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Abstract

Purpose The coronavirus disease 2019 (COVID-19) outbreak has become a global public health concern; however, rela-
tively few detailed reports of related cardiac injury are available. The aims of this study were to compare the clinical and
echocardiographic characteristics of inpatients in the intensive-care unit (ICU) and non-ICU patients.

Methods We recruited 416 patients diagnosed with COVID-19 and divided them into two groups: ICU (n=35) and non-ICU
(n=381). Medical histories, laboratory findings, and echocardiography data were compared.

Results The levels of myocardial injury markers in ICU vs non-ICU patients were as follows: troponin I (0.029 ng/mL
[0.007-0.063] vs 0.006 ng/mL [0.006-0.006]) and myoglobin (65.45 pg/L [39.77-130.57] vs 37.00 pg/L [26.40-53.54]).
Echocardiographic findings included ventricular wall thickening (12 [39%] vs 1 [4%]), pulmonary hypertension (9 [29%] vs
0 [0%]), and reduced left-ventricular ejection fraction (5 [16%] vs 0 [0%]). Overall, 10% of the ICU patients presented with
right heart enlargement, thickened right-ventricular wall, decreased right heart function, and pericardial effusion. Cardiac
complications were more common in ICU patients, including acute cardiac injury (21 [60%] vs 13 [3%]) (including 2 cases of
fulminant myocarditis), atrial or ventricular tachyarrhythmia (3 [9%] vs 3 [1%]), and acute heart failure (5 [14%] vs 0 [0%]).
Conclusion Myocardial injury marker elevation, ventricular wall thickening, pulmonary artery hypertension, and cardiac
complications including acute myocardial injury, arrhythmia, and acute heart failure are more common in ICU patients with
COVID-19. Cardiac injury in COVID-19 patients may be related more to the systemic response after infection rather than
direct damage by coronavirus.
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Background

In December 2019, a group of cases of acute respiratory
disease caused by severe acute respiratory syndrome coro-
navirus-2 (SARS-CoV-2), currently known as coronavi-
rus disease 2019 (COVID-19), occurred in Wuhan, Hubei
Province, China [1, 2]. At present, the numbers of cases
and deaths are still rising, and the COVID-19 outbreak
has become a global public health concern [3]. There have
been reports about cardiac injury and complications includ-
ing heart failure, arrhythmia, and myocardial infarction in
COVID-19 patients, and troponin I (Tnl) levels are higher in
non-survivors [4, 5]. However, information on differences in
cardiac damage between severe and non-severe cases is rela-
tively limited. The purpose of this case series is to describe
and compare the clinical and echocardiographic characteris-
tics of patients in the intensive-care unit (ICU) and non-ICU
patients with COVID-19.

Methods

In this single-center retrospective study, we enrolled patients
who were diagnosed with COVID-19 according to the WHO
interim guidance from January 11 to April 1, 2020, at Shenz-
hen Third People’s Hospital in China. A total of 416 patients
were enrolled in this study and were divided into two groups:
ICU and non-ICU patients. All the data have been shared
with the WHO.

We acquired medical histories, laboratory findings, chest
computed tomographic (CT) scans or X-rays, and echocardi-
ography data from the patients’ medical records. Laboratory
confirmation of COVID-19 was conducted in two different
institutions: the Chinese Center for Disease Control and
Shenzhen Third People’s Hospital. Other respiratory viruses,
including respiratory syncytial virus, adenovirus, influenza
A virus, influenza B virus, SARS coronavirus (SARS-CoV),
MERS coronavirus (MERS-CoV), and parainfluenza virus,
were also detected by RT-PCR.

We present continuous measurements as the mean + SD
if they were normally distributed or as the median (IQR)
if they were not normally distributed, and categorical vari-
ables are presented as the number (%). When the data were
normally distributed, independent-sample ¢ tests were used
to compare the means of continuous variables; otherwise,
the Mann—Whitney test was used. Nonnormally distributed
repeated measurements were compared using a general-
ized linear mixed model. The Chi-square test was used to
compare proportions of categorical variables. SPSS (Ver-
sion 20.0) was used for all statistical analyses. In unadjusted
comparisons, a two-sided « less than 0.05 was considered
statistically significant.
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Results

A total of 416 patients with COVID-19 were included in
this study. Of these patients, 35 (8%) were admitted and
transferred to the ICU, because they required higher-level
oxygen support measures or had multiple organ failure, and
381 (92%) were admitted to isolation wards (Table 1).

