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KEY POINTS

e Electrocardiographic (ECG) changes seen in association with COVID-19 include QRS axis changes,
conduction abnormalities, and ST segment and T-wave changes.

e QTc interval changes, commonly described at the beginning of the pandemic, are now less
frequently seen due to increased awareness for the need of QTc monitoring and avoidance of
QT prolonging drugs, resulting in a reduction of possibly fatal arrhythmic events.

e Atrial and ventricular arrhythmias are more common in critically ill patients with COVID-19, with
atrial fibrillation being the most commonly reported rhythm disturbance.

e The mechanisms for the development of ECG changes and arrhythmias are multifactorial.

INTRODUCTION

Since its declaration as a pandemic more than
a year ago, the novel severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) has affected
more than 180 million people worldwide and sadly
claimed more than 4 million lives, including more
than 33 million cases and 600,000 deaths in the
United States alone. SARS-CoV-2’s effects
continue to unravel, as it affects nations world-
wide, health care systems and economies adjust
to battle it, and the daily livelihoods of billions of
people and patients are touched. In addition, pa-
tients, a lot of whom suffer from the aftermaths

and morbidity inflicted by the disease, are chroni-
cally influenced by SARS-CoV-2, and this has led
to escalation of efforts by physicians and re-
searchers worldwide for the development of treat-
ments and vaccinations to limit its extension and
decrease morbidity and mortality.” Subsequently,
the abundance of data regarding disease pro-
cesses, disease associations, different manifesta-
tions, and pathophysiology of the COVID-19 has
improved our understanding of the disease and
how to approach it. Varying mortality rates have
been described, ranging from 1 per 100,000 to
100 per 100,000,> and several factors have been
associated with higher morbidity and mortality,
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including previously known comorbidities,
advanced age, obesity, or male gender.>*

Different organ systems are involved as a result
of SARS-CoV-2 infection including pulmonary
involvement with hypoxemic respiratory (which is
commonly responsible for deterioration and mor-
tality), renal involvement,>® multisystem inflamma-
tory syndromes,” and a wide array of cardiac
manifestations. Numerous studies have described
the existence of cardiac involvement in patients
infected with SARS-CoV-2, with increased mortal-
ity.8~1° In addition, cardiac involvement has been
demonstrated on cardiac imaging such as mag-
netic resonance imaging (MRI) in patients who
recovered from COVID-19,"" and by evidence of
right ventricular (RV) dysfunction, left ventricular
(LV) systolic dysfunction, and LV diastolic dysfunc-
tion on transthoracic echocardiography.'? In addi-
tion, cardiac manifestations have been described
in electrocardiographic (ECG) features that include
cardiac arrhythmias, ST segment changes, and
QT prolongation.

METHODS

In this review, the authors aim to summarize ECG
characteristics in patients with COVID-19, the
pathophysiology behind them, and their implica-
tions. They performed a database search of
PubMed, Embase, and Cochrane Central Register
of Clinical Trials for articles using the keywords
“COVID” OR “coronavirus” OR “SARS-CoV-2”
OR “SARS” AND “electrocardiogram” OR “EKG”
OR “ECG” OR “arrhythmia.” The search yielded
1433 results. Prospective and retrospective
studies, systematic reviews, meta-analyses, case
reports and series, narrative reviews, letters, and
clinical guidelines were reviewed. The authors
reviewed relevant articles for data to comprehen-
sively discuss and describe the ECG features
encountered thus far in COVID-19.

DISCUSSION
AXxis, QRS, and Atrioventricular Conduction

Changes to cardiac axis, in addition to QRS com-
plex morphology and atrioventricular (AV) conduc-
tion, have been reported with SARS-CoV-2
(Fig. 1). In order to assess ECG changes in pa-
tients admitted with COVID-19, McCullough and
colleagues analyzed ECGs of 756 patients in a
New York City hospital.’® On review, 19.3% had
an abnormal QRS axis: 13.8% in the form of left
axis deviation and 5.5% in the form of right or right
superior axis deviation. In other studies, ECG
changes in the form of right axis deviation have
been reported in patients with evidence of RV

strain, such as in patients with extensive pulmo-
nary disease and pneumonia, or when pulmonary
embolism occurs as a complication of COVID-19
with significant clot burden.’* Conduction abnor-
malities were also noted in 11.8% of the cohort,
with left bundle branch block in 1.5% of the pa-
tients, right bundle branch block in 7.8%, and
nonspecific intraventricular block in 2.5%. In addi-
tion, 29% of patients had nonspecific repolariza-
tion abnormalities. AV block was observed in
2.6%, with the majority (2.5%) being first-degree
AV block. Atrial premature contractions occurred
in 7.7% and ventricular premature contractions in
3.4%. Atrial premature contractions (OR 2.31,
95% Cl 1.27-4.21, P = .006), repolarization abnor-
malities (OR 2.31, 95% CI 1.27-4.21, P = .006),
and right bundle branch block/intraventricular
block (OR 2.61, 95% CI 1.32-5.18, P = .002)
were predictors of increased mortality.’>

