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Abstract: Introduction: Amiodarone has been reported to be associated with QTc interval prolongation and Torsades de pointes
(TdP). This study aimed to assess the incidence and identify the risk factors of QTc prolongation and TdP associated
with intravenous amiodarone therapy in patients diagnosed with atrial fibrillation (AF). Methods: A retrospective co-
hort study was conducted using electronic health records of Buddhachinaraj Hospital, a tertiary care center in Thailand,
between January 2016 and September 2019. The study population comprised patients with AF who received intravenous
amiodarone therapy. Incidence and associated risk factors for QTc interval prolongation and TdP were assessed using
multivariable logistic regression analysis. Results: A total of 2,944 patients were included in the analysis. Among these,
49 cases of intravenous amiodarone-associated QTc interval prolongation or TdP were identified (33 (1.12%) and 16
(0.54%) cases, respectively), corresponding to an overall incidence of 1.66% (95% confidence interval (CI): 1.23 - 2.19).
Multivariable analysis revealed that diabetes mellitus (adjusted odds ratio (aOR): 1.85; 95% CI: 1.02 - 3.38; p-value =
0.045), history of stroke (aOR: 3.09; 95% CI: 1.26 - 7.57; p-value = 0.014), use of antipsychotic medications (aOR: 3.07;
95% CI: 1.64 - 5.74; p-value < 0.001), and use of anticholinergic medications (aOR: 3.89; 95% CI: 1.54 - 9.85; p-value =
0.004) were significantly associated with an increased risk of QTc interval prolongation and TdP following amiodarone
therapy for AF patients. Conclusion: Although the incidence of QTc interval prolongation and TdP related to intra-
venous amiodarone therapy in patients with AF was relatively low, the risk was significantly elevated in individuals with
diabetes mellitus, a history of stroke, or concurrent use of antipsychotic or anticholinergic agents. These findings un-
derscore the importance of vigilant risk assessment and monitoring in clinical practice to mitigate the potential for
intravenous amiodarone-induced arrhythmic complications.
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1. Introduction efficacy, its clinical use is limited by the relatively high in-

. . . . L cidence of serious and potentially life-threatening adverse
Amiodarone is a class III antiarrhythmic medication com- . .
. .. . effects (2-4). Due to these significant cardiac and extracar-
monly used to treat various arrhythmias, including both ven- . . . .
. . e diac adverse effects, amiodarone is generally not considered
tricular and supraventricular types (1). Despite its proven . .
a first-line treatment for arrhythmias (5, 6).

Amiodarone exerts its antiarrhythmic effects by inhibiting
multiple ion channels involved in cardiac action potential
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thereby prolonging the duration of the action potential and
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increasing the refractoriness of myocardial tissue, which cul-
minates in QTc interval prolongation on the electrocardio-
gram (7). Torsades de pointes (TdP) is a rare but poten-
tially fatal arrhythmia associated with amiodarone use, al-
though its incidence is considerably lower than with other
antiarrhythmic drugs. The risk of TdP is heightened in pa-
tients with additional predisposing factors, such as under-
lying heart disease, advanced age, electrolyte imbalances,
bradycardia, renal or hepatic dysfunction, use of concomi-
tant medications, and intravenous administration of the
drug (8-12).

While QTc interval prolongation and TdP are infrequent,
their potential severity warrants careful monitoring. A thor-
ough understanding of their incidence and associated risk
factors is critical to mitigating adverse outcomes. Despite
extensive reports of drug-induced QTc interval prolongation,
data on intravenous amiodarone are scarce in large Asian co-
horts. This study addresses this gap by investigating the inci-
dence and risk factors of QTc interval prolongation and TdP
among patients with atrial fibrillation (AF) receiving intra-
venous amiodarone.

2. Methods
2.1. Study design and setting

This was a retrospective cohort study and used the electronic
health records from a tertiary medical center in Thailand be-
tween January 2016 and September 2019. The study popu-
lation comprised patients with AF who received intravenous
amiodarone therapy. Incidence and associated risk factors
for QTc interval prolongation and TdP were assessed using
multivariable logistic regression analysis.

The study was conducted according to the Strengthening
the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines (13) and complied with the
Declaration of Helsinki and was approved by the Human
Investigation Committee of Buddhachinaraj Hospital (1,020
beds), Phitsanulok, Thailand (ethics approval number: IRB
No. 136/62).