Compared with patients who did not receive ICU care,
patients who required ICU care were significantly older
(64.00 years [59.50-68.00] vs 45.00 years [33.00-57.00];
P <0.05) and were more likely to have underlying comorbid-
ities, including hypertension (13 [37%] vs 47 [12%]), diabe-
tes (10 [29%] vs 13 [3%]), arrthythmia (2 [6%] vs 2 [0.5%]),
and valvular disease (1 [3%] vs 1 [0.3%]). The proportion
of male patients in the ICU group was higher (23 [66%] vs
175 [46%]; P <0.05). Patients in ICU had greater body mass
index (BMI) and higher body temperature (P <0.05). The
arterial systolic pressure of the ICU patients was also higher
than that of the non-ICU patients (133.71 +17.00 mmHg vs
127.35+17.23 mmHg; P <0.05). Heart rate did not differ
between the two groups.

Numerous differences in laboratory findings were identi-
fied between the patients admitted to the ICU and those not
admitted to the ICU (Table 2), including lower red blood
cell and lymphocyte counts, higher white blood cell counts
and fibrinogen, D-dimer, brain natriuretic peptide (BNP)
and blood urea nitrogen levels, and longer prothrombin
times in the ICU patients. Meanwhile, C-reactive protein,
procalcitonin, and interleukin 6 (IL-6) levels were also
higher in the ICU patients than in the non-ICU patients.
Regarding myocardial injury markers, Tnl and myoglobin
(MYO) levels were significantly higher in the ICU patients,
and the measurements for ICU vs non-ICU patients were
as follows: Tnl (0.029 ng/mL [0.007-0.063] vs 0.006 ng/
mL [0.006-0.006]) and MYO (65.45 pg/L [39.77-130.57]
vs 37.00 pg/L [26.40-53.54]). More patients presented
with elevated Tnl and MYO levels in the ICU group than
in the non-ICU (18/35 [51%] vs 11/310 [4%], 8/26 [31%] vs
22/148 [15%], respectively). In the ICU patients, the median
partial pressure of oxygen (PaO,) was 76.65 mmHg (IQR,
59.10-96.60), and the median partial pressure of oxygen to
the fraction of inspired oxygen ratio (PaO,/FiO,) was 267.38
(IQR, 145.50-355.17), which were significantly lower than
the values for the non-ICU patients. All patients’ chest
X-rays and/or chest CT scans showed distributed patchy
shadows or ground-glass opacities (Fig. 1).

Platelet counts, alanine aminotransferase, aspartate ami-
notransferase, creatinine, and creatine kinase-MB showed
no significant differences between the two groups.

Due to considerations of reducing nosocomial infection
and personnel shortages, we performed echocardiogra-
phy and electrocardiography only for patients with severe
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Table 1 Baseline .character istics Characteristic ICU (n=35) Non-ICU (n=381) P value®
of COVID-19 patients
Age,y 64.00 (59.50-68.00) 45.00 (33.00-57.00) <0.05
Body mass index 24.63+3.31 22.92+3.53 <0.05
Sex
Female 12 (34) 206 (54) <0.05
Male 23 (66) 175 (46)
Comorbidities
Hypertension 13 (37) 47 (12) <0.05
Coronary artery disease 2 (6) 11 (3) 0.36
Arrhythmia 2 (6) 2 (0.5) <0.05
Valvular disease 1(3) 1(0.3) <0.05
Diabetes 10 (29) 13(3) <0.05
COPD 1(3) 4(1) 0.35
Chronic kidney disease 0 (0) 2(0.5) 0.67
Chronic liver disease 0 (0) 2(0.5) 0.67
Tuberculosis 0(0) 8(2) 0.39
Highest temperature, °C 38.50 (38.00-39.20) 38.00 (37.70-38.50) <0.05
Heart rate, beats per minute 96.794+13.7 99.89+10.63 0.13
Arterial systolic pressure, mmHg 133.71+£17.00 127.35+17.23 <0.05

