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Abstract

Introduction: Electrocardiographic characteristics in COVID-19-related mortality
have not yet been reported, particularly in racial/ethnic minorities.

Methods and Results: We reviewed demographics, laboratory and cardiac tests,
medications, and cardiac rhythm proximate to death or initiation of comfort care for
patients hospitalized with a positive SARS-CoV-2 reverse-transcriptase polymerase
chain reaction in three New York City hospitals between March 1 and April 3, 2020
who died. We described clinical characteristics and compared factors contributing
toward arrhythmic versus nonarrhythmic death. Of 1258 patients screened, 133
died and were enrolled. Of these, 55.6% (74/133) were male, 69.9% (93/133) were
racial/ethnic minorities, and 88.0% (117/133) had cardiovascular disease. The last
cardiac rhythm recorded was VT or fibrillation in 5.3% (7/133), pulseless electrical
activity in 7.5% (10/133), unspecified bradycardia in 0.8% (1/133), and asystole in
26.3% (35/133). Most 74.4% (99/133) died receiving comfort measures only. The
most common abnormalities on admission electrocardiogram included abnormal
QRS axis (25.8%), atrial fibrillation/flutter (14.3%), atrial ectopy (12.0%), and right
bundle branch block (11.9%). During hospitalization, an additional 17.6% developed
atrial ectopy, 14.7% ventricular ectopy, 10.1% atrial fibrillation/flutter, and 7.8% a
right ventricular abnormality. Arrhythmic death was confirmed or suspected in 8.3%
(11/133) associated with age, coronary artery disease, asthma, vasopressor use,
longer admission corrected QT interval, and left bundle branch block (LBBB).
Conclusions: Conduction, rhythm, and electrocardiographic abnormalities were
common during COVID-19-related hospitalization. Arrhythmic death was asso-
ciated with age, coronary artery disease, asthma, longer admission corrected QT
interval, LBBB, ventricular ectopy, and usage of vasopressors. Most died receiving

comfort measures.
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1 | INTRODUCTION

Since the first cluster of cases in Wuhan, China,* the 2019 novel
coronavirus (SARS-CoV-2) has rapidly spread to pandemic propor-
tions, affecting the United States since January 19, 2020 in
Washington DC with the first case of the resultant clinical syndrome,
COVID-19.2 Since that time, New York City has become an epicenter
of disease with 197 351 total cases, 51 380 hospitalizations, and
21362 deaths resulting from confirmed or probable SARS-CoV-2
infection as of May 27, 2020.°

Initial findings from the Chinese cohorts described acute respiratory
distress syndrome (ARDS), myocardial injury, and death in 4.3%-15%."*°
Findings from a large cohort of patients in the New York City and its
surrounding suburbs recently reported a death rate of 21%.” Older age,
racial and ethnic minority status, pre-existing cardiovascular disease
(CVD), and secondary infections have been associated with increased
mortality.%” Studies describing the cardiac rhythm most proximate to
death in COVID-19 patients have reported ventricular tachycardia (VT)
or ventricular fibrillation (VF) in approximately 6% with the majority
having asystole or pulseless electrical activity (PEA), consistent with re-
spiratory failure or massive pulmonary embolism as the primary cause of
death.’®"*? However, the specific electrocardiogram (ECG) and rhythm
changes that develop in those that die of COVID-19 have not been
reported. Additionally, although myocardial injury as defined by elevated
serum troponin has been seen in those with arrhythmic death, other
contributing factors have yet to be reported.*?

The present study investigated demographics, comorbidities, and
electrocardiographic characteristics of a large cohort of hospitalized
patients in the New York-Presbyterian Hospital Network in New
York City who died from complications of COVID-19. We also per-
formed an exploratory analysis assessing the frequency and asso-

ciated factors of arrhythmic death.

2 | METHODS

2.1 | Data collection

Patients 18 years or older admitted to the Columbia University
Irving Medical Center, New York-Presbyterian Allen Hospital, or
New York-Presbyterian Morgan Stanley Children's Hospital with a
positive nasopharyngeal or oropharyngeal SARS-CoV-2 reverse-
transcriptase polymerase chain reaction (RT-PCR) assay between
March 1, 2020 and April 3, 2020 were eligible for enrollment. Those
who died during the index hospitalization within this period were
retrospectively enrolled. The study was approved by the Columbia
University Irving Medical Center Institutional Review Board. Of
1258 patients admitted with a positive SARS-CoV-2 RT-PCR test,
133 (10.6%) died and were included in the study.

Demographics, comorbidities, laboratory findings, medication re-
cords, ECGs, echocardiograms, and telemetry recordings were reviewed
manually. Assessed comorbidities included CVD (hypertension, hyperli-
pidemia, heart failure with preserved or reduced ejection fraction [EF]),
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coronary artery disease (CAD), valvular heart disease, and atrial
fibrillation (AF), diabetes mellitus (DM), body mass index (BMI), chronic
obstructive pulmonary disease (COPD), asthma, and Stage 3-5 chronic
kidney disease (CKD).

