Current Heart Failure Reports (2021) 18:163-168
https://doi.org/10.1007/s11897-021-00505-2

BIOMARKERS OF HEART FAILURE (W.H.W. TANG AND J. GRODIN, SECTION EDITORS) :.)

Check for
updates

Biomarkers of Cardiac Stress and Cytokine Release Syndrome
in COVID-19: A Review

Jonathan S. Gordon' - Mark H. Drazner’

Accepted: 2 February 2021 / Published online: 5 March 2021
© The Author(s), under exclusive licence to Springer Science+Business Media, LLC part of Springer Nature 2021

Abstract

Purpose of Review The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) resulted in the coronavirus 2019
(COVID-19) global pandemic. While primarily a respiratory virus, SARS-CoV-2 can cause myocardial injury. The pattern of
injury, referred to as acute COVID-19 cardiovascular syndrome (ACovCS), is defined by cardiac troponin leak in the absence of
obstructive coronary artery disease. Although the etiology of the injury is unknown, many speculate that a cytokine release
syndrome (CRS) may be an important factor. We aim to review recent data concerning markers of cardiac injury in ACovCS and
its relation to the CRS.

Recent Findings Cardiac injury was common in patients hospitalized for COVID-19, with both cardiac troponin and B-type
natriuretic peptide (BNP) being elevated in this population. Biomarkers were correlated with illness severity and increased
mortality. Cytokines such as IL-6 were more often elevated in patients with ACovCS. Myocarditis evident on cardiac MR
following COVID-19 may be associated with cardiac troponin levels. The impact of dexamethasone and remdesivir, two
therapies shown to have clinical benefit in COVID-19, on myocardial injury is unknown.

Summary Biomarkers of cardiac stress and injury in COVID-19 may be used to stratify risk in the future. Currently, there is no
evidence that inhibition of cytokine release will reduce myocardial injury in patients with COVID-19.
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Introduction

Coronavirus disease 2019 (COVID-19) is a global pandemic
caused by the severe acute respiratory syndrome coronavirus
2 (SARS-CoV-2) [1]. The clinical syndrome was first de-
scribed in December 2019 as a cluster of individuals who
presented with “viral pneumonia” [1] in Wuhan, China. The
first case in the USA was detected shortly thereafter in January
2020 [2]. The virus has since spread globally and infected
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more than 50 million individuals, resulting in over 1.3 million
deaths [3].

In addition to the respiratory and systemic manifestations
of COVID-19, an acute cardiovascular syndrome (ACovCS)
has been described [4]. ACovCS includes a myocarditis-like
syndrome, with cardiac troponin leak in the absence of ob-
structive coronary artery disease [4, 5]. Myocardial injury in
the setting of COVID-19 may lead to arrhythmias and heart
failure with reduced ejection fraction, sometimes evolving to
overt shock [4]. However, the exact etiology of myocardial
injury has not been elucidated. To date, there have been sev-
eral proposed mechanisms, including direct viral infection of
cardiac cells, microvascular dysfunction, and cytokine release
syndrome (CRS)-mediated myocardial damage [4, 6]. Much
of the understanding of ACovCS has evolved from measure-
ments of biomarkers associated with myocardial stress and
injury. This article aims to review current data on the bio-
markers associated with ACovCS and cytokine release syn-
drome in COVID-19, with a focus on their diagnostic and
prognostic utility as well as their role in guiding treatment.
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Cardiac Troponin

