Clinical Pharmacology: Advances and Applications Dovepress
Taylor & Francis Group

ORIGINAL RESEARCH

Predictive Analysis of Non-Cardiac Drug-Induced
QTc Interval Prolongation: A Cross-Sectional
Study

Nataleen A Albekairy'?* Reema Abdullah Aldawsari''?*, Sarah Alanazi''?*, Nora Almutairi''>*,
Nora AISayari"Z’*, Salem Abu Al-Burak®, Mona Abubakr Bawazeer'?, Lama Alfehaid (9>*,
Mohammad S Shawaqfeh®*

'College of Medicine, King Saud bin Abdulaziz University for Health Sciences, Riyadh, Saudi Arabia; 2King Abdullah International Medical Research
Center (KAIMRC), Ministry of National Guard Health Affairs (MNGHA), Riyadh, Saudi Arabi; 3Schulich School of Medicine and Dentistry, Western
University, Ontario, Canada; *Pharmacy Practice Department, College of Pharmacy, King Saud bin Abdulaziz University for Health Sciences, Riyadh,
Saudi Arabia; *Department of Pharmaceutical Care Services, King Abdulaziz Medical City, Ministry of National Guard-Health Affairs, Riyadh, Saudi
Arabia

*These authors contributed equally to this work

Correspondence: Lama Alfehaid, College of Pharmacy, Clinical Pharmacy Practice; King Saud bin Abdulaziz University for Health Sciences — Riyadh
KSA, Tel +966114299999; Ext. 95008, Email fehaidl@ksau-hs.edu.sa

Purpose: This study aimed to assess the real-world impacts of non-cardiac drug-induced QTc interval prolongation and identify
associated risk factors in acute care settings.

Patients and Methods: A cross-sectional study reviewed medical charts of 7,778 patients admitted to tertiary teaching hospitals
from January 2016 to December 2022. Patients on CredibleMeds-listed QTc-prolonging non-cardiac drugs were identified, excluding
those with congenital long QTc syndrome or on QTc-prolonging cardiac medications. Data collection involved reviewing medication
charts and recording demographic and clinical data, including comorbidities and laboratory values. A logistic regression analysis was
performed to address confounders, and known risk factors, calculating Odds Ratios (OR) and 95% confidence intervals (CI). Statistical
analysis used SPSS Version 21.0, with p < 0.05 indicating significance.

Results: Out of 7,778 screened patients, 151 met the inclusion criteria. Among these, 75.5% demonstrated prolonged QTc values. The
study identified 42 distinct medications associated with QT interval prolongation, categorized into six therapeutic groups. Proton pump
inhibitors (PPIs) were the most common cause of non-cardiac drug-induced QTc interval prolongation, with esomeprazole representing
46.5% of the cases. Antimicrobial medications followed, with azithromycin at 9.6% and piperacillin-tazobactam at 6.1%. The
multivariate analysis revealed that heart failure was significantly associated with QTc prolongation odd ratio (OR) 4.98 with 95%
confidence interval CI [1.58 to 17.35], while other factors such as age, BMI, and certain comorbidities did not show a statistically
significant impact.

Conclusion: The findings highlight the significant risk associated with the in-hospital administration of QTc-prolonging non-cardiac
medications, particularly among patients with heart failure. Future research should aim to include a larger patient population and
employ comprehensive data collection methods across multiple centers to enhance the robustness and generalizability of the findings.
Keywords: QTc prolongation, drug-induced, torsade de pointes, arrhythmia, non-cardiac medications

Introduction

QT interval prolongation refers to an abnormal lengthening of the QT interval on an electrocardiogram (ECG), indicating
a disruption in the ventricular repolarization process of the heart. This condition is particularly concerning as it is
associated with severe ventricular tachyarrhythmias, including torsades de pointes (TdP) and sudden cardiac death
(SCD).! According to current diagnostic standards, a corrected QT interval (QTc) exceeding 450 milliseconds (msec) is
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classified as prolonged for males, while for females, the threshold is established at over 470 msec. The risk of
experiencing TdP and SCD increases significantly when the QTc exceeds 500 msec.> ™

