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Myocardial involvement in
coronavirus disease 19

Introduction

In late 2019, a cohort of patients present-
ing with pneumonia of varying acuity
and unclear etiology in Wuhan, China,
heralded the outbreakof coronavirusdis-
ease 19 (COVID-19). Coronaviruses are
known to cause respiratory or intestinal
infections in humans and animals [1].

Previous severe acute respiratory syn-
drome (SARS) beta-coronavirus infec-
tions have been associated with tach-
yarrhythmias and signs and symptoms
of heart failure [2].

Other acute respiratory infections,
including influenza, respiratory syncy-
tial virus, and bacterial pneumonias, are
well-known triggers for cardiovascular
diseases (CVD) [3, 4].

According todata fromprevious coro-
navirus epidemics (SARS and Middle
East respiratory syndrome, MERS), these
viral infections led mainly to pulmonary
complications such as pneumonia and
acute respiratory distress syndrome [5,
6]. Nevertheless, these viruses were re-
ported to cause direct myocardial injury
with subsequent myocarditis [7–9].

The emergence of severe acute respi-
ratory syndrome coronavirus 2 (SARS-
CoV-2), which causes COVID-19,
rapidly developed into a pandemic,
and a large number of infected patients
have been reported to have underlying
CVD [10, 11].

Although COVID-19 appears to have
greater infectivity and lower mortality
than SARS and MERS, many uncertain-
ties remain regarding, e.g., its viral evo-
lution, appropriate anti-viral treatment,
and strategies for disease control.

There are only scant published data
regarding cardiovascular burden in the
wake of viral epidemics. This study
aimed to evaluate cardiac involvement
in COVID-19.

Methods

Study design and participants

This prospective cohort study included
40 adult inpatients (≥18 years old) at
the Braunschweig Municipal Hospital
(21 patients) and the Bad Krozingen
Heart Center (19 patients) in Germany.
Adult patients diagnosed with COVID-
19 in accordance with World Health
Organization (WHO) interim guidance
were included in the study.

The suspicion of COVID-19 infection
was based on clinical presentation, con-
tact to an active case with current infec-
tion, or having visited one of the known
risk areas in China or Italy. Throat-swab
specimens were obtained for detection
of SARS-CoV-2 polymerase chain reac-
tion(PCR)examinationat theemergency
department. Asymptomatic positive pa-
tients were sent home to self-quaran-
tine. Clinically stable positive patients
with mild to moderate symptoms were
admitted to isolation wards adapted for
COVID-19 patients. Admission to an
intensive care unit (ICU; arranged for
infected patients) for initially unstable
COVID-19 patients or upon clinical de-
teriorationwas available for furtherman-
agement.

The criteria fordischarge includedres-
olution of fever without the use of an-
tipyretic medication, clinical improve-

ment of signs and symptoms, pulmonary
imaging showing obvious resolution of
inflammation, and clinical remission of
respiratory symptoms. Patients were dis-
charged according to the evaluation of
the treating physician. Discharge was
followed by mandatory self-isolation at
home or in a safe place for 8 days after
the onset of symptoms in the event of
mild cases or for 14 days in severe cases,
in compliance with the European Cen-
tre for Disease Prevention and Control
recommendations [12].

Surveillance visits by family physi-
cians and local medical offices, as well as
monitoring via telephone or other elec-
tronic devices for further check-upswere
implemented.

Data collection

Routine blood examinations included
complete blood count, coagulation pro-
file, serum biochemical tests (including
renal and liver function, creatine kinase
[CK], lactate dehydrogenase, and elec-
trolytes), myocardial enzymes, serum
ferritin, procalcitonin, N-terminal pro-
brain natriuretic peptide (NT-proBNP),
and immunoglobulin kappa and lambda.
These parameters were recorded at hos-
pital admission. Further follow-ups
were performed based on clinical need.
The authors only included the values at
admission in their analysis. Chest radio-
graphs or computed tomography (CT)
scans were performed in all inpatients. A
total of 21 patients with dyspnea or chest
discomfortwereexaminedwithtranstho-
racic echocardiography. Examinations
were performed via a digital ultrasonic
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Table 1 Meanandstandarddeviationoftroponin,N-terminalpro-brainnatriureticpeptide(NT-proBNP), creatinekinase, free lightchain immunoglob-
ulins (FLC Ig) lambda andkappa, andD-dimer in relation to the laboratory reference range inpatientswith orwithout a history of knowncardiacdisease