ACovCS with elevated cardiac troponins is common in
SARS-CoV-2 [4], although estimates on its prevalence vary
widely. A single-center retrospective analysis from Wuhan,
including 273 patients admitted with COVID-19, found
ultra-Tnl was elevated (> 0.04 ng/mL) at admission in just
9.9% (27/273) of patients [7]. In contrast, another retrospec-
tive single-center study found that nearly 20% (82/416) of
patients hospitalized with COVID-19 had elevated (> 0.04
ng/mL) high sensitivity cardiac troponin I (hs-Tnl) [8].
Other studies have found even a higher prevalence of elevated
cardiac troponin levels. In 397 patients at a center converted
for regional, tertiary care of COVID-19 patients in Italy, 32%
(130/397) were found to have elevated hs-Tnl ( > 19.6 ng/L)
on admission [9]. Another study from Wuhan found 27.8%
with myocardial injury as assessed by cardiac troponin T (>
99th percentile upper reference range) [10e]. In this study,
hospitalized patients with versus without preexisting cardio-
vascular disease were more likely to have elevated cardiac
troponins (54.5% vs. 13.2%) [10#¢]. Furthermore, the troponin
levels were dynamic in some patients. TnT increased signifi-
cantly from baseline in the period before death in those that
ultimately died but not in those that survived [10e°].
Myocardial injury as assessed by elevated cardiac troponin
was associated with worse outcomes in patients with COVID-
19. In the single-center cohort from Wuhan with 416 patients
hospitalized with COVID-19, elevated hs-Tnl was associated
with increased utilization of both non-invasive and invasive
mechanical ventilation, acute respiratory distress syndrome
(ARDS), and increased mortality rate (51.2% vs. 4.5% ; P <
0.001) [8]. Furthermore, mortality rate was directly propor-
tional to the degree of hs-Tnl elevation (11.1% if between
0.006 and 0.04 ng/mL; 36% between 0.04 and 0.78 ng/m;
92.3% if > 0.78 ng/mL) [8]. Another retrospective review
from two hospitals in Wuhan, comprised of 150 hospitalized
patients with COVID-19, found that cardiac troponins were
elevated in patients that died compared to those that were
ultimately discharged (30.3 pg/mL vs. 3.5 pg/mL, p <0.001,
respectively) [11]. These findings were further corroborated in
another single-center retrospective case series of hospitalized
patients with COVID-19 in which 59.6% (31/52) with elevat-
ed TnT (> 99th percentile) compared to only 8.9% (12/135)
with normal values died [10e¢]. Elevated TnT was also asso-
ciated with malignant arrhythmias (11.5% vs. 5.2%) and
ARDS (57.7% vs. 11.9%) [10e¢]. A metanalysis of 341 pa-
tients at four centers in Wuhan found cardiac troponin I was
more likely to be elevated in patients with severe COVID-19
disease, as defined by mechanical ventilation, ICU admis-
sions, or death (mean difference 25.6 ng/mL; 95% CI 6.8—
44.5 ng/mL) [12]. However, the studies included in this anal-
ysis had significant heterogeneity in reported cardiac troponin
concentrations. A larger meta-analysis from centers
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predominantly in China, including 13 studies with 2389 pa-
tients, found that cardiac injury (hs-Tnl > 99th percentile) was
associated with higher mortality (RR 7.95; 95% CI 5.12—
12.34; P < 0.001) compared to those without cardiac injury
[13e]. The composite endpoint of mechanical ventilation,
ARDS, ICU admissions, or death was also associated with
higher levels of hs-Tnl (mean difference = 10.38 pg/mL;
95% CI 4.44-16.32; P = 0.002) [13e¢]. These findings have
largely been replicated by more recent data. For example, in
one study from Italy consisting of 397 consecutive patients
with COVID-19, patients with versus without elevated hs-Tnl
(> 19.6 ng/L) had increased mortality (22.5% vs. 6.25%; OR
4.35,95% CI 1.7-11) [9].

B-type Natriuretic peptides

B-type natriuretic peptide (BNP) and N-terminal proBNP
(NT-proBNP) are markers of myocardial stress [14]. BNP
and NT-proBNP are elevated in critical illness and associated
with adverse outcomes in non-cardiac disease processes such
as sepsis [15, 16]. It was therefore of interest to determine if
natriuretic peptides were associated with cardiac injury and
outcomes in patients with COVID-19.

NT-proBNP was found to be elevated in patients with
COVID-19 who have myocardial injury. A study of 397 con-
secutive patients from a COVID-19 center in Italy reported
that 37.5% (149/397) of patients with COVID-19 had elevated
BNP (> 100 pg/mL) on admission, of which 90 (23% of over-
all cohort) had both elevated hs-Tnl and BNP [9]. In a single-
center analysis from Wuhan, NT-proBNP levels were elevat-
ed in those with versus without myocardial injury (1689 pg/
mL vs. 139 pg/mL, respectively, P < 0.001) [8]. Furthermore,
NT-proBNP was also significantly elevated in those with ver-
sus without elevated TnT (> 99th percentile) (817.4 vs. 141.4
pg/mL; P < 0.001) in another single-center study [10e°].
Similar to TnT, NT-proBNP levels evolved during hospital
admission in certain patients with COVID-19. For example,
NT-proBNP levels increased significantly after admission in
patients who subsequently died but not in those who survived
the hospitalization [9]. There was also a positive correlation
between TnT levels and NT-proBNP (3=0.613; P<0.001)
[10ee].

