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ABSTRACT 
 
Specific Aims: To assess the incidence of medication-induced corrected QT (QTc) interval in 

patients taking two or more QTc prolonging medications and to identify which risk factors are 

commonly associated with QTc prolongation. 

Methods: This retrospective chart review examined QTc prolongation in adult patients admitted 

to Banner University Medical Center South Campus (BUMC South) who had a recorded 

electrocardiogram after the administration of at least two QTc prolonging medications. Patients 

were assessed for risk factors of QTc prolongation, number of QTc prolonging drugs received, 

and presence of QTc prolongation. 

Main Results: Of the 158 patients examined, 91 were women (57%) and 67 were male (43%). 

Of those who received two, three, or four or more QTc prolonging drugs, 43.4%, 67.3%, and 

45.5%, experienced QTc prolongation, respectively (p < 0.05). Those who received three QTc 

prolonging drugs had a greater incidence of QTc prolongation compared to those who received 

two (p = 0.0089) or four or more (p = 0.049) QTc prolonging drugs. There was no difference in 

incidence of QTc prolongation in those receiving two versus four drugs (p = 0.084). The 

incidence of QTc prolongation was associated with risk factors including a history of 

cardiovascular diseases, electrolyte disturbances, and being female (p < 0.05). 

Conclusions: An increase in the number of QTc prolonging drugs received was not associated 

with a corresponding increase in the incidence of QTc prolongation. Being female, having 

electrolyte disturbances, or a history of cardiovascular disease may increase the risk of QTc 

prolongation. 
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INTRODUCTION 

Long QT syndrome (LQTS) is a cardiac condition characterized by a prolonged QTc 

interval on an electrocardiogram (ECG).1 The QTc interval is considered prolonged when it is 

greater than 450 milliseconds (ms) in men and greater than 470 ms in women.2 Drug-induced 

LQTS is a major safety concern associated with an increased risk of torsades de pointes (TdP).1 

TdP is a form of polymorphic ventricular tachycardia characterized by a heart rate of 200 to 250 

beats per minute, QRS complexes with changing amplitude, and prolonged ventricular 

repolarization. TdP can cause syncope, palpitations, seizures, and sudden cardiac death from 

ventricular fibrillation. There is an increased risk of TdP associated in patients with QTc interval 

greater than 500 ms. 

Several medications and risk factors are associated with increased risk of QTc 

prolongation. The major classes of drugs associated with QTc prolongation include 

antipsychotic, antiarrhythmic, antimicrobial, antihistaminergic, antineoplastic, and promotility 

medications. Additionally, there are non-pharmacological risk factors associated with the 

development of Tdp.3 Risk factors include: the female gender, electrolyte disturbances including 

hypokalemia, hypocalcemia, and hypomagnesemia, bradycardia, recent conversion from atrial 

fibrillation, cardiovascular disease such as previous myocardial infarction (MI) or congestive 

heart failure (CHF), QTc prolongation at baseline, ion-channel polymorphisms, anorexia, 

obesity, hypothyroidism, diabetes mellitus, renal impairment, hepatic impairment, and the use of 

two or more QTc prolonging medications.4,5,6,7  

The incidence of drug induced QTc prolongation resulting from medications and 

combinations of medications is currently unclear.1 Much of the information available regarding 

the incidence of LQTS associated with risk factors and drug interactions is from case reports and 
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clinical studies that examine a limited scope of medications. There are nearly 200 medications 

associated with QTc prolongation; however, there is limited data showing the incidence and 

extent of QTc prolongation in patients taking these medications alone or in combination.8 This 

makes it difficult for the clinicians to assess the risk of QTc prolongation. The purpose of this 

study was to assess the incidence of QTc prolongation in patients at an academic medical center 

who received multiple QTc prolonging drugs and to determine what risk factors were associated 

with an increased incidence of QTc prolongation. 

 

METHODS  

Design: This was a retrospective chart review using data obtained from electronic health 

records. This study was approved by the University of Arizona Human Subjects Protection 

Program.   