Laboratory values analyzed included potassium, calcium, bi-
carbonate, glucose, creatinine, arterial pH, arterial pCO,, arterial
lactate, high-sensitivity troponin T (hs-TpnT), N-terminal pro-B type
natriuretic peptide (NT-pro-BNP), interleukin-6 (IL-6), erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), ferritin, and
D-dimer. The first tests done within 24 h of admission were con-
sidered admission values, if present. Admission, minimum, and max-
imum values for each test were recorded for each patient's

hospitalization. (See Supporting Information for details.)

22 | ECGs

ECGs were collected for each patient using the electronic medical re-
cord system. ECGs done within 2 years of admission were considered
baseline ECGs. The first ECG done at the time of presentation was
considered the admission ECG. Subsequent ECGs were recorded as
follow-up ECGs. All ECGs were analyzed by board-certified electro-
physiologists (E. Y.W,, J. M. D,, J. P.M, H.Y,,F. E, A. B, and D. S.) using
a standardized comprehensive ECG reading protocol which included
intervals, rate, rhythm, axis, QRS morphology (including bundle branch
block and strain), voltage, ST or T-wave abnormalities. (See Supporting
Information for details.) ECGs deemed not suitable for analysis because
of artifact or lead misplacement were discarded.

2.3 | Cause of death analysis

Cause of death was categorized as either arrhythmic or nonar-
rhythmic based on telemetry strips, ECGs, and hospital documenta-
tion. The authors were not blinded to arrhythmic or nonarrhythmic
death during chart review and reading of ECGs. Arrhythmic deaths
were adjudicated by a second investigator. Confirmed arrhythmic
death was defined as sudden death due to documented tachyar-
rhythmia or bradyarrhythmia. Bradyarrhythmias were only con-
sidered arrhythmic death when not judged to be secondary to
hypoxic respiratory failure. When cardiac rhythm was not recorded,
documented sudden death without other identified cause was con-
sidered suspected arrhythmic death. Patients with confirmed or
suspected arrhythmic death were categorized in the arrhythmic
group. Nonarrhythmic death was defined as death due to other than

arrhythmic causes or as the initiation of comfort care measures only.

2.4 | Statistical analysis

Continuous data were assessed for normality using the Shapiro-Wilks
test. Normally distributed data is presented as mean+SD and
non-normally distributed data as median with interquartile range.
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Categorical data are presented as a percentage. Unpaired comparisons
between continuous variables were assessed by the Student t test or
Mann-Whitney U test, as applicable. Paired comparisons were per-
formed using a paired Student's t test or Wilcoxon signed-rank test.
Categorical differences were assessed by Fisher's exact test. All p va-
lues are two-tailed. p<.05 was considered significant. All statistical

tests were performed using Prism v8.4.1 (GraphPad Software).

3 | RESULTS

Two analyses were performed in accordance with our methods: a
descriptive analysis of the entire cohort and a comparative analysis
investigating clinical and electrocardiographic factors related to

arrhythmic death.

3.1 | Total cohort

Demographics and hospitalization characteristics of the 133 patient
deaths that occurred during the study period are summarized in
Table 1. Self-reported race/ethnicity were 53.4% (71/133) Hispanic,
15.0% (20/133) Non-Hispanic Black, 14.3% (19/133) Non-Hispanic
White, 0.8% (1/133) Pacific Islander, 0.8% (1/133) multiracial, 0.8%
(1/133) other, and 0% (0/133) Asian with 15.0% (20/133) declining
to respond. Patients were 55.6% (74/133) male with a median BMI of
27.2 (23.5, 31.1) and 97.0% (129/133) had at least one pre-existing
medical condition. Hypertension was present in 82.7% (110/133),
hyperlipidemia in 36.8% (49/133), CAD in 26.3% (35/133), heart
failure (reduced or preserved EF) in 23.3% (31/133), AF in 23.3%
(31/133), diabetes in 52.6% (70/133), CKD in 26.3% (35/133), COPD
in 16.5% (22/133), and asthma in 4.5% (6/133).

The median length of stay was 4 days (2, 7) with a range of 0-31
days. Hydroxychloroquine, azithromycin, or both were received by
56.4% (75/133), 53.4% (71/133), and 46.6% (62/133) of patients,
respectively. Beta blockers were used in 3.0% (4/133) of patients. At
end of life, 74.4% (99/133) died receiving comfort care measures
only and 33.8% (45/133) died while on mechanical ventilation. The
last recorded rhythm was VT or VF in 5.3% (7/133; four with VF, two
with VT, and one with unspecified VT/VF), PEA in 7.5% (10/133),
unspecified bradycardia in 0.8% (1/133), and asystole in 26.3% (35/
133). In 60.2% (80/133), the final rhythm was not specified.