Prolonged QTc can result from dysfunction in cardiac sodium or potassium channels, which may arise from either
congenital genetic mutations or acquired external factors. Acquired QTc prolongation is more prevalent, often due to
various pharmacological agents that influence cardiac ion channels. Notable examples include certain antiarrhythmic
drugs, macrolide antibiotics, and various psychotropic medications.® Additional contributing risk factors encompass
cardiovascular diseases, thyroid disorders, electrolyte imbalances (such as hypokalemia or hyponatremia), and advanced
age, particularly in individuals over 65 years.*’

The unpredictable and potentially dangerous effects of drug-induced QTc interval prolongation have raised significant
concerns regarding medication safety. Over the past two decades, this has prompted the withdrawal or restriction of
certain drugs from the market. In response to these concerns,”* the Arizona Center for Education and Research on
Therapeutics (AzCERT) has developed a standardized system for drug identification, categorizing medications based on
their risk of inducing TdP and QT prolongation.’ Their platform, CredibleMeds®, classifies drugs into four categories:
those known to induce TdP in clinical use, those with conditional risks that may induce TdP at high doses or under
specific conditions (such as long QT syndrome, bradycardia, or hypokalemia), and those that prolong the QT interval
without sufficient evidence of causing TdP.'°

Despite the established associations between numerous drugs and QT prolongation, the actual risk remains ambiguous
in many instances, highlighting the necessity for continuous monitoring during treatment to effectively manage these
risks. A pharmacovigilance observational study has investigated drug-induced QT interval prolongation by analyzing
data from the FDA Adverse Event Reporting System database. This study identified 1,579 drugs associated with 28,581
cases of QT prolongation, with a particular focus on the top 40 drugs involved. The findings indicated that QT
prolongation was more prevalent among females and individuals aged 18-65, with antidepressants and antipsychotics
being the primary drug classes implicated."!

Nevertheless, reports on drug-induced QTc prolongation in Saudi Arabia are limited. This study aimed to explore the
actual effects of QTc-prolonging non-cardiac medications, as listed in CredibleMeds, and to identify the determinants and
risk factors associated with QT interval prolongation among hospitalized patients receiving these medications.

Materials And Methods
Study Design and Settings

The study was a cross-sectional study that reviewed medical charts of patients admitted to King Abdulaziz Medical City
(KAMC) at National Guard Health Affairs in Riyadh between January 2016 and December 2022. This tertiary care
facility, which has a capacity exceeding 1500 beds, accommodates approximately 20,000 patient admissions annually.

Study Subjects

The study included adult patients (aged 18 years and older) admitted to general wards, including medical, psychiatric,
and critical care units, who were receiving QTc-prolonging non-cardiac drugs recognized and listed by CredibleMeds
(List of CredibleMeds® Medications That were Screened for) and had available ECG records. Patients with congenital
Long QT Syndrome or those on antiarrhythmic medications known to prolong the QTc interval were excluded.
Accurately assessing non-cardiac drug-induced QTc interval prolongation requires excluding patients with congenital
Long QT Syndrome, structural heart disease, and those on antiarrhythmic drugs. This exclusion helps focus on acquired
QTc prolongation and enhances study homogeneity, ensuring results specifically relate to the non-cardiac medications
and facilitating a clearer interpretation of their effects on QTc interval prolongation.

Data Collection

The data collection involved a thorough review of medication charts for the enrolled patients. Demographic and
clinical data were systematically gathered and recorded in an Excel spreadsheet. The data collection sheet encom-
passed demographic data such as gender, age, and BMI. Relevant comorbidities were recorded, including heart
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failure, myocardial infarction, sepsis, hypothyroidism, and bradycardia. Pertinent laboratory values such as potas-
sium (K), magnesium (Mg), and calcium (Ca) levels were also collected. The CredibleMeds-listed QTc-prolonging
non-cardiac drugs that were available in our hospital formulary available in (supplementary materials) were

recorded and grouped into (antimicrobials, proton pump inhibitors (PPIs), anti-emetics, antidepressants, antipsycho-
tics, and antihistamines); data on dosage, frequency, and number of medications were collected. QTc information
and heart rate measurements were included as well.

