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OBJECTIVES This study aimed to characterize corrected QT (QTc) prolongation in a cohort of hospitalized patients with

coronavirus disease-2019 (COVID-19) who were treated with hydroxychloroquine and azithromycin (HCQ/AZM).

BACKGROUND HCQ/AZM is being widely used to treat COVID-19 despite the known risk of QT interval prolongation

and the unknown risk of arrhythmogenesis in this population.

METHODS A retrospective cohort of COVID-19 hospitalized patients treated with HCQ/AZM was reviewed. The QTc

interval was calculated before drug administration and for the first 5 days following initiation. The primary endpoint was

the magnitude of QTc prolongation, and factors associated with QTc prolongation. Secondary endpoints were incidences

of sustained ventricular tachycardia or ventricular fibrillation and all-cause mortality.

RESULTS Among 415 patients who received concomitant HCQ/AZM, the mean QTc increased from 443 � 25 ms to a

maximum of 473 � 40 ms (87 [21%] patients had a QTc $500 ms). Factors associated with QTc prolongation $500 ms

were age (p < 0.001), body mass index <30 kg/m2 (p ¼ 0.005), heart failure (p < 0.001), elevated creatinine

(p ¼ 0.005), and peak troponin (p < 0.001). The change in QTc was not associated with death over the short period of

the study in a population in which mortality was already high (hazard ratio: 0.998; p ¼ 0.607). No primary high-grade

ventricular arrhythmias were observed.

CONCLUSIONS An increase in QTc was seen in hospitalized patients with COVID-19 treated with HCQ/AZM. Several

clinical factors were associated with greater QTc prolongation. Changes in QTc were not associated with increased risk of

death. (J Am Coll Cardiol EP 2021;7:16–25) © 2021 by the American College of Cardiology Foundation.
I n December 2019, severe acute respiratory
syndrome-coronavirus-2, a novel coronavirus
that causes coronavirus disease-2019 (COVID-

19), was first detected in Wuhan, China (1). Since
then, a global pandemic of COVID-19 has emerged,
with high rates of hospital admission and respiratory
failure (2). Although large multicenter clinical trials
have begun evaluating potential therapies (3), several
small studies have proposed that repurposed drugs,
such as azithromycin and hydroxychloroquine, may
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offer benefit in the treatment of this disease (4,5).
The U.S. Food and Drug Administration has provided
emergency use authorization for health care pro-
viders to prescribe hydroxychloroquine to hospital-
ized patients with COVID-19, and it has been used
in conjunction with azithromycin (6). However,
both hydroxychloroquine and azithromycin (HCQ/
AZM) are known to prolong the electrocardiographic
(ECG) QT interval and could increase risk of drug-
induced torsade de pointes and sudden cardiac death
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AB BR E V I A T I O N S

AND ACRONYM S

COVID-19 = coronavirus

disease-2019

ECG = electrocardiogram

HCQ/AZM =

hydroxychloroquine and

azithromycin
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in these patients (7–10). Because risks associated with
QT prolongation in this patient population are largely
unknown, the present study aimed to determine the
magnitude of QT prolongation and prevalence of
serious arrhythmias among patients hospitalized
with COVID-19 who were treated with the combina-
tion of HCQ/AZM and to determine if QT prolongation
was associated with adverse outcomes.
QTc = corrected QT interval
METHODS

PATIENT POPULATION. This was a retrospective
cohort study of consecutive patients enrolled in the
Beaumont Health COVID-19 database, which was
granted a waiver of consent by the institutional re-
view board. All patients 18 years of age and older
with proven COVID-19 admitted to Beaumont Hos-
pital (Royal Oak and Beaumont Hospital, Troy,
Michigan) between March 13 and April 6, 2020 were
screened for study entry. Of this population,
those patients who were administered concomitant
HCQ/AZM underwent at least 1 day of corrected
QT interval (QTc) assessment following drug
initiation and who had an interpretable baseline
ECG were included in the cohort. Demographics,
medical history, relevant laboratory values, and
clinical outcomes were recorded (Supplemental
Appendix). Administration of drugs with known
risk or probable risk of inducing torsade de pointes
were documented (8).
FIGURE 1 Institutional Policy for QT Interval Monitoring

