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Abstract

The aim of our study was to characterize
the repolarization disorders propensity
induced by drug-drug interaction. In this
observational retrospective study, we report
our experience on all elderly patients with
ascertained diagnosis of coronavirus disease
2019 through nasopharyngeal swab with
real time-polymerase chain reaction at our
Pugliese-Ciaccio hospital in Catanzaro, who
received hydroxychloroquine (HCQ), with
or without azithromycin (AZY). 33 hospital-
ized patients were examined. We calculated
QT value, cQT, QT dispersion, and cQT dis-
persion and examined possible progression
on the basal electrocardiogram (T0) and
after the insertion of the drug (T1). The QT
value is increased by T0 vs T1 (370±40.74
vs 420±36.91 ms; P=0.000), as well as the
cQT value (408±25.40 vs 451.54±58.81;
P=0.003), the QT dispersion (QTd:
36.36±14.53 vs 50.90±13.12 ms; P=0.000);
the dispersion of cQTc (cQTd 46.27±18.72
vs 63.18±21.93 ms; P=0.001). The ∆QT was
37.44±44.09 while the ∆cQT was
32.01±56.47). The main determinant of QTc
prolongation is the number of drug at risk of
prolongation of the QT that could influence
the ventricular repolarization phase. The use
of HCQ in combination with AZY, in
patients suffering from severe acute respira-
tory syndrome-related coronavirus-2, can
favor the onset of serious side effects, even
potentially fatal. Finally, the measures of
QTd and cQTd confirmed additional elec-
trocardiographic parameters useful in identi-
fying patients being treated with drugs at
risk of potential adverse arrhythmic events
following drug interaction.

Introduction

As of 17 October 2020, the number of
severe acute respiratory syndrome-related
coronavirus-2 (SARS-CoV-2) infected sub-
jects in the world is 39.5 million, with a
mortality of 1.11 million patients (3.09%).
As we still do not have an effective therapy
for SARS-CoV-2 patients are treated with
several non-specific drugs. Preliminary
studies had shown a promising effect of
high-dose hydroxychloroquine (HCQ) in
reducing SARS-CoV-2 viral load in hospi-
talized coronavirus disease 2019 (COVID-
19) patients, with enhanced effects in com-
bination with azithromycin (AZY) or vari-
ous antiviral drugs.1,2 HCQ is an older anti-
malarial drug, first approved in 1955 by the
United States Food and Drug
Administration (FDA), also used in long-
term treatment of connective tissue dis-
eases, widely available and economically
viable and has been regarded as generally
safe and well tolerated in patients treated
for chronic inflammation. It is postulated to
exert a direct antiviral activity by increasing
intracellular pH resulting in decreased
phago-lysosome fusion, impairing viral
receptor glycosylation. In addition, it has
immune-modulating effect by inhibiting
toll-like receptor signaling, decreasing pro-
duction of cytokines especially interleukin
(IL)-1 and IL-6.3 Prior data also suggests a
potential anti-thrombotic effect.4 However,
HCQ prolongs the QT interval due to block-
ing of the potassium internal cell current.5-7

This effect may be particularly enhanced
when combined with other drugs which
may in themselves prolong the QT interval,
with a consequent increased risk of drug-
induced proarrhythmia, conduction block
and ventricular arrhythmias, sometimes
fatal. Azithromycin, a macrolide antibiotic
has in vitro antiviral properties such as
decreased viral replication, blocking
entrance into host cells, and a potential
immunomodulating effect.8 An in vitro
study demonstrated synergistic activity of
the combination of hydroxychloroquine and
azithromycin against SARS-CoV-2.9

Although widely used, azithromycin has
also been increasingly recognized for risks
of QT interval prolongation and sudden
death. The information relating to the safety
of the use of these drugs, alone or in combi-
nation in elderly COVID-19 patients, par-
ticularly if in polypharmacy, in addition to
being contradictory, indicated an uncertain
benefit in terms of efficacy with a safety
profile burdened by risks. The US FDA as
of June 15, 2020 has revoked the prior
emergency use authorization to use hydrox-
ychloroquine and chloroquine to treat

COVID-19 in certain hospitalized patients
when clinical trial data is unavailable or
participation is not feasible.10 Currently, in
light of the latest results available in litera-
ture, the authorization to use the HCQ off-
label, outside of clinical studies, has been
suspended.

