ARTICLE

QT Interval Prolongation Under
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for Inpatients With SARS-CoV-2 Lower
Respiratory Tract Infection

Sok-Sithikun Bun'* , Philippe Taghjl Johan Courjon Fabien Squara Didier Scarlatti!, Gulllaume Theodore!,
Delphine Baudouy', Ben]amln Sartre!, Mohamed Labbaoui' ]ean Dellamonica®, Denis Doyen*,
Charles-Hugo Marquette , Jacques Levraut®, Vincent Esnault’, Sok- Siya Bun %9 and Emile Ferrari'

Association between Hydroxychloroquine (HCQ) and Azithromycin (AZT) is under evaluation for patients with lower
respiratory tract infection (LRTI) caused by the Severe Acute Respiratory Syndrome (SARS-CoV-2). Both drugs have a
known torsadogenic potential, but sparse data are available concerning QT prolongation induced by this association.
Our objective was to assess for COVID-19 LRTI variations of QT interval under HCQ/AZT in patients hospitalized,

and to compare manual versus automated QT measurements. Before therapy initiation, a baseline 12 lead-ECG

was electronically sent to our cardiology department for automated and manual QT analysis (Bazett and Fridericia’s
correction), repeated 2 days after initiation. According to our institutional protocol (Pasteur University Hospital), HCQ/
AZT was initiated only if baseline QTc < 480ms and potassium level> 4.0 mmol/L. From March 24" to April 20"
2020, 73 patients were included (mean age 62 + 14 years, male 67%). Two patients out of 73 (2.7%) were not eligible
for drug initiation (QTc > 500 ms). Baseline average automated QTc was 415 + 29 ms and lengthened to 438 + 40 ms
after 48 hours of combined therapy. The treatment had to be stopped because of significant QTc prolongation in

two out of 71 patients (2.8%). No drug-induced life-threatening arrhythmia, nor death was observed. Automated

QTc measurements revealed accurate in comparison with manual QTc measurements. In this specific population of
inpatients with COVID-19 LRTI, HCQ/AZT could not be initiated or had to be interrupted in less than 6% of the cases.

Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

V] Few data are available concerning QT prolongation induced
by HCQ/AZT association, and their torsadogenic potential,
in the context of COVID-19 disease. But safety concerns have
been recently raised in recently published data (33% of extreme
QT prolongation above 500 ms).

WHAT QUESTION DID THIS STUDY ADDRESS?

M Our objective was to assess in patients hospitalized for
COVID-19 LRTTI variations of QT interval under HCQ/AZT,
applying a strict protocol for QT monitoring. Secondly, we
wanted to compare manual versus automated QT measurements.
WHAT DOES THIS STUDY ADD TO OUR KNOW-
LEDGE?

M Our study showed that the combined therapy HCQ/AZT
(currently under evaluation for the treatment of COVID-19

disease), could be administered in more than 94% of inpatients
who presented LRTI, after careful clinical, ECG and biologi-
cal assessment followed by ECG monitoring. The safety profile
of this therapeutic association (delivered over a short period of
time) was achieved provided a strict institutional protocol was
followed.

HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

[ While relatively accurate, the automated QTec measurement
moderately underestimates the QTc interval compared to man-
ual measurement. Thus, confirmation of definitive QTc value
by a cardiologist is still warranted.
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Several therapeutic strategies are currently investigated for
the management of the Severe Acute Respiratory Syndrome
Coronavirus 2 (SARS-CoV-2) pandemic. Among them, the asso-
ciation between Hydroxychloroquine (HCQ) and Azithromycin
(AZT) is under evaluation, with contrasting results."”> When
used in established indications for well-known diseases, both
drugs have a reported torsadogenic potential.3’4 In the context
of COVID-19 disease, very new data are being rapidly reported
by different research teams worldwide, and raising some serious
safety concerns about QT prolongation and 6potcntial arrhythmo-
genic effects with HCQ/AZT association.”® Because of the sever-
ity of this disease, a significant proportion of critically-ill patients
(eventually mechanically-ventilated, MV) has been evaluated
in these recent studies, this population being particularly prone
to experience drug-induced QT prolongation.7 Furthermore, it
is well established that more severe forms of pneumonia could
represent a risk factor for QT prolongation per se.® To avoid any
life-threatening drug-induced event in the context of COVID-19
disease, several national documents have been recently published
to guide physicians for QT monitoring during this pandemic.”"
Previous studies reported the validation of automated QT mea-
surement, i.e. generated by electrocardiographic (ECG) machines,
in comparison with manual measurement of the QT interval; but
most of them included healthy volunteers."!