Institutional policy for QT interval monitoring during inpatient administr

with COVID-19. ECG ¼ electrocardiography; K ¼ potassium; Mg ¼ magn

system.
PHARMACODYNAMICS SUBGROUP ANA-

LYSIS. The pharmacodynamics of QTc pro-
longation after initiation of HCQ/AZM was
assessed over the 5 days of drug administra-
tion in a subgroup of patients. Patients with
QTc measurements at baseline, days 1, 2
and/or 3, and 4 and/or 5 were included in this
analysis. Patients with incomplete data due
to missing or technically inadequate tracings
were excluded from this analysis.
DRUG ADMINISTRATION. Patients with proven or
suspected COVID-19 infection were prescribed HCQ/
AZM at or soon after hospital admission at the
discretion of the admitting physician. The standard
dose regimens prescribed were hydroxychloroquine
400 mg twice daily for 2 doses, then 200 mg twice
daily for 4 days and azithromycin 500 mg once fol-
lowed by 250 mg/day for 4 days. Patient care de-
cisions were made by the hospital clinicians, and no
attempt was made by study personnel to direct their
care. Decisions regarding early termination of HCQ/
AZM (in some cases due to excessive prolongation of
the QTc interval) were at the sole discretion of the
physicians supervising care.

ELECTROCARDIOGRAPHIC MONITORING. An insti-
tutional policy was created during the COVID-19
pandemic to balance safe monitoring for QT interval
prolongation in patients prescribed HCQ/AZM while
also limiting ECG technician exposure to infected
patients and preserving personal protective
ation of hydroxychloroquine and azithromycin (HCQ/AZM) in patients

esium; QTc ¼ corrected QT interval; TMS ¼ telemetry monitoring
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FIGURE 2 Screening, Inclusion, Exclusion, and QTc Monitoring

Screening, inclusion, exclusion, and QTc monitoring for patients enrolled to assess the effects of HCQ/AZM on QTc prolongation. Abbreviations

as in Figure 1.
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equipment (Figure 1). Per institutional policy, a
baseline QTc was measured from a 12-lead ECG before
initiation of HCQ/AZM. If the patient had an ECG on
file within 30 days of drug initiation, that QTc interval
value could be used as the baseline measure. Due to
limits on telemetry availability during the COVID-19
pandemic, institutional guidelines recommended no
further QTc monitoring for patients with baseline QTc
intervals of <440 ms unless there was another indi-
cation for telemetry monitoring present. The institu-
tional policy recommended that patients with QTc
intervals of $440 ms were to be placed on telemetry
for daily QTc and arrhythmia monitoring during drug
initiation. Multiple repeat 12-lead ECGs to monitor
the QTc interval were discouraged. It was at the
discretion of the attending physician whether to
initiate or discontinue hydroxychloroquine, azi-
thromycin, and/or telemetry.

Available lead II telemetry monitor strips and ECGs
were reviewed for 5 consecutive days while the pa-
tient was on combination drug therapy. The day 1 QTc
measured on telemetry was defined as the first day
after initiation of both HCQ/AZM. The QTc data were
only recorded when patients were on combination
therapy. Those without an interpretable baseline ECG
or available telemetry and/or ECG monitoring for at
least 1 day after drug administration were excluded
from analysis (Figure 2). The ECGs and telemetry re-
cordings were analyzed off-line. The QT intervals were
measured manually using the tangent method and
dividing by the square root of the average RR interval
(Bazett’s formula) to derive the QTc (11). For patients



TABLE 1 Patient Characteristics of the Screened Population, and Comparison of Patients

Included Versus Patients Excluded From the Analysis

All Patients
(N ¼ 586)

Included
(n ¼ 415)