 Subjects: Patients were enrolled in this study if they were at least 18 years old, admitted 

to Banner University Medical Center South (BUMC South) for a minimum of 24 hours from 

January 2015 to December 2015, received at least two QTc prolonging medications, and had one 

recorded ECG measured after the initiation of QTc prolonging medications. Patients with 

congenital LQTS and those with an ECG available only before initiating QTc prolonging 

medications were excluded. 

 Measures:  A copy of the data collection form is attached in Appendix A. A list of drugs 

associated with QTc prolongation was generated using CredibleMeds.org and then narrowed 

down to the drugs on formulary at BUMC South (Appendix B).8  

Data collection included patient demographics, risk factors, type and number of QTc 

prolonging medications received, and presence of QTc prolongation (Appendix A). The 
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demographics and variables collected were adapted from various studies, including chart 

reviews, examining the incidence of drug-induced QTc prolongation and associated risk factors.  

The primary dependent variable of this study was the incidence of QTc prolongation, 

defined as a QTc interval greater than 450 ms in males and greater than 470 ms in females. 

Additional demographic variables were examined in order to examine the association between 

risk factors and the incidence of QTc prolongation. The demographic variables included the 

patient’s age, sex, and location upon ECG recording (intensive care unit, internal medicine, 

psychiatry, family medicine, emergency department, or surgery). Disease variables included: the 

presence of electrolyte disturbances on the day of the recorded ECG, defined as serum potassium 

less than 3.5 mEq/L, serum magnesium less than 1.5 mEq/L, and serum calcium less than 8.4 

mg/dL; the name and dose of QTc prolonging drugs received since admission; the number of 

QTc prolonging drugs received, categorized as two drugs, three drugs, and four or more drugs; 

and the presence of cardiovascular risk factors, including history of myocardial infarction, 

congestive heart failure, and atrial fibrillation. 

Data Collection: Data collection was performed by reviewing the charts of patients who 

fit the inclusion criteria and who received QTc prolonging medications (Appendix B). The report 

was organized in an Excel spreadsheet to identify patients on two, three, or four or more QTC 

prolonging medications. Students examined each patient profile to verify if an ECG was 

performed on the patient following administration of at least two QTc prolonging drugs and 

collected the demographic and disease variables listed above. 

Data analysis: The statistical analysis was conducted using Statistical Analysis Software 

Package (SASP). The sample size was 158 patients. The incidence of QTc prolongation in 

patients taking two versus three versus four or more QTc prolonging drugs were compared using 
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the Chi Square test. Logistic regression was used to determine the association between QTc 

prolongation and risk factors. The a priori alpha level for all analyses was set at 0.05.   

 

RESULTS  

The demographic characteristics of the patients are shown in Table 1. Of the total 158 

patients examined, 91 were women (57%) and 67 were male (43%). Being female was 

significantly associated with QTc prolongation (p < 0.0001). Of the patients examined, 25% 

were over 65 years of age. Age over 65 years was not significantly associated with QTc 

prolongation (p > 0.05). Of the patients examined, 46.2% had a history of cardiovascular disease 

and 45.6% had electrolyte disturbances. These risk factors were associated with QTc 

prolongation (p = 0.001 and p = 0.002, respectively) (Table 3). 

Of all patients examined in this study, 51.3% had a prolonged QTc interval. The group of 

patients who received two QTc prolonging medications was largest, consisting of 48.1% of the 

patients examined. Of the individuals who received two, three, or four or more QTc prolonging 

drugs, 43.4%, 67.3%, and 45.5%, experienced QTc prolongation, respectively (p < 0.05). The 

incidence of QTc prolongations was the highest in patients receiving three QTc prolonging 

medications, and lowest in those receiving two drugs. However, there was no difference in the 

incidence of QTc prolongation in those receiving two versus four drugs (p = 0.084). Those who 

received three QTc prolonging drugs had a significantly greater incidence of QTc prolongation 

compared to those who received two QTc prolonging drugs (p = 0.0089) and compared to those 

who received four or more QTc prolonging drugs (p = 0.049). 