NT-proBNP also is a marker of disease severity in patients
with COVID-19 and has prognostic value. In the single-center
study by Han et al. of 273 patients in Wuhan, 12.4% (34/273)
were found to have elevated NT-proBNP (= 900 pg/mL) at
admission [7]. This same study found NT-proBNP was sig-
nificantly increased in “severe” and “critical” cases of
COVID-19 as compared to “mild” cases. Additionally, both
NT-proBNP and cardiac troponin were elevated in those that
later died compared to those that remained alive at follow-up
(P<0.001) [7]. In a multicenter retrospective study of 9
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hospitals in Hubei province including 3219 patients with
COVID-19, concentrations of BNP and/or NT-proBNP were
elevated in 12.9% and associated with increased 28-day mor-
tality (HR 5.11; 95% CI 3.50-7.47; P < 0.001) even after
adjusting for age, sex, and coexisting conditions [17]. The
combination of elevated cardiac troponin and NT-proBNP
appeared to identify a particularly high-risk group in multivar-
iable regression controlling for additional comorbidities and
laboratory abnormalities (OR 3.24; 95% CI 1.06-9.93, P =
0.039) [9]. Finally, the utility of cardiac biomarkers to assess
risk may be improved by incorporating different reference
ranges. For example, in one study, lower cutoffs for cardiac
biomarkers, e.g., cardiac troponin 49% ULN and (NT-pro)
BNP 18.8% ULN, improved predictive models [17].

Cardiac Biomarkers and COVID-19-Associated
Myocarditis on CMR

Studies reporting the prevalence of myocarditis, as assessed
by cardiac MR (CMR), in patients with COVID-19 are sum-
marized in Table 1. The association between myocardial ede-
ma on CMR and cardiac injury, as measured by biomarkers,
remains uncertain. In one study, 15% (4/26) of college athletes
with COVID-19 had CMR evidence of myocarditis despite a
normal ECG, transthoracic echocardiogram, and cardiac tro-
ponin I levels [18]. Another study found 58% (15/26) of
COVID-19 patients with cardiac symptoms had abnormal
CMR findings, including 54% (14/26) with myocardial edema
and 31% (8/26) with late gadolinium enhancement [19]. None
of these patients had elevated hs-Tnl at the time of imaging,
and there was no statistically significant difference in the
levels of NT-proBNP or IL-6 between patients with and with-
out CMR findings [19]. However, in another case series, high
sensitivity cardiac troponins were elevated in all 10 patients
with CMR evidence of myocardial edema, although 2 patients
likely had Takotsubo cardiomyopathy [20]. A larger prospec-
tive study of 100 patients recently recovered from COVID-19
found 78% had abnormal cardiac MRI findings [21¢]. In that
study, hs-TnT concentrations were significantly correlated
with both native T1 mapping (» = 0.35; P < 0.001) and native
T2 mapping (» = 0.22; P = 0.03), while both NT-proBNP and
CRP levels were not [21¢]. The correlation of CMR T1 and T2
mapping with cardiac troponin levels persisted in multivari-
able models after controlling for confounders such as key
comorbidities. A limitation of the above CMR studies was
that the imaging test and biomarker concentrations were ob-
tained weeks to months after the acute infection phase of
COVID-19. There are no data from hospitalized patients, as
CMRs were not performed on clinical grounds in the setting of
critical COVID-19 illness. Further data are needed on this
important subject.

Cytokine Storm

Cytokine storm has been implicated as a potential etiology of
the myocardial injury that can be seen in some patients with
COVID-19 [4, 6]. Cytokine storm syndrome is an acute
hyperinflammatory response characterized by cytokine re-
lease and malignant activation of the inflammatory cascade
[22—-24]. While there is no clear consensus on what constitutes
a cytokine storm, acute systemic inflammatory symptoms in
the setting of circulating inflammatory cytokines and second-
ary organ dysfunction beyond a normal pathogenic response
has recently been proposed as a unifying definition [24].
Perhaps in an analogous fashion, a cytokine response syn-
drome (CRS) occurs following chimeric antigen receptor T
cell (CAR-T) therapy. In that setting, the degree of cardiac
injury was associated with a higher grade of cytokine release
syndrome [25].

Patients with COVID-19, especially more severe forms,
have elevated levels of a number of cytokines including IL-
2,1L-2R, IL-6, IL-7,IL-10, IFN-y, TNF-&, VEGF, and MIP
lo and 13 [23, 26, 27]. The immune dysregulation and
resulting cytokine syndrome may result in critical illness
and multiorgan failure, including cardiac dysfunction [28].
In a prospective single-center study from Wuhan with 41
hospitalized COVID-19 patients, those admitted to the ICU
had higher levels of IL-2, IL-7, IL-10, GCSF, and TNF-«
[29]. Further, elevated levels of cytokines were associated
with mortality in patients with COVID-10. In a retrospec-
tive study from two hospitals in Wuhan, those patients who
succumbed to COVID-19 vs. those who survived had ele-
vated IL-6 levels (11.4 ng/mL vs. 6.8 ng/mL; P<0.0001,
respectively) [11]. In another retrospective cohort study of
patients with COVID-19 from two Wuhan centers, IL-6 was
elevated both at admission and throughout the hospital
course in those who did not survive COVID infection as
compared to survivors [30].