3.2 | Laboratory values

Laboratory values are reported in Tables 2 and S1. Admission values
showed potassium of 4.5 mmol/L (4.2, 5.3), calcium of 8.7 mg/dl (8.4, 9.2),
bicarbonate of 22 mmol/L (19, 25), glucose of 145 mg/dl (115, 248), and
creatinine of 1.6 mg/dl (1.1, 2.5). Admission arterial blood gas had a pH of
7.40 (7.30, 7.40), pCO, of 43 mmHg (35, 49), and lactate of 1.4 mmol/L
(1, 2.5). Admission hs-TpnT and NT-pro-BNP were elevated at 44 ng/L
(28, 99) and 2183 pg/ml (593, 5028), respectively. Admission

inflammatory markers were elevated with IL-6 of 27 pg/ml (12, 116), ESR
of 71 mm/h (32), CRP of 157 mg/L (96, 243), ferritin of 684 ng/ml (237,
1082), and D-dimer of 1.5 pg/ml (1.2, 3.7). Elevated hs-TpnT on admis-
sion was seen in 80.5% (91/113) of patients in whom it was checked.

3.3 | Cardiac assessments

A total of 354 ECGs from the 133 patients were retrieved, 334 (93.4%)
of which were of diagnostic quality and retained. Baseline ECGs taken
179 (86, 346) days before admission were assessed in 44 patients.
Admission ECGs were recorded the day of hospitalization and were
assessed in 126 patients. A total of 164 follow-up ECGs were assessed in
82 patients. The last follow-up ECG was recorded 2 (1, 3) days before
death. The characteristics of baseline (n =44), admission (n=126), and
the last ECG recorded before death (n=82) are presented in Figure 1
and Table 3. Certain ECG diagnoses excluded the ability to make other
ECG diagnoses (e.g., the diagnosis of left ventricular hypertrophy in pa-
tients with left bundle branch block [LBBB]). The total number of ECGs
analyzed in each category below include only those tracings in which the
diagnosis could be made (see Supporting Information for details).

Among the 44 available baseline ECGs, the most common ab-
normalities were an abnormal axis in 28% (12/43), AF or flutter in
21% (9/44), a right bundle branch block (RBBB) in 14% (6/43), and an
LBBB in 9.3% (4/43). Of the 126 admission ECGs assessed, the most
common abnormalities present included nonsustained atrial ectopy
(13/108, 12.0%), AF/flutter (18/126, 14.3%), RBBB (15/126, 11.9%),
and abnormal axis (32/124, 25.8%).

Among 44 patients with both baseline and admission ECGs, a
paired comparison showed that admission ECGs had a shorter PR
interval, QRS duration, QT interval, and corrected QT interval by
Fridericia (QTf), faster heart rate, and longer corrected QT interval by
Bazett (QTc) compared with baseline. This paired comparison also
demonstrated new diagnoses of T-wave abnormalities in 32.4% (12/37
excluding pre-existing LBBB and intraventricular conduction delay), ST
depressions in 27.0% (10/37 excluding pre-existing LBBB and in-
traventricular conduction delay), ventricular ectopy in 18.2% (8/44),
atrial ectopy in 15.9% (7/44), QRS axis change in 15.9% (7/44), wide
QRS in 11.4% (5/44), AF or flutter in 9.1% (4/44), LBBB in 4.6% (2/44),
RBBB in 2.3% (1/44), and right ventricular (RV) strain pattern in 2.3%
(1/44). There were no patients found to have new ST elevations, PR
depressions, or low voltage on admission.

Among 79 patients with both admission and at least one follow-up
ECG, there were significant increases in heart rate and significant
decreases in PR interval between admission and the last recorded ECG
(Figure 2). Among all patients with admission ECGs, the most common
new ECG findings that developed after admission (recorded on ECG or
telemetry monitoring) were atrial ectopy in 17.6% (19/108), ventricular
ectopy in 14.7% (19/129), AF or flutter in 10.1% (13/129), RV ab-
normality in 7.8% (5/64), and T-wave abnormalities in 6.8% (8/118).