ST Segment and T-Wave Changes

ST segment deviations, whether elevations or de-
pressions, are amongst the ECG changes present
in patients infected with SARS-CoV-2. (Fig. 2A) A
case series of patients admitted with COVID-19
reviewed 18 patients who either presented with
ST segment elevations or developed ST elevations
during hospitalizations. After stratification based
on echocardiographic features and wall motion,
peak troponin levels, and patient symptoms,
50% of these patients underwent coronary angi-
ography, of which 67% were found to have
obstructive coronary disease. Forty-four percent
of the patients described in the cohort were diag-
nosed with myocardial infarction, whereas 56%
were thought to have noncoronary-related
myocardial injury.”® In addition to myocardial
infarction, ST segment changes have been attrib-
uted to myocardial injury in the form of myocarditis
or microthrombi.'®~'8 For instance, in patients with
COVID-19 myocarditis, nearly 50% of patients had
ST-segment elevation on ECG. Echocardiographic
features observed in these patients include cardi-
omegaly or increased wall thickness, decreased
ejection fraction, or global hypokinesis in nearly
two-thirds of patients,'® as well as late gadolinium
enhancement on MRI in all patients. In addition,
surrogates of myocardial injury such as troponin |
and T are frequently elevated.

Furthermore, in a recent case series, the authors
described the finding of new T-wave inversion
(TWI) in patients with SARS-CoV-2 and its associ-
ation with increased mortality, need for intubation
and mechanical ventilation, particularly in patients
with concomitant elevation of cardiac troponins
(Fig. 2B, C).?° In this study of 3225 patients
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Fig. 1. Axis and QRS in patients with COVID-19. (A) Incomplete right bundle branch block. Diffuse T wave inver-
sion involving septal, anterior, inferior and lateral leads is also observed; (B) right axis deviation; (C) left axis de-
viation. Right bundle branch block is also present.

admitted with COVID-19, 6% of patients had either motion abnormalities, and mortality was 35%,
new TWI or pseudonormalization, with 23% of 52%, and 80% if TWI were diffuse, accompanied
these patients having concomitant troponin eleva- by elevated troponin levels, or both, respectively.
tion. TWI were observed in the lateral leads (71%), In addition, other studies have corroborated ST
anterior leads (64%), inferior leads (57%), and and T-wave changes and their relation to cardiac
septal leads (26%). In addition, roughly one- injury and mortality in COVID-19.7>2" An analysis
quarter of the patients who had a transthoracic by Barman and colleagues of ECG findings in
echocardiogram were found to have regional wall 219 patients admitted with COVID-19 based on
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Fig. 2. ST and T-wave changes in COVID-19. (A) ST segment elevation; (B) T-wave inversions in anterior leads; (C)
T-wave inversions in anterolateral leads.
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clinical severity (95 severe and 124 nonsevere
infection) revealed more frequent ST depressions
(28% vs 14%), ST-T changes (36% vs 21%), and
TWI (29% vs 16%) in patients with severe infection
compared with nonsevere infection.??

Although the exact mechanisms of myocardial
injury contributing to ST-segment and T-wave
morphology changes are unknown, it is hypothe-
sized that this occurs as a result of myocardial
microthrombi formation (involving primarily capil-
laries, arterioles and small muscular arteries),?>
direct damage to the cardiomyocytes, systemic in-
flammatory response syndromes, cytokine-
mediated responses by helper T cells, and
interferon-mediated immune response. In addi-
tion, hypoxia as a result of COVID-19-associated
respiratory failure and coronary plaque destabili-
zation may be other contributors.'® These theories
are supported by evidence of myocyte necrosis
and interstitial edema with predominant lympho-
cytic infiltration in an animal model of coronavirus
infection, as well as endomyocardial biopsy in a
human subject revealing interstitial and endocar-
dial inflammation, and viral particle presence in
interstitial cells with loss of cytoplasmic membrane
integrity.?*2> COVID-19 severity and the presence
of cardiac injury defined as elevated high-
sensitivity troponin | were found to be independent
predictors of ECG changes in the form of ST seg-
ments and T-wave changes (odds ratio [OR] 1.87
and 3.32, respectively) in an analysis of patients
with COVID-19.22 In another study, the investiga-
tors conferred that the number of abnormal T
waves was an indicator of myocardial injury (OR
2.36, 95% confidence interval [Cl], 1.38-4.04],
P = .002) and that the presence of T-wave
changes in itself was a predictor of mortality (haz-
ard ratio, 3.57 [1.40, 9.11], P = .008).?" Moreover,
ST segment/T-wave changes suggestive of right
heart strain such as ST depressions or T-wave in-
versions in leads V1 to V3 or the inferior leads, or
presence of the S1Q3T3 pattern, may correlate
with disease outcomes and mortality. However,
in a study of 15 patients with pulmonary embolism
and COVID-19, only 1 patient (7%) had the patho-
gnomonic pattern of S1Q3T3.%6

