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ABSTRACT

BACKGROUND: Cardiac injury is common
in severe coronavirus disease 2019 (COVID-
19) and is associated with poor outcomes.
We aimed to study predictors of in-hospital
death, characteristics of arrhythmias and
the effects of QT-prolonging therapy in
patients with cardiacinjury.

METHODS: We conducted a retrospec-
tive cohort study involving patients
with severe COVID-19 who were admit-
ted to Tongji Hospital in Wuhan, China,
between Jan. 29 and Mar. 8, 2020.
Among patients who had cardiac injury,
which we defined as an elevated level
of cardiac troponin | (cTnl), we identi-
fied demographic and clinical charac-
teristics associated with mortality and
need for invasive ventilation.

RESULTS: Among 1284 patients with
severe COVID-19, 1159 had a cTnl level
measured on admission to hospital, of
whom 170 (14.7%) had results that
showed cardiac injury. We found that mor-
tality was markedly higher in patients with
cardiac injury (71.2% v. 6.6%, p < 0.001).
We determined that initial cTnl (per
10-fold increase, hazard ratio [HR] 1.32,
95% confidence interval [Cl] 1.06-1.66)
and peak cTnl level during illness (per
10-fold increase, HR 1.70, 95% Cl 1.38-
2.10) were associated with poor survival.
Peak cTnl was also associated with the
need for invasive ventilation (odds ratio
3.02, 95% Cl 1.92-4.98). We found arrhyth-
mias in 44 of the 170 patients with cardiac
injury (25.9%), including 6 patients with
ventricular tachycardia or fibrillation, all of

whom died. We determined that patients
who received QT-prolonging drugs had
longer QTc intervals than those who did
not receive them (difference in medians,
45 ms, p = 0.01), but such treatment was
not independently associated with mor-
tality (HR 1.04, 95% Cl 0.69-1.57).

INTERPRETATION: We found that in
patients with COVID-19 and cardiac
injury, initial and peak cTnl levels were
associated with poor survival, and peak
cTnl was a predictor of need for invasive
ventilation. Patients with COVID-19 war-
rant assessment for cardiac injury and
monitoring, especially if therapy that
can prolong repolarization is started.
Trial registration: Chinese Clinical Trial
Registry, No. ChiCTR2000031301.

pneumonia associated with coronavirus disease 2019

(COVID-19) and cardiac injury.t These reports did not char-
acterize patients as dead or discharged from hospital because the
COVID-19 pandemic had not completed its course at the time of
reporting. The initial findings suggested that patients admitted to
the intensive care unit (ICU) had an arrhythmia burden of 44.4%;*
however, the exact nature of these arrhythmias was not character-
ized. Knowing now that cardiac injury is an important predictor of
death, characterizing arrhythmias and determining independent
predictors of outcome may allow health care providers to imple-
ment aggressive therapy and assign accurate probabilities for the
outcome, which can be used to identify high-risk groups. In addi-
tion, such data would assist in decisions on discharge from the
emergency department, therapy with QT-prolonging drugs, rhythm
monitoring and triage of ventilators and ICU beds.®

P oor outcomes have been reported recently in patients with

In Wuhan, China, the initial outbreak of COVID-19 has run its full
course, which provides an opportunity to characterize outcomes and
inform strategy for Europe and North America. As such, we evaluated
170 patients from Wuhan who had cardiac injury that was diagnosed
early during their admission for pneumonia associated with COVID-
19 for the outcomes of death, discharge and arrhythmias. We also
characterized the effect of QT-prolonging drugs in these patients. We
determined independent predictors of death and mechanical venti-
lation in this population with cardiac injury and severe COVID-19.