Levels of inflammatory biomarkers have been shown to be
associated with those of cardiac troponin in patients with
COVID-19. Levels of procalcitonin (median 0.21 vs. 0.05
mg/dL; P < 0.001) and C-reactive protein (median 8.55 vs.
3.13 mg/dL; P < 0.001) were significantly higher in hospital-
ized COVID-19 patients with elevated TnT than those without
elevated TnT [10e¢]. Furthermore, higher C-reactive protein
levels were strongly correlated with increasing plasma TnT
(6=0.53; P<0.001) [10°] suggesting a link between inflam-
mation and myocardial injury. These findings were corrobo-
rated in a retrospective single-center study of 416 patients in
which cardiac injury was associated with elevated C-reactive
protein (median 10.2 vs. 3.7 mg/dL) and procalcitonin (medi-
an 0.27 vs. 0.06 ng/mL) [8]. CRP may also serve as an early
warning sign of cardiac injury as its elevation preceded the
rise in cardiac troponin [16]. In contrast, IL-6 significantly
elevated after the rise in cardiac troponin [16].
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While therapeutics aimed directly at immune mediators of
CRS exist, there is scant evidence of clinical benefit in patients
with COVID-19 overall or for ACovCS specifically.
Tocilizumab is a FDA-approved IL-6 inhibitor used to treat
CRS related to CAR-T therapy [31]. While the initial data from
retrospective cohorts in patients with COVID were promising
[32], a prospective randomized controlled trial found no differ-
ence in rates of intubation or death, clinical worsening, and du-
ration of supplemental oxygen use with tocilizumab compared to
placebo [33]. The IL-1 inhibitor, anakinra, has also been explored
as a treatment for COVID-19. While there are small retrospective
studies suggesting benefit with anakinra therapy [34, 35], there
are no prospective clinical trial data in patients with COVID-19
yet available. Some data suggested that early tocilizumab admin-
istration after CRS related to CAR-T therapy may reduce risk of
cardiovascular injury [25]. However, trials of IL-6 and IL-1 in-
hibitors have not examined their influence on the prevalence and
magnitude of cardiac injury in patients with COVID-19 and/or
ACovCS.

Impact of Therapies Effective in COVID-19
on Cardiac Injury

Currently, dexamethasone [36] and remdesivir [37] are the
only two treatments demonstrated in large randomized clinical
trials to have benefit on clinical outcomes in patients with
COVID-19. However, data on how these agents impact car-
diac injury are limited. In the RECOVERY trial, dexametha-
sone vs. standard care reduced the rate of 28-day mortality in
patients with COVID-19 who required oxygen therapy at ran-
domization [36]. Data regarding the impact of dexamethasone
on cardiac arrhythmias from the RECOVERY trial are being
collected but have not yet been released. Remdesivir, a viral
RNA polymerase inhibitor, was shown in the adaptive, ran-
domized controlled ACTT-1 study to reduce median recovery
time compared to placebo (10 vs. 15 days; rate ratio for recov-
ery 1.29; 95% CI 1.12-1.49; P < 0.001) [37]. In that trial, the
frequency of increased cardiac troponin, reported as an ad-
verse event, for those who received remdesivir versus placebo
was 0.2% vs. 1.0% [37].

Conclusion and Future Directions

It remains uncertain how best to incorporate measurement of
biomarkers in patients with COVID-19. Earlier in the pandemic,
routine testing of cardiac troponin in patients with COVID-19
was not advised unless an acute coronary syndrome was
suspected [38]. However, some now recommend that serial mea-
surements of troponin be performed in patients admitted for
COVID-19 [39]. Testing all patients on admission may help risk
stratify and enhance triage of patients, a task which is particularly

important given the pandemic-related stress on the health care
system limiting bed and ICU availability.

While new therapies are available for the treatment of
COVID-19, few studies have examined whether they favorably
impact cardiac injury and that is an area in need of further inves-
tigation. Although it appears that increased cardiac troponin
levels in the setting of COVID-19 do not commonly result in
ventricular dysfunction, cardiac troponin concentrations never-
theless were associated with increased mortality and other ad-
verse outcomes. Given that the pandemic started less than a year
ago, little is known about the long term cardiovascular prognostic
implications of detectable cardiac troponin levels during an acute
COVID-19 illness. Nevertheless, it is plausible that therapies
targeted towards reducing myocardial injury have the potential
to improve both short-term mortality and help mitigate any un-
known long-term cardiac consequences of COVID-19 infection.
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