%). QTc prolon-
gation was observed in 66.7% of the patients (n=38) 
who had an ECG performed (n=58).

The Micromedex® program provided 161 of the 
identified pDDIs with psychotropic drugs that could 
cause QTc prolongation, and the Lexicomp® program 
provided 157. Clinically relevant pDDIs constituted 
52.7%, and 55.4% of these totals, respectively. In this 
study, 122 clinically relevant DDIs (63 different pairs) 
were identified, which were also recognized in prior 
research (Das et al., 2021, Wang et al., 2024).



667

FABAD J. Pharm. Sci., 50, 3, 655-670, 2025

In only 4 (10.5%) out of 38 patients, the recom-
mendations made by the clinical pharmacist were ac-
cepted by the physician. The accepted recommenda-
tions were the discontinuation of haloperidol, which 
had no indication, starting alprazolam instead of que-
tiapine, switching from rivastigmine to memantine, 
and from escitalopram to duloxetine. The patients 
underwent another ECG one week later, showing no 
signs of QTc prolongation.

This study has some limitations. At the beginning 
of the study, we did not know the patients’ ECG (base-
line) results. In addition, other risk factors of the pa-
tients, apart from laboratory results, were frequently 
not systematically documented. In instances where 
patient risk factor documentation was insufficient, we 
engaged our clinical collaborators to obtain this infor-
mation. Unfortunately, our recommendations to the 
attending physician have often been rejected due to 
the risk of QTc prolongation resulting from drug in-
teractions. The main reason the physician rejected the 
pharmacist’s recommendations was that the patients 
were terminally ill, limiting the available drug alter-
natives. However, it is still observed that QTc prolon-
gation is resolved in patients who accept the clinical 
pharmacist’s recommendations. A further limitation 
is the comparison of categories related solely to se-
verity (severe, major, moderate, minor, and none) of 
pDDIs. The investigation did not encompass addi-
tional features, functions, or user-friendliness of the 
drug interaction programs. Furthermore, in certain 
instances, it was challenging to ascertain whether the 
observed adverse reaction resulted from a drug-drug 
interaction or from a single drug alone. This limita-
tion was addressed through a consensus decision re-
garding the certainty of DDI-related adverse reactions 
with the treating physician.

CONCLUSION

This study’s results demonstrate that a consider-
able number of palliative care patients receive drug 
combinations that may result in drug interactions 
with psychotropic drugs, which are linked to a risk of 

QTc prolongation. In palliative care services, requests 
for ECG and other pertinent laboratory tests are typ-
ically not made. Current international guidelines are 
not implemented in clinical practice, and there is an 
absence of guidelines specific to Turkey. This situation 
necessitates the implementation of ECG monitoring 
protocols and associated laboratory investigations. 
The AHA and the ACCF recommend conducting an 
ECG before initiating a QTc-prolonging medication, 
8-12 hours following dose escalation of such medica-
tions, or in instances of overdose involving a QT-pro-
longing drug. Reliable evidence-based online drug 
information resources, including the AzCERT/Credi-
bleMeds Drug Lists, Lexicomp® drug interaction pro-
gram, and Micromedex® interaction program, can aid 
clinical professionals in the selection of medications 
for psychiatric patients. The probability of identifying 
clinically relevant DDIs remains low, regardless of the 
chosen interaction program by a health institution. 
Consequently, patient monitoring must be conduct-
ed by a multidisciplinary healthcare team including a 
clinical pharmacist.
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