In the present study, we aimed to: (i) assess the proportion of
inpatients (outside the critical care unit) suffering from Lower
Respiratory Tract Infection (LRTT), and potentially eligible for a
combined therapy HCQ/AZT; according to strict predetermined
baseline clinical and ECG criteria; (ii) evaluate QT variation/pro-
longation 48 hours after initiation of HCQ/AZT association in
this specific population of SARS-CoV-2 LRTI (safety profile with
the use of a dedicated institutional protocol); (iii) assess the accu-
racy of automated corrected QT (QTc) measurement in patients
hospitalized in this specific setting, in comparison with a manual
method of QT measurement.

METHODS

Patient population

After information on risk-benefit ratio of this combined therapy HCQ/
AZT, patients who gave their agreement and without contraindica-
tions were included in this prospective observational study. The study
was done in accordance to the ethical standards laid down in the 1964
Declaration of Helsinki and its later amendments. The combined ther-
apy (HCQ/AZT) was proposed to all the patients hospitalized with
confirmed SARS-CoV-2 LRTI (by CT-scan and positive COVID-19
nasopharyngeal polymerase chain reaction test result), and/or oxygen
requirement > 2 L/minute.

Detection of SARS-CoV-2 RNA

Total nucleic acids present within 200 pL of samples were extracted
with automated system NucliSENS ~easyMAG ~ (bioMéricux, Marcy-
I’Etoile, France) after proteinase K pretreatment and offboard lysis.
Presence of SARS-CoV-2 specific RNA was assessed by reverse tran-
scription-PCR based on the protocol recommended by the French
National Reference Center for Respiratory Viruses (Institut Pasteur,
Paris, France).12 Primers and probes used in this protocol were designed
to amplify two different targets (IP2 and IP4) in the RNA- dependent
RNA polymerase (RdRp) SARS-CoV-2 specific gene. Reverse transcrip-
tion-PCR assays were realized by StepOnePlus Real-Time PCR system
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(Applied Biosystems, Foster City, CA). The threshold cycle values (Ct)
were collected from PCR assays as an indicator of viral load for positive
samples.

Institutional protocol for HCQ/AZT therapy

The treatment consisted in 200 mg of oral HCQ sulfate, three
times per day for 10 days, with AZT (500 mg on day one, followed
by 250 mg per day for the next four days). They were then eligible for
therapy initiation only after electrocardiogram (ECG) analysis by
the Cardiology department. An institutional local protocol for ECG
criteria was validated (Institutional Review Board) and approved
within the University Hospital of Nice on March 24", The proto-
col allowed HCQ/AZT initiation only if baseline QTc < 480 ms and
potassium level> 4.0 mmol/L. The treatment could not be initiated if
QTc > 500 ms. In case of QTc between 480 and 500 ms, the risk-bene-
fit ratio for the treatment was evaluated by the infectiologist. The treat-
ment could not be started if any sign of inherited channelopathy was seen
on the 12-lead ECG (long QT syndrome, Brugada pattern, malignant
carly repolarization syndrome);'? and in case of severe structural heart
discase (left ventricular ejection fraction [LVEF] < 30%, decompensated
heart failure); or in the presence of other ECG abnormality such as left
ventricular hypertrophy, long PR interval (= 200 ms) associated with bi-
fascicular block, complete left bundle branch block, second or third de-
gree atrio-ventricular block, or pathological Q waves. Additionally, the
physicians were advised to stop any other concomitant drug potentially
lengthening QT interval (if possible) during the combined treatment by
HCQ/AZT. Safety criterion for interrupting the therapy was a QTc pro-
longation > 500 ms. The National Early Warning Score (NEWS) was
calculated for every patient upon admission ward. The NEWS score was
calculated based on the following parameters: age, respiratory rate, oxy-
gen saturation, temperature, systolic blood pressure, pulse rate and level
of consciousness. Three risk categories for clinical deterioration can be
defined: low score (NEWS 0-4), medium score (NEWS 5-6), and high
score (NEWS 2 7) for COVID patients.