Each value represents the median (IQR), the mean =+ SD or n (%)

COPD chronic obstructive pulmonary disease

4P <0.05 was considered statistically significant

disease, clinical symptoms, or a previous heart history
(Table 3; Fig. 2). A total of 57 patients receive echocar-
diography, including 31 in ICU group and 26 in non-ICU
group. The most common manifestations on echocardiog-
raphy were a thickened interventricular septum dimension
(IVSd) (12 [39%] vs 1 [4%]), a thickened left-ventricular
posterior wall depth (LVPWd) (12 [39%] vs 1 [4%]), a
reduced left-ventricular ejection fraction (LVEF) (5 [16%]
vs 0 [0%]), and pulmonary arterial hypertension (9 [29%] vs
0 [0%]). Measurements of the IVSd, LVPWd, and pulmo-
nary arterial systolic pressure (PASP) significantly differed
between the groups, which were higher in the ICU group.
The measurements for the ICU vs non-ICU patients were
as follows: IVSd (11.00 mm [10.00-13.00] vs 10.00 mm
[9.00-10.00]), LVPWd (11.00 mm [10.00-12.00] vs
10.00 mm [9.00-10.00]), and PASP (34.53+19.07 mmHg
vs 20.94 +4.02 mmHg). The left atrium (LA) and left-ven-
tricular diastolic diameter (LVDd) did not show significant
differences between the two groups. Overall, 10% of the
patients in the ICU presented with right heart enlargement,
a thickened right-ventricular wall, decreased right heart
function, and pericardial effusion. In addition, the measure-
ments for left-ventricular diastolic function in the COVID-
19 patients in this study were normal.

The echocardiographic parameters of two patients who
died in the ICU are shown in Fig. 3. Patient 1 was a 66-year-
old male who required mechanical ventilation on the 9th
day of hospitalization, underwent extracorporeal membrane

oxygenation (ECMO) treatment on the 16th day, and died on
the 35th day of hospitalization. Patient 2 was a 63-year-old
male who required endotracheal intubation on the first day of
hospitalization, was diagnosed with fulminant myocarditis,
underwent ECMO treatment on the 8th day, and died on the
33" day of hospitalization. Both patients showed a thickened
IVSd and an enlarged LVDd during treatment. Meanwhile,
both patients had decreased LVEFs; however, the decreased
LVEF in patient 1 appeared just before death, while that in
patient 2 appeared early during hospitalization and gradu-
ally returned to normal after treatment. The PASP of the two
patients gradually increased as the disease progressed; how-
ever, a sudden drop in pulmonary artery pressure occurred
several days prior to death. Tricuspid annular plane systolic
excursion (TAPSE) also showed a trend similar to that of
PASP, with a sudden decline several days before death, sug-
gesting impaired right cardiac function. The third patient
died of multiple organ failure due to septic shock, leading
to cardiac arrest.

As of April 1, 2020, 32 (91%) and 381 (100%) patients
in the ICU and non-ICU groups recovered and were dis-
charged, with median durations (from admission to dis-
charge) of 38.00 days (IQR: 33.00-47.50) and 20 days
(IQR: 15.00-26.00), respectively (summarized in Table 4).
Of these patients, 17 (49%) ICU patients required non-inva-
sive ventilation, and 18 (51%) received invasive mechanical
ventilation. Cardiac complications were more common in
the ICU patients, including acute cardiac injury (21 [60%]
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Table 2 Laboratory findings of COVID-19 patients on admission to the hospital