Mean SD No history of
cardiac disease
n. (%)

Known history of
cardiac disease
n. (%)

Reference range

Troponin (pg/ml) 27.75 20.7 18 (45) 7 (17.5) <14

NT-proBNP (pg/ml) 1847.5 2582.9
(median 682.5)

20 (50) 7 (17.5) <486

Creatinine kinase (U/l) 242.9 254.3
(median 125.5)

15 (37.5) 2 (5) <190

FLC Ig lambda (mg/l) 45.6 41.1 23 (57.5) 9 (22.5) 6.7–22.4

FLC Ig kappa (mg/l) 38.5 23.5 21 (52.5) 8 (20) 8.3–27.0

D-dimer (mg/l) 2.3 3.7
(median 1.09)

21 (52.5) 12 (30) <0.44

device system (Vivid 9 and Vivid 7, GE
Vingmed Ultrasound, Horten, Norway)
in harmonic mode 2.0/4.3MHz, with
a maximum frame per second (FPS)
range of 64–112. Conventional echocar-
diography examination was performed
including two-dimensional (2D) based
M-mode measures of cardiac chambers
and ejection fraction (EF%), pulsed and
continuous wave Doppler studies, color
Doppler study, and calculation of EF%
using Simpson’s method. The examina-
tions were conducted on the isolation
wards or in the ICU by two certified
echocardiography specialists, observing
the requirements and technical specifi-
cations of personal protective equipment
(PPE) [13].

Fever was defined as a tympanic tem-
perature of at least 37.3 °C. The level of
suspicion of COVID-19 infection was
graded according to CT findings from
very low, or COVID-19 Reporting and
Data System (CO-RADS) 1, to very high,
or CO-RADS 5. CO-RADS is a categor-
ical assessment scheme for pulmonary
involvement of COVID-19 on non-en-
hanced chest CT developed by the Dutch
Radiological Society [14]. All patients
were categorized between CO-RADS 3
(unclear whether COVID-19 is present),
CO-RADS 4 (CT abnormalities suspi-
cious for COVID-19), or CO-RADS 5
(typical for COVID-19 infection).

Statistical analysis

Statistical analysis was performed using
SPSS Statistics, version 25.0 (IBM Cor-
poration, Armonk, NY). The categorical

variables are expressed as numbers and
percentages and were compared using
the Chi-square test. Continuous data are
expressed as mean± standard deviation
(SD)andcomparedusingaone-wayanal-
ysis of variance (ANOVA) and a post-
hoc Tukey test. Independent predictors
of mortality were determined using Cox
proportional hazards regression models
for all causes and cardiovascular disease.
For all-cause mortality, age was forced
into the model. P< 0.05 was considered
significant. Logistic regression analysis
was used to analyze correlations between
the severity of lung involvement based
on CO-RADS classification and cardiac
biomarkers and was demonstrated with
scatter plot curves.

Results

This prospective study included 40 pa-
tients from two centers in Germany (the
Municipal Hospital of Braunschweig
and the Bad Krozingen Heart Center).
Women accounted for 37.5% of the study
cohort (n= 15). A total of 19 patients
(47.5%) had hypertension, while 11 had
already been diagnosed with diabetes
mellitus before admission. Of the studied
group, 10 had already been previously
diagnosed with cardiac disease (25%).
The mean age in the study group was
67± 17 years. In all, 62.5% of patients
complained of fever upon admission,
while 12 patients had a sore throat. Half
of the cohort presented with dyspnea
(n= 20) and 11 patients had chest pain
prior to admission. Eight patients in the

present cohort died due to their infection
with COVID-19 (. Table 1).

Cardiac manifestations

NT-proBNP was elevated in 27 patients
at admission. The mean value of NT-
proBNP was 1847.5± 2582.9pg/ml (me-
dian 682.5). Moreover, troponin T was
positive in 25 patients, revealing a mean
value of 27.75± 20.7pg/ml, 18 of which
hadnopriorhistoryof cardiacdisease. At
the same time, elevated creatine kinase
was noted in 17 patients (mean value
242.9± 254.3U/l, median 125.5), 15 of
which had no past history of cardiac
disease. The levels of free light chain
immunoglobulins (FLC Ig) lambda were
measured; 32 patients with a mean value
of 45.6± 41.1mg/l exhibited an elevation
above the reference range (23 with no
concomitantheartdisease). FLCIgkappa
had a mean value of 38.5± 23.5mg/l and
was elevated in 29 patients (21 with-
out known heart disease), with 33 pa-
tients showing increased D-dimer levels
at a mean value of 2.3± 3.7mg/l (median
1.09). Of these patients, twohad ahistory
of thrombosis. One revealed a periph-
eralpulmonaryembolismonthoracicCT
and nine patients had a history of cardiac
disease (. Table 2).