Excluded
(n ¼ 171) p Value

Baseline characteristics

Age (yrs) 64 � 15 65 � 15 62 � 15 0.022

Female 261 (45) 178 (43) 83 (49) 0.235

Caucasian 205 (35) 147 (35) 58 (34) 0.775

African American 305 (52) 211 (51) 94 (55) 0.413

BMI (kg/m2) 32 � 9 32 � 9 32 � 8 0.631

Comorbidities

Hypertension 303 (52) 219 (53) 84 (49) 0.467

Coronary artery disease 64 (11) 49 (12) 15 (9) 0.311

Heart failure 37 (6) 30 (7) 7 (4) 0.192

Atrial fibrillation 40 (7) 31 (8) 9 (5) 0.374

Chronic kidney disease 39 (7) 27 (7) 12 (7) 0.856

Diabetes mellitus 176 (30) 132 (32) 44 (26) 0.165

Chronic lung disease 43 (7) 33 (8) 10 (6) 0.486

Cigarette smoker 14 (2) 9 (2) 5 (3) 0.563

Cancer 80 (14) 58 (14) 22 (13) 0.792

Laboratory values

Creatinine (mg/dl)* 1.8 � 2.1 1.8 � 2.2 1.6 � 1.8 0.294

Aspartate aminotransferase (U/l)* 66 � 165 69 � 194 60 � 45 0.417

Alanine aminotransferase (U/l)* 48 � 163 51 � 193 44 � 38 0.544

Lactic acid (mmol/l)* 1.8 � 1.9 1.8 � 1.9 1.7 � 2.0 0.565

Potassium (mmol/l)† — 4.2 � 0.6 N/A —

Magnesium (mg/dl) — 2.0 � 0.4 N/A —

Maximum troponin I (ng/ml) — 0.4 � 2.3 N/A —

Baseline electrocardiographic parameters

QRS duration (ms) 90 � 18 91 � 20 87 � 14 0.018

QTc (ms) 440 � 26 443 � 25 436 � 27 0.009

Heart rate 91 � 17 91 � 18 90 � 16 0.729

Baseline rhythm

Normal sinus 505 (86) 379 (91) 126 (95) 0.136

Atrial fibrillation 34 (6) 28 (7) 6 (5) 0.416

Paced 5 (1) 5 (1) 0 (0) —

Junctional 3 (0) 3 (1) 0 (0) —

Values are mean � SD or n (%). SI units for creatinine (mmol/l) ¼ mg/dl � 88.4. SI units for magnesium (mmol/l) ¼
mg/dl � 0.4114. SI units for troponin I (mg/l) ¼ ng/ml � 1. *Admission laboratory values. †Laboratory values at the
time of initiation of hydroxychloroquine and azithromycin (HCQ/AZM)

BMI ¼ body mass index.
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with intraventricular conduction delays (paced
rhythms or bundle branch block), a modified QTc was
calculated using the following formula: modified
QTc ¼ (QT duration � [QRS duration � 120 ms]) /ORR
(12).

STUDY ENDPOINTS. The primary study endpoint was
to quantitate the magnitude of QTc prolongation
observed in a hospitalized cohort of patients with
COVID-19 treated with HCQ/AZM and to identify risk
factors in this patient population for significant QTc
prolongation. Secondary endpoints were the in-
cidences of sustained ventricular tachycardia or
ventricular fibrillation, and the relationship of QTc
prolongation to in-hospital sustained ventricular
tachyarrhythmias and mortality during the study
period. Cause of death was adjudicated by review of
the resuscitation records from all patients with
attempted resuscitation, and the reviewers of these
data were blinded to the QTc data. Patients who died
without monitoring because of transfer to “comfort
care only” status were defined as non-arrhythmic
deaths. High-grade ventricular arrhythmias were
defined as ventricular tachycardia or ventricular
fibrillation >30 s in duration or that required urgent
medical intervention. Secondary ventricular tachy-
arrhythmias observed during the course of cardiac
resuscitation subsequent to a bradycardic or pulseless
electrical activity arrest were not designated as high-
grade ventricular arrhythmic events.