Methods

Study participants, setting and design

Infection caused by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2) was diagnosed using contact history, clinical symptoms
and a positive result for SARS-CoV-2 using nucleotide polymerase
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chain reaction (PCR) testing, based on the interim guidelines from the
World Health Organization.® Tongji Hospital in Wuhan, China, is one of
the government-assigned hospitals that was delegated to provide
regional care of patients with COVID-19. Patients transferred to this
hospital had pneumonia associated with COVID-19 that was con-
firmed by computed tomography (CT). We reviewed information for
1284 patients who were transferred to Tongji Hospital (Zhongfa-
Xincheng campus) from Jan. 29 to Mar. 8, 2020. The data for these
patients were extracted from the hospital health records by the
regional COVID-19 care coordinator (B.Y.) and a cardiologist (D.S.).
These data were then reviewed by another cardiologist (B.D.) to
assess their validity. The resultant records of rhythm abnormalities
and electrocardiograms (ECGs) were assessed by 3 different cardiol-
ogists and consensus was reached (D.S., H.S. and B.D.).

We included 170 patients with elevated levels of serum cardiac
troponin | (cTnl; levels of cTnl above the 99th percentile of the upper
reference limit [> 26.2 pg/mL]) on hospital admission. The levels of
serum cTnl were measured in each patient within 72 hours of admis-
sion. Follow-up cTnl levels were determined daily or as felt appro-
priate by the clinical COVID-19 team, considering the difficulties of
phlebotomy in an isolated patient. The initial determination of cTnl
level was separate from the peak cTnl level identified during the
hospital stay. We defined the peak cTnl level as the highest cTnl con-
centration observed in the tests during the patient’s stay in hospital.
We defined onset of illness as the onset of typical symptoms related
to COVID-19, such as fever, dry cough and dyspnea.

We collected data on treatment, respiratory support and
arrhythmias from the patient’s medical records. We identified car-
diac arrhythmias based on the diagnosis made by the COVID-19
team cardiologist as documented in the patient’s chart. We con-
firmed these findings through an independent review of the record-
ings by some of the investigators who are cardiac electrophysiol-
ogists (D.S., B.D., A.B. and K.N.). Telemetry monitoring was mainly
used for the recordings because only a few patients had a 12-lead
ECG documented in their chart owing to the need to minimize
exposure of health care workers to SARS-CoV-2. We classified
rhythm diagnoses as frequent premature atrial complexes (fPACs),
atrial tachycardia/atrial fibrillation (AT/AF), frequent premature ven-
tricular complexes (fPVCs) or ventricular tachycardia/ventricular
fibrillation (VT/VF). We defined fPAC and fPVC as 3 or more PACs or
PVCs in 10 continuous beats on the monitor or ECG. We obtained the
direct causes of death for each patient from the final clinical records.

We quantified the effect of QT-prolonging antiviral and anti-
biotic drugs in patients with COVID-19 who had ECGs. We classified
moxifloxacin, levofloxacin, azithromycin, chloroquine and lopina-
vir as QT-prolonging drugs, and oseltamivir, ribavirin, arbidol, gan-
ciclovir, cefoperazone, biapenem, meropenem and imipenem as
drugs that do not prolong QT.

Statistical analysis

We expressed continuous variables as medians (P, P;s). We employed
the Mann-Whitney U test to compare the medians between groups.
Categorical variables were expressed as numbers and percentages.
We used the Fisher exact test to compare the percentages. In the time-
to-event analysis, we used in-hospital death as the outcome; we
excluded patients who were discharged. We calculated hazard ratios

(HRs) and 95% confidence intervals (Cls) for peak cTnl values using
the Cox regression model, where log-transformation of peak cTnl was
applied, and age and sex (female) were adjusted for usage of QT pro-
longation medication in this multivariable analysis. We categorized
peak cTnl values into tertiles and tested for trend using the Wald test
of the continuous variable set to the median values of tertiles of the
peak cTnl level. We used GraphPad Prism 7.00 software (San Diego,
California) and R version 3.6.3 (University of Auckland, Oakland, New
Zealand) for data analysis. All tests were 2-sided, and we considered a
value of p<0.05 to be statistically significant.

Ethics approval

This study (ChiCTR2000031301) was approved by the Institutional
Research Ethics Boards of the Third Hospital of Jilin University
(approval no. 2020032619), Tongji Hospital of Huazhong University
of Science and Technology (approval no. TJ-IRB20200345) and the
University Health Network, Toronto, Canada (REB no. 20-5322).