QT Interval Changes

Previous studies with other coronaviruses have
demonstrated QT prolongation caused by the
infection itself.?® QT interval prolongation has
been particularly described extensively in patients
with COVID-19, due to the potential risk for ar-
rhythmias or torsades de pointes (TdP).?” For
instance, in an international multicenter registry
that enrolled 110 patients, 14% of patients

developed QTc prolongation after 7 days of hospi-
talization (mean QTc increase 66 + 20
msec, +16%, P < .001), with a 3.6% incidence
of life-threatening arrhythmias.?® Independent pre-
dictors of QTc prolongation included older age,
higher basal heart rate, and treatment with dual
antiviral therapy. In earlier stages of the pandemic,
concerns regarding QTc-prolonging drugs that
were believed to be beneficial for treatment of
COVID-19, such as azithromycin, chloroquine,
hydroxychloroquine (HCQ), and lopinavir/ritonavir,
triggered calls for monitoring and caution while us-
ing these drugs.?® In one study that included 90
patients with SARS-CoV-2 infection,*® for
example, patients receiving concomitant azithro-
mycin and HCQ were noted to have a greater me-
dian (interquartile range) change in QT interval
compared with hydroxychloroquine alone (23
[10-40] vs 5.5 [-15.5 to 34.25] msec; respectively;
P = .03). In addition, seven patients (19%) who
received hydroxychloroquine alone developed
prolonged QTc of greater than 500 msec and 3 pa-
tients (3%) had a QTc increase of 60 msec or
more. Of those who received concomitant azithro-
mycin, 11 of 53 (21%) had prolonged QTc of
500 msec or more and 7 of 53 (13%) had a change
in QTc of 60 msec or more. Moreover, HCQ was
discontinued in one patient due to TdP.3° Another
study of 98 patients assessed critical QTc prolon-
gation, defined as maximum QTc greater than or
equal to 500 ms (if QRS <120 ms) or QTc greater
than or equal to 550 ms (if QRS > 120 ms), and
QTc increase of greater than or equal to 60 ms in
patients receiving HCQ, azithromycin, or a combi-
nation of both. In this cohort, 12% of patients met
the criteria for critical QTc prolongation, with a
higher incidence in patients taking combination
therapy.®! Additional studies described similar re-
sults, with higher mortality rates in patients with
either QTc greater than 500 ms or an increase of
60 ms® (Fig. 3). Consequently, this led to health
care systems using policies for baseline and
follow-up ECG monitoring, remote and telemoni-
toring of QTc, and the FDA granting emergency
authorization for the use of the KardiaMobile 6L
(AliveCor, Inc) device for this purpose. However,
more recent studies suggest that the QTc prolon-
gation seen with SARS-CoV-2 infection and
some of the medications used in earlier treatment
protocols does not necessarily translate into
higher mortality or incidence of cardiac arrhyth-
mias;? this may be due to the QTc prolongation
not meeting the threshold for arrhythmogenesis
or better monitoring leading to cessation of drugs
when certain thresholds are met (QTc > 500 ms
or increase in QTc¢ interval > 60 ms).®® In addition,
with emerging evidence of lack of benefit of HCQ
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Significant QTc prolongation from baseline:

- QTc 2500 ms if QRS <120 ms

-QTc 2550 ms (If QRS 2120 ms),

- QTcincrease of 260 ms

Fig. 3. QTc changes that warrant frequent QTc monitoring in SARS-CoV-2 infection.

and azithromycin, administration of these medica-
tions, particularly in combination, has been greatly
limited.