Characteristic Normal range ICU (n=35) Non-ICU (n=381) P value®
Red blood cell count, x 10'%/L. 4.0-5.5 3.65 (3.16-4.48) 4.58 (4.22-4.93) <0.05
White blood cell count, x 10°/L 3.5-9.5 5.89 (4.89-7.62) 4.88 (3.95-6.42) <0.05
Lymphocyte percentage, % 20-50 0.75 (0.45-1.05) 1.35 (1.04-1.82) <0.05
Platelet count, x 10°/L 125-350 199.94 +76.56 213.18+76.38 0.35
Prothrombin time, s 11-15.1 13.20 (11.90-14.00) 12.00 (11.35-12.45) <0.05
Fibrinogen, g/L 2-4 4.55 (3.60-5.99) 3.79 (3.13-4.62) <0.05
D-dimer, pg/L 0-0.5 1.25 (0.62-3.02) 0.36 (0.24-0.54) <0.05
Alanine aminotransferase, U/L 9-50 19.50(15.5-33.0) 24.30(16.00-38.50) 0.38
Aspartate aminotransferase, U/L 15-40 23.50 (20.50-35.00) 26.00 (18.00-36.00) 0.92
Blood urea nitrogen, mmol/L 2.8-7.6 4.94 (4.26-7.74) 4.38 (3.50-5.91) <0.05
Creatinine, pmol/L 64-104 69.00 (57.5-99.50) 69.00 (56.00-79.50) 0.37
Troponin I, ng/mL <0.026 0.029 (0.007-0.063) 0.006 (0.006-0.006) <0.05
Myoglobin, pg/L <100 65.45 (39.77-130.57) 37.00 (26.40-53.54) <0.05
Troponin I elevated - 18/35 (51) 11/310 (4) <0.05
Myoglobin elevated - 8/26 (31) 22/148 (15) <0.05
BNP, pg/L <100 19.69 (6.67-33.29) 1.94 (0.95-3.80) <0.05
Creatine kinase-MB, U/L <25 1.20 (0.77-1.82) 0.88 (0.55-1.41) 0.16
C-reactive protein, mg/L 0.8-8 55.30 (11.32-124.53) 23.61 (6.64-66.80) <0.05
Procalcitonin, ng/mL <0.05 0.21 (0.16-0.26) 0.22 (0.18-0.28) <0.05
Interleukin 6, pg/ml <7 46.18(27.39-150.40) 15.07(5.22-43.07) <0.05
PH 7.35-7.45 7.45 (7.43-7.47) 7.42 (7.40-7.44) <0.05
PaCO,, mmHg 35-48 37.45 (32.80-40.00) 40.00 (37.80-42.80) <0.05
PaO,, mmHg 83-108 76.65 (59.10-96.60) 94.25 (82.90-108.00) <0.05
PaO,/FIO, 400-500 267.38 (145.50-355.17) 426.19 (362.16-485.71) <0.05

Each value represents the median (IQR), the mean+ SD or n/N (%)

MB muscle and brain type, BNP brain natriuretic peptide, COVID-19 coronavirus disease 2019, FIO, fraction of inspired oxygen, PaCO, partial

pressure of carbon dioxide, PaO, partial pressure of oxygen

2P <0.05 was considered statistically significant

Fig. 1 The chest imaging of patient 2. a Bedside chest radiograph on the first day of admission. b, ¢ Computerized tomography on the 9th day

showed ground-glass changes typical of viral pneumonia

vs 13 [3%]) (including 2 cases of fulminant myocarditis),
atrial or ventricular tachyarrhythmia (3 [9%] vs 3 [1%]),
and acute heart failure (5 [14] vs 0 [0%]). Electrocardio-
graph abnormalities mainly include atrial or ventricular
tachycardia, T wave changes, atrial flutter, bundle branch
block, etc. Acute cardiac injury was defined as blood levels

@ Springer

of hypersensitive Tnl above the 99th percentile upper refer-
ence limit (>0.028 ng/mL) or new abnormalities shown on
electrocardiography and echocardiography. Acute myocar-
dial infarction did not differ between the two groups. In the
non-ICU group, five patients received non-invasive ventila-
tion support. Five (15%) ICU patients required ECMO, and
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Table 3 Echocardiographic

