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(COVID-19) prolongs QTc corrected interval (QTc). The effect and safety of Lopinavir/Ritonavir in combination
with these therapies have seldom been studied.
Objectives: Our aim was to evaluate changes in QTc in patients receiving double (Hydroxychloroquine +
Background:Administration of Hydroxychloroquine and Azithromycin in patients with coronavirus disease 2019

Azithromycin) and triple therapy (Hydroxychloroquine + Azithromycin + Lopinavir/Ritonavir) to treat
COVID-19. Secondary outcome was the incidence of in-hospital all-cause mortality.
Methods: Patients under treatment with double (DT) and triple therapy (TT) for COVID-19 were consecutively
included in this prospective observational study. Serial in-hospital electrocardiograms were performed to mea-
sure QTc at baseline and during therapy.
Results: 168 patients (±66.2 years old) were included: 32.1% received DT and 67.9% received TT. Themean base-
line QTc was 410.33 ms. Patients under DT and TT prolonged QTc interval respect baseline values (p < 0.001),
without significant differences between both therapy groups (p = 0.748). Overall, 33 patients (19.6%) had a
peak QTc and/or an increase QTc 60 ms from baseline, with a higher prevalence among those with hypokalemia
(p=0.003). All-causemortalitywas similar between both strategy groups (p=0.093) and high risk QTc prolon-
gation was no related to clinical events in this series.
Conclusions: DT and TT prolong the QTc in patients with COVID-19. Addition of Lopinavir/Ritonavir on top of
Hydroxychloroquine and Azithromycin did not increase QTc compared to DT.

© 2020 Elsevier Inc. All rights reserved.
Introduction

Since its emergence in China in the late 2019, severe acute respira-
tory coronavirus-2, the virus responsible for the coronavirus disease
2019 (COVID-19) has spread around the globe. Some studies have
shown an increased rate of cardiac ventricular arrhythmias (VA) and
sudden cardiac death (SCD) among these patients [1,2]. The efficacy of
current pharmacological therapies to treat this infection has not been
Coronavirus disease 2019; DT,
ythmias; SCD, sudden cardiac
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yet demonstrated in large-scale studies [3,4]. Despite the lack of
evidence, Lopinavir/ritonavir, Hydroxychloroquine and Azithromycin
have been commonly used at a first line empiric therapy in most
centers. All these drugs have been associated with a prolongation
of QT corrected interval (QTc) as a non-uncommon side effect,
which has raised concern about the risk of VA, specifically torsade
de pointes, and SCD [5,6]. Recent studies performed during the pan-
demic period have analyzed the effect on the QTc of Azithromycin,
Hydroxychloroquine and the combination of both drugs [7,8]. Never-
theless, there is scarce data regarding the effect of Lopinavir/Ritonavir
and its combination with Hydroxychloroquine and Azithromycin on
the QTc and the risk of VA. The aim of this study was to evaluate
the risk of prolonged QTc and VA in COVID-19 patients receiving triple
therapy with Lopinavir/Ritonavir on top of Hydroxychloroquine and
Azithromycin compared to those treated with Hydroxychloroquine
and Azithromycin alone.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.jelectrocard.2020.11.012&domain=pdf
https://doi.org/10.1016/j.jelectrocard.2020.11.012
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Table 1
Baseline characteristics of included cohort according to the medical therapy received.
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Methods

Study design

This single center observational prospective study included all con-
secutive patients admitted in our institution with diagnosis of COVID-
19 between March 31st and May 8th. Patients with non-confirmed
test for COVID-19, those with no electrocardiogram (ECG) at baseline
and at least one ECG during follow up and those who did not receive
at least one dose of either prespecified combined therapy were ex-
cluded. The flowchart of the study is presented in Fig. 1.