QTc and Heart Rate Measurements

The QT interval was measured automatically, and the heart rate was determined by averaging the RR interval from an
automated twelve-lead ECG. The QT interval was plotted against heart rate on the Isbister Nomogram to assess the risk
of QTc prolongation. The Isbister nomogram was utilized for the graphical representation of the QT interval in relation to
the heart rate. This method helped determine whether a specific QT interval is abnormal for a given heart rate, obviating
the need for intricate calculations. When the plotted point exceeds a predefined risk threshold on the nomogram, it
signifies an elevated risk for TdP arrhythmias.'> A QT interval was classified as prolonged if the QT-heart rate pair was >
450 msec for men and > 470 msec for women.

Data Analysis

Statistical analysis was performed using commercially available software (SPSS Version 21.0). The baseline character-
istics of normally distributed data were described using mean and standard deviation (SD), while median and inter-
quartile range [IQR] were used for skewed data. Categorical variables, including the baseline characteristics and the
known QTc prolonging risk factors, were expressed using percentages and frequencies. A multiple logistic regression
analysis was conducted to address potential confounders, including the known risk factors, and the Odds Ratio (OR)
along with the 95% confidence interval (CI) was calculated.

Ethical Considerations

The study protocol received approval from the Institutional Review Board (IRB) of King Abdullah International
Medical Research Center (KAIMRC) at the Ministry of National Guard Health Affairs (IRB Approval No.: IRB/
2813/22). KIMARC IRB waived patient consent due to the retrospective nature of the study. There was no direct
interaction with patients or collection of biological samples. Instead, the study relied on the review of existing
patient records. Data was extracted only after obtaining ethical approval from the institutional review board of
KAIMRC. Patients’ privacy and confidentiality were maintained throughout the entire data collection process, such
that no patients’ identifiers or personal data were collected or disclosed. All collected data, whether hard or soft
copies, were securely stored within the premises of KAMC hospital and were only accessed by the investigators
involved in this project. All procedures adhered to KIMARC guidelines and regulations, ensuring compliance with
the Declaration of Helsinki.

Results
Study Population

One hundred and fifty-one patients out of 7,778 screened patients met the predefined inclusion (Figure 1), illustrates the
flowchart of the study. Among these, 90 (59.6%) were female, and 61 (40.4%) were male. The median age of the study
population was 67, with IQR [77—44] years; age distribution indicates that 77 patients (59.9%) were over 65, while 74
(49.0%) were under 65 years old. In terms of body mass index (BMI), five patients (3.3%) were underweight, 23 (15.2%)
had normal weight, 50 (33.1%) were overweight, and 57 (37.7%) were classified as obese. The most common
comorbidity was heart failure with a reduced ejection fraction, affecting 85 patients (56.3%). Other notable conditions
included sepsis in 31 patients (20.5%) and myocardial infarction in 24 patients (15.9%). The prevalence of other known
risk factors associated with QTc prolongation within this cohort is illustrated in (Table 1).
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Figure | Flowchart of the Research Project.
Abbreviations: PPls, Proton Pump Inhibitors.

Non-Cardiac Drug-Induced QTc Interval Prolongation
Upon assessing the included patients’ QTc intervals, 114 (75.5%) patients demonstrated prolonged QTc values. Further
analysis revealed 42 different medications linked to QT interval prolongation, divided into six therapeutic categories.
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Table | Clinical Characteristics of Included Patients
(n=151)

Characteristics n (%)

Demographics

Gender

Male 61 (40.4)
Female 90 (59.6)
Age

Median: 67; IQR [77—44] years

Over 65 years 77 (59.9)
Under 65 years 74 (49.1)
BMI

Underweight 5(3.3)
Normal weight 23 (15.2)
Overweight 50 (33.1)
Obesity 57 (37.7)

Established Risk Factors for QTc Prolongation

Electrolytes Disorders, n (%)

Hypokalemia 7 (44)
Hypomagnesemia 146 (96.7)
Hypocalcemia 146 (96.7)

Endocrine Disorders, n (%)

Hypothyroidism 28 (18.5)

Cardiovascular Disorders, n (%)

Heart failure (reduced ejection fraction) 85 (56.3)
Myocardial infarction 24 (15.9)
Bradycardia 1 (0.7)

Other Comorbidities, n (%)