Among 30.8% (41/133) of patients with echocardiograms per-
formed before admission, the median EF was 55% (43%, 60%). Of the
9.8% (13/133) who had echocardiograms during hospitalization, there
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TABLE 1 Demographics and characteristics of COVID-19 mortalities

All Arrhythmic Nonarrhythmic
(n=133) death (n=11) death (n=122) p value
Male 74 (55.6%) 9 (82%) 65 (53.3%) 11
Median age (25%, 75%) 810 64.0 82.0 (71.8, 89.0) <.001
(70.5, 88.0) (58.0, 72.0)
Race/ethnicity
Hispanic 71 (53.4%) 6 (55%) 65 (53.3%) >.99
Non-Hispanic White 19 (14.3%) 1 (9%) 18 (14.8%) >.99
Non-Hispanic Black 20 (15.0%) 3 (27%) 17 (13.9%) 37
Pacific Islander 1 (0.8%) 0 (0%) 1 (0.8%) >99
Multiracial 1(0.8%) 0 (0%) 1 (0.8%) >.99
Other 1(0.8%) 0 (0%) 1 (0.8%) >.99
Asian 0 (0.0%) 0 (0%) 0 (0.0%) N/A
Declined 20 (15.0%) 1 (9%) 19 (15.6%) >.99
Cardiac
Hypertension 110 8 (73%) 10 (83.6%) 40
(82.7%)
Hyperlipidemia 49 (36.8%) 4 (36%) 45 (36.9%) >99
Coronary artery disease 35 (26.3%) 6 (55%) 29 (23.8%) .04
Congestive heart failure 31 (23.3%) 2 (18%) 29 (23.8%) >.99
Median ejection fraction 55% 55% 55% (44.5%, 60.0%) .96
(25%, 75%) (43.0%, (25.0%, 65.0%)
60.0%)
Atrial fibrillation 31 (23.3%) 1 (9%) 30 (24.6%) 46
Valvular heart disease 6 (4.5%) 1 (9%) 5 (4.1%) 41
Pacemaker 10 (7.5%) 0 (0%) 10 (8.2%) >.99
Internal cardioverter 4 (3.0%) 1 (9%) 3 (2.5%) .32
defibrillator
Endocrine
Diabetes mellitus 70 (52.6%) 7 (64%) 63 (51.6%) .05
Median body mass index 27.2 30.3 26.6 (23.1, 30.5) .06
(25%, 75%) (23.5, 31.1) (26.7, 41.6)
Renal
Chronic kidney disease 35 (26.3%) 2 (18%) 33 (27.0%) 73
Pulmonary
Chronic obstructive 22 (16.5%) 1 (9%) 21 (17.2%) .69
pulmonary disease
Asthma 6 (4.5%) 3 (27%) 3 (2.5%) .008
Obstructive sleep apnea 6 (4.5%) 2 (18%) 4 (3.3%) .08
Hospitalization
Median length of stay 4(2,7) 5(2, 8) 4(2,7) 76
(days (25%, 75%))
Mechanically ventilated 45 (33.8%) 7 (64%) 38 (31.1%) .04
Comfort care 99 (74.4%) 1 (9%) 95 (77.9%) <.0001
Hospital medications
Hydroxychloroquine 75 (56.4%) 7 (64%) 68 (55.7%) 76
Azithromycin 71 (53.4%) 6 (55%) 65 (53.3%) >99
Hydroxychloroquine and 62 (46.6%) 6 (55%) 64 (52.5%) >99
azithromycin
Quinolones 4 (3.0%) 0 (0%) 4 (3.3%) >99
Opioids 107 8 (73%) 99 (81.1%) 45
(80.5%)

(Continues)
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TABLE 1 (Continued)

All Arrhythmic Nonarrhythmic

(n=133) death (n=11) death (n=122) p value
Beta blocker 4 (3.0%) 0 (0%) 4 (3.3%) >99
Amiodarone 11 (8.3%) 2 (18%) 9 (7.4%) .29
Other antiarrhythmics 25 (18.8%) 1 (9%) 24 (18.7%) .69
Vasopressors 50 (37.6%) 8 (73%) 42 (34.4%) .02
Beta agonist inhalers 16 (12.0%) 2 (18%) 14 (11.5%) 62

Note: Baseline data on demographics and hospitalizations of the total cohort as well as divided between those who died of arrhythmic death or not with p
values for comparison. Median with interquartile ranges are provided for non-normally distributed data.

was a median EF of 45% (27.5%, 60%). The scope of echocardiograms
performed during hospitalization given the critically ill state of patients
was generally limited. Out of the 13 with echocardiographic assess-
ments, 4 were bedside echocardiograms performed only for assessment
of LVEF. Of the remaining nine, six had assessments of RV size

TABLE 2 Admission laboratory values

Total Arrhythmic
Chemistries
Potassium 4.5 4.9
(mmol/L) (4.2, 5.3) (0.8)
n=129 n=10
Calcium 8.7 8.6
(mg/dl) (8.4, 9.2) (8.4,8.9)
n=129 n=10
Bicarbonate 22 23.5
(mmol/L) (19, 25) (21.8, 26)
n=129 n=10
Glucose 145 149
(mg/dl) (115, 248) (111, 353)
n=129 n=10
Creatinine 1.6 1.93
(mg/dl) (1.1, 2.5) (1.31, 3.51)
n=129 n=10
Arterial blood gas
pH 7.40 7.42
(7.30, 7.40) (0.12)
n=41 n=3
pCO, 43 42
(mmHg) (35, 49) (13.9)
n=41 n=3
Lactate 14 1.4
(mmol/L) (1, 2.5) (0.5)
n=28 n=3
Cardiac
hs-TpnT 44 36.3
(ng/L) (28, 99) (11.6)
n=113 n=7
NT-pro-BNP 2183 295
(pg/ml) (593, 5028) (124, 5694)
n=74 n=6