characteristics of 57 COVID-19

patients

Echocardiographic findings ICU (n=31) Non-ICU (n=26) P value®
LA, mm 31.00+3.04 31.16+2.87 0.86
LA >35 mm 1(3) 1@ 0.90
LVDd, mm 46.35+4.58 45.81+4.37 0.67
LVDd >55 mm 2 (6) 14 0.66
IVSd, mm 11.00 (10.00-13.00) 10.00 (9.00-10.00) <0.05
IVSd >11 mm 12 (39) 14 <0.05
LVPWd, mm 11.00 (10.00-12.00) 10.00 (9.00-10.00) <0.05
LVPWd >11 mm 12 (39) 14 <0.05
LVEF, % 63.00 (59.00-66.00) 63.50 (60.00-67.00) 0.43
LVEF <55% 5(16) 0(0) <0.05
PASP, mmHg 34.53+19.07 20.94+4.02 <0.05
PASP >40 mmHg 9(29) 0(0) <0.05
Right heart enlargement 3(10) 0 () 0.10
Thickened right-ventricular wall 3 (10) 0(0) 0.10
Decreased right heart function 3(10) 0(0) 0.10
Pericardial effusion 3 (10) 0(0) 0.10

Each value represents the median (IQR), the mean +SD or n (%). Right heart enlargement was defined as
right atrial and/or ventricular enlargement; a thickened right-ventricular wall was defined as right-ventric-
ular anterior wall thickness >5 mm; decreased right heart function was defined as tricuspid annular plane
systolic excursion <16 mm, a right-ventricular fractional area change <35% and/or Systolic S’ of the ante-
rior tricuspid annulus with tissue doppler <10 cm/s

LA left atrium, LVDd left-ventricular diastolic diameter, /VSd interventricular septum dimension, LVPWd
left-ventricular posterior wall depth, LVEF left-ventricular ejection fraction, PASP pulmonary arterial sys-
tolic pressure

4P <0.05 was considered statistically significant

383.30em/s sz
58.77 mmHg

Mk“umnmm.a‘nmmuMn

Fig.2 Echocardiographic images of patients with COVID-19. a arrow). d M-mode graph of the left-ventricular basement showed
Diftuse thickening of the left-ventricular wall. b Right-ventricular ventricular wall dyskinesia and a decreased left-ventricular ejection
enlargement and left-ventricular wall thickening. ¢ A small amount of fraction. e Color Doppler showed moderate-to-severe tricuspid regur-
pericardial effusion behind the left-ventricular posterior wall (white gitation. f Continuous wave Doppler showed pulmonary hypertension

@ Springer
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Fig.3 Echocardiographic parameters of two non-survivors. Patient 1
died on the 35th day of hospitalization, and patient 2 died on the 33rd
day of hospitalization. a Both patients showed a thickened IVSd and
an enlarged LVDd during treatment. b Both patients had decreased
LVEFs; however, the decreased LVEF in patient 1 appeared just
before death, while that in patient 2 appeared early during hospi-
talization and gradually returned to normal after treatment. ¢ The
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PASP of the two patients gradually increased as the disease pro-
gressed; however, a sudden drop occurred several days prior to death.
d TAPSE also showed a trend similar to that of PASP, with a sud-
den decline several days before death. LVDd left-ventricular diastolic
diameter, /VSd interventricular septum dimension, LVEF left-ven-
tricular ejection fraction, PASP pulmonary arterial systolic pressure,
TAPSE tricuspid annular plane systolic excursion

Table 4 Treatments and

. ICU (n=35) Non-ICU (n=381) P value®
outcomes of COVID-19 patients
Complications
Acute cardiac injuryb 21 (60) 13 (3) <0.05
Atrial or ventricular tachyarrhythmia 309 3(DH) <0.05
Acute myocardial infarction 1(3) 1(0.3) 0.16
Acute heart failure 5(14) 0(0) <0.05
Oxygen support <0.05
Non-invasive ventilation 17 (49) 5(1)
Invasive mechanical ventilation 18 (51) 0(0)
ECMO 5(15) 0(0) <0.05
Prognosis <0.05
Discharge 32 (91) 381 (100)
Death 309 0(0)
Days from admission to discharge 38.00 (33.00-47.50) 20.00 (15.00-26.00) <0.05
Days from admission to death 31.33+5.03 - -

Each value represents the median (IQR), the mean+ SD or n (%)

ECMO extracorporeal membrane oxygenation
4P <0.05 was considered statistically significant

"Defined as blood levels of troponin I above the 99th percentile upper reference limit (>0.028 ng/mL) or
new abnormalities shown on electrocardiography and echocardiography
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three of these patients died during hospitalization; the mean
time from admission to death was 31.33 +5.03 days.

