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Abstract

Objective: The coronavirus disease 2019 (COVID-19) pandemic illustrated the relationship
between cardiac arrhythmias and pro-inflammatory states. Pro-inflammatory cytokines, including
interleukin-6 (IL-6), have significant effects on cardiac conduction. Atrial or ventricular arrhyth-
mias occurring while infected results in a doubling of mortality. Tocilizumab, a monoclonal anti-
body that blocks the IL-6 receptor, is associated with improved mortality and is believed to be
related to immune modulation of the COVID-|9-related hyperinflammatory state.

Methods: A single-center retrospective review of all patients with severe COVID-19, defined as
admission to an intensive care unit or requirement of respiratory or circulatory support, from
March 2020 through March 2022, was conducted. Patients who received or did not receive
tocilizumab were grouped into the treatment and control groups, respectively.

Results: Four hundred seventy-three patients were reviewed and 400 met the criteria for
inclusion in our study. There were 305 patients (age, 63 & |3 years, 58% male) in the control
group and 95 (age, 57 + |15 years, 51% male) in the treatment group. In-hospital mortality was
greatly reduced with tocilizumab compared with controls (44.2% vs 85.9%, p < 0.001) and new-
onset atrial fibrillation (AF) showed a statistically significant reduction (17.8% vs 29.5%,
p=0.019). New-onset wall motion abnormalities, potentially related to myocarditis or acute
coronary syndrome, also trended toward significance with tocilizumab (7.7% vs 15.7%, p=0.10).
Deep vein thrombosis, pulmonary embolism, stroke, and sustained ventricular arrhythmias did
not meet statistical significance.
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Conclusion: As expected, tocilizumab did show significant improvement in mortality.
Tocilizumab also showed a significant reduction of new-onset AF. Other cardiac structural end-

points did not reach statistical significance.
Abstract Presentations

A preliminary version of this research was presented during a regional conference at the Mid-
Atlantic Capital Cardiology Symposium (MACCS) on 19 November 2023.
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Introduction

The coronavirus disease 2019 (COVID-19)
pandemic, caused by severe acute respirato-
ry syndrome coronavirus 2 viral infection,
has resulted in millions of deaths around
the world.! COVID-19 has been associated
with a hyperinflammatory state, or cyto-
kine storm, which results in predominant
respiratory symptoms. It also has implica-
tions for other organ systems, most notably
the cardiovascular system. Cytokine storm
is an exaggerated release of cellular proteins
or cytokines. They act as signaling mole-
cules for inflammatory cell recruitment in
order to increase the cellular defense
response to infections.! Examples of cyto-
kines include interleukin-1 (IL-1), tumor
necrosis factor-o (TNF-o), interleukin-6
(IL-6), and others. These cytokines have
been found to have multiple effects on the
cardiovascular system and cellular homeo-
stasis including the propagation of arrhyth-
mias." Cardiac arrhythmias have been
reported in approximately 20% of infected
patients.'? Atrial fibrillation (AF) is the
most common arrhythmia observed in
patients with COVID-19, and it has been
independently associated with increased
mortality.>*

The propensity for increased atrial and
ventricular arrhythmias is believed to be
secondary to metabolic stressors from the

infection, cytokine-induced ion channel
changes, abnormal cellular calcium regula-
tion, direct viral myocyte injury and hypox-
emia.* Additional cardiac manifestations
include myocarditis, heart failure, or acute
coronary syndrome from plaque rupture.’

The mechanism of cardiac arrhythmias
with acute COVID-19 includes direct cellu-
lar damage by cytokines, including IL-6
and interleukin-10 (IL-10), altered cellular
ion channel expressivity and tissue remod-
eling/fibrosis.®’ Higher levels of both IL-6
and IL-10 were also found to be predictive
of new-onset arrhythmias in patients with
COVID-19.% In this study, both IL-6 and
IL-10 levels were associated with the sever-
ity of COVID-19 illness and morbidity/
mortality.® Inflammation likely contributes
to both the degree of illness with COVID-
19 as well as arrhythmic risk through simi-
lar underlying pathophysiology.

Non-targeted Immunosuppressants,
notably dexamethasone, were found to be
associated with reduced mortality but not
with a significant difference in major cardi-
ac arrhythmias (defined as AF/atrial flutter,
supraventricular tachycardia, ventricular
tachycardia [VT], ventricular fibrillation
[VF], or atrioventricular block).’