 

 



Group Number 18; Names  1) Benita Daniel 2) Eva Liang 3) Christine Phu                  Page  7 
 

DISCUSSION  

Our study found that in adult hospital patients, an increase in the number of QTc 

prolonging drugs received was not associated with a corresponding increase in the incidence of 

QTc prolongation. Among patients receiving two, three, or four or more QTc prolonging drugs, 

the incidence of QTc prolongation was greatest in those receiving three drugs. Being female, 

electrolyte disturbances, or a history of cardiovascular disease may increase the risk of QTc 

prolongation. Therefore, these risk factors should be strongly considered when assessing risk of 

QTc prolongation in patients on multiple QTc prolonging drugs. Our study did not find that age 

over 65 years old was associated with QTc prolongation. 

 Literature on the incidence of QTc prolongation in individuals taking multiple QTc 

prolonging drugs typically examines specific drug combinations as opposed to the number of 

QTc prolonging medications a patient received. For example, a study by Zeuli et al. examined 

patients receiving a combination of a fluoroquinolone (levofloxacin or ciprofloxacin) with an 

azole antifungal (voriconazole, posaconazole, or fluconazole) and found that the combination of 

levofloxacin and fluconazole was the only regimen associated with a statistically significant 

change in QTc interval (an increase of 9.5 ms from baseline, 95% CI, 2.2 to 16.9 ms).9 However, 

no studies specifically examining the association between QTc prolongation and the number of 

medications taken were found. Several studies have examined the association between QTc 

prolongation and risk factors examined in our study. Our study found that a history of 

cardiovascular disease, being female, and electrolytes disturbances were significantly associated 

with QTc prolongation, while age over 65 years was not. However, Zeuli et al. found that all of 

these risk factors, only hypokalemia and a history cardiovascular disease (specifically, reduced 

left ventricular ejection fraction) were associated with QTc prolongation (p < 0.05). 
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      There were several limitations to this study. The study was retrospective and included 

patients at only one institution. Only QTc prolonging medications received after admission were 

considered, without accounting for QTc prolonging medications received immediately prior to 

admission. Furthermore, any QTc prolonging medications received during admission prior to the 

ECG were included, regardless of time since administration. Therefore, the duration of action of 

the QTc prolonging medications was not accounted for. Baseline QTc intervals were not 

obtained. Thus, changes in QTc interval associated with QTc prolonging drugs were not 

evaluated. Finally, only 50 medications selected based on the hospital’s formulary were 

examined.  

In addition to these limitations, the results of the study found that the patients who 

received four or more QTc prolonging medications experienced a lower incidence of QTc 

prolongation than those who received three QTc prolonging medications (45.5% versus 67.3%, 

respectively). Additional subgroup analysis should be done to elucidate why the patients who 

received more QTc prolonging medications had a decreased incidence of QTc prolongation 

compared to those who received fewer QTc prolonging medications. It should be noted that the 

sample size of patients who receiving two, three, or four QTc prolonging medications was 76, 

49, and 33 patients, respectively. The group size of the patients receiving four or more QTc 

prolonging medications may have been too small to capture an increased risk of QTc 

prolongation. 

 The results should be generalized cautiously to patients at other institutions since 

practice, formulary, and patient populations may vary between institutions.  Based on the 

findings of this study, it is important to monitor a patient’s QTc interval if they present with 

multiple risk factors for QTc prolongation and are on multiple QT prolonging medications. 
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Additional research can be performed to investigate more risk factors for QTc prolongation.  

Furthermore, the clinical significance of QTc prolongation must be determined by assessing 

incidence of arrhythmias or adverse effects. 

 

CONCLUSIONS  

Patients taking more than two medications associated with QTc prolongation have a 

greater risk of QTc prolongation; however, an increase in the number of QTc prolonging 

medications received is not always associated with a corresponding increase in the incidence of 

QTc prolongation. The incidence of QTc prolongation is associated with the presence of risk 

factors such as female gender, history of cardiovascular disease, and electrolyte disturbances. 