Study procedures and definitions

The choice of treatment in each patient was based on physician's
criteria and local guidelines. COVID-19 diagnosis was confirmed with
polymerase chain reaction (PCR) test in all patients. Serum samples
were obtained at admission to analyze biochemical parameters, in-
cluding acute phase reactants. Lowest serum potassium documented
during hospitalization was collected. CURB 65 score (confusion, urea
>7 mmol/L, respiratory rate ≥ 30 bpm, blood pressure < 90/60 mmHg,
age > 65 years) was calculated at admission [9]. The standard prescrip-
tion of the 3 analyzed drugs were: 400 mg of Hydroxychloroquine
twice on day 1 and 200 mg twice a day on days 2 to 5; 500 mg of
Azithromycin once on day 1 and 250 mg daily for 4 days more; and
200/50 mg of Lopinavir/Ritonavir twice a day during two weeks. Pa-
tients were classified in two treatment groups: Double therapy (DT)
with Hydroxychloroquine and Azithromycin, or Triple therapy (TT)
adding Lopinavir/Ritonavir on top of these two drugs. A 12‑lead
ECG was performed prior to the initiation of medical therapy and at
48 and 96 h [10]. In patients with baseline QTc > 500 ms, DT or TT
were only considered if severe COVID-19 pneumonia without other
therapeutic alternatives. In these cases, medications were progres-
sively started and closer ECG monitorization was performed as priorly
suggested [10]. ECGs were blindly evaluated by at least one of two ex-
perienced cardiologists (C. M. C. and J.E.M) to calculate QTc using
Bazzet's formula on lead II and V5 [11]. When ECG complex was not
optimal in these leads, I and aVL were used as an alternative. For pa-
tients with a wide QRS from either ventricular pacing or left/right
bundle branch block the excess correction method was used [12]. In
patients with atrial fibrillation (AF), QTc was estimated as the mean
of 3–5 beats. Prolonged QTc was defined as ≥450 ms in males
and ≥ 470 ms in females [13]. The longest QTc measured after
COVID-19 drugs were started was considered as peak QTc during
Fig. 1. Study flowchart.
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admission. Patients with a peak QTc ≥ 500 ms and those with an in-
crease in the QTc ≥ 60 ms from baseline values were considered at
high risk for VA [14]. Discontinuation of any of analyzed COVID-19
therapies was decided by referral physician taking into account the
presence of high risk QTc pattern, the severity of underlying pneumo-
nia and the potential alternatives drugs.

Study outcomes

The primary aim of the study was to evaluate changes in QTc in pa-
tients receiving DT vs TT to treat COVID-19. Secondary outcomewas the
incidence of in-hospital all-cause mortality.

Data collection

All data were collected using standardized report forms including
demographic features, medical history, baseline clinical characteristics,
biochemical and ECG findings, medical treatment during admission
and in-hospital clinical outcomes. The study was approved by the local
Ethics Committee and adhered to the principles outlined in the Declara-
tion of Helsinki. Individual informed consent was obtained from
participants.

Statistical analysis

Continuous variables were summarized as mean ± standard devia-
tion (SD) or as medians and interquartile range (IQR) and were com-
pared using paired or unpaired Student t-tests or the non-parametric
Wilcoxon rank sum tests if the normal distribution the variables could
not be demonstrated. Derangement from the normal distribution was
assessed with the Shapiro-Wilk test. Categorical variables were de-
scribed as percentages and compared using Chi-square or Fisher exact
tests accordingly to expected frequency over or below 5, respectively.
Univariate and multivariate logistic regression was used to test factors
related to high risk prolonged QTc. Survival curves for time-to-event
variables were constructed on the basis of all available follow-up data
using Kaplan-Meier estimates and comparisons were performed using
the log-rank test. Statistical analyses were performed using STATA soft-
ware version 14.2.
All patients
(n = 168)

Double
therapy
(n = 54)

Triple
therapy
(n = 114)

p-Value

Age (years) 66.2 ± 14.9 68.7 ± 18.4 65.0 ±12.8 0.130
Male (%) 98.0 (59) 32.0 (59.3) 66.0 (59.5) 0.980
Hypertension (%) 78.0 (47.6) 29.0 (53.7) 49.0 (44.6) 0.270
Ischemic heart disease (%) 13.0 (7.9) 3.0 (5.6) 10.0. (9.1) 0.548
Chronic kidney disease (%) 32.0 (19.5) 17.0 (31.5) 15.0 (13.6) 0.007
Heart rate (bpm) 84.9 ±20.5 85.1±24.0 84.8±18.8 0.926
LDH (IU/L) 362.6 ±

170.8
314.5 ±
152.0

385.3 ±
175.1

0.014

Ferritin (ng/ml) 1199.0 ±
1303

914.0 ±
1332

1331.0 ±
1275

0.080

CRP (mg/dl) 112.0 ± 82 100.0 ± 80 117.0 ± 82 0.217
D-dimer (μg/ml) 6220.0 ±

16,549
4474.0 ±
10,495

6979.0±
18,833

0.374

Serum creatinine (mg/dl) 1.3 ±1.39 1.6 ± 2.26 1.2 ± 0.58 0.046
Lowest serum potassium
(mg/dL)