(five normal, one mildly increased) and eight had assessments of RV
function (four normal, one mildly reduced, two moderately reduced, and
one severely reduced). RV peak systolic pressure was estimated in se-
ven patients and had a mean of 26.8 mmHg (8.3) with a range of
14-41 mmHg plus the right atrial pressure.

Non-arrhythmic p value

4.5 41
(4.2, 5.2)

n=119

8.7 51
(8.4, 9.2)

n=119

21.7 40
(4.9)

n=119

142 .84
(115, 250)

n=119

1.6 .28
(1.0, 2.5)

n=119

7.35 .25
(7.25, 7.43)

n=38

43 .76
(35, 49)

n=38

1.4 .64
(1.1, 2.6)

n=25

45 .29
(27, 111)

n=106

2260 11
(752, 5114)

n=68
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TABLE 2 (Continued)

Total Arrhythmic

Inflammatory markers

IL-6 27 38

(pg/ml) (12, 116) (6, 108)
n=>50 n=7

ESR 71 74.2

(mm/h) (32) (40.6)
n=_82 n=5

CRP 157 203

(mg/L) (96, 243) (132)
n=99 n=8

Ferritin 684 972

(ng/ml) (237, 1082) (638, 2065)
n=92 n=8

D-dimer 1.5 1.4

(ug/ml) (1.2, 3.7) (0.8, 4.6)
n=63 n=6

Wi LEY—Iﬂ

Non-arrhythmic p value

24 .81
(12.3, 118)

n=43

71.3 .89
(31.7)

n=77

157 41
(93.8, 238)

n=91

529 .07
(331, 1006)

n=384

1.54 A48
(1.25, 3.74)

n=57

Note: Admission laboratory values for the total cohort and separated by arrhythmic and nonarrhythmic death with a p value for comparison. Normally
distributed data are reported as mean + SD and non-normally distributed data are reported as median and interquartile range. Reference ranges for
less common tests are as follows: arterial lactate (normal, 0.5-1.6 mmol/L), high-sensitivity troponin T (normal < 22 ng/L), N-terminal pro-B type
natriuretic protein (normal, 0.0-852.0 pg/ml), interleukin-6 (normal < 5.0 pg/ml), ferritin (normal, 30-400 pg/L), and D-dimer (normal, 0.00-0.80 ug/ml).
S| conversion factors: to convert calcium to mmol/L, multiply by 0.25; to convert glucose to mmol/L, multiply by 0.0555; to convert creatinine to
pmol/L, multiply by 88.4; to convert ferritin to pg/L, multiply by 1; and to convert D-dimer to nmol/L, multiply by 5.476.

Abbreviations: CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; hs-TpnT, high sensitivity troponin-T; IL-6, interleukin-6; NT-pro-BNP,

N-terminal pro-B type natriuretic peptide.

3.4 | Arrhythmic versus nonarrhythmic death

There was confirmed (n = 9) or suspected (n = 2) arrhythmic death in 11
patients (8.3%). Of those with confirmed arrhythmic death, eight were
due to VT or VF and one was due to bradycardia. Arrhythmic death was
suspected in the other two due to sudden death without other attri-
butable etiology. Among 122 patients with nonarrhythmic death, 8.2%
(10/122) had PEA and 28.7% (35/122) had asystole. For 80/122
(66.4%), the last rhythm before death was not specified. In 73/80
(91.3%), patients received comfort measures only. The cause of death in
the remaining 7/80 (87.5%) was determined by clinical documentation.

Compared to patients with nonarrhythmic death, those with
arrhythmic death were more likely to be older, have CAD (odds ratio
[OR], 3.848; 95% confidence interval [Cl], 1.003-12.14), asthma (OR,
14.88; 95% Cl, 2.947-68.61), receive vasopressor medications
(OR, 5.079; 95% Cl, 1.419-18.22), require mechanical ventilation
(OR, 3.9; 95% Cl, 1.2-12.3), and trended toward having a higher BMI
(p=.06). Only 16/133 (12.0%) had received albuterol, 2/11 (18.2%)
of whom died of arrhythmic death (p=.62). Of the patients with
arrhythmic death, seven received hydroxychloroquine, six received
azithromycin, and six received both.