QT measurement
Before therapy initiation, a baseline digital 12 lead-ECG was clectroni-
cally sent to our cardiology department for QT analysis. The ECGs were
performed after 5 minutes supine rest, at a paper speed of 25 mm/second
and amplification of 10 mm/mV, filter 40 Hz, with at least 10 second
ECG at stable heart rate. Analysis of the digital ECG was performed on a
computer screen with optimal resolution and manual calipers (magnify-
ing or “zooming” by three to four folds). Heart rate (RR interval values)
and uncorrected QT measurements were performed by one clcctr()fhys—
iologist in order to reduce any inter-operator variability (S.-S. B);™* they
were entered into a database and QT intervals were rate corrected using
Bazett’s correction (heart rate < 90 beats per minute), and Fridericia’s
correction (heart rate > 90 beats per minute). For manual measurements,
all 12 leads were visually analyzed; the lead where the QT interval was
the most readily measured was selected for measurement (usually the pre-
cordial leads V2 or V3). The QT interval was measured at this lead, and
thereafter compared to other leads to ensure that the longest QT interval
of all leads was recorded according to the guidelines.' 1€ For cach 12
lead-ECG, automated QTc measurements, and manual measurements
as described above, were compared. For automated ECG measurements,
the proprietary QT algorithms contained in the ECG machines (General
Electrics Marguette Mac 5500 HD and 1200 ST, GE Medical systems,
Milwaukee, Wis.) were used.

Two days after initiation of combined therapy HCQ/AZT, 12-lead
ECG was repeated and sent for new analysis for each hospitalized patient.

Statistical analysis
The statistical analysis was completed using Excel (Microsoft, San
Francisco, CA). Numerical variables are expressed as mean + standard
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deviation (SD). Continuous variables were analyzed using the #-test. The
5% level of significance (p < 0.05) was sclected as representing a statisti-
cally significant difference.

To compare the QT intervals generated by manual and machine meth-
ods in a pairwise fashion, the method proposed by Bland and Altman was
employed.’” In these plots, the difference between uncorrected QT inter-
vals obtained on the same ECG by machine and manual measurements
(machine minus manual) was plotted versus the mean of the 2 values.
Limits of agreements (LOA) were defined as the mean + 1.96 x SD of
these differences.

RESULTS

Eligibility and safety of HCQ/AZT treatment

The clinical characteristics of the patients are reported in Table 1.
All the patients had a SARS-CoV-2 LRTT confirmed on CT scan-
ner (and positive PCR), with a mean NEWS score calculated at
6.4 +2.5. None of the patients from this cohort was hospitalized
in critical care unit or undergoing MV at the time he/she was pro-
posed to receive HCQ/AZT association. From March 24™ to April
20", 73 patients were included, male 67%. Ages ranged between
29 and 92 years, with an average age of 62 + 14 years. Two patients
out of 73 (2.7%) were not eligible for drug initiation: the oldest
patient in our population was a 92-years-old male patient with a
history of myocardial infarction in 2018, and a QTc (Bazett’s cor-
rection) calculated at 490 ms. It was estimated that the risk-benefit
ratio was not favorable for starting the combined therapy for this

Table 1 Patients characteristics

N=73
Mean age (years) 62+ 14
Sex ratio Male 49; 67%
BMI (kg/m?) 28.3+5.6
Mean NEWS Score 6.4+25

Mean heart rate (beats per minute) 83 *+ 15; Range 47-129
33 (44.6%)

19 (25.7%)