2.2. Study population and data collection

This study included patients diagnosed with AF between
January 1, 2016, and September 30, 2019. Inclusion crite-
ria comprised age = 18 years and administration of intra-
venous amiodarone during hospitalization. Patients with
a pre-existing implanted cardiac pacemaker or implantable
cardioverter-defibrillator were excluded. The diagnosis of
AF was identified using the International Classification of
Diseases, Tenth Revision, Clinical Modification (ICD-10-CM)
code 148. Data on demographics (age, sex), comorbidities,
concomitant medications, laboratory test results, and elec-
trocardiographic findings were extracted from the electronic
health records.

Given the lack of electrocardiographic monitoring for all pa-
tients receiving intravenous amiodarone, clinical outcomes

were initially identified through ICD-10 diagnostic codes-
including syncope (R55), ventricular arrhythmias (1472 and
149), and sudden cardiac death (I46). These outcomes
were subsequently validated via detailed review of individual
medical health records. All electrocardiograms and clinical
outcomes were independently assessed by either a cardiolo-
gist or the attending physician to confirm the diagnoses.

2.3. Outcome measurement

QTc interval prolongation or TdP associated with intra-
venous amiodarone therapy was considered as main out-
QTc interval prolongation associated with intra-
venous amiodarone therapy was defined as a heart rate-
corrected QT (QTc) exceeding 450 milliseconds (ms) in men

come.

or 470 ms in women, or the presence of electrocardiographic
evidence of TdP. QTc values were calculated using Bazett’s
formula (QTc = QT/vVRR) (14).

2.4. Statistical analysis

Descriptive statistics were used to summarize baseline char-
acteristics. Categorical variables are presented as absolute
frequencies and percentages, whereas continuous variables
are expressed as means with standard deviations or medians
with interquartile ranges, based on data distribution. Group
comparisons for categorical variables were conducted using
Chi-square tests or Fisher’s exact tests, and for continuous
variables using Student’s t-tests or Wilcoxon rank-sum tests,
as appropriate.

The incidence of QTc interval prolongation and TdP was cal-
culated by dividing the number of affected patients by the to-
tal number of patients treated with intravenous amiodarone
and reported as a percentage. To identify factors associated
with these outcomes, patients were stratified into two co-
horts based on the presence or absence of QTc interval pro-
longation and TdP. Variables with a p-value < 0.2 in univari-
able analysis were entered into a multivariable logistic re-
gression model to determine independent predictors (15). To
assess the adequacy of the model, the Hosmer-Lemeshow
goodness-of-fit test was performed, and model calibration
was considered acceptable at p > 0.05 (16). In addition, po-
tential multicollinearity among covariates was evaluated us-
ing the variance inflation factor (VIF), with VIF < 5 indicat-
ing no evidence of problematic collinearity (17). All statis-
tical tests were two-tailed, with significance set at p-value <
0.05. Analyses were conducted using STATA software, version
16 (StataCorp).

3. Results

3.1. Baseline characteristics of studied patients

A total of 3,176 adult patients with AF who received amio-
darone therapy were initially identified. Of these, 2,944 pa-
tients met the inclusion criteria and were included in the fi-
nal analysis. Following associated outcome screening based
on ICD-10 and subsequent electrocardiogram (ECG) confir-
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mation, 2,895 patients were classified into the non-QTc pro-
longation/TdP group, whereas 49 patients were diagnosed
with QTc interval prolongation or TdP (Figure 1).

The mean age of the cohort was 66.95+14.05 years, and
45.28% were female. The majority of patients were enrolled
under the Universal Coverage Scheme (77.79%).
bidities were prevalent within the cohort. Approximately
one-quarter of patients had a documented history of heart
failure (25.10%), hypertension (22.96%), or diabetes melli-
tus (22.69%). Hypokalemia was reported in 30.26% of pa-

Comor-

tients, while 23.88% were diagnosed with septicemia. Re-
garding concomitant medications, diuretics were the most
frequently prescribed agents (62.06%), followed by antipsy-
chotics (35.60%) and opioids (31.28%). A comprehensive
summary of baseline characteristics is provided in Table 1.
Compared with patients who did not experience QTc inter-
val prolongation or TdP, those with QTc interval prolonga-
tion or TdP demonstrated a significantly higher prevalence of
coronary artery disease (26.53% vs. 11.99%; p-value = 0.006),
stroke (12.24% vs. 4.80%; p-value = 0.031), and diabetes mel-
litus (38.78% vs. 22.42%; p-value = 0.010). Moreover, the use
of antipsychotic (61.22% vs. 35.16%; p-value < 0.001) and
anticholinergic medications, including atropine, (12.24% vs.
3.04%; p-value = 0.004) was significantly more common in
the QTc interval prolongation or TdP group (Table 1).

