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Objective: The aim of this study was to investigate the incidence, clinical presentation, cardiovascular (CV) complications, and mortality risk of
myocardial injury on admission in critically ill intensive care unit (ICU) inpatients with COVID-19.

Design: A single-center, retrospective, observational study.

Setting: A newly built ICU in Tongji hospital (Sino-French new city campus), Huazhong University of Science and Technology, Wuhan, China.
Participants: Seventy-seven critical COVID-19 patients.

Interventions: Patients were divided into a myocardial injury group and nonmyocardial injury group according to the on-admission levels of
high-sensitivity cardiac troponin I.

Measurements and Main Results: Demographic data, clinical characteristics, laboratory tests, treatment, and clinical outcome were evaluated,
stratified by the presence of myocardial injury on admission. Compared with nonmyocardial injury patients, patients with myocardial injury
were older (68.4 &+ 10.1 v 62.1 £ 13.5 years; p =0.02), had higher prevalence of underlying CV disease (34.1% v 11.1%; p=0.02), and in-ICU
CV complications (41.5% v 13.9%; p =0.008), higher Acute Physiology and Chronic Health Evaluation II scores (20.3 £ 7.3 v 144 £ 7.4;
p=0.001), and Sequential Organ Failure Assessment scores (7, interquartile range (IQR) 5-10 v 5, IQR 3-6; p < 0.001). Myocardial injury on
admission increased the risk of 28-day mortality (hazard ratio [HR], 2.200; 95% confidence interval [CI] 1.29 to 3.74; p = 0.004). Age >75 years
was another risk factor for mortality (HR, 2.882; 95% CI 1.51-5.50; p =0.002).
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Conclusion: Critically ill patients with COVID-19 had a high risk of CV complications. Myocardial injury on admission may be a common
comorbidity and is associated with severity and a high risk of mortality in this population.

© 2020 Elsevier Inc. All rights reserved.
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THE OUTBREAK of novel coronavirus disease (COVID-
19) caused by severe acute respiratory syndrome coronavirus-
2 has now become a global health emergency."” COVID-19-
related pneumonia and acute respiratory distress syndrome
(ARDS) are the major causes of hospital admission in most
patients. However, cardiovascular (CV) complications, includ-
ing myocardial injury and arrhythmia, have been reported in
recent literature.””’

The specific incidence of myocardial injury and its associa-
tion with the mortality in patients with COVID-19 have been
demonstrated widely.” '’ However, investigations focusing on
the incidence and mortality risk of myocardial injury in criti-
cally ill in-intensive care unit (ICU) patients with COVID-19
still are limited. Therefore, a need exists to characterize CV
complications and myocardial injury because an increasing
number of countries are facing the difficult situation of a vast
number of critically ill patients and increasing cases of CV
complications that China encountered from January to April
2020. The authors conducted a retrospective study of data
from 77 patients admitted to a newly constructed ICU in
Wuhan, compared patients with and without myocardial
injury, detailed the relationship of myocardial injury with the
survival rate and CV outcomes, and presented the following
conclusions: (1) myocardial injury is a common complication
in critically ill COVID-19 patients; (2) patients with myocar-
dial injury are more likely to develop adverse events and fatal
outcomes during hospitalization; and (3) myocardial injury
and advanced age (>75 years old) are independent risk factors
for 28-day in-ICU mortality.

Methods

This single-center, retrospective, observational study
enrolled patients admitted to a newly constructed ICU in
Tongji Hospital (Sino-French New City Campus), Huazhong
University of Science and Technology, Wuhan, China. “Newly
constructed” indicates that the quarantine ICU was equipped
and modified from a previous general ward within three days
and designated to treat critically ill COVID-19 patients. The
ICU was staffed with a multidisciplinary team including 185
healthcare providers from Peking Union Medical College Hos-
pital, Beijing, China. Because of the emergency nature of the
situation, this ICU lacked sufficient equipment, such as inva-
sive hemodynamic monitors, at the beginning of surgery. The
authors retrospectively analyzed patients who were admitted
to the ICU from February 4 to March 3, 2020. The confirma-
tion of novel coronavirus infection was defined as a positive
result of a throat-swab specimen on a real-time reverse tran-
scription-polymerase chain reaction assay. The cutoff of data

for investigation of survival status was March 19, 2020.
Patients were followed up at least 28 days or died before the
cut-off date. The study was approved by the Ethical Commit-
tee of Peking Union Medical College Hospital.