Age over 65 was not associated with QTc prolongation.  
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Table 1.  Patient Characteristics.  
Age, years (mean +/- standard deviation) 66.0 (16.4) 
Location at time of EKG [n (%)]  

Intensive care unit 42 (26.6) 
Internal medicine 42 (26.6) 
Psychiatry 23 (14.6) 
Family medicine 25 (15.8) 
Emergency department 21 (13.3) 
Surgery 5 (3.2) 

  
Risk Factor [n (%)]  

Female 91 (57.6) 
History of cardiovascular disease 73 (46.2) 
Over 65 years of age 44 (27.8) 
Presence of electrolyte disturbances 72 (45.6) 

  
Prolonged QTc Interval [n (%)] 81 (51.3) 
  
Number of QTc Prolonging Drugs Received [n (%)]  

Two 76 (48.1) 
Three 49 (31.0) 
Four or more 33 (20.9) 

 
Table 2. Risk Factors in Patients Receiving Two, Three, or Four or more QTc prolonging 
medications. 
 Number of Drugs Received 

Two 
(n = 76) 

Three 
(n = 49) 

Four or more 
(n = 33) 

Female [n (%)] 45 (59.2) 27 (55.1) 19 (57.6) 
History of CVD [n (%)] 34 (44.7) 20 (40.8) 19 (57.6) 
Over 65 years of age [n (%)] 17 (22.4) 16 (32.7) 11 (33.3) 
Electrolyte Disturbances [n (%)] 29 (38.2) 26 (53.1) 17 (51.5) 
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Figure 1. Incidence of QTc Prolongation Associated with Number of Drugs Received. 
 

 

Table 3. Logistic Regression Between Risk Factors for and Presence of QTc Prolongation. 
Risk Factor Number with QTc Prolongation (%) P-value 

Female (n = 91) 35 (38.5) <0.0001 
History of CVD (n = 73) 48 (65.6) 0.001 
> 65 years old (n = 44) 25 (56.8) 0.516 
Electrolyte disturbances (n = 72) 48 (66.7) 0.002 
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APPENDICES 
 
Appendix A: Data collection form and data dictionary. 
Patient # A   
age B (in years) 
gender C 1 = male; 0 = female 
location during EKG D 1 = ICU; 2 = internal medicine; 3 = psychiatry; 4 = family medicine; 5 = 

emergency department; 6 = surgery 
QTc interval length E (in milliseconds)  
QT prolonged? (Y/N) F Yes = 1; No =0 
# of risk factors G Number of risk factors   
presence of electrolyte 
disturbance 

H 0 = No; 1 = Yes [serum potassium less than 3.5 mEq/L, serum magnesium less 
than 1.5 mEq/L, or serum calcium less than 8.4 mg/dL] 

presence of CVD I 0 = No; 1 = Yes [history of atrial fibrillation, MI, or CHF) 
over 64 years of age? J 0 = No ; 1 = Yes 
electrolytes on day of ECG? K Yes = 1; No = 0 
notes L specify drug name(s) and any comments 
# of drugs administered M 2 = 2 drugs administered; 3 = 3 drugs administered; 4 = 4 or more drugs 

administered 
drug 1 N see Appendix E for drug list 
drug 1 category O 0=other[atomoxetine, cilostazol, donepezil, dexmedetomidine, 

famotidine,lithium, nicardipine, perflutren lipid, ranolazine, tacrolimus] 
1= antiarrhythmic 
2=antipsychotic 
3=atypical antipsychotic 
4=antibiotic 
5=antifungal 
6=antiviral 
7=antiemetic (ondansetron, promethazine) 
8=antidepressant 
9=opioid agonist/analgesic 
10=anesthetic  

drug 1 dose P This column will report the strength of the drug 
drug 2 Q See Appendix E for drug list 
drug 2 category R See above 
drug 2 dose S This column will report the strength of the drug 
drug 3 T See Appendix E for drug list 
drug 3 category U See above 
drug 3 dose V This column will report the strength of the drug 
drug 4 W See Appendix E for drug list 
drug 4 category X See above 
drug 4 dose Y This column will report the strength of the drug 
drug 5 Z See Appendix E for drug list 
drug 5 category AA See above 
drug 5 dose AB This column will report the strength of the drug 
drug 6 AC See Appendix E for drug list 
drug 6 category AD See above 
drug 6 dose AE This column will report the strength of the drug 
drug 7 AF See Appendix E for drug list 
drug 7 category AG See above 
drug 7 dose AH This column will report the strength of the drug 
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Appendix B: Drugs with a risk or possible risk of TdP examined in this study. 
  Generic Name Risk Category Route Drug Class 