Hypertension, n (%)
Diabetes, n (%)

Stroke, n (%) 6 (8.1%)
Congestive heart failure, n (%) 7 (9.5%)
Coronary artery disease, n (%) 9 (12.3%)
Coronary artery bypass graft 2 (2.7%)
Previous coronary artery stenting 8 (10.9%)
Chronic renal failure, n (%) 5 (6.7%)

Chronic Obstructive Pulmonary
Disease, n (%)

12 (16.2%)

Previous history of malignancy, n (%) 16 (21.9%)
4 (5.4%)

19 (26.0%)

Active malignancy, n (%)

Usual treatments favoring
prolonged QT, n (%)?

Treatments favoring prolonged QT
introduced during hospitalization, n (%)b

5 (6.8%)

@Alimemazine, alprazolam, amiodarone, amphotericin B, escitalopram,
fluconazole, furosemide, hydrochlorothiazide, levomepromazine, mianserin,
olanzapine, oxaliplatin, paroxetine, pantoprazole, risperidone, sotalol,
tacrolimus, zuclopenthixol (Table S1). bAmphotericin B, fluconazole,
furosemide, pantoprazole, tazocyn.
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patient. The second was a 66-years-old male patient with dilated
cardiomyopathy (LVEF = 30%), chronic dialysis, and treated with
amiodarone for persistent left atrial tachycardia, with a baseline
QTc (Bazett’s correction) calculated at 502 ms. He experienced a
symptomatic sustained ventricular flutter, spontaneously resolu-
tive, despite amiodarone. He did not receive the combined HCQ/
AZT therapy.

In 2 out of 71 patients (2.8%), the treatment had to be stopped
because of significant QTc prolongation (= 500 ms): concurrent
QT-prolonging medication polypharmacy in both patients. The
first patient was a 55 years-old female patient who was receiving
an association of alimemazine/levomepromazine/zuclopenthixol
(Figures 1 and 2). The second was a 59 years-old male patient,
treated with sotalol (interrupted 24 hours before HCQ/AZT
initiation) for paroxysmal atrial fibrillation. On day two, he pre-
sented a non-documented syncopal episode, with a significantly
prolonged QTc calculated at 503 ms (Bazett’s correction).

During the hospitalization, no patient (but one) presented syn-
cope, torsade de pointe (TdP), or cardiac arrest under treatment
(HCQ/AZT). One inpatient experienced a persistent coun-
terclockwise atrial flutter, treated with rate-control agent and
anticoagulation. He is planned for a cavotricuspid isthmus radiof-
requency ablation.

QTc measurements

Manual QT measurements with rate correction were performed in
all 73 patients without exclusion: baseline average QTc measure-
ment with Bazett’s and Fridericia’s correction were respectively
436 + 44 ms and 413 + 42 ms. Automated QTc measurements
were available for 48 patients: baseline average automated QTc
measurement was 415 + 29 ms.

After two days of combined therapy, average QTc values mea-
sured manually were prolonged with both correction methods
(from 436 * 44 to 460 % 39 ms with Bazett’s correction; from
413 + 42 to 430 + 30 ms with Fridericia’s correction). Average
automated QTc values lengthened to 438 + 40 ms (Figure 3). Of
note, nine out of 71 (12.6%) patients showed a delta QTc prolon-
gation above 60 ms after two days of combined therapy. No further
QTc prolongation above 500 ms was observed at the end of the
therapy in these 9 patients. The delta QTc variations are provided
in Figure 4.

The pairwise comparison between methods (48 patients) showed
a good agreement between automated and manual QTc measure-
ments: bias = 29 ms and standard deviation of bias = 43 ms for
Bazett’s correction; even better for Fridericia’s correction with bias =

4 ms and standard deviation of bias = 39 ms. (Figures 5 and 6).