Sepsis 31 (20.5)

Number of QT Prolonging medications, n (%)

I medication 104 (68.9)

2 medications 47 (31.1)

PPIs posed the greatest risk (51% of cases), particularly esomeprazole; among the patients, 53 were identified with QTc
interval prolongation. This was followed by antimicrobial drugs, with 28 patients (24.6%) experiencing QTc interval
prolongation, primarily those receiving azithromycin (39.3%) or piperacillin and tazobactam (25%). Lastly, antiemetics

was a concern, mainly due to metoclopramide, which accounted for 43.8% (see Figure 1).
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In the Isbister Nomogram, medication groups were plotted, with each medication color-coded (Figures 2—5), showing the
relationship between the median QTc interval and heart rate for each respective group. Figure 2 reveals that the antimicro-
bials group, encompassing medications such as azithromycin, ciprofloxacin, erythromycin, moxifloxacin, piperacillin, and
ofloxacin, was associated with most cases deemed at high risk of developing TdP. Figure 3 indicates the PPI users exhibited
higher risk plots in most cases, with esomeprazole showing a particularly significant association. Figure 4 illustrates the
antiemetic medications group, which displayed variable scatters around the risk line with no discernible trend. Notably, one
case involving granisetron fell within the high-risk domain, while ondansetron and metoclopramide were situated around the
risk line. Lastly, in Figure 5, the group plot of the remaining medications shows a discernible high-risk trend attributed
particularly to the antihistamine diphenhydramine. Other medication categories, comprising antipsychotics, immunosup-

pressants, antidepressants, and anti-epileptics, demonstrated a tendency to cluster around the risk line.
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Figure 2 This nomogram shows patients who were on antimicrobials. It includes macrolides (Azithromycin and Erythromycin), fluoroquinolones (Ciprofloxacin,
Moxifloxacin and Ofloxacin), nitroimidazole (Metronidazole), penicillins and beta-lactamase inhibitors (Piperacillin-tazobactam). Each QT interval is plotted against heart
rate, and when the QT-heart rate pair is above the cut-off line, the QT is considered prolonged.
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Figure 3 This nomogram shows patients who were on proton pump inhibitors. It includes Esomeprazole and Omeprazole. Each QT interval is plotted against the heart
rate, and when the QT-heart rate pair is above the cut-off line, the QT is considered prolonged.
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Figure 4 This nomogram shows patients who were on antiemetics. It includes Domperidone, Granisetron and Metoclopramide. Each QT interval is plotted against the
heart rate, and when the QT-heart rate pair is above the cut-off line, the QT is considered prolonged.
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Figure 5 This nomogram shows patients who were broadly grouped as being on other medications. It includes antipsychotics (Chlorpromazine and Olanzapine), anti-
epileptics (Levetiracetam), anti-diarrheal agents (Loperamide), opiate analgesics (Tramadol), immuno-suppressive agents (Tacrolimus), antidepressants (Amitriptyline,
Citalopram, and Fluoxetine, and antihistamines (Diphenhydramine and Promethazine). Each QT interval is plotted against the heart rate, and when the QT-heart rate
pair is above the cut-off line, the QT is considered prolonged.

Impact of Known QTc Prolongation Risk Factors on Non-Cardiac Drug-Induced QTc

Interval Prolongation

Findings from a multiple logistic regression analysis revealed that among those who experienced QTc interval prolonga-
tion, 54% were older than 65 years, with a non-statistically significant effect in the odds of QTc interval prolongation, OR
0.79; 95% CI [0.23 to 2.49]. Females comprised 47% of the identified patients, presenting statistically significant lower
odds of QTc prolongations OR: 0.27;95% CI of [0.09 to 0.75]. Patients with a BMI of 25 or higher were prevalent, with
no statistically significant effect on the odds of QTc prolongation, OR:1.84, 95% CI [0.56 to 6.34]. Hypokalemia was
noted in only 3 out of 63 individuals (4.8%) with a prolonged QTc interval. Conversely, heart failure was more common
in this cohort, affecting 69.8%, and was associated with a statistically significant increase in the odds of QTc prolonga-
tion, OR: 4.98; 95% CI of [1.58 to 17.35]. Myocardial infarction and hypothyroidism were reported in the past medical
history of 12.7% and 15.9% of these patients, with no statistically significant odds of QTc prolongation, OR: 0.29, 95%
CI[0.07 to 1.03], and OR: 0.76, 95% CI [0.20 to 2.89], respectively. Sepsis was diagnosed in 22.2% of identified patients
with a non-statistically significant increase in the odds of Qtc prolongation, OR: 1.48, 95% CI [0.36 to 5.99], tachycardia
as well existed in 20.6% of patients with no statistically significant effect on the odds of Qtc prolongation 0.52 [0.17 to
1.51]. Similarly, patients who were on more than two drugs had no significant increase in the odds of Qtc prolongation
OR: 1.47, 95% CI [0.59 to 3.78] (Table 2).
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Table 2 Analysis of Baseline Characteristics and Established Risk Factors of QTc
Interval Prolongation Using a Multivariate Approach