More targeted immunosuppressants,
such as tocilizumab, an IL-6 receptor
antagonist, have also been found to reduce
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mortality in patients with severe COVID-19,
but its cardiac benefits have not been fully
elucidated.'® Tocilizumab has been used to
successfully treat COVID-19—-induced myo-
carditis with reduced ejection fraction, but
no studies on arrhythmic benefits have
been conducted.'"'* We aimed to evaluate
the cardiovascular effects of patients with
severe COVID-19 with respect to atrial
arrhythmias, ventricular arrhythmias, atrio-
ventricular block, and structural heart
complications.

Methods

This was a single-center retrospective chart-
based review of all patients admitted with
severe COVID-19 in our institution from
March 2020 through March 2022. We con-
ducted our study in accordance with the
Helsinki Declaration of 1975, as revised
in 2024. This study was exempt from insti-
tutional review board (IRB) approval,
given its retrospective nature and given
that all patient data had been de-
identified. The reporting of this study con-
forms to the Strengthening the Reporting of
Observational Studies in Epidemiology
(STROBE) guidelines."?

Severe COVID-19 was defined as a
patient with  serologically confirmed
COVID-19 based on COVID-19 antibody
tests, admitted to the intensive care unit
(ICU), or requiring respiratory and/or
circulatory support with mechanical venti-
lation or extracorporeal membrane oxygen-
ation as part of the care for COVID-19.
Patients were included in the treatment
arm if they were treated with at least one
dose of tocilizumab 8mg/kg (maximum
800mg) for COVID-19. The majority of
patients included in this study were admit-
ted to the ICU for mechanical ventilation
or high-flow ventilation, with very few
patients requiring extracorporeal mem-
brane oxygenation treatment. The exclusion
criteria included age under 18 years,

admission to the ICU not related to
COVID-19, and prior use of tocilizumab
treatment before hospitalization. All other
patients who met the inclusion criteria but
were not treated with tocilizumab for
COVID-19 were included in the control
group. While we cannot determine the clin-
ical rationale for tocilizumab treatment, the
control patients may have been younger,
deemed more likely to survive by the clinician
or have higher IL-6 values, which prompted
treatment with tocilizumab during a time of
limited accessibility. A total of 95 patients
were enrolled in the treatment arm and
305 patients in the control arm.

The technology team created a data col-
lection tool within a secure intranet site
using REDCap, and all the study-related
material was stored on a shared drive
within the institution’s intranet. All mem-
bers of the study team had access to the
data and assisted in data collection and
interpretation. The data collected included
patient-related demographic characteristics
and COVID-19-related data including lab-
oratory tests, imaging, electrocardiography,
and echocardiography data.

Statistical analysis was conducted with
continuous variables presented as mean +
SD or median (interquartile range) and cat-
egorical variables as percentages. T-tests or
Mann—Whitney U-tests and chi-squared
tests were used for between-groups compar-
ison accordingly. Statistical analyses were
performed using R4.2 (https://crain.r-proj
ect.org/).

The IRB reviewed and confirmed that
access to protected health information
(PHI) was minimal. The PHI used in this
study involved minimal risk to the partici-
pants and in addition, the research could
not practically be done without access to
and the use of PHI. This study was there-
fore issued a full waiver of the Health
Insurance Portability and Accountability
Act approved by the Ethics Committee
and granted approval by Carilion Clinic.
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According to the IRB (approval number:
IRB-21-1483, approval date: 15 December
2021), informed consent was not required
from the participants.

Results

Four hundred seventy-three patients were
reviewed, and 400 patients met the criteria
for inclusion in our study. The principal cri-
teria for exclusion were related to ICU
admission for other reasons, with incidental
COVID-19 noted. There were 305 patients
(age, 63+ 13 years, 58% male) in the con-
trol group and 95 (age, 57 &+ 15 years, 51%
male) in the treatment group. Notable inter-
group differences include an older age,
increased frequency of chronic obstructive
pulmonary disease and higher frequency of
baricitinib treatment in the control group
compared with the treatment group
(Table 1). The control group also had a
higher baseline prevalence of AF, which
may be related to their older age and
comorbidities. During statistical analysis,
both new-onset AF (in patients without a
history of AF) and recurrent AF (including
all patients with or without a history of AF)
were analyzed separately.

In-hospital  mortality was  greatly
reduced with tocilizumab compared with
controls (44.2% vs 85.9%, p<0.001) and
new-onset AF showed a statistically signif-
icant reduction (17.8% vs 29.5%, p=10.019)
with tocilizumab (Table 2, Figure 1).