Patients with CT-confirmed pneumonia

associated with COVID-19
n=1284

—— cTnl level not tested n=125

Y

Patients who underwent testing for cTnl level
n=1159

—— cTnllevel not elevated n=989

Y

Patients with elevated cTnl

n=170

—— No abnormality in heart
rhythm n=126

Patients with ECG-recorded and chart-documented
arrhythmias (see Table 5)
n=44

VT/VF at death
n=6

Figure 1: Flow chart of the study population. Patients (n = 1284) with
pneumonia associated with coronavirus disease 2019 (COVID-19) that was
confirmed by computed tomography (CT) were transferred to Tongji Hos-
pital, Wuhan, China, and included in our study. From this group,
1159 patients underwent testing for cardiac troponin | (cTnl) at admission
to hospital, of which 170 had a positive result (elevated level of cTnl). Of
these 170 patients, 44 had abnormalities in heart rhythm diagnosed, and
6 died of ventricular tachycardia/ventricular fibrillation (VT/VF). Note:
ECG = electrocardiogram.
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Results

In total, 1284 patients with CT-confirmed pneumonia associated
with COVID-19 were transferred to Tongji Hospital during the study
period. Within 72 hours of their admission to hospital, 1159 patients
were tested for level of cTnl concentration (Figure 1). Of these
patients, 170 (14.7%) patients were positive for an elevated level of

cTnl. In-hospital mortality for these patients was more than 10-fold
higher than in patients without elevated levels of cTnl (71.2%
[121/170] v. 6.6% [65/984], p < 0.001) (Figure 2A). Table 1 and Table 2
provide demographic information, clinical symptoms, medical his-
tory and treatments as they pertain to the outcome of death in
patients with elevated levels of cTnl. Patients who died tended to
have more dyspnea (51.2% v. 30.6%, p = 0.02), greater need for

A Patients with COVID-19
n=1284

Patients with cTnl level tested
n=1159

Patients with elevated cTnl
n =170

Patients
discharged
from hospital
n=49

Patients
who died
in hospital

n=121

Patients without elevated cTnl
n=989

Patients
discharged
from hospital
n=924

Patients
who died
in hospital

n=65
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Figure 2: Cardiac injury, death and discharge in coronavirus disease 2019 (COVID-19) patients. (A) Outcomes of death or discharge from hospital of
patients based on level of cardiac troponin | (cTnl) at admission. (B) Distribution of cTnl concentrations for the 170 patients who tested positive with
outcomes. The median and interquartile range for each outcome group is shown.
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Table 1: Baseline characteristics of patients admitted to

hospital with coronavirus disease 2019 who had elevated
levels of cardiac troponin |

No. of patients (%)*
Discharged
from hospital Died in
alive hospital p

Baseline characteristic n=49 n=121 value
Age, yr; median (P, Pss) 61.5(32,69) 64 (24, 70) 0.3
Male sex 16 (32.7) 77 (63.6) <0.001
Onset of illness, T d; 11 (6.5, 11.5) 11 (7,15) 0.6
median (Pys, Ps)
Presenting symptom

Fever 41 (83.7) 101 (71.1) 1.0

Cough 30(61.2) 76 (62.8) 0.9

Sputum 8(16.3) 15 (12.4) 0.6

Dyspnea 15(30.6) 62 (51.2) 0.02

Diarrhea 12 (24.5) 25 (20.7) 0.7

Chest pain 3(6.2) 11(9.1) 0.8
Medical history

Pre-existing CHD 9(18.4) 21(17.4) 1.0

Hypertension 30 (65.2) 65 (53.7) 0.2

Diabetes 12 (24.5) 25 (20.7) 0.7

Stroke 1(2.0) 5(4.1) 0.7

CKD 4(8.2) 5(4.1) 0.3

Malignant disease 2(4.1) 9 (7.4) 0.5

COPD 1(2.0) 10 (8.3) 0.2
4(2.5,5) 4(3,5.25) 0.3
10 (7, 15) 11.5(9,16) 0.4

SOFA score on admissiont

APACHE Il score on
admission?