3.2. Incidence and associated factors of QTc pro-
longation and TdP

Among the 2,944 patients included in the analysis, 49 cases
of intravenous amiodarone-associated QTc interval prolon-
gation (N = 33) or TdP (N = 16) were identified, correspond-
ing to an overall incidence of 1.66% (95% confidence interval
(CD: 1.23-2.19%).

Among the 49 patients who developed QTc interval prolon-
gation or TdP following intravenous amiodarone therapy as
confirmed by electrocardiographic evidence, however, base-
line QTc interval data were available for 42 patients. The
mean baseline QTc interval was 446.5 + 31.0 ms, which in-
creased to 513.4 + 40.6 ms at the time of event. About a half of
the patients (N = 26, 53.1%) demonstrated QTc interval pro-
longation within the range of 450 - 500 ms, whereas the re-
mainder exhibited QTc interval values exceeding 500 ms. The
median time to onset of QTc interval prolongation was 5 days
(interquartile range (IQR): 2 - 8), ranging from the day of ini-
tiation to 12 days after. The median cumulative dose of intra-
venous amiodarone at the time of event onset was 2,100 mil-
ligrams (mg) (IQR: 1,100 - 3,600), with more than half of the
patients (n = 27, 55.1%) receiving cumulative doses greater
than 2,000 mg.

Multivariable logistic regression analysis identified the fol-
lowing independent predictors of intravenous amiodarone-
associated QTc interval prolongation or TdP: diabetes melli-
tus (adjusted odds ratio (aOR): 1.85; 95% CI: 1.02 - 3.38), his-
tory of stroke (aOR: 3.09; 95% CI: 1.26 - 7.57), antipsychotic
use (aOR: 3.07; 95% CI: 1.64 - 5.74), and anticholinergic use
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(aOR: 3.89; 95% CI: 1.54 - 9.85) (Table 2).

4, Discussion

This study aimed to evaluate the incidence and identify po-
tential risk factors for QTc interval prolongation and TdP as-
sociated with intravenous amiodarone therapy in patients di-
agnosed with AE The findings suggest that although the over-
all incidence of QTc interval prolongation and TdP is rela-
tively low, the presence of certain comorbidities-specifically
diabetes mellitus and stroke, as well as concomitant use of
antipsychotic or anticholinergic (atropine) medications, is
associated with a significantly elevated risk of these arrhyth-
mic outcomes.

Previous epidemiological investigations have consistently
identified amiodarone as a common cause of drug-induced
QTc interval prolongation, particularly when administered
via the intravenous route (18-20). A comprehensive review
of the literature reported a 2.0% incidence of proarrhythmic
events related to amiodarone, with TdP accounting for 0.7%
across 17 uncontrolled studies (21). In concordance with
these data, the present study observed a 1.66% incidence of
QTc interval prolongation and TdP. Similarly, a retrospective
analysis by Shenthar and colleagues conducted in India re-
ported an incidence of approximately 1.5% for TdP associ-
ated with intravenous amiodarone (8).

The comparatively low incidence of QTc interval prolonga-
tion and TdP observed with amiodarone is not yet fully un-
derstood but is likely attributable to a combination of mul-
tiple factors. While amiodarone primarily prolongs the ef-
fective refractory period by inhibiting potassium channels, it
also exerts inhibitory effects on sodium and calcium chan-
nels. Its calcium-channel blocking properties may attenuate
the proarrhythmic potential of delayed repolarization (22,
23). Additionally, amiodarone induces less pronounced re-
polarization in Purkinje fibers compared to ventricular my-
ocardium, thereby limiting QTc interval dispersion, an im-
portant electrophysiological factor implicated in the genesis
of TdP (24). Nevertheless, these protective effects may be
overridden in the presence of additional predisposing clini-
cal conditions or pharmacological agents (8).