Of the 416 patients in this study, 18 had a previous history
of heart disease, mainly including coronary heart disease,
arrhythmia, and valvular disease, and 398 had no heart dis-
ease history. We compared cardiac markers, echocardiogra-
phy findings, and complications between these two types of
patients (Table 5). The results showed that patients with a
previous history of heart disease were more likely to have
elevated Tnl (5/14 [36%]), acute myocardial injury (6/18
[33%]), atrial or ventricular arrhythmia (3/18 [17%]), and

acute myocardial infarction (2/18 [11%]). No significant dif-
ference in the echocardiography measurements of the two
groups was identified.

Discussion

COVID-19 patients in the ICU were older and had a higher
BMI and more comorbidities, such as a previous history
of diabetes, hypertension, arrhythmia, and valvular disease,
than those who were not admitted to the ICU. The arterial

Table 5 Characteristics of

8 . X Previous heart disease Previous heart disease P value?®
patle'nts with or yvlthout present (n=18) absent (n=398)
previous heart disease

Laboratory
Troponin I, ng/mL 0.020 (0.006-0.033) 0.006 (0.006-0.006) <0.05
Myoglobin, pg/L 44.77 (35.70-100.55) 38.63 (27.03-63.30) 0.18
Troponin I elevated 5/14 (36) 24/331 (7) <0.05
Myoglobin elevated 3/11 (27) 27/163 (17) 0.41

Echocardiography
LA, mm 32.33+2.87 30.76 +2.91 0.15
LA >35 mm 1/10 (10) 1/47 (2) 0.32
LVDd, mm 45.00 (45.00-46.00) 46.00 (43.00-48.00) 0.95
LVDd >55 mm 0/10 (0) 3/47 (6) 0.41
IVSd, mm 11.00 (10.00-11.00) 10.00 (10.00-12.00) 0.55
IVSd >11 mm 2/10 (20) 11/47 (23) 0.82
LVPWd, mm 10.00 (10.00-11.00) 10.00 (9.00-12.00) 0.35
LVPWd >11 mm 2/10 (20) 11/47 (23) 0.82
LVEF, % 60.00 (58.00-63.00) 64.00 (60.00-67.00) 0.06
LVEF <55% 1/10 (10) 4/47 (9) 0.88
PASP, mmHg 20.00 (18.00-23.00) 25.00 (20.00-31.00) 0.18
PASP >40 mmHg 1/10 (10) 8/47 (17) 0.58
Right heart enlargement 1/10 (10) 2/47 (4) 0.45
Thickened right-ventricular wall 0/10 (0) 3/47 (6) 0.41
Decreased right heart function 1/10 (10) 2/47 (4) 0.45
Pericardial effusion 0/10 (0) 3/47 (6) 0.55

Complications
Acute cardiac injuryb 6/18 (33) 28/398 (7) <0.05
Atrial or ventricular tachyarrhythmia 3/18 (17) 3/398 (0.8) <0.05
Acute myocardial infarction 2/18 (11) 0/398 (0) <0.05
Acute heart failure 1/18 (6) 4/398 (1) 0.20

Each value represents the median (IQR), the mean + SD or n/N (%). Troponin I elevated was defined as tro-
ponin I>0.026 ng/mL. Myoglobin elevated was defined as myoglobin >100 pg/L. Right heart enlargement
was defined as right atrial and/or ventricular enlargement; A thickened right-ventricular wall was defined
as right-ventricular anterior wall thickness >5 mm; decreased right heart function was defined as tricuspid
annular plane systolic excursion <16 mm, a right-ventricular fractional area change <35% and/or Systolic
S’ of the anterior tricuspid annulus with tissue Doppler <10 cm/s