Note: APACHE Il = Acute Physiology and Chronic Health Evaluation score, CHD =
coronary heart disease, CKD = chronic kidney disease, COPD = chronic obstructive
pulmonary disease, COVID-19 = coronavirus disease 2019, P,; = 25th percentile, P,; =
75th percentile, SOFA = Sequential Organ Failure Assessment score.

*Unless otherwise defined.

TWe defined the onset of illness as the onset of typical symptoms related to COVID-19,
such as fever, dry cough and dyspnea.

$The SOFA and APACHE Il scores were used to assess organ dysfunction and disease
severity. Higher scores indicate a higher rate of organ failure and mortality. We
calculated these scores from the data of only 64 patients.

mechanical ventilation (66.9% v. 4.1%, p < 0.001) and had a higher
level of cTnl concentration (393.8 [139.9, 1700] v. 48.5 [30.8, 128.1]
pg/mL, p < 0.001). Figure 2B shows the distribution of cTnl levels
and the outcome of death unadjusted for clinical variables.

Of the 121 patients with COVID-19 and cardiac injury who
died, most died of progressive hypoxia due to pneumonia: 56
(46.3%) with respiratory failure, 23 (19.0%) with septic shock and
6 (5.0%) with acute respiratory distress syndrome. Other causes
of death were multiple organ dysfunction syndrome (MODS) in
26 (21.5%), VT/VF in 6 (5.0%) and stroke or intracerebral hemor-
rhage in 4 (3.3%) patients. After adjusting for age, sex and usage
of QT prolongation medication, we found that initial cTnl level

(per 10-fold increase, HR 1.32, 95% CI 1.06-1.66) and peak cTnl
level during illness (per 10-fold increase, HR 1.70, 95% Cl 1.38-
2.10) were associated with poor survival in patients who had car-
diac injury at admission to hospital (Table 3).The highest tertile
of peak cTnl was associated with greater hazard of mortality
(HR 3.78, 95% CI 2.26-6.34) than the middle tertile (HR 2.51,
95% Cl 1.49-4.22), compared with the lowest tertile. We found
that the level of peak cTnl was also an independent predictor of
need for invasive ventilatory support (odds ratio 3.02, 95% CI
1.92-4.98).

Cardiac rhythm was monitored online in all 170 patients.
Initially, arrhythmias were suspected in 60 of these patients, of
whom 35 had 12-lead ECG recordings in addition to telemetry
monitoring. Of the 60 patients with suspected arrhythmias
(based on ECG and telemetry), we changed the diagnosis in 16 to
sinus tachycardia episodes with artifact after assessment by
cardiac electrophysiologists on our team. Atrial or ventricular
arrhythmias were noted in 44 of 170 patients (25.9%) on 53 occa-
sions (Figure 1). A total of 53 arrhythmia episodes were docu-
mented or recorded, because some patients had multiple
arrhythmias. Among these 44 patients, 35 had only atrial arrhyth-
mias, 2 had only ventricular arrhythmias and 7 had both atrial
and ventricular arrhythmias (Table 4). Ventricular tachycardia/
ventricular fibrillation was fatal in all 6 patients. Of the
25 patients with AT/AF, 4 had a history of atrial fibrillation. Exam-
ples of some of these arrhythmias are shown in Figure 3.

On the 35 recorded ECGs, the median QTc interval was pro-
longed by an average of 45 ms in those who were on QT-prolonging
medications compared with those who were not (410 ms, quar-
tiles 364, 430 v. 455 ms, quartiles 423, 480 ms, p = 0.01)
(Table 5). We found that treatment with QT-prolonging medica-
tions was not independently associated with mortality after
adjustment for peak cTnl level and other variables (HR 1.04,
95% Cl 0.69-1.57; Table 2). However, fatal VT/VF occurred in
6 patients, among whom 2 had 12-lead ECGs recorded before
death, enabling the QTc interval to be documented. The ECG of
1 of those patients is shown in Appendix 1, Supplementary Fig-
ure 1A, available at www.cmaj.ca/lookup/suppl/doi:10.1503/
€cmaj.200879/-/DC1), 2 days before death (QTc was 509 ms).
This patient was taking arbidol and moxifloxacin, and died of
torsade de pointes and VF. The second patient (Appendix 1,
Supplementary Figure 1B; QTc was 426 ms, recorded 8 days
before death) who died of VF was taking arbidol, moxifloxacin
and meropenem.