DISCUSSION

Safety profile of HCQ/AZT association

Our study reported a good safety profile among inpatients
treated with the association of HCQ/AZT for the manage-
ment of SARS-CoV-2 LRTI. A majority of inpatients were
cligible for the initiation of the combined therapy (only 2.7%
contra-indicated according to ECG and/or structural heart
disease), while the therapy had to be interrupted in only 2.8%
of the patients in this study. This is in contrast with a recent
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Figure 1 Twelve-lead electrocardiogram of a 55 years-old female patient presenting a significantly prolonged QTc interval (590 ms), under

current psychotropics medication.

Figure 2 Corresponding CT-scan image of the same patient with
typical pulmonary lesions of COVID-19 lower respiratory tract
infection with a NEWS score initially calculated at 9 on admission.

publication concerning 22 patients, and showing 33% of QT
prolongation exceeding 500 ms with combined drug therapy,
and a necessity to interrupt the antiviral treacment for 17.5% of
them.” This initial population of 40 patients included a major-
ity of critically ill patients (75% requiring invasive MV and 63%
receiving vasoactive drugs). Of note, half of the patients were
under concomitant QT prolongating drug. Our results may not
be extrapolated to critically ill patients. Mercuro et 4/ have just
reported that 11 out of 53 patients (21%) with combined HCQ/

AZT experienced QT prolongation above 500 ms, with neces-
sity to stop the dual therapy for 11% of them.® A third of their
population was critically ill, with one fourth under MV. Half
of the population was composed by women, with a higher BMI
(31.5 versus 28.3 in our cohort), and of note, 43.3% of the pa-
tients were taking loop diuretics, with one third of the cohort
having a serum potassium level below 4 mmol/L. So, major dif-
ferences can be seen with our homogeneous population of in-
patients (none in critical care unit when receiving HCQ/AZT)
without MV. The New York experience just showed a 10.7% of
severe increase of QTc above 500 ms in 84 patients treated with
HCQ/AZT."™ A lower incidence of extreme QT prolongation
was seen in our experience for several reasons. Firstly, a strict
protocol was applied in our institution which recommended to
stop the combined therapy early (from day 2), if a severe QTc
prolongation was to be observed (while continued until day 5
in other studies). This measure may explain a lower number of
extreme QT prolongation in our hospitalized population. The
other major differences concern the methods of QT measure-
ment (automated and manual, with Bazett and Fridericia’s cor-
rection in our study); in comparison with a “manual-only” QT
determination (Bazett’s correction in the Lyon cxpcricncc).S
Nevertheless, the exact similar proportion of patients with a
delta QTc prolongation above 60 ms was found in all centers
(12.6% in our study, 12% in the experience from New York,
13% in Boston).

This safety profile could be achieved thanks to the validation of
an institutional protocol combining strict clinical, biological (po-
tassium level above 4.0 mmol/L), and ECG criteria. Of note, our
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Evolution of QTc under HCQ/AZT
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Figure 3 Graph showing the evolution of the QTc from baseline to day 2, with the combined therapy (Hydroxychloroquine/Azithromycin).
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Figure 4 Graph showing delta QTc variations in the 71 patients treated with the HCQ/AZT association (manual measurements with Bazett’s

correction).

protocol was in line with the guidance document edited from the
Heart Rhythm Society, and the protocol just released by the Mayo
Clinic."”*"