In our analysis, patients with a history of diabetes mel-
litus or stroke, and those receiving antipsychotic medica-
tions or atropine, an anticholinergic agent, were signifi-
cantly more likely to experience QTc interval prolongation or
TdP. These findings are consistent with previous studies that
have addressed the pathophysiological mechanisms under-
lying these associations. For instance, stroke patients were
found to have significantly greater absolute QTc interval dis-
persion compared to non-stroke patients, likely due to el-
evated plasma catecholamine levels associated with acute
stroke, which contribute to increased QTc interval disper-
sion. However, indication bias was addressed by noting that
patients with prior stroke may receive more frequent and
closer ECG monitoring, thereby increasing the detection of
long QTc interval dispersion events (25-27). A study by Li and
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colleagues demonstrated that elevated postprandial glucose
levels in patients with diabetes mellitus were independently
associated with QTc interval prolongation. This relationship
may be mediated by altered intracellular calcium concen-
trations and impaired sympathovagal balance. Additionally,
the underlying pathophysiological mechanism of diabetes
mellitus has also been implicated in QTc interval prolonga-
tion (28). The concomitant use of amiodarone with other
medications, particularly antipsychotics and anticholiner-
gics such as atropine, has been shown to significantly in-
crease the risk of QTc interval prolongation or TdP. Bush
and colleagues reported that patients exposed to both amio-
darone and haloperidol experienced QTc interval prolonga-
tion more frequently than those receiving amiodarone alone
(29). Similarly, a study by Girardin and colleagues found that
antipsychotic drugs including haloperidol, clotiapine, phe-
nothiazines, and sertindole were significantly more preva-
lent among patients with drug-induced long QT syndrome
(30). Furthermore, Annila and colleagues observed that pa-
tients receiving atropine exhibited significant QTc interval
prolongation. This effect was attributed to atropine’s inhibi-
tion of the parasympathetic nervous system, which increases
sympathetic tone and thereby contributes to susceptibility
to QTc interval prolongation (31). In contrast, our find-
ings differ somewhat from previous research, which iden-
tifies risk factors such as female sex (19, 32), hypokalemia
(19, 33), left ventricular dysfunction (22), and the concur-
rent use of QTc interval-prolonging medications such as di-
uretics or beta-blockers (33) as contributors to increased sus-
ceptibility to drug-induced QTc interval prolongation or TdP.
We hypothesize that the lack of a statistically significant as-
sociation between classic predictors such as female sex and
electrolyte imbalance (hypokalemia, hypomagnesemia) and
QTc interval prolongation may be attributed to a combi-
nation of limited statistical power and the unique charac-
teristics of our study population, where the effects of these
predictors were potentially mitigated or overshadowed by
other, stronger risk factors such as specific comorbidities and
co-medications (e.g., antipsychotics and anticholinergics) or
other treatments for the electrolyte imbalance.

Accordingly, electrocardiographic monitoring may be advis-
able for patients receiving intravenous amiodarone, particu-
larly those with established risk factors (5, 6). Early detection
of QTc interval prolongation may facilitate timely interven-
tion and reduce the risk of adverse arrhythmic events. Clin-
icians should perform individualized risk assessments and,
where feasible, modify or discontinue contributing medica-
tions to mitigate the risk of TdP.

5. Limitations

This study has several limitations that need to be acknowl-
edged. First, as an observational study, it is susceptible
to residual confounding, despite rigorous adjustment for
known covariates in the multivariable analyses. Nonethe-
less, the real-world data utilized enhance the generalizabil-