Interpretation

In the regional care centre established in Wuhan for patients
with severe COVID-19, 14.6% with CT-proven pneumonia had
cardiac injury early during admission to hospital. These
patients, when their outcomes were adjudicated after the pan-
demic, had a mortality rate of 71.2% compared with those with-
out cardiac injury (6.6%). The postulate that cardiac injury
determines prognosis is further strengthened by the finding that
even among those with cardiac injury at admission, the degree
of injury during the hospital stay was an independent predictor
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Table 2: Management and course of illness in patients with coronavirus disease 2019 and elevated

levels of cardiac troponin | who were discharged from hospital or who died in hospital

No. of patients (%)*

Discharged from

hospital alive Died in hospital
Characteristic n=49 n=121 p value
Invasive ventilatory support 2(4.1) 81 (66.9) <0.001
Peak cTnl, pg/mL; median (P,s, Pys) 48.5(30.8,128.1) 393.8(139.9, 1700) <0.001
Treatment with antiviral drug 49 (100) 117 (96.7) >1.0
Arbidol 30(61.2) 75 (67.6) 0.5
Lopinavir 7(14.3) 9(7.4) 0.2
Oseltamivir 11(22.5) 12(9.9) 0.05
Ganciclovir 0(0) 4(3.3) 0.3
Remdesivir 1(2.0) 0(0) 0.3
Ribavirin 2(4.1) 28 (23.1) 0.003
Treatment with antibiotic 47 (95.9) 116 (95.9) >1.0
Moxifloxacin/levofloxacin 36 (73.5) 83 (68.6) 0.6
Cefuroxime/cefoperazone/cefdinir 8(16.3) 19 (15.7) >1.0
Meropenem/imipenem/biapenem 4(8.2) 33 (27.3) 0.03
Azithromycin 1(2.6) 1(0.8) 0.4
Amoxicillin 2(4.1) 1(0.8) 0.2
Piperacillin 0(0) 1(0.8) >1.0
Teicoplanin 0(0) 1(0.8) >1.0
Treatment with QT-prolonging medicationst 38 (77.6) 89 (73.6) 0.7

Note: cTnl = cardiac troponin |, P,; = 25th percentile, P,, = 75th percentile.

*Unless specified otherwise.

tQT-prolonging medications included moxifloxacin, levofloxacin, azithromycin, chloroquine and lopinavir.

of death. The mechanism of cardiac injury represented by ele-
vated cTnl levels could be due to viral insult, demand, hypoxia,
thrombosis, immune activation, disease severity and subendo-
cardial coronary ischemia.t” We could not differentiate these
mechanisms in our study.

A recent study involving a smaller cohort of patients from
another regional COVID-19 care centre in Wuhan, which was
published before the pandemic was over, provided findings
on the effect of cardiac injury in their patients.! In this study
we report on 3 times as many patients and provide detailed
characterization of those with cardiac injury. The data set
used in the smaller study was from Jan. 20, 2020, to Feb. 10,
2020, which does not cover the complete course of the virus
in Wuhan. When describing the clinical outcomes in patients,
Shi and colleagues? listed 319 of 416 patients as remaining in
hospital. This constitutes a large number of patients whose
clinical outcome was still uncertain, which may explain the
lower mortality rate of patients with COVID-19 and cardiac
injury included in that study (51.2%). The mortality rate for
our study was 71%, and, in contrast to Shi and colleagues,
all patients in our study had either been discharged from
hospital or died. In addition, the earlier study did not evalu-
ate arrhythmias.!