Other cardiac arrhythmias, including VT
or VF and high-grade atrioventricular block,
showed no statistically significant difference
between groups (Table 2, Figure 1). New-
onset wall motion abnormalities, potentially
related to myocarditis or acute coronary
syndrome, trended toward significance with
tocilizumab (7.7% vs 15.7%, p=0.10).
Other echocardiographic parameters, includ-
ing ejection fraction <50%, severe valvular
disease or structural abnormalities, showed
no significant difference (Table 3, Figure 1).

Thromboembolic complications can also be
increased during COVID-19 due to immo-
bility during mechanical ventilation, throm-
bogenic state due to inflammation and
predisposition to in-situ thrombus forma-
tion, particularly in the lungs due to endo-
thelial damage or direct viral injury.
Thromboembolic complications, including
deep vein thrombosis, pulmonary embolism,
stroke, or other peripheral embolization,
showed no significant difference between
groups (Table 4, Figure 1).

Notably, in-hospital mortality was sig-
nificantly increased in patients with both
recurrent AF (95.2%) compared with con-
trols (73.6%, p=0.002) and with new-onset
AF (91.3%) compared with controls
(67.2%, p<0.001, Figure 2). New-onset
wall motion abnormalities were also associ-
ated with increased mortality (92.3% vs
77.6%, p=0.034, Figure 2). Other arrhyth-
mias, thromboembolic complications and
structural heart disease presence exhibited
no statistically significant differences in
mortality (Figure 2).

Discussion

Tocilizumab, a potent IL-6 receptor antag-
onist, is associated with reduced new-onset
AF and mortality in patients with severe
COVID-19. New wall motion abnormali-
ties, potentially from myocarditis or acute
coronary syndrome, showed a trend toward
significance with tocilizumab treatment, but
other arrhythmias and structural heart dis-
ease showed no significant changes with
tocilizumab treatment.

Systemic inflammation as an arrhythmic
trigger is an emerging field of study.
A review of retrospective studies found
that patients with COVID-19 and new-
onset AF had increased IL-6 levels and
was associated with higher mortality.'*
However, the study also found similar
trends in patients hospitalized with influen-
za infection, suggesting the AF is not
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Table |. Baseline demographic characteristics of patients who received tocilizumab and patients who did

not receive tocilizumab.

Tocilizumab
Percent Percent
No positive Yes positive p value

Age 305 66.3+13.3 95 57.3+15.1 <0.001
Male gender 305 584% 95  50.5% 0.179

Ethnicity 0.009
White 337 86.6% 73 76.8%

African American 44 10.5% 12 12.6%
Asian 6 1.3% 2 2.1%
Non-White Hispanic 13 1.6% 8 8.4%

Smoking status 0.029
Current 44 11.8% 8 8.4%

Prior 176 46.9% 33 347%
Never 180 41.3% 54 56.8%

Body mass index (kg/m?) 304 33.2+9.1 95 37.1+8.7 <0.001
Hypertension 305 75.1% 95  68.4% 0.199
Diabetes 304 388% 94  43.6% 0.406

Atrial fibrillation history 304 14.1% 95 5.3% 0.020
Hyperlipidemia 304 41.4% 95  49.5% 0.168

COPD history 304 17.8% 95 8.4% 0.028
OSA history 304 155% 95 12.6% 0.498
Myocardial infarction history 305 14.1% 95 9.5% 0.242
PCI history 305 9.2% 95 5.3% 0.226
Prior CABG history 305 52% 95 6.3% 0.690
Erythrocyte sedimentation rate 40 49.5 (24.3, 78.8) 8  65.5(47.5, 74.5) 0.234

(on admission)
C-reactive protein (on admission) 266 11.2 (5.1, 17.0) 94 12.7 (6.9, 19.5) 0.175

White blood cell count (on admission) 303 9.0 (6.1, 13.1) 95 7.3 (5.1, 10.7) 0.002
Ferritin (on admission) 257 1096 (535, 2152) 91 994.5 (674.4, 1756) 0.942
Interleukin-6 (on admission or prior 6 95.6 (18.0, 666.2) 23 454 (23.4, 69.5) 0.628

to tocilizumab therapy)
ACE inhibitor 300 9.7% 95 16.8% 0.055
Beta blocker 300 54.7% 95  47.4% 0.214
Non-DHP calcium channel blocker 300 17.0% 95 13.7% 0.445