ECG differences between the two groups are outlined in
Figure 1. There were no differences in basic measurements in
baseline ECGs, although the number of baseline tracings in the ar-
rhythmic group was limited. Patients with arrhythmic death were,
however, more likely to have a baseline LBBB than those with

nonarrhythmic death (OR, 18.4; 95% Cl, 1.8-147.6). On admission,
patients with arrhythmic death had longer QTc and QTf (492.1 vs.
456 ms, p=.02 for QTc and 462.4 vs. 422 ms, p = .04 for QTf), more
ventricular ectopy (OR, 4.52; 95% Cl, 1.35-15.0), and PR depression,
a finding only seen in this group (OR, 0.0; 95% Cl, 0.0-0.21).

3.5 | QT changes with medications

There were no significant differences between QT, QTc, or QTf
among those given hydroxychloroquine (n=75) or not (n=58), be-
tween those given azithromycin (n =71) or not (n = 62), and between
those given both (n=62) compared with neither (n=71). Paired
comparisons of QT intervals between those who received hydroxy-
chloroquine (n=32), azithromycin (n=33), and both (n=24)
demonstrated no significant differences between admission and the
final ECG obtained before death (Figure 3). No cases of torsades de

pointes were documented.

3.6 | Echocardiographic differences

The overall baseline EF was normal. There were no differences between
patients with arrhythmic versus non-arrhythmic death, although those
with arrhythmic death had few baseline echocardiograms limiting
comparison (see Table 1).
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FIGURE 1 Pooled electrocardiogram (ECG) comparison at baseline, admission, and before death. Comparisons between the total cohort,
arrhythmic death cohort, and nonarrhythmic death cohort for heart rate, PR interval, QRS duration, QT interval, QTc interval, and QTf interval
among baseline, admission, and final ECGs. Longer QTc and QTf intervals were associated with arrhythmic death. Statistically significant
differences are annotated with p values. Other comparisons were not statistically significant. Normally distributed data as assessed by the
Shapiro-Wilks test were reported as a mean with SD. Non-normally distributed data were reported as a median with interquartile range (IQR).
Unpaired comparisons were assessed by the Student t test or the Mann-Whitney U test, as applicable. All p values are two-tailed

3.7 | Laboratory differences

There were no significant differences in admission laboratory tests
between the arrhythmic and nonarrhythmic death groups. Those
who died of arrhythmias did have significantly higher minimum NT-
pro-BNP levels (7220 vs. 964 pg/ml; p =.026) and significantly higher
minimum ferritin levels (1456 vs. 529 ng/ml; p =.038) during hospi-
talization, but no significant difference in maximums (Table S1).

4 | DISCUSSION

While several studies have examined factors associated with mor-
tality from COVID-19 infection, this study describes one of the lar-
gest cohorts of inpatient deaths related to COVID-19 infection to
date. A majority of patients in this study died receiving comfort
measures only after a median of 4 days. Confirmed or suspected
arrhythmic death occurred in 8.3% of patients and was inversely
associate with age, but directly associated with ventricular ectopy,

mechanical ventilation, vasopressor use, longer admission corrected
QT intervals, and LBBB on admission.

Prior studies have noted an association between mortality and
comorbid conditions, particularly CVD.5® Compared with previously
reported Chinese,” ®> |talian,"® and United States cohorts,” ours
has more pre-existing CVD (117/133, 88.0%). Only 3.0% (4/133) of
patients had no pre-existing conditions. Compared with other studies
of COVID-19 mortalities, ours has a higher rate of hypertension
(82.5% vs. 23.3%-48.6%),"*'° CKD (26.3% vs. 4%),"* and DM (52.6%
vs. 11.6%-31%),"°*° but similar rates of pulmonary disease. Patients
were mostly male (55.6%), elderly, and of racial and ethnic minorities
(69.9%), consistent with the diverse, urban population our hospital
network serves.'” Recent studies have highlighted worse outcomes
in minority groups,” possibly linked to increased baseline co-
morbidities, decreased access to care, and limited health resources.

The median time from admission to death was 4 days, with
33.8% of patients requiring mechanical ventilation. Comfort mea-
sures only were received by 74.4% in accordance with patients' goals
of care, consistent with prior reports and highlighting the rapid
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TABLE 3 Electrocardiographic characteristics
Present at baseline

Paced QRS Only 1/44 (2%)

Left bundle branch block 4/43 (9.3%)

Right bundle branch block 6/43 (14%)

Intraventricular 1/43 (2%)

conduction delay

Low voltage 3/32 (9%)

Right ventricular 1/32 (3%)

abnormality

Abnormal axis 12/43 (28%)

Significant ST depression 0/39 (0%)

Significant ST elevation 0/39 (0%)

Significant T-wave 4/39 (10%)

abnormality
Atrial fibrillation/flutter 9/44 (21%)
Atrial ectopy” 1/35 (3%)