The data analyzed in this study were extracted from elec-
tronic medical records and included demographics and base-
line characteristics (ie, pre-existing CV diseases [CVD] and
CV risk factors), clinical information (ie, vital signs and thera-
peutic management), laboratory results, and outcomes. Acute
Physiology and Chronic Health Evaluation II (APACHE II)
and Sequential Organ Failure Assessment (SOFA) scores were
determined on the date of ICU admission. The time from
symptom onset to ICU admission, intubation and death also
were recorded. Patients were categorized into two groups,
including those with or without myocardial injury (myocardial
injury and nonmyocardial injury group) on admission accord-
ing to troponin test results on the first day in the ICU. Covari-
ates of interests were compared between these two groups.
Myocardial injury was defined as an elevated cardiac troponin
value above the 99th percentile upper reference limit accord-
ing to the Fourth Universal Definition of Myocardial Infarc-
tion."" A high-sensitivity cardiac troponin I (hs-cTnl) assay
was implemented in this study, and the 99th upper reference
limit was 28 ng/L. Prior CVD included a medical history of
coronary artery disease (CAD), myocardial infarction, heart
failure, and stroke. CV death was defined as a death caused
directly by CV complications, such as cardiogenic shock, and
occurrence of sudden cardiac arrest and/or fatal ventricular
arrhythmia in relatively stable patients. CV complications
included in-ICU cardiac arrest, cardiac shock, acute myocar-
dial infarction, atrial fibrillation, and malignant ventricular
arrhythmia. ARDS and acute kidney injury were diagnosed
according to the Berlin Definition and Kidney Disease:
Improving Global Outcomes (KDIGO) clinical practice guide-
lines, respectively.'""'? The authors defined liver abnormalities
as any parameter greater than the upper limit of the normal val-
ues of alanine aminotransferase (ALT) and total bilirubin.

Vasoconstrictive support was applied mostly in patients
with shock status (combined with blood pressure lower than
90/60 mmHg or evidence of insufficient perfusion). The
venous-venous mode of extracorporeal membrane oxygenation
was used in these patients and was performed mainly to
improve oxygen supply and attenuate severe hypercarbia
under mechanical ventilation.

In the further analysis of risk factors for mortality, the
authors conducted a survival study based on age (=75 and
<75 years old), prior CVD history, and myocardial injury on
admission. The primary endpoint was 28-day mortality after
ICU admission, and the secondary outcome was CV death.
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Continuous variables were presented as the mean + stan-
dard deviation for those with a normal distribution or the
median and interquartile range () for those with a non-normal
distribution. Categorical variables were described by the num-
ber (%). Two-sample t test and Mann-Whitney U test were
applied to assess the differences in continuous variables
between patients with and without myocardial injury. The dif-
ferences in categorical variables were assessed using X2 test
and Fisher’s exact test (for small sample sizes). Survival analy-
ses were based on the time from ICU admission to the event.
Kaplan-Meier plots and Cox proportional hazards regression
models were used to assess survival data. Statistical signifi-
cance was determined by a two-sided @ value less than 0.05.
All statistical analyses were performed using the SPSS 21.0
software (IBM, Armonk, NY).

Results

Myocardial Injury Is a Common Complication That Intensifies
the Disease

From February 4 to March 3, 2020, 89 reverse transcription-
polymerase chain reaction test-positive critically ill patients
were admitted to the newly constructed ICU; of whom, six
patients were considered ineligible because of non-COVID-
19-related illness (eg, acute leukemia, intestinal obstruction,
gastric cancer). Additionally, six patients with no information
on admission hs-cTnl values also were excluded. Finally, 77
patients were enrolled in the study (Fig 1).

The average age of all patients was 65.5 £ 12.2 years old
(range, 26-92 y), and 53 patients (68.8%) were men. The mean
times from symptom onset to admission and intubation were
17.0 £ 8.3 days and 20.6 + 16.2 days, respectively. Of these
patients, 41 (53.2%) were diagnosed with myocardial injury,
and 18 (23.4%) had one or more pre-existing CVDs. Some
patients had CV risk factors such as hypertension (39, 50.6%),

89 patients admitted in the new ICU from Feb 4 to Mar 3, 2020

6 excluded for non-COVID-19
related critically ill

Y

Y.
83 patients with critically ill COVID-19

—>|6 excluded for incomplete data

Y

77 patients included in study

Fig 1. Study flow diagram. COVID-19, novel coronavirus disease; ICU, inten-
sive care unit.