DATA AND STATISTICAL ANALYSIS. All authors
participated in multiple aspects of the trial, including
data collection (T.F.O., C.J.B., A.R., A.M.T., R.G., J.S.),
data compilation and analysis (all), statistical analysis
(A.D.), and manuscript preparation (T.F.O., C.J.B.,
A.E.A., B.D.W., A.R., A.M.T., A.D., D.E.H.). Repeated
measures of 10% of the QTc data were performed, and
the average intraclass correlation coefficient was
0.946. Descriptive analyses were performed to assess
differences between groups. Continuous variables
were expressed as mean � SD. Categorical variables
were expressed as numbers and percentages. The
differences between the groups were evaluated using
the 2-sample Student’s t-test for continuous variables
and Fisher’s exact test for categorical variables. A
multivariate logistic regression analysis was con-
ducted, evaluating the impact of key demographic
and clinical factors associated with QTc $500 ms. A
second multivariate analysis was conducted to eval-
uate the impact of key demographic and clinical fac-
tors associated with QTc prolongation, as well as
changes in the QTc interval on mortality. These ana-
lyses were performed using the Cox proportional
hazards model. QTc changes from baseline to days 1
through 5 were included as a time-varying covariate
in the second analysis. Hazard ratios, 95% confidence
intervals, and p values were computed from this
model to characterize the influence of each factor on
mortality. A 2-sided p value <0.05 was considered
statistically significant. No formal adjustments for
multiplicity were applied. The analyses were per-
formed using R software (version 3.6.1, R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS

A total of 586 patients were admitted during the
study period with a proven diagnosis of COVID-19



FIGURE 3 QTc Measurements and Intervals

(A) QTc measurements at baseline and days 1 through 5 of HCQ/AZM therapy in the study population of 415 patients. The data points rep-

resenting QTc intervals $500 ms are highlighted red. (B) Change in QTc interval for days 1 through 5 of HCQ/AZM therapy compared with the

baseline measurements in the subgroup of 137 patients with complete data from baseline, and days 1, 2 and/or 3, and 4 and/or 5. Patients who

survived to hospital discharge or the termination of the study are depicted by blue squares, and patients who died in the hospital are depicted

by red squares. The mean changes in QTc from baseline are depicted by the red and the blue lines, respectively. Compared with baseline, the

mean QTc intervals increased on all days: p ¼ 0.005 for days 1 and 2, and p < 0.001 for days 3 to 5. Abbreviations as in Figure 1.
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and treated with combination therapy of HCQ/AZM. Of
those patients, 415 met the inclusion criteria, and 171
were excluded because of incomplete or technically
limiting ECGs or clinical data (Figure 2). The de-
mographics of the included and excluded patients are
listed in Table 1. The excluded group was younger, had
shorter baseline QRS duration, and had shorter QTc
intervals (attributable to the institutional policy that
ECG telemetrymonitoringwas not required in patients
with baseline QTc intervals <440 ms).

In the included study population, the baseline
QTc interval was 443 � 25 ms (range 365 to 539 ms).
The QTc progressively increased coincidently with
administration of HCQ/AZM (Figure 3A, Central
Illustration). The maximum QTc observed over the
course of monitoring for all patients who received
the drugs was 473 � 40 ms (range 372 to 693 ms), the
magnitude of QTc prolongation compared with the
baseline tracing was 30 � 39 ms (range 69 to
249 ms). The QTc was $500 ms after drug adminis-
tration in 87 patients (21%). Notably, during their
hospitalization, 255 patients (61%) received addi-
tional medications with known risk of torsade de
pointes (Supplemental Table 1). Factors associated
with QTc prolongation $500 ms are presented in
Table 2. Changes in the QTc over the 5-day
prescription duration were assessed in a subset of
137 patients with QTc measurements at baseline
before medication administration and on days 1
through 5. In this subgroup, the average time to
maximum QTc was 2.9 � 1.4 days. The change in the
QTc from baseline increased progressively with time
(Figure 3B).