Ventricular ectopy 5/44 (4%)

Wi LEY—‘ﬂ

New on admission Developed after admission

0/44 (0%) 0/81 (0%)
2/44 (4.5%) 0/79 (0%)
1/44 (2.3%) 1/72 (1%)

5/44 (11.4%) 0/78 (0%)

0/44 (0%) 2/64 (3%)

1/44 (2.3%) 5/64 (7.8%)

7/44 (15.9%) 4/127 (3.2%)

10/37 (27.0%) 6/118 (5.1%)
0/37 (0%) 0/118 (0.0%)

12/37 (32.4%) 8/118 (6.8%)

4/44 (9.1%) 13/129 (10.1%)

7/44 (15.9%) 19/108 (17.6%)

8/44 (18.2%) 19/129 (14.7%)

Note: Electrocardiographic characteristics from baseline through hospitalization for the entire cohort. New findings on admission were based on a paired
comparison of patients with both baseline and admission ECGs. New findings that developed after admission were based on comparison of patients
with both admission and any subsequent follow-up ECGs during hospitalization. Paced ECGs were excluded from analysis of LBBB, RBBB, or IVCD.
Patients with paced, LBBB, and IVCD QRSs were excluded from analysis of ST and T-wave abnormalities. All wide QRSs were excluded from analysis

of QRS voltage or RV abnormality.

Abbreviations: ECG, electrocardiogram; IVCD, intraventricular conduction delay; LBBB, left bundle branch block; RBBB, right bundle branch block.

aExcludes atrial fibrillation and flutter.

progression of the disease in many patients.’®> The relatively low
rates of intubation and mechanical ventilation were likely a result of
the implementation of palliative care teams to the emergency de-
partment to discuss patients' goals of care at the time of presenta-
tion, thus avoiding unwanted invasive ventilator support.

4.1 | Cardiac evaluations

ECG and rhythm abnormalities were commonly encountered on
admission and during hospitalization. Abnormalities were more
common on baseline ECGs, perhaps reflecting a bias in cardiac
testing of patients with known abnormalities.

Atrial ectopy, AF/flutter, RBBB, and significant ST depressions
were the most common ECG abnormalities on admission. Atrial and
ventricular ectopy, AF/flutter, and RV abnormality were the most
common ECG abnormalities that developed during hospitalization.

RBBB, present in 11.9% (15/126) patients on admission, devel-
oped in 60% (9/15) during hospitalization. RV abnormality developed
in 7.8% (5/64) during hospitalization. This could be consistent with
acutely increased pulmonary vascular resistance from hypoxic pul-
monary vasoconstriction of ARDS or from pulmonary embolism gi-
ven the increased thrombotic risk in COVID-19 infection.’® Although

pulmonary embolism was not diagnosed in any of the patients in this
cohort, this is biased by the disruption of conducting the required
diagnostic tests due to changes in hospital operations.

AF was present on 14.3% (18/126) of admission ECGs and
developed in another 10.1% (13/129) during hospitalization. The
ARDS Network Albuterol for Treatment of Acute Lung Injury trial
showed that new AF was associated with increased 90-day mor-
tality (43% vs. 19%) among patients with ARDS, but the mechan-
ism remains unclear.’” However, a much higher incidence of atrial
arrhythmias has been noted in COVID-19-infected patients re-
quiring mechanical ventilation (17.7% vs. 1.9%), which may be a
marker for severity of illness.” As systemic inflammation has been
associated with the development of AF and severe COVID-19
infection has been associated with a marked inflammatory state,

this could explain our findings.?*

4.2 | Laboratory assessment

Admission laboratory tests were generally revealing for a critically ill
population with elevated creatinine, hs-TpnT, NT-pro-BNP, and in-
flammatory markers. Compared with limited laboratory data avail-
able in previously published laboratory data of nonsurvivors of
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FIGURE 2 Paired electrocardiogram (ECG) comparison between admission versus baseline and versus last ECG before death. In those for
whom the respective ECGs were available, the heart rate, PR interval, QRS duration, QT interval, QTc interval, and QTf interval were compared
between admission and baseline (top) and between admission and the last recorded ECG before death (bottom). Statistically significant
differences are annotated with p values. Other comparisons were not statistically significant. Normally distributed data as assessed by the
Shapiro-Wilks test were reported as a mean with SD. Non-normally distributed data were reported as a median with interquartile range (IQR).
Paired comparisons were assessed by the paired Student's t test or the Wilcoxon signed-rank test, as applicable. All p values are two-tailed