ity of the findings. Second, the true incidence of QTc inter-
val prolongation/TdP may be underestimated due to unde-
tected cases, particularly among patients who have not un-
derwent routine ECG monitoring before or following intra-
venous amiodarone initiation, especially the patients who
were not diagnosed with associated outcomes. Third, QTc
values were obtained from ECG reports routinely interpreted
by cardiologists or physicians in our hospital, where Bazett’s
formula is applied as standard practice. As a result, we were
unable to perform a sensitivity analysis using other appropri-
ate formulas such as Fridericia or Hodges, which should be
considered when interpreting the findings (9), although re-
analysis confirmed that the logistic regression model demon-
strated an acceptable fit, the limited number of events raises
the possibility of over-fitting, which may affect the stability
of the risk estimates. Fourth, baseline QTc data were not
available for all patients, which restricts the ability to fully as-
sess pre-treatment risk and represents a potential source of
bias that should be considered when interpreting the find-
ings. In addition, the exact infusion rate could not be de-
termined, as prescriptions of amiodarone loading dose were
typically written as “IV stat,” with the actual administration
rate decided by nursing staff and not systematically recorded.
Therefore, we were unable to evaluate infusion rate as a risk
factor, and this limitation should be acknowledged when in-
terpreting our results. Finally, pharmacogenomics should
be considered, CYP450 polymorphism may have affected the
pharmacokinetics and pharmacodynamics of amiodarone
and its concomitant medications. In addition, several stud-
ies have reported that the mutations of the genes that encode
the protein channels account for long QT syndrome (LQTS)
and susceptibility to drug-induced toxicity (3).

6. Conclusions

While the overall incidence of QTc interval prolongation and
TdP associated with intravenous amiodarone therapy in pa-
tients with AF was low, individuals with comorbidities such
as diabetes mellitus or stroke, and those concurrently receiv-
ing antipsychotic or anticholinergic medications, were found
to be at increased risk. These findings underscore the impor-
tance of comprehensive risk assessment and vigilant moni-
toring when initiating intravenous amiodarone therapy.
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gELERH Comparing the baseline characteristics of studied cases between cases with and without QTc interval prolongation or Torsades de
Pointes (TdP)

Characteristics Total (N = 2,944) QTc interval prolongation or TdP P
Yes (N =49) No (N =2,895)
Age (year)
Mean + SD 66.95 + 14.05 67.94 £13.18 66.94 + 14.07 0.621
<65 1,138 (38.65) 16 (32.65) 1,122 (38.76) 0.460
=65 1,806 (61.35) 33 (67.35) 1,773 (61.24)
Sex
Female 1,333 (45.28) 28 (57.14) 1,305 (45.08) 0.111
Male 1,611 (54.72) 21 (42.86) 1,590 (54.92)
Insurance
ucC 2,290 (77.79) 37 (75.51) 2,253 (77.82) 0.608
SSS 114 (3.87) 3(6.12) 111 (3.83)
CSMBS 540 (18.34) 9 (18.37) 531 (18.34)
Comorbidities
Hypertension 676 (22.96) 12 (24.49) 664 (22.94) 0.735
Heart failure 739 (25.10) 17 (34.69) 722 (24.94) 0.134
Coronary artery disease 360 (12.23) 13 (26.53) 347 (11.99) 0.006
Diabetes 668 (22.69) 19 (38.78) 649 (22.42) 0.010
Hyperlipidemia 482 (16.37) 10 (20.41) 472 (16.30) 0.436
Thyroid disease 125 (4.25) 2(4.08) 123 (4.25) 0.100
Liver disease 145 (4.93) 3(6.12) 142 (4.91) 0.733
Chronic kidney disease 227 (7.71) 4 (8.16) 223 (7.70) 0.788
COPD/Asthma 157 (5.33) 1(2.04) 156 (5.39) 0.518
Septicemia 703 (23.88) 7 (14.29) 696 (24.04) 0.129
Stroke 145 (4.93) 6(12.24) 139 (4.80) 0.031
Hypokalemia 891 (30.26) 12 (24.49) 879 (30.36) 0.435
Hypomagnesemia 396 (13.45) 5 (10.20) 391 (13.51) 0.673
Hyponatremia 152 (5.16) 1(2.04) 151 (5.22) 0.516
Concomitant medications
Diuretics 1,827 (62.06) 31 (63.27) 1,796 (62.04) 1.000
Digoxin 179 (6.08) 3(6.12) 176 (6.08) 1.000
Calcium channel blockers 308 (10.46) 3(6.12) 305 (10.54) 0.477
Beta-blockers 132 (4.48) 2 (4.08) 130 (4.49) 1.000
Statins 403 (13.69) 10 (20.41) 393 (13.58) 0.204
Fluoroquinolones 180 (6.11) 2 (4.08) 178 (6.15) 0.767
Macrolides 440 (14.95) 8(16.33) 432 (14.92) 0.691
Antipsychotics 1,048 (35.60) 30 (61.22) 1,018 (35.16) <0.001
Antidepressants 186 (6.32) 2 (4.08) 184 (6.36) 0.767
Opiates 921 (31.28) 11 (22.45) 910 (31.43) 0.214
Antiepileptics 152 (5.16) 2 (4.08) 150 (5.18) 1.000
Anticholinergic (Atropine) 94 (3.19) 6 (12.24) 88 (3.04) 0.004
H1-Antihistamines 292 (9.92) 2(4.08) 290 (10.02) 0.228
Antimotility and Antiemetics 770 (26.15) 13 (26.53) 757 (26.15) 1.000
Intravenous amiodarone dose (mg/day)
Median (IQR) 300 (150 - 900) 300 (150 - 900) 300 (150 - 900) 0.542
<300 1,708 (58.02) 25 (51.02) 1,683 (58.13) 0.381
> 300 1,236 (41.98) 24 (48.98) 1,212 (41.87)