Throughout the study period, no primary high-
grade ventricular arrhythmias were observed in any
patient in the included or excluded groups. Of the
entire treatment population, there were a total of 111
deaths in-hospital. Twenty-six of 171 (15%) excluded
patients died, and 85 of 415 (21%) in the included
population died. Of those 85 patients, 32 patients had
pulseless electrical activity or bradycardia at the
initiation of the resuscitation, and 53 patients died off
monitor because “do not resuscitate” orders were
placed. The change in QTc interval from baseline was
greater in patients who died during hospitalization
compared with those who survived to hospital
discharge or study termination (Figure 3B). Data from
the proportional hazards model for time-varying QTc
changes with concurrent mortality for the subset of
137 patients with complete QTc data and the overall
population of 415 patients are presented in Table 3.
Despite the association of QTc prolongation with

https://doi.org/10.1016/j.jacep.2020.07.016


CENTRAL ILLUSTRATION Prolongation of the QTc Interval in Hospitalized Patients With COVID-19

Day 5 HCQ/AZM Telemetry: QTc 538 ms

Baseline ECG: QTc 474 ms
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Examples of lead II ECG recordings from a patient admitted with severe COVID-19 infection at baseline (top left) and after 5 days of treatment with HCQ/

AZM (bottom left) demonstrating significant prolongation of the QTc interval. Changes in the QTc interval after administration of HCQ/AZM compared to

baseline values are shown (right panel). Patients that did not survive hospitalization are designated by solid red markers. COVID-19 ¼ coronavirus disease-

2019; ECG ¼ electrocardiography; HCQ/AZM ¼ hydroxychloroquine and azithromycin; QTc ¼ corrected QT interval.

J A C C : C L I N I C A L E L E C T R O P H Y S I O L O G Y V O L . 7 , N O . 1 , 2 0 2 1 O’Connell et al.
J A N U A R Y 2 0 2 1 : 1 6 – 2 5 HCQ/AZM and QT Prolongation in COVID 19 Patients

21
mortality, the only independent predictor of mortal-
ity was age.

DISCUSSION

In response to the poor outcomes observed in pa-
tients with COVID-19 infections and lack of proven
curative therapies, clinicians have turned to un-
proven remedies like HCQ/AZM, although this drug
combination is known to prolong the QT interval and
has an unknown risk of proarrhythmia in this disease.
The present study was performed to quantitate the
magnitude of QT prolongation in a cohort of hospi-
talized patients with COVID-19 treated with HCQ/AZM
and to identify QT-prolonging risk factors in this
population. The QTc was found to increase over the 5-
day HCQ/AZM course, with the average change in
baseline to a maximum QTc that measured 30 ms.
This was the first study in a COVID population to
identify that older age, lower body mass index, higher
admission creatinine, higher peak troponin, and a
history of congestive heart failure independently
predicted potentially hazardous QTc prolongation
$500 ms. However, despite the significant increases
in QTc intervals in these patients, no high-grade
ventricular arrhythmias were observed, and changes
in QTc were not associated with increased likelihood
of dying. This suggested that the actual risk of torsade
de pointes in this setting was low or that the pre-
scribing physicians were appropriately adjusting
therapies in patients who had excess QT prolongation
was observed.

Hydroxychloroquine is a widely prescribed anti-
malarial and anti-rheumatic medication (13,14), and
azithromycin is a commonly prescribed antibiotic (15).
They are both currently being prescribed, often in
combination, as an off-label treatment for COVID-19
(6). Both medications increase the QTc interval by
blocking the KCNH2-encoded hERG potassium chan-
nel (16–18). Before the COVID-19 pandemic, most of the



TABLE 2 Clinical Factors Independently Associated With QTc Prolongation $500 ms

Univariate Analysis Multivariate Analysis

OR 95% CI p Value OR 95% CI p Value

Age >65 yrs 2.82 1.67–4.75 <0.001 3.00 1.62–5.54 <0.001

History of congestive heart failure 3.74 1.75–8.01 0.001 4.65 2.01–10.74 <0.001

Body mass index $30 kg/m2 0.48 0.30–0.78 0.003 0.45 0.26–0.78 0.005

Peak troponin >0.04 mg/ml 3.10 1.85–5.19 <0.001 3.89 2.22–6.83 <0.001

Admission creatinine $1.5 mg/dl 2.42 1.45–4.06 <0.001 2.22 1.28–3.84 0.005

Concomitant use of drugs with known risk of torsade de pointes 1.73 1.04–2.90 0.036 1.51 0.86–2.66 0.154

SI units for creatinine (mmol/l) ¼ mg/dl � 88.4. SI units for troponin I (mg/l) ¼ ng/ml � 1.