3.9 ± 0.45 3.8 ± 0.43 3.86 ± 0.46 0.790

Loop diuretic (%) 27.0 (16.1) 12.0 (22.2) 15.0 (13.2) 0.135
Other QTc prolonging
therapy (%)

37.0 (22.6) 18.0 (33.3) 19.0 (17.3) 0.021

Tisdale score 8.3 ±2.23 8.0 ±2.27 8.4 ± 2.21 0.305

LDH: Lactate dehydrogenase, CRP: C-reactive protein, QTc: corrected QT interval, BPM:
beats per minute, Other QTc prolonging therapy: drugs with effect on QTc not related to
COVID 19 treatment (Levofloxacin, Amiodarone, Quetiapine, Olanzapine, Haloperidol…).



Table 2
Electrocardiographic in-hospital findings among patients with double or triple therapy for COVID-19.

All patients
(n = 168)

Double therapy
(n = 54)

Triple therapy
(n = 114)

p-Value

Sinus rhythm (%) 153.0 (91.1) 46.0 (85.2) 107.0 (93.9) 0.083
Bundle branch block (%) 18.0 (10.7) 5.0 (9.3) 13.0 (11.4) 0.675
Baseline QTc (ms) 410.3 ± 33.9 408.0 ± 34.0 411.3 ± 34.0 0.558
Prolonged baseline QTc (%) 18.0 (10.7) 5.0 (9.3) 13.0 (11.4) 0.675
QTc peak (ms) 440.6 ± 36.3 439.2 ± 38.2 441.2 ± 35.5 0.748
Δ QTc (ms) 30.3 ± 34.6 31.2 ± 30.6 29.8 ± 36.5 0.813
Prolonged QTc peak (%) 53.0 (31.6) 20.0 (37.0) 33.0 (29.0) 0.292
QTc prolongation ≥ 60 ms (%) 27.0 (16.1) 6.0 (11.1) 21.0. (18.4) 0.228
QTc peak ≥ 500 ms (%) 9.0 (5.4) 2.0 (3.7) 7.0 (6.1) 0.720
High risk QTc peak (%) 33.0 (19.6) 7.0 (13.0) 26.0 (22.8) 0.134

QTc: corrected QT interval, BPM: beats per minute, MS: milliseconds.

Fig. 2. Changes in QTc comparing baseline ECG findings before initiation of medical
therapy for COVID-19 and peak QTc observed during in-hospital serial ECG monitoring
according to received medical treatment. AZ: azithromycin; HCQ: hydroxychloroquine;
LpV/r: Lopinavir/Ritonavir.
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Results

Patient population

A total of 168 (± 66.2 years old) patients with a diagnosis of COVID-
19 infection were enrolled. Baseline characteristics of the included co-
hort are displayed in Table 1 grouped by the administration of DT
(32.1%) or TT (67.9%). Patients under DT had more frequently chronic
kidney disease (p=0.007),with higher levels of serum creatinine at ad-
mission (p = 0.046) and were more commonly on other drugs associ-
ated with QTc prolongation (p = 0.021). Serum levels of lactate
dehydrogenase were higher in the group under TT (p = 0.014).

Electrocardiographic findings

Most patientswere in sinus rhythmat admission andAFwas present
in 15 (8.9%) patients. The mean baseline QTc was 410.3 ± 33.9 ms and
10.7% patients presented prolonged QTc before COVID-19 therapy was
started (Table 2). Three (1,8%) patients had a QTc ≥ 500 ms at baseline.
Indication of combined therapy in these cases was done due to severe
clinical status with no reliable therapeutic alternatives. No differences
in baseline ECG features were found among patients who received ei-
ther DT or TT. During in-hospital ECG monitoring, QTc did significantly
increased in both therapy arms compared to baseline (DT: 408.0 ±
34.0 ms vs 439.2 ± 38.2 ms, p < 0.001; TT: 411.3 ± 34.0 ms vs
441.2 ± 35.5 ms, p < 0.001; Fig. 2), with no difference in peak QTc
(439.2 ± 38.2 ms vs 441.2 ± 35.5 ms, p = 0.748) or ΔQTc (31.230.6
vs 29.8 36.5, p= 0.813) associated to the addition of Lopinavir/Ritona-
vir. Likewise, the proportion of patients fulfilling criteria of prolonged
QTc during COVID-19 treatment did also significantly rised (10.7% vs
31.6%, p < 0.001), with no differences between both therapy groups
(p = 0.292). Overall, 33 (19.6%) cases were considered at high risk of
VA due to an increase of QTc 60 ms or a QTc. In 6 (3.6%) patients' med-
ication was discontinued due to QTc prolongation (Fig. 3).