1 Amiodarone Risk of TdP oral, injection Antiarrhythmic 
2 Azithromycin Risk of TdP oral, injection Antibiotic 

3 Chlorpromazine Risk of TdP 
oral, injection, 
suppository Antipsychotic 

4 Cilostazol Risk of TdP oral Other 
5 Ciprofloxacin Risk of TdP oral, injection Antibiotic 
6 Citalopram Risk of TdP oral Antidepressant 
7 Clarithromycin Risk of TdP oral Antibiotic 
8 Dofetilide Risk of TdP oral Antiarrhythmic 
9 Donepezil Risk of TdP oral Other 

10 Dronedarone Risk of TdP oral Antiarrhythmic 
11 Droperidol Risk of TdP oral Antipsychotic 
12 Erythromycin Risk of TdP oral Antibiotic 
13 Escitalopram Risk of TdP oral Antidepressant 
14 Flecainide Risk of TdP oral Antiarrhythmic 
15 Fluconazole Risk of TdP oral Antifungal 
16 Haloperidol Risk of TdP oral Antipsychotic 
17 Levofloxacin Risk of TdP oral Antibiotic 
18 Methadone Risk of TdP oral Opioid agonist 
19 Ondansetron Risk of TdP oral Antiemetic 
20 Pentamidine Risk of TdP oral Antifungal 
21 Procainamide Risk of TdP oral Antiarrhythmic 
22 Propofol Risk of TdP oral Anesthetic, general 
23 Quinidine Risk of TdP oral Antiarrhythmic 
24 Sevoflurane Risk of TdP oral Anesthetic, general 
25 Sotalol Risk of TdP oral Antiarrhythmic 
26 Thioridazine Risk of TdP oral Antipsychotic 
27 Aripiprazole Possible Risk of TdP oral Antipsychotic, atypical 
28 Asenapine Possible Risk of TdP oral Antipsychotic, atypical 
29 Atazanavir Possible Risk of TdP oral Antiviral 
30 Atomoxetine Possible Risk of TdP oral Other 
31 Clomipramine Possible Risk of TdP oral Antidepressant 
32 Clozapine Possible Risk of TdP oral Antipsychotic, atypical 
33 Desipramine Possible Risk of TdP oral Antidepressant 
34 Dexmedetomidine Possible Risk of TdP oral Other 
35 Famotidine Possible Risk of TdP oral Other 
36 Hydrocodone - IR Possible Risk of TdP oral Analgesic 
37 Imipramine (melipramine) Possible Risk of TdP oral Antidepressant 
38 Lithium Possible Risk of TdP oral Other 
39 Mirtazapine Possible Risk of TdP oral Antidepressant 
40 Nicardipine Possible Risk of TdP oral Other 
41 Nortriptyline Possible Risk of TdP oral Antidepressant 
42 Olanzapine Possible Risk of TdP oral Antipsychotic, atypical 
43 Paliperidone Possible Risk of TdP oral Antipsychotic, atypical 
44 Perflutren lipid microspheres Possible Risk of TdP oral Other 
45 Promethazine Possible Risk of TdP oral Antiemetic 
46 Ranolazine Possible Risk of TdP oral Other 
47 Risperidone Possible Risk of TdP oral Antipsychotic, atypical 
48 Saquinavir Possible Risk of TdP oral Antiviral 
49 Tacrolimus Possible Risk of TdP oral Other 
50 Venlafaxine Possible Risk of TdP oral Antidepressant 
 