Materials and Methods

In this observational retrospective
study, we report our experience on all eld-
erly patients with ascertained diagnosis of
COVID-19 through nasopharyngeal swab
with real time-polymerase chain reaction
(RT-PCR), who arrived from 1 March 2020
to 30 June 2020 at our Pugliese-Ciaccio
Hospital in Catanzaro, who received HCQ,
with or without AZY, in the absence of
contraindications and prescribing limita-
tions in force at that time, including an
excessive prolongation of the baseline
QT/cQT>450 ms, and which they
assumed, due to their comorbidities (dia-
betes mellitus, arterial hypertension, and
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dementia with behavioral disorders), sev-
eral drugs some of which are at risk of
causing this side effect. Each patient, after
entering the ward, was periodically moni-
tored also through electrocardiographic
traces who were manually evaluated by
cardiologists to calculate cQT intervals
using the Bazett’s formula.

The aim of our study
was to characterize the repolarization

disorders propensity induced by drug-drug
interaction.. We also evaluated the change
in QT and cQT from baseline (∆QT and
∆cQT respectively) and QT and cQT disper-
sion (QTd and cQTd), calculated as the dif-
ference between the value of QT and maxi-
mum cQT and the value of the minimum
QT and cQT, respectively, recorded in the
twelve leads of an ECG. The verification
was carried out by comparing the ECG
trace in the baseline at the entrance, (T0)
and after the use of HCQ (T1), alone or in
association with AZY. The dose of HCQ
was 400 mg twice daily for 2 doses on day
1, followed by 200 mg twice daily on days
2-5. Azithromycin was dosed as 500mg
once daily on day 1 followed by 250 mg
once daily for the next 4 days. For patients
with more severe forms of COVID-19 and
with minimal cardiovascular risk factors,
the combination HCQ + AZY was reserved.
cQT>500ms was considered an elevated
cardiac risk 

Results

We retrospectively analyzed ECG
traces of 33 elderly hospitalized SARS-
CoV-2 patients (RT-PCR), before and after
HCQ binding; AZY was associated with 16
patients (73%). The general descriptive
characteristics of the study population are
shown in Table 1. The QT value is increased
by T0 vs T1 (370±40.74 vs 420±36.91 ms;
P=0,000), as well as the cQT value
(408±25.40 vs 451.54±58.81; P=0.003) , the
QT dispersion (QTd: 36.3 + 14.6 msec vs 51
+ 13.4 msec P=0.000); the dispersion of
cQTc (cQTd 46.27±18.72 vs 63.18±21.93
ms; P=0.001). The ∆QT was 37.44±47.09
while the ∆cQT was 32.01±56.47) (Table
2). Among patients taking at least two drugs
with potential risk of QTc prolongation,
excessive prolongation of cQT>500 msec
and an increase in ∆cQT>60 msec in 4
patients (16.66%) was recorded from T0 to
T1, thus as an increase in QT and cQT inter-
val dispersion (QTd and cQTd) in 13
patients (54.16%). The univariate ANOVA
analysis between the two HCQ vs HCQ +
AZY groups did not show significant differ-

ences. We have also created multiple regres-
sion models with the main electrocardio-
graphic parameters as a dependent variable,
inserting demographic parameters, multidi-
mensional assessment parameters, the num-
ber of drugs taken and the number of drugs
at risk of prolongation of the QT interval in
the model. It is important to underline how
the model, with the dependent variable delta
cQT, has identified >2 QTc prolonging
drugs (beta 0.711; P=0.002) as a directly
statistically correlated variable (Table 3).
Although this model shows that the main
determinant of QTc prolongation is the

number of drug at risk of prolongation of
the QT that could influence the ventricular
repolarization phase.