LA left atrium, LVDd left-ventricular diastolic diameter, /VSd interventricular septum dimension, LVPWd
left-ventricular posterior wall depth, LVEF left-ventricular ejection fraction, PASP pulmonary arterial sys-

tolic pressure

4P <0.05 was considered statistically significant

Defined as blood levels of troponin I above the 99" percentile upper reference limit (>0.028 ng/mL) or
new abnormalities shown on electrocardiography and echocardiography.
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systolic pressure of the ICU patients was also higher, sug-
gesting that age, BMI, and comorbidities may be risk factors
for a poor outcome due to the weak immune function of
these patients [6, 7]. Studies have shown that hypertension
and diabetes can lead to a decrease in organ reserves [8, 9].
This phenomenon suggests that in patients with hypertension
and diabetes, organ reserves are reduced, thus reducing the
ability to withstand viral attacks and leading to more severe
symptoms requiring ICU treatment. In the 416 patients with
COVID-19 in this study, we did not observe a greater num-
ber of men than women, which is different from the results
of a previous study [4]. However, the proportion of males
was found to be higher in the ICU group, which was consist-
ent with the reports of MERS-CoV and SARS-CoV infec-
tion [6, 10]. The lower female susceptibility to viral infection
may be related to protection conferred by the X chromosome
and sex hormones, which may play important roles in innate
and adaptive immunity [7]. Another possible cause is sym-
pathetic hyperactivity. Damage to norepinephrine reuptake
in the elderly population increases the sympathetic signal,
especially the cardiac sympathetic signal, causing greater
cardiac stimulation [11]. Whether the difference in the neu-
robiology of sympathetic nerves based on age and sex ren-
ders COVID-19 more likely to cause heart damage in elderly
patients and patients of a specific sex is unknown.

Compared with the non-ICU patients, the ICU patients
had more laboratory abnormalities. The most common labo-
ratory abnormalities in this study were a decreased lym-
phocyte count, a prolonged prothrombin time, and elevated
levels of blood urea nitrogen, BNP, C-reactive protein,
procalcitonin, D-dimer, and IL-6. These abnormalities sug-
gest that SARS-CoV-2 infection may be related to cellu-
lar immune deficiency, coagulation activation, and injury
to multiple organs. Moreover, PaO, and PaO,/FiO, were
significantly lower in the ICU group, suggesting more seri-
ous hypoxia in these patients. Activated macrophages can
release IL-6 and other cytokines and promote the expres-
sion of adhesion molecules. Dysfunctional endothelial cells
become adhesive and secrete procoagulant factors [12].
These changes further accelerate the inflammation of blood
vessels and enhance the prethrombotic state. The presence
of microvascular lesions and microthrombi can also cause
patients to be prone to multiple organ failure, further aggra-
vating the state of heart damage and heart failure. Therefore,
patients with elevated IL-6 and D-dimer must be monitored
closely to prevent micro-embolism.

Regarding myocardial injury markers, Tnl and MYO lev-
els were significantly higher in the ICU patients. Overall,
49% of the patients in ICU group and 8% of the patients in
non-ICU group had elevated levels of Tnl. A recent report
showed that among 41 COVID-19 patients diagnosed in
Wuhan, 5 (12%) were diagnosed with virus-related heart
injuries, and 4 of the 5 patients were admitted to the ICU,

@ Springer

accounting for 31% of the total number of ICU patients [5].
Recent research shows that Tnl and BNP peaked within
1 week before COVID-19 patients died and indicates that
elevated cardiac markers may be a warning sign of a poor
prognosis [13]. The increase or the dynamic increase in Tnl
during hospitalization can increase the risks of requiring
ventilation support, arrhythmia, and mortality by five times
[14]. In the present study, cardiac complications were more
common in the ICU group than in the non-ICU, including
acute cardiac injury, atrial or ventricular tachyarrhythmia,
and acute heart failure. These results suggest that when
patients are infected with SARS-CoV-2, the incidence of
cardiovascular system diseases may increase due to the sys-
temic inflammatory response and immune system disorders,
and may be associated with exacerbation of the disease and
the need for treatment in the ICU.