QT prolongation and TdP risk

HCQ is known for blocking the KCNH2-encoded hERG/
Kv11.1 ether-a-go-go potassium channel.” Both drugs (HCQ/
AZT) are potentially prolonging QT interval, but no clini-
cal arrhythmic toxicity (syncope or TdP) was reported in our
study (one TdP described in the series from Mercuro et al).b
This discrepancy between increased proportion of extreme QT
prolongation reported in the recent experiences with HCQ and
the relative low number of clinical events,”* confirms that QT
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prolongation is a sensitive, but not specific surrogate for TdP
risk.” This relationship between QT prolongation and TdP is
not linear as drugs that prolong the QT have not consistently
been associated with cardiac arrythmias (“balanced blockers”).
The CiPA initiative demonstrated the importance of the QTc
and J-Tpeak prolongation as a robust predictor of the torsa-
dogenic potential in case of a predominant hERG blocker, in
contrast with a balanced blocker, i.e. QTc prolongation with-
out corrected J-Tpeak prolongation. In this study, chloroquine
was finally demonstrated to be an unbalanced hERG blocker at
clinical concentrations, thus justifying a close ECG monitoring
(even more when associated with AZT), and confirming the in-
terest of our study.
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One has to remember that HCQ has been well tolerated in
large relatively young populations (and without severe comorbid-
ities), asan antimalarial therapy, and safely used in the rheumatoid
arthritis and systemic lupus erythematosus populations without
specific ECG monitoring.24 Of note, in France, HCQ does not
have any authorization for malaria prophylaxis registered by the
National Drug Agency (ANSM). Actually, the well-established
risk of arrhythmic toxicity with HCQ with chronic use (long
half-life of 40 days),”> should contrast with a theoretically lim-
ited risk in the context of COVID-19 therapy under strict car-
diologic evaluation and monitoring, because the current scheme
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for treatment duration is short (between 5 to 10 days), even if
associated with AZT. A simulation study reported that the pre-
dicted risk of QTc prolongation was minimal with an average
baseline QTc around 420 ms, even with a high dose of HCQ.*
Noteworthily, our results are in line with another recent experi-
ence from three New York centers including 119 patients under
dual therapy, and reporting with 3.5% of drug interruption, with-
out any TdP recorded in a total of 201 patients treated.”’
Conflicting results may be observed concerning the potential for
QT prolongation with AZT. While several cases reported the oc-
currence TdP with AZT, cither in the presence of congenital long
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QT syndrome or without.”? In contrast, another study showed
the absence of QTc prolongation in hospitalized patients treated
with AZT.® The authors showed that community-acquired pneu-
monia by itself creates an arrhythmogenic situation (with a higher
pneumonia score representing a risk factor for QT prolongation).
More recently, the odds ratio for AZT-induced severe QT prolon-
gation was calculated to 1.43 in a Korean study, with a higher risk
in subgroup analysis in patients aged between 60 and 80 years.30
Finally, AZT was shown to be a weak hERG blocker agent.31

Comparison between methods for QT measurements

One other important finding of our study is the accuracy of the
automated QT measurements with ECG machines, in compari-
son with manual measurements, in this specific population of in-
patients treated for a COVID-19 infection. Actually, we observed
an average —20 ms difference between average baseline automated
QTc and manual QT measurements (Bazett’s correction). The
agreement was perfect when using Fridericia’s correction. This is
in line with previous studies that found average 19-20 ms shorter
uncorrected QT values between automated and manual measure-
mentsin healthy volunteers.*** This variability is considered to be
within acceptable ranges.6 Nevertheless, these shorter automated
QTec values may have a clinical implication when considering bor-
derline QTc values (between 480 and 500 ms). This relative un-
derestimation may decrease the safety profile of the HCQ/AZT
treatment. This explains why the ECG monitoring after two days
of treatment is critical. On the other hand, an overestimation of
QTc values by the ECG machine could have represented a loss of
chance for patients excluded from the combined therapy if clear
effectiveness is demonstrated.

ECG monitoring for hospitalized patients is challenging. 12-
lead ECG acquisition for each COVID-19 infected patient faces
significant limitation because it implies an additional exposure for
the nurses, and the necessity to repeat the ECG increases expo-
sure of complex equipment (multiple ECG wires). It would have
been advantageous to use mobile (or handheld) ECG devices for
monitoring (and even tele—monitoring) QT, in the context of a
contagious disease.>*® Nevertheless, 12-lead ECG acquisition still
allowed standardized analysis and follow-up of the QTc.

LIMITATIONS

Our study is monocentric and included a limited number of
inpatients with COVID-19 LRTI. Nevertheless, the study was
performed at the initial phase of the SARS-CoV-2 pandemic in
France and excluded outpatients. According to the decree from
the French Health Ministry published on March 2612020, ad-
ministration of HCQ was exclusively restricted to hospitalized
patients with severe/highly symptomatic COVID-19 infection,
explaining why outpatients were excluded from this study.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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