We have described arrhythmia characteristics in our cohort,
including nonfatal arrhythmias such as AF, AT and fPACs, which
were the most predominant arrhythmias. Although there was
only a small number of documented lethal arrhythmias owing to
VT and VF, they are of concern. The common occurrence of car-
diac arrhythmias in patients with COVID-19 is strikingly different
from what was reported for coronavirus infections due to SARS-
CoV and Middle East respiratory syndrome (MERS). In a 2003
study involving 196 patients with SARS, a high proportion of
whom were critically ill,? no substantial cardiac arrhythmias were
observed. In another study® involving 121 patients with SARS who
were admitted to hospital, cardiac arrhythmias were found in
only 1 patient, who had AF. In agreement with our findings,
another study involving 138 patients with pneumonia associated
with COVID-19 who were admitted to hospital in Wuhan reported
cardiac arrhythmias in as many as 16% of patients and an even
higher frequency (44.4%) among those admitted to ICU, although
details were not characterized.*

Similar to our findings about VT/VF, a study involving 187
patients in Wuhan reported VT/VF in 5.9% of patients with SARS-
CoV-2 infection.?

A 2013 study involving patients with MERS with high mortality
(up to 60%) reported no arrhythmias;!° however, a subsequent
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Table 3: Multivariable models of predictors of mortality (using Cox proportional hazards

regression) and use of invasive mechanical ventilation (logistic regression) in patients with
coronavirus disease 2019 and cardiac injury

Model

Cox regression survival analysis

Peak cTnl level (per 10-fold increase)

Unadjusted HR
(95% CI)

1.75 (1.43-2.14)

Adjusted HR
(95% ClI)

1.70 (1.38-2.10)

Tertiles of peak cTnl level
Highest tertile (median 1827.1 pg/mL, quartiles 1097.0, 7885.9) 4.05 (2.45-6.70) 3.78 (2.26-6.34)
Middle tertile (median 221.1 pg/mL, quartiles 159.6, 332.5) 2.53(1.52-4.22) 2.51(1.49-4.22)
Lowest tertile (median 42.6 pg/mL, quartiles 30.4, 54.1) 1 (Ref.) 1 (Ref.)

Age (per additional year) NA 1.01 (0.996-1.03)
Female NA 0.74 (0.50-1.10)
Treatment with QT-prolonging medications NA 1.04 (0.69-1.57)

Cox regression survival analysis

Initial cTnl level (per 10-fold increase) 1.41(1.14-1.76) 1.32(1.06-1.66)

Age (per additional year) NA 1.01 (0.996-1.03)
Female NA 0.55 (0.37-0.8)
Treatment with QT-prolonging medications NA 1.04 (0.69-1.57)

Logistic regression model of IMV support

Peak cTnl level (per 10-fold increase) 2.77 (1.82-4.40) 3.02(1.92-4.98)
Age (per additional year) NA 0.99 (0.96-1.01)
Female NA 1.17 (0.59-2.36)
Treatment with QT-prolonging medications NA 1.10(0.52-2.32)

Note: CI = confidence interval, COPD = chronic obstructive pulmonary disease, cTnl = cardiac troponin I, HR = hazard ratio, IMV = invasive
mechanical ventilation, NA = not applicable, Ref. = reference category.

smaller study!! reported a 15% incidence of variable tachyar-
rhythmias and unspecified bradyarrhythmias that were not char-
acterized further, precluding a detailed comparison to COVID-19.

The recent retraction of 2 major COVID-19 studies relating

Table 4: Arrhythmias in patients with coronavirus disease

2019 and elevated cardiac troponin |

No. of patients (%)
Type of arrhythmia n=170 to QT prolongation published in The New England Journal of
Medicine'? and The Lancet®® has added to confusion about the
Total no. of patients with arrhythmias 44(25.9) importance of QT-prolonging drugs and mortality in a popula-
With atrial arrhythmias only 35(20.6) tion of patients with noncardiac injury. Even though a substan-