COVID-19, our cohort's median troponin, creatinine, and in-
flammatory markers (IL-6, D-dimer, and CRP) suggest a higher acuity

of illness on presentation.*>*°

4.3 | Effect of hydroxychloroquine and
azithromycin

Hydroxychloroquine and azithromycin, either alone or in combina-
tion were used in over 50% of patients. We found no significant
effect of these medications alone or in combination on QT interval,
possibly due to a small sample size, lack of standardization in timing
of obtaining ECGs during treatment, and lack of dose tracking. We
found no documented torsades de pointe, consistent with other
studies.???® This suggests that while the efficacy of these medica-
tions for clinical use in COVID-19 is in question,”*z5 their adminis-
tration could be safely considered in accordance with appropriate
monitoring guidelines.”®

4.4 | Etiology of cardiac arrest

While the presence of atrial and ventricular arrhythmias may be a
marker for more critically ill patients or myocarditis,”?” we found

that patients who died of arrhythmias were more likely to be
younger, receive mechanical ventilation, have pre-existing asthma
and CAD, have a baseline LBBB, display ventricular ectopy, and have
a longer QTc and QTf on admission. They trended toward having a
higher BMI and more DM. Increased arrhythmic risk and mild QT
prolongation with higher BMI is consistent with prior studies.?®*?
Although not statistically significant, the trend toward increased
arrhythmic deaths among non-Hispanic Blacks could be supported by
a genetic susceptibility to sudden death among African Americans
with COVID-19.%°

The paired analysis ECG data suggest a progressive increase in a
catecholaminergic state, as would be expected in a severely ill po-
pulation. Catecholamines were likely to be higher in the arrhythmia
group, which was more likely to receive mechanical ventilation and
exogenous catecholamines, previously shown to be associated with
arrhythmias,®* than the nonarrhythmic group, many of whom were
receiving only comfort measures. Likewise, ventricular ectopy was
also more frequent in the arrhythmic death group (45.5% vs. 15.6%)
despite similar rates of structural heart disease, which is associated
with sudden death in other populations.*?

While malignant arrhythmias have been associated with myocardial
injury in COVID-19 as evidenced by elevated troponin values,'? and the
arrhythmic death cohort had more PR depressions (n=2) possibly
related to myopericarditis, we found no significant differences in
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FIGURE 3 Paired comparison of QT Intervals in patients
receiving hydroxychloroquine, azithromycin, and both. This paired
comparison demonstrates no significant differences in QT, QTc, or
QTf intervals between admission and the last electrocardiogram
before death in patients receiving hydroxychloroquine, azithromycin,
and both. Normally distributed data as assessed by the
Shapiro-Wilks test were reported as a mean with SD. Non-normally
distributed data were reported as a median with interquartile range
(IQR). Paired comparisons were performed using a paired Student's
t test or a Wilcoxon signed-rank test. All p values are two-tailed

biomarkers of inflammation, troponin, or electrolytes between groups.
Furthermore, while there is not yet a consensus on the etiology and
pathophysiology of myocardial involvement and myocarditis in
COVID-19 infection, troponin elevation was common in the total cohort.

Prolonged QT interval is known to be associated with ar-
rhythmic death and corrected QT intervals were longer in the ar-
rhythmic group on admission, but no longer so before death.>® The

QTc and QTf interval differences between groups may represent a

WILEY—‘ﬁ

predisposition to malignant arrhythmias due to underlying CVD or

LBBB, which was more frequent in the arrhythmic group.>*

4.5 | Study limitations

Hospital operations have been significantly altered resulting from the
COVID-19 crisis, as previously documented.>® To mitigate the risk of
spread, performance of diagnostic testing including assessments for
structural heart disease and ECGs after admission was limited and not
standardized. In those without baseline ECGs, the chronicity of newly
observed abnormalities may have been overestimated. As the timing of
follow-up ECGs varied and 74.4% of patients died receiving comfort
measures only, changes in electrocardiographic characteristics before
death may have been underestimated. Given the small number of ar-
rhythmic deaths we identified, conclusions regarding factors influencing
its frequency must be considered exploratory and should be confirmed in
a larger cohort. Lastly, due to the racial/ethnic diversity and a highly
comorbid population, our interpretations may have limited external va-
lidity. Additional studies should focus on validating these patient mor-
tality characteristics in COVID-19-infected patients to further delineate
the associated risk factors and mechanisms leading to their demise.

5 | CONCLUSIONS

This study represents one of the largest COVID-19 mortality cohorts
to date. Patients died after a median of only 4 days with a third of
them requiring mechanical ventilation and a grand majority dying
with comfort measures only. Myocardial injury, acute kidney injury,
hyperglycemia, and elevated inflammatory markers were common
laboratory findings. Suspected or confirmed arrhythmic death oc-
curred in 8.3% of patients and was associated with younger age,
ventricular ectopy, mechanical ventilation, vasopressor use, longer
QTc and QTf intervals on admission, and LBBB on admission. Addi-
tional studies should prospectively validate these findings to improve
COVID-19 mortality, particularly in racial and ethnic minority

populations.
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