Variable Prolonged QTc Odds Ratios p-value
Intervalt (n=63) [95% CI]
Age [2 65 years] 34 (54.0%) 0.79 [0.23 to 2.49] 0.693
Gender [Female] 30 (47.6%) 0.27 [0.09 to 0.75] 0.013%*
BMI [2 25] Missing data (n=1)* 49 (79.0%) 1.84 [0.56 to 6.34] 0.320
Hypokalemia 3 (4.8%) 1.43 [0.20 to 9.88] 0.711
Heart Failure 44 (69.8%) 4.98 [1.58 to 17.35] | 0.008*
Myocardial infarction 8 (12.7%) 0.29 [0.07 to 1.03] 0.061
Sepsis 14 (22.2%) 1.48 [0.36 to 5.99] 0.581
Hypothyroidism 10 (15.9%) 0.76 [0.20 to 2.89] 0.687
Tachycardia 13 (20.6%) 0.52 [0.17 to 1.51] 0.237
Suspected medication [more than |] 18 (28.6%) 1.47 [0.59 to 3.78] 0.412

Notes: The QT interval is considered prolonged if the QTc (corrected QT interval) is = 450 msec for
men and > 460 msec for women. *P < 0.05; the statistically significant was indicated by a * symbol. *Missing
data were excluded.

Discussion

The present study provides a comprehensive analysis of QT interval prolongation associated with non-cardiac medica-
tions in real-world settings, including diverse populations encompassing various age groups and comorbidities. The
findings indicate a high prevalence of QT interval prolongation among hospitalized patients receiving CredibleMeds-
listed non-cardiac drugs. Antimicrobials, PPIs, and antiemetics were identified as key contributors to QTc interval
prolongation. Moreover, our study provides valuable insights into the risk factors associated with non-cardiac drug-
induced QTc interval prolongation in a real-world hospital setting. The multivariate analysis revealed that heart failure
was significantly associated with QTc prolongation, while other factors such as age, BMI, and certain comorbidities did
not show a statistically significant impact. These findings emphasize the importance of vigilant monitoring and tailored
approaches in different clinical settings to mitigate potential risks.

Previous research has shown that females typically have a higher risk of QTc prolongation, with longer QTc intervals
observed in females compared to males. This difference is attributed to variations in ion channel activity, tissue
conductivity, and heart dimensions between sexes, leading to longer QT intervals in women."® However, our multiple
logistic regression analysis results reveal that females with non-cardiac drug-induced QTc interval prolongation actually
had lower odds compared to their male counterparts. This may partially be explained by a study that revealed a significant
increase in the QTc in the elderly male population, associated with a decline in testosterone levels,'* who comprise
almost 60% of our study subjects. On the other hand, multivariate logistic regression analysis revealed that advanced age
(> 65 years old) overall was not associated with a statistically significant increase in the odds of drug-induced QTc
interval prolongation compared to the younger cohort.

It is widely acknowledged that obesity significantly impacts the structural integrity of the heart, potentially leading to
abnormalities in the repolarization of the ventricles and atria.">'® While certain studies have established a correlation
between BMI and prolonged QTc interval,'” others have reported no difference in QTc interval values between
individuals with uncomplicated obesity and control subjects.'® Consistent with these findings, our study did not identify
a statistically significant increase in the odds of QTc interval prolongation among overweight and obese cohorts; this can
be attributed to the small sample size of this group, evident in the broad confidence interval [0.56 to 6.34].