AT/AF 18 (10.6) tial number of the patients included in our study were taking
QT-prolonging drugs and their QTc interval was indeed signifi-

fPAC 16 (9.4
64 cantly prolonged, we found that this was not independently
fPAC and AT/AF 1(0.6) associated with mortality. The significant QT prolongation in
With ventricular arrhythmias only 2(1.2) our study, in a population with cardiac injury, in itself is a con-
VT/VF 1(0.6) cern because repolarizati'on hgterogerjeit.y .and gradients are
common and proarrhythmic during cardiac injury.**'> The associ-
fPVC and VT/VF 1(0.6) ) . . )
ation of QT-prolonging drugs with mortality should be explored
With both atrial and ventricular arrhythmias 7(4.1) further in larger prospective studies for definitive determination
AT/AF and VT/VF 3(1.8) of effect. We suggest that patients with COVID-19 and cardiac
AT/AF and fPVC 3(18) II’IJUI’}/, espeua!ly those starting QT—prolonglng drugs, need to be
monitored until the outcomes of such studies are known.
fPAC and VT/VF 1(0.6)

Limitations
We had no access to data on patients without cardiac injury
other than mortality. Varying lengths of hospital stay, transfer

Note: AT/AF = atrial tachycardia/atrial fibrillation, fPAC = frequent premature atrial
complex, fPVC = frequent premature ventricular complex, VT/VF = ventricular
tachycardia/ventricular fibrillation.
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Figure 3: Representative electrocardiograms of arrhythmias in patients with coronavirus disease 2019 (COVID-19) and cardiac injury. (A) Frequent pre-
mature atrial complexes. (B) Atrial tachycardia/atrial flutter. (C) Atrial fibrillation. (D) Frequent premature ventricular complexes.

thresholds, decisions for early versus late intubation and lack
of universal arrhythmia assessments affect numerators or
denominators and could have affected our estimates. Out-
comes at the initial epicentre of the outbreak may not reflect
subsequent outcomes; however, a recent report involving

Table 5: Effect of QT-prolonging drugs on electrocardiogram
parameters and observed arrhythmias in patients with

coronavirus disease 2019 and elevated levels of cardiac
troponin|

No. of patients (%) 21 patients in Seattle suggests similar serious outcomes for car-
Not taking Taking diac |nJur)IG|n patients with severe pneumonia associated with
QT-prolonging QT-prolonging COVID-19.
drugs drugs P We did not perform routine echocardiographic assessment of
Parameter or type n=10 n=25 value left ventricular function in the patients included in our study.
Electrocardiogram parameter Assessment of cardiac injury occurred within the first 72 hours of
PR, ms; median (P, Px) 140 (123, 176) 142 (130, 162) 0.9 admission to hospital (which was, on average, 11d after disea?se
QRS, ms; median (P, P.) 98 (90, 107) 142 (80, 107.5) > f)r)set); therefore, we did not ev:—:lluate pa‘tle.nts with cardiac
O, Fos: median (Pa P TR e e 06 inj u.ry that developed fafter the.at period. Our findings .apply only to
) patients who were critically ill and not to those with COVID-19
QTc, ms; median (P, ;)  410(364.5,429.5) 455 (423, 479.8) 0.01 ] .
who were not admitted to hospital.
HR, beats/min; 79 (62.5,123.5) 91 (75.5, 105.5) 03
median (P, Ps) .
Type of arrhythmia Conclusion o . . .
— 3(303) 14(56.0) 03 We found th'at‘cardlac |nJl{ry assesse'd earlyin patlfents WIFh COVID-19
during admission to a regional hospital was associated with a 10-fold
AT/AF 3(30.3) 9(36.0) >0.99 . o ) .
e e y— 06 higher probability of death than for those who did not have cardiac
’ ’ ’ injury. We determined that initial cTnl and peak cTnl levels were
VI/VE 0(00) 4(16.0) 05 associated with poor survival, and peak cTnl was a predictor of venti-
Note: AT/AF = atrial tachycardia/atrial fibrillation, fPAC = frequent premature atrial complex, latory support. Unlike for SARS and MERS, cardiac injury in patients

fPVC = frequent premature ventricular complex, HR = heart rate, P,, = 25th percentile, P,; = . . . . . .
75th percentile, VT/VF = ventricular tachycardia/ventricular fibrillation. We used the with COVID-19 was associated with arrhythmlas' Patients with

Mann-Whitney U test to compare the medians between groups. We used the Fisher exact COVID-19 who start therapy that can prolong repolarization warrant
test to compare the percentages. [
cTnl assessment and monitoring.
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