Angiotensin receptor blockers 300 7.7% 95 14.7% 0.039
Aldosterone antagonist 300 2.0% 95 5.3% 0.092
Digoxin 300 7.7% 95 2.1% 0.052
Loop diuretic 300 75.3% 95  82.1% 0.172
Thiazide diuretic 299  9.7% 95 12.6% 0.415

Statins 300 46.3% 95  33.7% 0.030
P2Y 12 inhibitor 300 87% 95 5.3% 0.282
Warfarin 300 3.3% 95 0.0% 0.127
Aspirin 300 42.7% 95  31.6% 0.055

Novel oral anticoagulants 300 14.3% 95  26.3% 0.007

Steroids 300 95.3% 95 100.0% 0.027

(continued)
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Table I. Continued.

Tocilizumab

Percent Percent
No positive Yes positive p value
Remdesivir 300 65.7% 95 84.2% <0.001
Amiodarone 300 20.3% 95 8.4% 0.008
Sotalol 300 0.7% 95 0.0% 0.999

Flecainide 300 0.0% 95 0.0%
Baricitinib 300 29.3% 95 3.2% <0.001

ACE: angiotensin-converting enzyme; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary
disease; DHP: dihydropyridine; OSA: obstructive sleep apnoea; PCl: percutaneous coronary intervention.
Statistically significant differences (p < 0.05) are shown in bold.

Table 2. In-hospital mortality and arrhythmic complications in the control and treatment (tocilizumab)
groups.

N (control) Percent positive N (tocilizumab) Percent positive p value

In-hospital mortality 304 85.9% 95 44.2% <0.001

New-onset AF/atrial flutter 258 29.5% 90 17.8% 0.019
during hospitalization

Recurrent AF/atrial flutter 300 12.3% 95 5.3% 0.298
during hospitalization

Sustained VT/VF 299 4.3% 95 1.1% 0.203

AF: atrial fibrillation; VF: ventricular fibrillation; VT: ventricular tachycardia.

Cardiovascular Effects of Tocilizumab Therapy in Patients with Severe COVID-19
*
*: p<0.05

15.70F 26.108 470! 1.3

m@&%gﬁ@m%%

H Control

Figure |. The cardiovascular effects of tocilizumab therapy in patients with severe COVID-19. Selected
arrhythmic and structural and thromboembolic complications are shown. * indicates a statistically significant
difference with tocilizumab therapy (p < 0.05). AF: atrial fibrillation; Aflutter: atrial flutter; COVID-19:
coronavirus disease 2019; DVT: deep vein thrombosis; PE: pulmonary embolism; VF: ventricular fibrillation;
VT: ventricular tachycardia.
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Table 3. Echocardiographic results for the control and treatment (tocilizumab) groups.

N (control) Percent positive N (tocilizumab) Percent positive p value
Ejection fraction 216 53.6+ 125 64 55.7+11.2 0.234
Ejection fraction < 50% 216 17.6% 64 12.5% 0.334
LV mass index (g/m?) 145 87.5+30.8 50 89.41288 0.709
Severe valvular disease 216 5.6% 65 3.1% 0.533
Wall motion abnormalities 216 15.7% 65 7.7% 0.100
Hypertrophy/remodeling 0.739
Normal 40 48.8% 22 44.0%
Concentric remodeling 26 31.7% 14 28.0%
Concentric hypertrophy |1 13.4% 12 24.0%
Eccentric hypertrophy 5 6.1% 2 4.0%
LV: left ventricle.
Table 4. Thromboembolic complications in the control and treatment (tocilizumab) groups.
N (control) Percent positive N (tocilizumab) Percent positive p value
DVT/PE during hospitalization 299 26.1% 95 31.6% 0.296
Stroke during hospitalization 299 4.7% 95 2.1% 0.377
Other systemic embolization 299 1.3% 95 1.1% 0.999
DVT: deep vein thrombosis; PE: pulmonary embolism.
In-Hospital Mortality for Tocilizumab Therapy and Selected Cardiovascular Complications " p<0.05

Figure 2. In-hospital mortality for patients treated with the presence or absence of selected cardiovascular
variable. * indicates statistically significant difference (p < 0.05). AF: atrial fibrillation; Aflutter: atrial flutter;
AV: atrioventricular; DVT: deep vein thrombosis; PE: pulmonary embolism; VF: ventricular fibrillation;

VT: ventricular tachycardia.