Data are presented as number (%) or mean + standard deviation (SD). COPD: chronic obstructive pulmonary disease;
CSMBS: civil servant medical benefit scheme; IQR: interquartile range; mg: milligram; QTc: corrected QT; SD: standard deviation;
SSS: social security scheme; TdP: Torsades de pointes; UC: universal coverage scheme.
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P Independent risk factors of QT prolongation and Torsade de pointes following atrial fibrillation treatment with intravenous amio-
darone based on multivariable logistic regression analysis

Factors Univariable analysis Multivariable analysis
OR (95% CI) P-value aOR (95% CI) P-value

Age = 65 years 1.31 (0.72 - 2.38) 0.386 1.19 (0.64 - 2.22) 0.585
Female sex 1.62 (0.92 - 2.87) 0.096 1.56 (0.86 - 2.82) 0.139
Heart failure 1.60 (0.88 - 2.90) 0.122 1.08 (0.56 - 2.08) 0.826
Coronary artery disease 2.65 (1.39 - 5.05) 0.003 1.36 (0.64 - 2.91) 0.422
Diabetes mellitus 2.19(1.23-3.92) 0.008 1.85(1.02 - 3.38) 0.045
Stroke 2.77 (1.16 - 6.61) 0.022 3.09 (1.26 - 7.57) 0.014
Septicemia 0.53 (0.24 - 1.18) 0.118 0.66 (0.28 - 1.53) 0.331
Antipsychotics 2.91 (1.63 - 5.20) <0.001 3.07 (1.64 - 5.74) <0.001
Anticholinergic (atropine) 4.45 (1.85-10.73) 0.001 3.89 (1.54 - 9.85) 0.004
H1-antihistamines 0.38 (0.09 - 1.58) 0.184 0.38 (0.09 - 1.61) 0.190
Opioids 0.63 (0.32 - 1.24) 0.182 0.57 (0.28 - 1.17) 0.126
Statins 1.63 (0.81 - 3.30) 0.172 1.31 (0.63 - 2.72) 0.476
Amiodarone dose > 300 mg/day 1.33 (0.76 - 2.35) 0.319 1.31 (0.73 - 2.35) 0.357

aOR: adjusted odds ratio; CI: confidence interval; mg: milligram; OR: odds ratio.

AF patientsaged = 18 years, who received amiodarone therapy
between January 1, 2016 and September 30, 2019, retrieved from the EHR (N =3,176)

Excluded

Y

- Patients with AICD and PPM (N =22)
- Patients who received oral amiodarone
or were not hospitalized (N=210)

Y

Eligible patients who received intravenous amiodarone therapy were included (N = 2,944)
Screening for amiodarone-associated QTc interval prolongation and TdP
(Diagnosed with syncope, ventricular arrhythmias, or cardiac arrest)

v

v

Outcome diagnosed (N =228)
ECG screening for evidence of
QTcinterval prolongation and TdP

Outcome not diagnosed (N =2,716)

v

v

v

Evidence of
QTc interval prolongation
and TdP (N = 49)

No evidence of
QTc interval prolongation
and TdP (N =179)

Y

Patients with
QTc interval prolongation
and TdP (N =49)

Patients without

QTc interval prolongation
and TdP (N = 2,895)

m The study flow diagram of data retrieval. AF: atrial fibrillation; AICD: Automated Implantable Cardioverter-Defibrillator; ECG: elec-
trocardiogram; EHR: electronic health record; QTc: corrected QT; PPM: permanent pacemaker; TdP: Torsades de pointes.
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