CI ¼ confidence interval; OR ¼ odds ratio; other abbreviation as in Table 1.

TABLE 3 Results Fro

Time-Dependent Chan

Con-Current Mortality

Patients with complete
baseline, and days 1,
(n ¼ 137)

Changes in QTc (tim

Baseline QTc (from E

Days from admission

Age at admission

Male

BMI

Race (White or Cauca

All patients (N ¼ 415)

Changes in QTc (tim

Baseline QTc (from E

Days from admission

Age at admission

Male

BMI

Race (White or Cauca

ECG ¼ electrocardiography
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clinical evidence of hydroxychloroquine’s QT pro-
longing properties was limited to case reports (19,20).
Azithromycin’s QT-prolonging properties were better
studied in a large case-control study that demon-
strated that hospitalized patients treated with azi-
thromycin were more likely to have severe QT
prolongation (21). The present study confirmed evi-
dence of the QT-prolonging properties of HCQ/AZM
and extended these results to a COVID-19 population.
The QTc progressively and significantly increased
during HCQ/AZM administration, similar to other
studies in COVID-19 populations (22–25). Confirmation
of QTc prolongation in this population will better
inform physicians of this important side effect of HCQ/
AZM that will necessitate QTc assessment before drug
initiation and QTc monitoring during treatment for
m Proportional Hazards Cox Analysis of Association Between

ges in QTc Following Concomitant HCQ/AZM Administration, and

HR 95% CI p Value (2-sided)

QTc data from
2 or 3, 4 or 5

e varying) 1.004 0.996�1.012 0.367

CG) 1.014 0.998�1.031 0.094

to combo administration 1.068 0.947�1.204 0.283

1.087 1.045�1.131 <0.0001

1.295 0.613�2.736 0.499

1.065 1.003�1.130 0.039

sian) 0.617 0.270�1.410 0.252

e varying) 0.998 0.992�1.005 0.607

CG) 1.004 0.994�1.014 0.457

to combo administration 1.081 0.996�1.173 0.064

1.064 1.042�1.086 <0.0001

0.818 0.526�1.271 0.371

1.017 0.993�1.040 0.164

sian) 0.962 0.606�1.525 0.868

; HR ¼ hazard ratio; other abbreviations as in Tables 1 and 2.
many patients. Identifying QTc prolonging risk factors
will be important before prescribing HCQ/AZM and
when deciding on a monitoring strategy.

Genetics, medications, underlying medical condi-
tions, and other metabolic factors predispose pa-
tients to QT prolongation, which can lead to torsade
de pointes. One of 2,000 people are genetically
predisposed to have a long QT interval due to
congenital long QT syndrome (10). Hospitalized pa-
tients are particularly susceptible to drug-induced
QT prolongation due to concomitant proarrhythmic
risk factors, and those on non-antiarrhythmic QT
prolonging medications have twice the risk of an in-
hospital cardiac arrest. This risk further increases
with prescription of multiple QTc-prolonging medi-
cations (26,27). Although no QTc value can predict
the onset of torsade de pointes with certainty, data
from the congenital long QT syndrome and drug-
induced torsade de pointes populations have
shown patients with QTc >500 ms are at increased
risk (26). The U.S. Food and Drug Administration has
discouraged use of HCQ/AZM outside of clinical tri-
als or hospitalized settings with monitoring (28), and
cardiovascular leaders have issued guidance to cli-
nicians to consider withholding and withdrawing
HCQ/AZM for a QTc >500 ms (29).

More than 20% of the patients in our cohort had a
QTc $500 ms after HCQ/AZM administration.
Cohort characteristics that predicted QTc prolonga-
tion were similar to those that predicted significant
QT interval prolongation in a validated risk score
model in hospitalized patients (30). Elevated
troponin was independently associated with QTc
prolongation $500 ms, which did not rule out
ischemia as a mechanism for QTc prolongation in this
cohort (31). Although other known precipitants of QTc
prolongation such as hypokalemia and hypomagne-
semia were not significant in our cohort, this was
likely attributable to an institutional policy that rec-
ommended careful electrolyte monitoring in these
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patients. Despite careful monitoring of patients on
HCQ/AZM, >60% of the cohort was administered at
least 1 additional medication during hospitalization
that increased the risk of torsade de pointes. This
speaks to the medical complexity of this patient
population, but also suggests inadequate awareness
of the QT-prolonging effects of many common
medications.