Considering the need for isolation and the inconven-
ience of examining critically ill patients, echocardiography
is the main means of observing and monitoring structural
and functional abnormalities of the heart in patients with
COVID-19. In this study, the most common manifestation on
echocardiography was left-ventricular thickening, followed
by a reduced LVEF and pulmonary arterial hypertension.
Pathological examinations showed that interstitial mononu-
clear inflammatory infiltrates, dominated by lymphocytes in
the lung tissues, suggest inflammatory injury [15]. Pulmo-
nary embolism, small vessel spasms, and subsequent pulmo-
nary fibrosis can also lead to pulmonary hypertension [16].
Recent pulmonary CT angiography findings in patients with
COVID-19 also confirm the presence of pulmonary micro-
embolism [17]. In the present study, proximal pulmonary
embolism, and right-ventricular outflow tract stenosis and
pulmonary valve stenosis were excluded in some patients
by ultrasound or CT examination, which may exclude the
pulmonary hypertension caused by the above reasons.

Hypoxia and the accompanying metabolic disorders can
lead to pulmonary vasospasm, inflammatory damage, and
hypercapnia, followed by transient pulmonary hyperten-
sion, thus affecting right heart function. Myocardial cell
ischemia and hypoxia can impact the heart rhythm and left
heart function [18]. Some studies [19] have shown that
intermittent or continuous severe hypoxia can lead to an
earlier and greater degree of inflammatory response and
cell damage in the heart. A previous study suggested that
hypoxia can regulate morphological changes and remod-
eling of the myocardium and can present as wall thicken-
ing [20], suggesting that the thickening of the cardiac wall
observed in the patients in this study may not only be the
result of the immune response, but that hypoxia may also
cause changes in ventricular morphology. Fewer patients
presented with right heart enlargement, a thickened right-
ventricular wall, and decreased right heart function. How-
ever, according to our clinical observations, the occurrence
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of the above conditions often indicates that the pulmonary
lesion is aggravated or the course of disease is entering
the late stage. In general, fibrosis is irreversible, and if
pulmonary hypertension suddenly decreases, right heart
function may be decreased. A few patients had pericardial
effusion and left atrial or ventricular enlargement, which
may be related to the severity of myocardial inflammation.

The pathogenesis of acute myocardial injury related to
virus infection is not currently clear; however, several widely
recognized possible mechanisms have been suggested. First,
direct myocardial injury caused by viral replication may play
a role. Second, SARS-CoV-2 has been suggested to infect
cells through the ACE2 receptor, which is widely expressed
in the cardiovascular system [21]. However, a recent patho-
logical report showed that no obvious intranuclear or cyto-
plasmic viral inclusions were identified in the heart tissue
[15]. Another report also shows that COVID-19 patients
have increased level of interleukin, indicating that the T-cell
reaction is enhanced [5]. In our study, we also found a sig-
nificant increase in IL-6 in blood samples from COVID-19
patients, which was significantly greater in the ICU patients
than in the non-ICU patients. These results all suggest that
the replication of the virus in the myocardium is unclear,
and that severe immune injury may play a key role in the
pathogenesis of viral myocarditis [22, 23].

The results of this study show that patients with a previ-
ous history of heart disease are more likely to have cardiac
complications, as demonstrated by the higher proportion of
patients with a previous history of heart disease in the ICU
group than in the non-ICU group, and have similar charac-
teristics in terms of cardiac complications, which suggests
that patients with a previous cardiac history may be more
serious after being infected with SARS-CoV-2 and more
likely to need ICU treatment. In this study, cardiac history
had no significant effect on the echocardiographic measure-
ments, suggesting that the echocardiographic differences
between two groups were related more to the virus infec-
tion. While the pathophysiological mechanism of cardiac
manifestation in COVID-19 patients remains uncertain, the
detection of cardiac damage in such patients may help to
identify patients at greater risk of complications.

This study has several limitations. Among the 416
patients, not all patients received echocardiography to
characterize cardiac injury. COVID-19 patients may pre-
sent with reduced strain or impaired perfusion on echocar-
diography. In addition, the study failed to detect the blood
catecholamine of the patients and was unable to confirm
the relationship between sympathetic overactivation and
myocardial injury, which needs further study.
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