Arrhythmias in COVID-19

Although sinus rhythm and sinus tachycardia
remain the most common rhythms encountered
in patients with COVID-19, cardiac arrhythmias,
as other cardiac manifestations of COVID-19,
have been of interest, given their relevance and
possible effects on morbidity and mortality
inflicted by the disease (Fig. 4A). Earlier data
emerging from China®® at the onset of the
pandemic reported incidences of up to 17% of pa-
tients admitted with SARS-COV-2 infection having
arrhythmias, higher rates of up to 44% in patients
requiring intensive care unit (ICU) care, and around
7% of admitted patients having ventricular tachy-
cardia or ventricular fibrillation. Subsequent data
from 700 patients admitted in a US hospital, 11%

Atrial fibrillation

Cardiac arrest Bradyarrhythmia

Ventricular
tachycardia tachycardia

Ventricular
fibrillation

of which required ICU admission, reported 25 inci-
dent atrial fibrillation (AF) events, 10 nonsustained
ventricular tachycardias (NSVTs), 9 clinically sig-
nificant bradyarrhythmias, and 9 cardiac ar-
rests—all the arrests occurred in ICU-admitted
patients.** Furthermore, ICU admission was asso-
ciated with arrhythmias such as incident AF and
NSVT (OR 4.68 [95% confidence interval [Cl]
1.66-13.18] and 8.92 [95% CI 1.73-46.06];
respectively), and in-hospital mortality only
increased with cardiac arrests. Similarly, a meta-
analysis of studies that included 5815 patients
with COVID-19 reported an arrhythmia incidence
of 9.3%,% and a Heart Rhythm Society survey of
electrophysiologists worldwide reported that atrial
fibrillation was the most commonly encountered
arrhythmia (21%) by professionals treating pa-
tients with COVID-19.%¢

Multiple factors likely contribute to arrhythmias in
patients affected by COVID-19. Acute myocardial
injury occurring in some patients, can in itself trigger

Systemic
inflammation

Myocardial
injury

Perimyocarditis

Fig. 4. (A) Arrhythmias in COVID-19; (B) mechanism of arrhythmias. NSVT, nonsustained ventricular tachycardia.
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cardiac arrhythmias. In a study of 1284 patients
with severe COVID-19, 170 patients had evidence
of myocardial injury as evidenced by elevated car-
diac troponin |, of which 26% had arrhythmias.®”
Conversely, in a meta-analysis that assessed the
role of cardiac injury as a predictor of mortality
and severe disease, incidence of new arrhythmias
was found to be associated with higher risk of se-
vere disease and the need for ICU admission (risk
ratio 13, 95% CI 7.00-24.47, P < .001).%® Moreover,
hypoxia and electrolyte abnormalities may
contribute to bradyarrhythmias, atrial fibrillation,
and ventricular arrhythmias; and systemic inflam-
mation, viral perimyocarditis, and proarrhythmoge-
nicity induced by certain medications may
predispose to atrial and ventricular arrhythmias
(Fig. 4B). In addition, bradyarrhythmias, interest-
ingly, have been suggested to be a possible sign
associated with developing cytokine storm.*®

SUMMARY

ECG features in patients with COVID-19 range
from changes in morphologies of QRS complexes,
ST segments, and T waves, to changes in cardiac
axis, QTc interval, and cardiac arrhythmias, which
may be atrial or ventricular in origin. Often, these
findings are due to severe systemic illness inflicted
by hypoxic injury, electrolyte abnormalities, endo-
thelial or myocardial injury, microthrombi and pla-
que rupture, and cytokine storm. Knowledge of
these ECG features, paired with patients’ clinical
status, cardiac imaging findings, and cardiac bio-
markers, can assist clinicians in accurately
assessing and tailoring care through an under-
standing of the underlying disease processes.

CLINICS CARE POINTS

e Clinicians should be cognizant of some of the
reported ECG changes, such as abnormal QRS
axis in nearly 20% of patients, conduction ab-
normalities in approximately 20%, AV block
in about 2.6%, and premature beats in nearly
10% of patients.

e ST segment and T-wave changes in patients
with COVID-19 can be due to myocardial
infarction or myocardial injury secondary to
myocarditis, inflammatory responses, or mi-
crothrombi and should therefore be inter-
preted in the correct clinical context, as they
can be associated with illness severity and
mortality.

e Baseline and follow-up ECG for QTc moni-
toring is suggested in hospitalized patients.
Clinically significant QTc prolongation can
be defined as intraventricular QTc of greater
than or equal to 500 ms with a normal QRS in-
terval, greater than or equal to 550 ms if QRS
greater than or equal to 120 ms, or QTc in-
crease of greater than or equal to 60 ms
from baseline.

e Although sinus rhythm is the most common,
nearly 9.3% of patients admitted with
COVID-19 are reported to have arrhythmias,
with atrial fibrillation being the most inci-
dent. Arrhythmias can be a sign of myocardial
injury and increased disease severity, and the
treatment focus should be on the underlying
infection and any potential triggers.
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