Throughout the study period, no primary high-
grade ventricular arrhythmias were observed. More
than 20% of the study population died, which high-
lighted the high mortality of hospitalized patients
with COVID-19 who experienced severe respiratory
illness (2). Although positive changes in QTc from
baseline were associated with increased morality in
univariate analysis, this was not observed in multi-
variate analysis. QTc prolongation might be a marker
of sicker patients, as evidenced by the comorbid
conditions and laboratory abnormalities that pre-
dicted QTc prolongation $500 ms. Because of the
magnitude of QTc prolongation on HCQ/AZM, larger
studies are warranted to investigate the prevalence of
arrhythmias and mortality if this remains a therapy
for COVID-19. Although the world waits for the results
of larger trials (3), proposed systems to safely monitor
the QTc (29) will remain necessary and cannot be
ruled out as an explanation for the results of this
study.

STUDY LIMITATIONS. Although a specific dosing
schedule was recommended for all patients, the de-
cisions when and how to prescribe HCQ/AZM were
deferred to the prescribing physicians. Due to the
retrospective nature of the study, it was not possible
to definitively determine whether HCQ/AZM was
discontinued by clinicians in response to QTc as-
sessments. Retrospective collection of some data and
technical limitations prevented acquisition of QTc
intervals from all patients on all days, so the associ-
ations between magnitude of QT prolongation and
clinical and outcome data were based upon incom-
plete information. The initial QTc interval was ob-
tained from a 12-lead ECG, but subsequent QTc
measurements were almost exclusively obtained
from a telemetry monitoring system. This policy was
instituted by the health care system in an attempt to
balance monitoring for QTc interval prolongation
while also protecting staff and limiting use of per-
sonal protective equipment. Although the death rate
was high, the rate of high-grade ventricular arrhyth-
mias was low. The rate of appropriate implantable
cardioverter-defibrillator therapy or death in patients
with congenital long QT syndrome and QTc intervals
>500 ms was reported as 35% over 5 years (32), but
the duration of follow-up in the present study was
brief, and it was not adequately powered to assess the
association of drug-induced QT prolongation and
mortality. In addition, the results of QT monitoring
certainly affected clinical decisions, thus confound-
ing outcome data. Also, it was possible that the
COVID-19 infection could directly prolong the QTc
independent of drug effects. Unfortunately, the high
use of HCQ/AZM in these hospitals precluded analysis
of a drug-free control arm. Finally, the cohort studied
consisted of of hospitalized patients, and the results
might not apply to non-hospitalized patients or pro-
phylactic therapy regimens. Because decisions when
and how to prescribe HCQ/AZM were deferred to the
prescribing physicians, it was possible that the 586 of
822 patients prescribed HCQ/AZM were the sickest
patients.

CONCLUSIONS

Hospitalized patients with COVID-19 treated with
HCQ/AZM had a significant and progressive increase
in QTc during combination drug therapy. Several risk
factors identified patients at risk of severe QTc pro-
longation. Despite this finding, the risk of serious
arrhythmias during this brief observation period was
low.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: HCQ/

AZM are both known to prolong the QT interval and are

associated with a risk of torsade de pointes. Addition of

these drugs to other medications with known QT-

prolonging effects can further increase patient risk. Pa-

tients with COVID-19 infection are susceptible to cardiac

injury and significant mortality. The value of HCQ/AZN in

treating this infection is unknown, but their effects on QT

interval prolongation are significant. Although risk of

serious arrhythmia in these patients is low, it may be

increased with the use of these drugs.

TRANSLATIONAL OUTLOOK: Prospective random-

ized trials of HCQ/AZM treatment in patients with COVID-

19 infections are needed to assess possible benefit and

compare those benefits with the small but important risk

of excess QT interval prolongation and drug-induced

torsade de pointes.
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