Cardiac troponin T was significantly
higher in patients that were admitted to
anICU(39.3± 21.0pg/ml)incomparison
to the patients that did not need inten-
sive care admission (20.8± 17.5pg/ml;
p-value 0.005). Correspondingly, the
ICU patients showed statistically sig-
nificant elevation of NT-proBNP and
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Table 2 Demographicsandbasic characteristicsofpatients, togetherwith radiological andelec-
trocardiographic results

All patients
(n=40)

No ICU admis-
sion
(n= 27)

ICU admission
(n= 13)

p-Value

Clinical manifestations
Age (years) 67± 17 66± 19 69± 15 0.7

Female gender, n (%) 15 (37.5) 14 (51.9) 1 (7.7) 0.013

Hypertension, n (%) 19 (47.5) 14 (51.9) 5 (38.5) 0.511

Diabetes, n (%) 11 (27.5) 4 (14. 8) 7 (53.8) 0.02

History of cardiac dis-
ease, n (%)

10 (25) 0 (0) 10 (25) 0.016

Family history of cardiac
disease, n (%)

4 (10) 0 (0) 4 (14.8) 0.28

Temperature, °C 38.4± 1.6 38.5± 1.3 38.4± 1.5 0.73

O2 (%) 89± 5 91± 2 84± 7 0.001

Catecholamine therapy,
n (%)

7 (17.5) 0 (0) 7 (53.8) <0.01

Mechanical ventilation,
n (%)

9 (22) 0 (0) 9 (60) <0.01

Mortality, n (%) 8 (20) 4 (14.8) 4 (30.8) 0.4

Duration of hospital stay
(days)

14± 9 9± 6 21± 8 <0.01

Clinical symptoms
Fever, n (%) 25 (62.5) 15 (55.6) 10 (76.9) 0.17

Dyspnea, n (%) 20 (50) 12 (44.4) 8 (61.5) 0.5

Sore throat, n (%) 12 (30) 6 (22.2) 6 (46.2) –

Chest pain, n (%) 11 (52.5) 7 (25.9) 4 (30. 8) 0.51

Cough, n (%) 17 (42.5) 9 (33.3) 8 (61.5 ) 0.17

CT staging (n= 40)
CO-RADS 3, n (%) 16 (40) 16 (59.3) 0 (0) 0.001

CO-RADS 4, n (%) 10 (25) 4 (14.8) 6 (46.2)

CO-RADS 5, n (%) 14 (35) 7 (25.9) 7 (53.8)

Laboratory findings
CRP (mg/l) 87.4± 61.6 58.6± 42.5 142.8± 55.2 <0.01

Leucocyte count
(10e3/µl)

7.9± 3.3 7.7± 3.9 8.1± 1.4 0.71

Lymphocytes (10e3/µl) 1.7± 1.8 2.1± 2.1 1± 0.5 0.06

Thrombocytes (10e3/µl) 299.9± 169.6 305.1± 168.5 289.2± 178.2 0.8

Procalcitonin (µg/l) 0.53± 0.98 0.49± 1.1 0.6± 0.67 0.7

CK (U/l) 242.9± 254.3
(median 125.5)

143.8± 162.1 408.2± 297.2 0.001

CKMB (U/l) 24± 14.9 20.5± 8.9 31.2± 21.7 <0.05

Troponin (pg/ml) 27.7± 20.7 20.8± 17.5 39.3± 21 0.005

NT-ProBNP (pg/ml) 1847.5± 2582.9
(median 682.5)

738.4± 842.8
(median 590.0)

3695.9± 3392.8 <0.01

D-dimer (mg/l) 2.3± 3.8
(median 1.09)

1.6± 1.7 3.8± 6.0 0.08

FLC Ig lambda (mg/l) 45.6± 41.1 33.9± 16.6 69.9± 62.9 0.008

FLC Ig kappa (mg/l) 38.5± 23.7 31.2± 10.0 53.7± 34.8 0.003

Ferritin (ng/ml) 855.78± 1332.4
(median 601.00)

619.3± 428.8 1345.6± 2233
(median 596.00)

0.1

ALT (U/l) 63.9± 52.9 56.7± 39.8 78.8± 73 0.24

Creatinine (mg/dl) 0.8± 0.2 0.73± 0.15 0.89± 0.23 0.02

well as electro- and echocardiographic
values to determine the impact of SARS-
CoV-2 virus on heart tissues. The con-
ducted investigations confirmed the re-
lationship between the presence of acute
cardiac injury and COVID-19.