Table 3 shows univariate and adjusted logistic regression analysis for
predictors of high risk QTc prolongation. The administration of loop di-
uretics (OR 3.02 [1.23–7.42], p=0.016), low levels of serum potassium
(OR 3.02 [1.23–7.42], p = 0.016) and sepsis (3.67 [1.43–9.96], p =
0.013)were related to a higher prevalence of high risk QTc prolongation
during follow up. After multivariate adjustment, only low serum potas-
sium below 3.5 mEq/L remained statistically significant (OR 4.0
[1.61–9.95], p = 0.003).

In-hospital clinical outcomes

During amedian follow up of 23 [13.5–30.0] days, 16 (9.6%) patients
died, with no differences between both treatment arms (13.2% vs 8.0%,
p = 0.296). In all these patients, worsening of COVID-19 pneumonia
was considered the cause of death. Survival free of death from any
cause was similar in both therapy groups (p = 0.093, Fig. 4A) and
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among patients with or without high risk QTc prolongation (p =
0.322, Fig. 4B).

Discussion

Themain findings of our studywere: 1) the combination of HCA and
Azithromycinwith orwithout Lopinavir/Ritonavir increasedQTc; 2) the
addition of Lopinavir/Ritonavir to Hydroxychloroquine and
Azithromycin was not related to a significant increase of the peak QTc
compared to stand-alone DT; 3) low levels of serum potassiumwere in-
dependently related to the incidence of high risk prolonged QTc peak;
4) the prolongation of QTc was not associated to all-cause mortality in
our series.

Given the lack of data regarding effectiveness of dedicated drugs to
treat COVID-19, empiric combination of diverse medications has been
widely used in these cases. Among them, Hydroxychloroquine,
Azithromycin, and Lopinavir/Ritonavir are commonly administered in
subjects requiring hospitalization due to COVID-19 pneumonia [3,4]. Al-
though recent observational reports have shown neutral or even nega-
tive outcomes with some of these combined therapies, diverse
randomized controlled trials are currently being carried out in order
to get a definite answer to their effectiveness.

Hydroxychloroquine is believed to act on the entry and post-entry
stages of COVID-19 and blocks the hERG potassium channel, therefore
potentially prolonging QTc [15]. Azithromycin is a macrolide frequently
prescribed to treat a wide spectrum of infections. The association



Fig. 3. ECG recording from a patient with COVID 19 under double therapy. After three days of treatment, QTc was 492 ms and medication was discontinued due to an increase >60 ms
compared to baseline.
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between Azithromycin and prolongation of QTc has been also pub-
lished, despite it appears to have a lower interaction with the hERG
channel [16]. Lopinavir/Ritonavir inhibits the Human Immunodefi-
ciency Virus (HIV) protease and has shown to be effective in patients
with COVID-19 in vitro and in animal models [17–19]. This antiretrovi-
ral drug also inhibits the hERG although reported interaction with QTc
shows conflicting results [20]. Therefore, these three drugs inhibit the
hERG channel, although the grade of affinity of each of them to this re-
ceptor has not been already fully reported. Beyond this mechanism,
other pharmacological interactions with intracellular ionic currents
may play a role in QTc prolongation in this scenario. In this regard,
Azithromycin potentiates late INa, which increases intracellular sodium
and promotes dysregulation of intracellular calcium. Likewise,
Azithromycin and Lopinavir/Ritonavir my interact with IKr, while
Hydroxychloroquine affects IK 1 [21–23].

Drug-induced QTc prolongation is an important substrate for VA, al-
though the incidence of potentially life-threatening polymorphic VA in
daily practice seems to be low [24]. Bessière et al. found a significant in-
crease in QTc in patients treatedwithHydroxychloroquine thatwas sta-
tistically higher in those with DT compared to monotherapy. In this
small series of patients admitted in the critical care unit, nopolymorphic
VA or SCD was documented [25]. Similar results were reported in two
larger cohorts of hospitalized patients with COVID-19 pneumonia
[7,8]. Given reported very low incidence of VA and the risk of contagious
Table 3
Independent predictors of high risk QTc prolongation (peak QTc ≥ 500 ms an

Odds ratio
(CI 95%)

Female 1.14 (0.53–2.47)
Triple therapy 1.98 (0.80–4.91)
Other QTc interfering drugs* 1.53 (0.51–4.60)
Loop diuretic 3.02 (1.23–7.42)
Hypokalemia (K+ ≤ 3.5 mEq/L) 3.78 (1.65–8.66)
Heart failure 1.48 (0.61–3.57)
Baseline QTc ≥450 ms 1.36 (0.49–3.72)
Sepsis 3.67 (1.32–10.2)

QTc: corrected QT interval, ms: milliseconds. *: Levofloxacin, Amiodarone, H
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in the setting of COVID-19, serial ECG could be considered if continuous
ECG monitoring is not available [10].