Discussion

The choice of care for patients with
COVID-19, especially in the most severe
forms and in the elderly, still places med-
ical teams in front of complex decisions.
The difficulties are greater in consideration
of the lack of proven therapeutic strategies.

                             Article

Table 1. Demographic, clinical and comprehensive geriatric assessment data in hospital-
ized older patients with COVID-19.

Age, Years                                                                       75.97±8.48
Sex, M%                                                                               30.3%
Presenting symptoms                                                           

Fever,%                                                                             75.8%.
Dyspnea,%                                                                          97%
GI symptoms,%                                                               30.3%
Cough,%                                                                            69.7%

SPMSQ                                                                             4.87±3.07
ADL                                                                                   2.18±2.28
IADL                                                                                  2.06±3.11
CIRS                                                                                  5.39±2.70
ESS                                                                                   12.69±3.25
MNA                                                                                  8.53±2.70
Drugs, n                                                                           7.84±2.41
CIRS                                                                                  5.39±2.70

Hypertension,%                                                              87.87%
Diabetes;%                                                                      15.15%
Dyslipidemia,%                                                               24.24%
COPD, %                                                                           21.21%
Heart failure,%                                                               12.12%
Previous MI, %                                                                18.18%

GI, gastrointestinal; SPMSQ, short portable mental status questionnaire; ADL, activities of daily living; IADL, instrumental activities of daily
living; ESS, Exton-Smith scale; MNA-SF, mini nutritional assessment-short form; CIRS, comorbidity index rating scale; COPD, chronic
obstructive pulmonary disease; MI, myocardial infarction.

Table 2. Electrocardiogram: QT analysis in T0 and T1 in hospitalized older patients with
COVID-19.

                                                 T0                      T1                  P-value

QT, ms                                          370.09±40.74          407.54±36.91                 0.000
cQT, ms                                        419.54±25.40          451.54±59.28                 0.003
QT Dispersion, ms                     36.36±14.53            50.90±13.41                 0.0000
cQT Dispersion, ms                   46.27±18.72            63.18±23.11                 0.0001
∆QT, ms                                                                          37.44±47.09
∆ cQT, ms                                                                       32.00±56.47

Table 3. Multivariate stepwise logistic regression analysis with ∆ QTc as dependent vari-
able, in hospitalized older patients with COVID-19.

                                                      Beta                P-value

>2 QTc prolonging drugs                        0.711                         0.002
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Among the possible therapies, hydroxy-
chloroquine, thanks to its anti-inflammato-
ry and antiviral properties, had shown
promise in fighting the infection, but also
burdened by non-negligible safety prob-
lems, especially if used in combination
with other drugs at risk of QT prolongation
such as AZY. It is known as, in geriatric
care, the main concern about the use of
HCQ are QTC prolongation and the addic-
tive effect when used with the drugs largely
used in older patients. Moreover, the large
majority of trials with HCQ have been con-
ducted in Europe or USA in young people
which did not show relevant comorbidities
and drug interactions.11 In some studies,
drug combinations that prolong the cQT
interval did not result in a greater degree of
prolongation of the cQT interval than sin-
gle drug administration.12 It is not uncom-
mon for patients with a prolonged cQT
interval to be routinely prescribed drugs
that prolong the cQT interval, despite the
increased risk.13,14 Our data confirmed the
prolongation of the cQT interval following
the use of HCQ, and that the magnitude of
the increase in cQT and ∆cQT from base-
line was more pronounced in patients treat-
ed with HCQ especially in combination
with additional drugs potentially at risk of
prolonging the cQT interval, including
AZY. The repolarization disturbance,
detected with the different parameters
derived from the ECG trace, could have
been further amplified in the context of
COVID-19 as well as due to the drug-drug
interaction (HCQ, AZY, antivirals, antipsy-
chotics), also by the clinical characteristics
acute infection which can manifest itself
with fever, dehydration and electrolyte
abnormalities. Furthermore, SARS-CoV-2
is responsible for an acute respiratory
infection which, through the triggered
cytokine storm, could present with acute
cardiovascular events such as myocarditis
or acute coronary syndrome, further ampli-
fying cardiovascular and systemic risks.15,16