The authors’ patients experiencedmy-
ocardial injuries(45%ofthestudygroup):
myocardial necrosis was suggested by in-
creasedtroponinTlevels, andmyocardial
functional disturbance by elevated NT-
proBNP, as well as disturbed left ventric-
ular systolic anddiastolic function. Inad-
dition to these findings, the existence of
enhanced inflammatorybiomarkers such
as CRP, ferritin, and FLCs suggested that
myocardial injury may be caused by in-
flammatory myocardial processes. NT-
proBNP showed significant correlation
with the length of hospital management
and the severity of pulmonary CT find-
ings.

The electrocardiographic findings in
these patients, such as ST elevation with-
out reciprocal ST depression in the ab-
sence of acute coronary artery insult, and
the conduction disturbances suggest fur-
ther evidence of myocarditis, most likely
due to direct viral invasion or immune-
mediated myocardial injury. The pres-
ence of myocardial interstitial oedema
in acute viral myocarditis can lead to
disturbance of both systolic and dias-
tolic function, whichwasdetected in25%
of the patients. Patients with myocardi-
tis can show pulmonary hypertension in
the acute course. Other compensatory
mechanisms, such as right ventricular
hypertrophy, need weeks or months to
develop. The thrombogenic nature of
COVID-19 may have led to peripheral
pulmonary vasculature insultswith acute
elevated pulmonary pressure. This the-
ory cannot be excluded, even though no
central pulmonary embolisms were de-
tected on thorax CT.

The results of univariate Cox pro-
portional hazards analysis for laboratory
biomarkersorechocardiographicparam-
eters, possiblydue torelativelysmall sam-
ple size, showed no significant indepen-
dent prognostic value formortality in the
present COVID patients.

The myocardium may be infected by
a wide variety of viruses [15, 16]. In
patients with moderate to severe heart
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Table 2 (Continued)

All patients
(n=40)

No ICU admis-
sion
(n= 27)

ICU admission
(n= 13)

p-Value

Electrocardiographic parameters
Diffuse ST-segment
elevation, n (%)

2 (5) 1 (4) 1 (6.7) 1

Prolonged PR time, n (%) 8 (20) 4 (16) 4 (26.7) 0.44

PR time (ms) 181± 25 180± 25 182± 26 0.34

Prolonged QTc time,
n (%)

2 (5) 0 (0) 2 (13.3) 0.14

QTc time (ms) 436± 31 434± 32 438± 28 0.43

Right bundle branch
block, n (%)

2 (5) 0 (0) 2 (13.3) 0.13

Left bundle branch
block, n (%)

1 (2.5) 1 (4) 0 (0) 1

New-onset atrial fibrilla-
tion, n (%)

2 (5) 1 (4) 1 (6.7) 1

O2 oxygen saturation, CO-RADS COVID-19 Reporting and Data System, CRP C-reactive protein,
CK creatine kinase, CKMB creatine kinase mb-fraction, NT-ProBNP N-terminal pro brain natriuretic
peptide, FLC Ig free light chain immunoglobulin, ALT alanine aminotransferase, IL6 interleukin 6,
SD standard deviation

Table 3 Echocardiographic values in patientswithpositive coronavirus disease 19
Echocardiographic parameters All patients

(n= 21)
No ICU ad-
mission

ICU admis-
sion

Normal LV ejection fraction, n (%) 16 (40) 10 (40) 6 (40) 0.09

Reduced LV ejection fraction, n (%) 5 (12.5) 1 (4) 4 (26.7) 0.09

New significant valve lesions, n (%) 0 (0) 0 (0) 0 (0) –

Elevated pulmonary systolic pres-
sure, n (%)

4 (10) 1 (4) 3 (20) 0.14

LV left ventricular

failure (EF <45%) and inflammation in
the Marburg registry, 42.1% were virus-
positive [17].