related to COVID-19 specifically, but
instead to the generalized inflammatory cas-
cade of severe viral illness.'* There have been
some prior studies before the COVID-19

pandemic suggesting a link between inflam-
mation and AF, but the pandemic has cer-
tainly highlighted this association and the
need for therapeutic options.'>!¢
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Thus far, no therapeutics targeting
inflammation have been approved for the
treatment of atrial arrhythmias. Our study
illustrated that tocilizumab, a targeted 1L-6
immunosuppressant, not only reduces mor-
tality but also decreases new-onset AF,
which has independently been associated
with increased mortality. There was also a
trend toward reduced new-onset wall
motion abnormalities, which may be indic-
ative of a protective effect against myocar-
ditis or acute coronary syndrome.

Limitations of our study include the
single-center retrospective nature of our
study, as well as a statistically significant
decrease in the age of the tocilizumab
group, which may have resulted from selec-
tion bias and could have inflated the mor-
tality benefit of the medication. The
significantly higher percentage of patients
with chronic obstructive lung disease in
the control group may also have contribut-
ed to worse outcomes in this population or
contributed to selection bias, given worse
outcomes for patients infected with
COVID-19 with chronic lung disease. The
small sample size of the tocilizumab group
(95 patients) may have led to reduced power
to detect statistically significant differences
between groups as well. The anti-
inflammatory properties of a single dose
of tocilizumab have a half-life of around
1-2 weeks, so its ability to impact a more
chronic fibro-inflammatory cardiovascular
process may be limited.

We cannot exclude the possibility that
the statistically significant differences in
AF propensity between the groups may
also be due to confounding and selection
bias. Selection bias for the tocilizumab
group may result in the younger age
(10 years) given the supply limitations of
the medication at the time, and age is a
known strong predictor of AF prevalence.
In addition, weight was slightly lower in the
control group, and statin medications were

slightly higher in the control group, which
could lead to alterations in AF prevalence
as well. The antiarrhythmic medication
amiodarone was used more frequently in
the control group (potentially to treat AF
or other ventricular arrhythmias), and the
immunomodulator baricitinib was used
more frequently in the control group,
which could have blunted the observed
effect. These confounders could be further
investigated in larger multicenter studies to
determine their full effects. Our study illus-
trates the potential cardioprotective effects
(reduction of mortality and new-onset AF)
of tocilizumab during acute severe viral
infection with the SARS-CoV-2 virus.
Tocilizumab is intravenously or subcutane-
ously administered and is currently indicat-
ed for the treatment of several chronic
rheumatic diseases when other disease-
modifying agents are ineffective. It is, how-
ever, associated with an increased risk of
serious infection, hepatotoxicity, cytope-
nias, and allergic reactions. For arrhythmia
prevention, an anti-inflammatory medica-
tion must have a favorable side effect pro-
file and preferably be available orally.
Colchicine has anti-inflammatory proper-
ties related to the inhibition of microtubule
depolymerization. A recent meta-analysis
indicated that colchicine showed positive
benefits in reducing both post-cardiac sur-
gery AF and AF recurrence after pulmo-
nary vein isolation.'” There are several
phase 3 clinical trials in development or
recruiting that plan to assess the effectiveness
of colchicine in maintaining sinus after direct
current cardioversion to prevent recurrence
(COLFIB  ClinicalTrials.gov  identifier:
NCT05928728 and COLECTRO-AF
ClinicalTrials.gov identifier: NCT05890664).
Another trial will study the effect of
colchicine after transcatheter aortic valve
implantation to prevent new-onset AF and
atrioventricular  conduction  disturbances
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that may require a pacemaker (Co-STAR;
ClinicalTrials.gov identifier: NCT04870424).

Understanding the mechanism of AF
pathophysiology is critically important for
drug and device development. Our current
medical therapies for AF primarily target
sodium and potassium channels and
reduce the excitability of cardiac tissue.
These therapies, however, remain inade-
quate, and current antiarrhythmic drugs
are limited by a lack of atrial selectivity
with substantial pro-arrhythmic side effects.
While the optimal medical therapy to pre-
vent arrhythmia generation remains elusive,
there is growing evidence, as supported by
this study, that inflammation is a worthy
therapeutic target.

Abbreviations

AF atrial fibrillation

COVID-19 coronavirus disease 2019
DVT deep vein thrombosis

ICU intensive care unit

1L-6 interleukin-6

PE pulmonary embolism

PHI protected health information
VF ventricular fibrillation

VT ventricular tachycardia
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