92 https: Clinical Pharmacology: Advances and Applications 2025:17



Albekairy et al

Moreover, the current study highlights heart failure with reduced ejection fraction as the most prevalent comorbidity
observed in patients with prolonged QT intervals. This comorbidity exhibited high odds of drug-induced QTc interval
prolongation in the multivariate analysis. This correlation is consistent with existing data, which indicate that patients
with heart failure demonstrate altered regulation of potassium and calcium channels, as well as reduced levels of the gap-
junction protein connexin 43.'” These alterations result in prolonged repolarization duration, rendering patients more
susceptible to TdP when exposed to noncardiac QT-prolonging drugs, which incidentally block myocardial potassium
channels and further delay repolarization.°

Sepsis was identified as the second most common comorbidity among those with prolonged Qtc, present in 22% of
cases. Although the odds of prolonged QTc interval in our study were not statistically significant, it holds clinical
importance due to the potential for sepsis-induced cardiomyopathy to impair myocardial contractility and lead to atrial
and ventricular arrhythmias. It is important to note that various metabolic factors can influence QTc duration and may
fluctuate during sepsis, resulting in either shortened or prolonged QTc interval, which could explain our observations.?'
Additionally, the limited size of this cohort may affect this result.

Myocardial infarction was observed in 12.7% of the cases, yet no statistically significant prolongation of the QTc
interval was detected. This may be attributed to changes in QT behavior during the immediate period following acute ST-
elevation myocardial infarction. According to a study, the QTc interval begins to prolong at the time of the acute event,
peaks three days later, and then starts to shorten.”” Further research indicated that while ventricular repolarization is
prolonged during the acute phase of myocardial infarction, the QTc intervals return to baseline levels once the myocardial
ischemia resolves, thus preventing permanent prolongation.*®

Electrolyte disturbances are recognized as clinical risk factors that increase the risk of QTc interval prolongation.
These disturbances can cause or exacerbate clinical arrhythmia, even in the presence of normal cardiac tissue.?* In our
study, hypomagnesemia and hypocalcemia were prevalent in most cases (96.7%). Hypomagnesemia, associated with
various disorders, can disrupt energy metabolism, alter action potentials, and destabilize myocardial cells, primarily
resulting in ventricular arrhythmia.”® Hypocalcemia, although rarely occurring in isolation, is a known but uncommon
cause of QTc interval prolongation.”® Despite limited available data, a recent meta-analysis found a positive correlation
between QTc interval and corrected total serum calcium levels.”” Among all electrolyte disturbances, hypokalemia had
the strongest association with QTc prolongation.”® However, as potassium levels often reflect the results of blood tests
performed immediately after resuscitation efforts, hypokalemia was only evident in a small percentage of our find-
ings (4.8%).

Hypothyroidism was present in a significant portion of the affected patients (15.9%). Our findings revealed that
patients with hypothyroidism, although not statistically proven, had lower odds of QT prolongation than those without
this condition. This aligns with existing literature, which indicates an inverse relationship between thyroid hormone
levels and the QT interval.>®

This study also examined the effect of combined QT-prolonging medications; approximately one-third (31.1%) of
cases were exposed to two QT-prolonging medications simultaneously. However, these patients did not show significant
clinical differences compared to those on a single QT-prolonging medication. This finding aligns with previous research
that found no significant increase in QTc prolongation for patients taking multiple QT-relevant medications or those on
conditional or risk medications.**

It is important to clarify that the risk factors discussed in this study were primarily derived from existing literature and
not directly identified through multivariable analysis within our study population. We determined the frequency of these
previously described risk factors among our patients and made interpretations based on their prevalence. This approach
limits our ability to assert with certainty that these risk factors behave similarly in our study beyond their frequency of
occurrence. Consequently, this represents a limitation of our study, as it may lead to biased interpretations and does not
account for other unanalyzed factors that could be associated with QT prolongation, potentially leading to confounding
bias.