In 2006, a study of patients diagnosed
with SARS revealed that tachycardia was
the most common finding (72%) beside
hypotension (50%), bradycardia (15%),
transient cardiomegaly (11%), and tran-
sient paroxysmal atrial fibrillation inonly
onepatient (0.8%)asa resultofdirect car-
diac injury in the absence of underlying
heart disease [2]. Another group aimed
to characterize cardiac manifestations in
the 2009 influenza pandemic (H1N1).
In all, 46% of patients showed evidence
of myocardial injury. Of 28 patients in
whom an echocardiogram was clinically
indicated, 20 had left ventricular systolic
dysfunction. Of these, 14 patients were
diagnosed as having myocarditis, with
most (12 patients) developing this early
on [18]. Fulminant myocarditis caused

by the H1N1 strain of influenza was also
reported [19]. Various studies described
myocarditis related to other influenza
forms [20–22]. Further reports linked
MERS coronavirus (MERS-CoV) to my-
ocarditis and severe left ventricular sys-
tolic dysfunction [9]. Furthermore, an
animal model study clearly stated that
viral RNA could be seen in cardiac tis-
sue, implying direct cardiac pathology
[23].

Shi et al. conducted a single-center
cohort studyatWuhanUniversity, China,
andretrospectively includeda total of416
hospitalized patients with COVID-19.
Approximately 82 patients (19.7%) were
reported to have cardiac injury. A higher
mortality rate (p< 0.001) was noticed in
patients with cardiac injury (51.2%) than
those without cardiac injury (4.5%) [24].
To evaluate the association of underlying
CVD and myocardial injury with fatal

outcomes in COVID-19 patients, Guo
et al. conducted a retrospective single-
center study. Of a total of 187 patients
with confirmed COVID-19, 52 (27.8%)
patients exhibited myocardial injury as
indicated by elevated troponin T levels
[25]. Likewise, myocardial injury proved
by troponin T elevation was determined
in 45% of the present cohort. Similar
to the current study, the authors did
not observe any significant correlation
between troponin T and NT-proBNP in
relation to mortality [25].

Case reports have depicted the car-
diac involvement of COVID-19 infec-
tion. The diagnosis of myocarditis was
established upon troponin T and NT-
proBNP elevation and was confirmed in
one case through echocardiography and
in the other with cardiac MRI [26, 27].
Another group from New York, USA,
identified ST-segment elevation in 18 pa-
tients infected with COVID-19. Non-
coronary myocardial injury was noted
in10patients indicatingmyo/pericarditis
[28].

The authorsdidnotdetect anyventric-
ular arrhythmias or sudden cardiac death
(SCD) in patients undermonitor surveil-
lance. The proportion of SCD caused by
myocarditis has been reported as ranging
from 1% to 14% of all SCD [29, 30].

Elevationof FLC kappa and lambda in
the current patient cohort suggests that
the clones of B lymphocytes and plasma
cells that produce FLCs may be acti-
vated in COVID-19 patients, although
the number of lymphocytes were de-
creased. However, there were contradic-
tory observations of FLC in heart failure,
whichmaypartly reflect thedifferentFLC
assays used [31, 32].

Limitation

The number of patients included in this
study was relatively small, which did not
allow proper monitoring of the prognos-
tic value of various cardiac parameters
for mortality risk. Given the difficulties
associated with performing myocardial
biopsy in COVID-19 patients, patholog-
ical diagnosis remains to be clarified. The
authors cannot exclude a possible sample
selection bias due to a discrepancy be-
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Fig. 19 Comparison of
mean values and standard
deviation of cardiac labora-
tory parameters in relation
to intensive care unit (ICU)
admission. * p-Value 0.008,
** p-value 0.003, + p-value
0.001, ++ p-value <0.05,
° p-value 0.005, °° p-value
<0.01

Fig. 28 Correlation of N-terminal pro-brain natriuretic peptide (NTproBNP) and troponin T to com-
puted tomography (CT) grading using sinple scatter

tween the two recruiting centers (a heart
center and a municipal hospital).

Conclusion

Myocardial injury and impairedmyocar-
dial function due to COVID-19 are com-
mon. Patients with elevated cardiac pa-
rameters suchasNT-proBNPandcardiac
troponin in the absence of a known his-
tory of heart disease are at higher risk
for ICU admission. No correlation was
established between cardiac laboratory
or echocardiographic values and mor-
tality. Cardiovascular monitoring upon
COVID-19 infection is crucial to deter-
mine the burden of cardiac involvement.
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