In our cohort, patients under DT and TT prolonged QTc compared to
baseline values. Nevertheless, patients with TT did not show a greater
increase in the QTc compared to those on DT. The interaction between
Lopinavir/Ritonavir and QTc has not been completely clarify yet. Al-
though fairly reported in literature, the incidence of prolonged QTc
seems to be very low in patients on monotherapy [3]. In this regard,
Charbit et al. analyzed the effect of antiretroviral drugs on QTc in nearly
1000 HIV-infected patients [20]. They concluded that despite these
medications do inhibit hERG potassium channel, this effect was not in-
dependently associated with QTc prolongation. Given these uncer-
tainties in the effect of Lopinavir/Ritonavir on QTc, Giudicessi et al.
included this drug as a possible risk factor for torsades depointes in a re-
cent review about QTc-prolonging in COVID-19 disease, while
Hydroxychloroquine and Azithromycin were classified as known trig-
gers. Besides, in our series, those patients who received DT were more
likely to receive others QTc prolongation therapy compared to those
on TT, which might have influenced the lack of differences between
both therapy groups.

From a clinical perspective, although the use of these medications
resulted in significant QTc prolongation, the need to withdraw any of
these drugs was very infrequent. Nevertheless, given the exceptional
circumstances of COVID-19, including oversaturated healthcare
d/or ΔQTc ≥60ms).

p-value Adjusted Odds ratio
(CI 95%)

p-value

0.739
0.139
0.449
0.016 1.79 (0.62–5.21) 0.284
0.002 4.0 (1.61–9.95) 0.003
0.389
0.553
0.013 2.65 (0.88–7.99) 0.083

aloperidol, Venlafaxine, Famotidine.



Fig. 4. Death from any cause in double and triple therapy groups (A), and in patients with or without high risk QTc prolongation (B).
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resources, wide heterogeneity of physician specialists taking care of
these patients, the severe morbidity and mortality of hospitalized pa-
tients and the lack of evidence-supported dedicated therapies, this
rate might be higher in a more “normalized” setting. No differences in
all-cause mortality were reported, similarly to previous studies.

As priorly suggested by Giudicessi et al., we considered patientswith
a peak QTc ≥ 500ms and/or an increase of QTc ≥ 60ms from baseline to
be at high risk of VA or SCD [10]. Overall, 19.6% patients fulfilled these
criteria of high risk in our cohort. Nevertheless, this pattern was not re-
lated to clinical outcomes in our series. Inmultivariate analysis, hypoka-
lemia was significantly associated to a 4-fold likehood to present this
high risk prolonged QTc. Similar criteria were recently proposed by
Haseeb et al., who also highlighted some clinical high-risk factors such
as history of SCD, VA or long QT syndrome. In this review, they also rec-
ommend ECG monitoring and deep control of medication in patients at
intermediate risk, such as thosewith preexisting heart disease, multiple
comorbidities and those receiving concomitant drugs thatmay causeQT
prolongation.
Limitations

This study has several limitations inherent to its observational na-
ture. First, sample size is small, and patients were enrolled in one single
center so that our results should be interpreted with caution. Second,
given non-randomized controlled design both therapy arms presented
some significant differences in baseline featureswhich could have influ-
enced these findings. Third, the absence of a control cohort of patients
with COVID-19 that were not treated with any of these medications
should be taking into account when considering the findings of this re-
port. Four, due to unavailability of continuous ECG monitoring in con-
ventional wards, accurate incidence of VA and arrhythmic SCD could
not be documented.
Conclusions

Patients who received DT experienced QTc prolongation and, ac-
cording to results in this series, Lopinavir/Ritonavir could be safely
added to DT in patients with COVID-19 without a significant increase
in QTc compared to DT. There were no differences inmortality between
both strategies. Despite the increase in QTc in most patients, discontin-
uation of treatment was seldomly performed.
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