The patients in our study, elderly with
COVID-19, were seriously ill, some of
them even with severe personality disor-
ders, for which they were exposed to mul-
tiple drugs with prolonged half-lives and at
risk of cardiotoxicity detectable also
through the prolongation of the cQT inter-
val. In any case, none of our patients expe-
rienced severe arrhythmias or sudden
death. Our data are in agreement with those
present in recent studies that have appeared
on the subject. The Reports from Lyon,
France and Boston, Massachusetts, provide
concordant insights into the cQT interval
prolongation potential with this treatment
in patients admitted with COVID-19,
where they demonstrated a high percentage

of cQT prolongation of patients treated
with HCQ especially when in combination
with AZY.17,18 The prolongation of the QT
interval, of the cQT detected on the ECG, is
known to reflect the prolongation of ven-
tricular repolarization and therefore the
effective refractory period and commonly
occurs in patients in cardiac care units.
Many factors influence the duration of ven-
tricular repolarization, and the QT interval
varies from beat to beat, day to day and day
to night. It is influenced by several factors
such as age, sex, electrolyte concentrations,
autonomic tone, myocardial ischemia and
especially by different classes of drugs.
The dispersion of QT and cQT (QTd and
cQTd), which we have included in our
measurements, although it is currently rec-
ognized as an indirect index of gross anom-
alies of ventricular repolarization, at the
same time its calculation undoubtedly
appears useful in different pathological
contexts and in their delicate therapeutic
management, sometimes representing an
additional value of further aid in order to
prevent the possibility of developing iatro-
genic cardiac toxicity.19 Furthermore, since
the univariate ANOVA analysis between
the two groups HCQ vs HCQ + AZY was
not significant, in our population under
examination it was not the association of
AZY to HCQ that influenced the prolonga-
tion of the QT interval, cQT and increased
dispersion of the QT interval. Although
TdP occurs relatively rarely, it is a cata-
strophic event in hospitalized patients and,
due to the severity of this proarrhythmia,
the AHA/ACCF strongly recommends
increased focus on QT interval prolonga-
tion, TdP risk and QT interval monitoring
and QT avoidance drugs that prolong the
interval wherever possible in hospitalized
patients.20 Moreover, It was also shown
that, in a group of COVID-19 subjects
requiring oxygen therapy, on day 21 of
HCQ therapy, there was no difference,
compared to the control, in the survival rate
in patients who were not transferred to
ICU, in their overall survival, survival
without acute respiratory distress syndrome
and weaning from oxygen.21 In an observa-
tional study involving hospitalized patients
with COVID-19, HCQ administration was
not associated with either a greatly lowered
or an increased risk of the composite end
point of intubation or death.22

The evidence currently available
regarding the dubious efficacy of HCQ and
AZY in the treatment and prophylaxis of
SARS-CoV-2 infection, and that relating to
the safety profile, burdened by potential
risks, have required the suspension of HCQ
alone or in association with other drugs out-
side of clinical trials. 

Conclusions

This study, which evaluated data
obtained during real life in elderly subjects
affected by COVID-19, albeit in the pres-
ence of a low number of subjects, highlight-
ed the difficulties in managing these
patients, who often carry the burden of mul-
tiple morbidity with them. and polypharma-
cy, placing us in front of complex choices.
The data also confirmed that the use of
HCQ in combination with AZY, in patients
suffering from SARS-CoV-2, can favor the
onset of serious side effects, even potential-
ly fatal. Finally, the measures of QTd and
cQTd confirmed additional electrocardio-
graphic parameters useful in identifying
patients being treated with drugs at risk of
potential adverse arrhythmic events follow-
ing drug interaction. Overall, the results of
clinical trials seem to demonstrate a sub-
stantial absence of clinical benefit of HCQ
both in the hospitalized population with
moderate-severe COVID-19 disease and in
the less advanced one, in the face of an
increase in adverse events, albeit not seri-
ous. These considerations have limited the
use of the drug in hospitalized patients due
to SARS-CoV-2 infection.
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