Upon examining the most common medication associated with QTc prolongation. PPIs accounted for seventy-eight
cases (51.66%). The PPI nomogram frequently showed higher risk plots, particularly with esomeprazole. Among the
patients using esomeprazole, 53 (35.1%) experienced QT prolongation. Although rare, PPI-induced hypomagnesemia can
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be associated with Torsades de Pointes (TdP) due to PPIs’ class effect of reducing intestinal magnesium absorption.>!
Despite increasing evidence, PPIs are not recognized as contributing factors to QTc interval prolongation in clinical
practice.*?

Additionally, in this study, the antimicrobial group, including medications such as azithromycin, ciprofloxacin,
erythromycin, moxifloxacin, piperacillin-tazobactam, and ofloxacin, was associated with most cases considered at high
risk for developing TdP. The use of antimicrobials can lead to acquired QT prolongation.*® Various case reports and
studies have documented several cardiac effects related to quinolone-induced arrhythmia, including QT interval prolon-
gation, TdP, ventricular tachycardia, ventricular fibrillation, and sudden cardiac death.>* Recently, a case report described
a 40-year-old man with no history of cardiac disease who died from recurrent cardiac arrest secondary to ciprofloxacin-
induced TdP.** Additionally, macrolides are known to prolong the QTc interval and cause dispersion of repolarization
across the ventricular wall, potentially inducing TdP.*®

Among antiemetics, cardiac effects related to QTc prolongation were frequently reported with domperidone and
setrons (granisetron, ondansetron).>” A case report highlighted granisetron’s significant impact on the QTc interval,
describing acute bradycardia that led to asystole and cardiac arrest shortly after an intravenous granisetron injection in
a female patient.”® When assessing the risk of QTc prolongation, antiemetic medications showed variable scatter around
the risk line, with no clear trend. Notably, one case involving granisetron fell within the high-risk domain, while
ondansetron and metoclopramide were near the risk line.

Plotting the remaining drugs revealed a distinct high-risk pattern primarily associated with the antihistamine
diphenhydramine. Several studies have confirmed that an overdose of diphenhydramine is linked to a significant
increase in the QTc interval.>® Furthermore, diphenhydramine use was associated with two incidences of Torsades de
Pointes in an observational cohort evaluation.*® Conversely, other classes of medications, such as immunosuppres-
sants, antidepressants, antipsychotics, and antiepileptics, appeared to cluster around the risk line.Our study provides
valuable insights, and although it has certain limitations, these offer opportunities for future research improvements.
Like other retrospective cross-sectional studies, there is a risk of uncontrolled confounding variables, which can
enhance our understanding of complexities in real-world settings. The selection bias stemming from the inclusion of
diverse clinical scenarios—such as psychiatric wards, internal medicine wards, and intensive care units—reflects the
varied exposure to QT-prolonging drugs and underscores the need for tailored approaches in different settings. This
diversity, while challenging, highlights the importance of context-specific findings. Attrition bias, another potential
limitation, points to the dynamic nature of clinical data collection and highlights the importance of robust data
management strategies. Although reliance on data from a single center limits generalizability, it allows for
a focused and detailed analysis that can lay the groundwork for multi-center studies. We acknowledge that we missed
collecting some variables that contribute to QTc prolongation, such as infections, which could act as confounding
factors. Future research should aim to include a larger patient population and employ comprehensive data collection
methods across multiple centers to enhance the robustness of the findings. Additionally, implementing specific
strategies to control selection and attrition bias will further strengthen the validity of future results, paving the way

for more reliable and applicable conclusions.

Conclusion

Our study provides valuable insights into the risk factors associated with non-cardiac drug-induced QTc interval
prolongation in a real-world hospital setting. While our findings highlight the significant risk associated with the in-
hospital administration of QTc-prolonging non-cardiac medications, particularly among patients with heart failure, we
acknowledge the limitations of our study, including potential selection and attrition biases. The multivariate analysis
revealed that heart failure was significantly associated with QTc prolongation, while other factors such as age, BMI, and
certain comorbidities did not show a statistically significant impact. These results underscore the importance of vigilant
monitoring and tailored approaches in different clinical settings to mitigate potential risks. Future research should aim to
include a larger patient population and employ comprehensive data collection methods across multiple centers to enhance
the robustness and generalizability of the findings.
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