Table 1
Demographics and Baseline Characteristics of Critically Ill Patients With
COVID-19

MI(n=41) non-MI(n=36) Total(n=77) p Value
Age (y) 68.4+10.1 62.1 £13.5 65.5+12.2 0.02
Male 30 (73.2%) 23 (63.9%) 53 (68.8%) 0.38
Prior medical illness
CV diseases 14 (34.1%) 4(11.1%) 18 (23.4%) 0.02
CAD 8 (19.6%) 1(2.8%) 9 (11.7%) 0.03
Prior 2 (4.9%) 0 (0.0%) 2 (2.6%) 0.50
myocardial
infarction
HF 2 (4.9%) 0(0.0%) 2 (2.6%) 0.50
Stroke 7 (17.1%) 3 (8.3%) 10 (13.0%) 0.32
COPD 2 (4.9%) 1(2.8%) 3 (3.9%) 1.00
CKD 4(9.8%) 0(0.0%) 4(5.2%) 0.12
Malignancy 1(2.4%) 1(2.8%) 2 (2.6%) 1.00
Others 4(9.8%) 3 (8.3%) 7 (9.1%) 1.00
CV risk factors
Hypertension 24 (58.5%) 15 (41.6%) 39 (50.6%) 0.17
Diabetes 12(29.2%) 5 (13.9%) 17 (22.1%) 0.11
Smoking 22 (53.6%) 8 (22.2%) 30 (39.0%) 0.005
Death
All-cause death 35 (85.3%) 23 (63.9%) 58 (75.3%) 0.03
CV death 6 (14.6%) 0 (0.0%) 6 (7.8%) 0.03
Symptom onset to (d)
Admission to 17.2+85 16.8+8.2 17.0 £ 8.3 0.81
ICU
Intubation 199+ 146 21.6+18.1 20.6 +16.2 0.65
Death 278+ 142 385+15.7 32.8+15.8 0.02

NOTE. p values present the differences between MI and non-MI patients.
Abbreviations: CAD, coronary artery disease; CKD, chronic kidney disease;
COPD, chronic obstructive pulmonary disease; CV, cardiovascular; HF, heart
failure; ICU, intensive care unit; MI, myocardial injury.

diabetes (17, 22.1%), and smoking (30, 39.0%). The demo-
graphics and baseline characteristics of the studied patients are
summarized in Table 1. Compared with the nonmyocardial
injury group, patients with myocardial injury were signifi-
cantly older (68.4 £ 10.1 y v 62.1 + 13.5 y; p=0.022), had
more concurrent CVD (34.1% v 11.1%; p=0.017), including
CAD (19.6% v 2.8%; p=0.032), and were more likely to be
smokers (53.6% v 22.2%; p < 0.01). However, the prevalence
rates of other CVDs, such as myocardial infarction, heart fail-
ure, and stroke, or other CV risk factors, such as hypertension
and diabetes, were not significantly different.

As summarized in Table 2, there were no significant differen-
ces in vital signs (heart rate, respiratory rate, and blood pressure)
between the two groups on ICU admission. When two important
indices for assessing and predicting ICU performance and ICU
mortality, the APACHE II and SOFA scoring systems, were
compared, the myocardial injury group had significantly higher
scores than the nonmyocardial injury group (APACHE II: 20.3
+73v144+74,p <0.01; SOFA: 7IQR 5-10 v 5 IQR 3-6, p
< 0.01, respectively). When complications were considered, a
significant difference in CV complications (41.5% v 13.9%; p
< 0.01) was observed between the two groups (Table 2). Most
patients (75 of 77, 97.4%) had ARDS on admission, and there
was no significant difference in acute kidney injury or liver dys-
function between the two groups.
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Table 2
Clinical Characteristics of Critically Il Patients With COVID-19
Myocardial Injury (n=41) Nonmyocardial injury (n=36) Total (n=77) p Value
On admission
Fever 16.0 (39.0%) 19.0 (52.8%) 35 (45.5%) 0.23
HR (bpm) 114.6 £ 20.4 108.3 £ 19.0 111.6 £19.9 0.16
SBP (mmHg) 123.8 £ 24.5 128.4+19.3 125.9 +22.2 0.36
DBP (mmHg) 75.0 + 14.1 779 £ 13.7 764+ 139 0.38
RR (times/min) 29.31+8.6 27.8+7.6 28.6 + 8.1 0.43
Intubated 10 (24.4%) 8 (22.2%) 18 (23.1%) 0.82
APACHE II score 20.3+7.3 144+74 17.5+7.9 0.001
SOFA score 7.0 (5.0-10.0) 5.0 (3.0-6.0) 6.0 (4.0-8.0) <0.001
Complications
CV complications 17 (41.5%) 5(13.9%) 22 (28.6%) 0.008
Arrythmia 14 (34.1%) 5(13.9%) 19 (24.7%) 0.04
Cardiac shock 3(7.3%) 0 (0.0%) 3(3.9%) 0.24
ARDS 41 (100%) 34 (94.4%) 75 (97.4%) 0.22
AKI 15 (36.6%) 10 (27.8%) 25 (32.5%) 0.41
Live dysfunction 7 (17.1%) 10 (27.8%) 17 (22.1%) 0.26
Acromelic gangrene 4(9.8%) 5(13.9%) 9 (11.7%) 0.73
In-ICU oxygen therapy
High flow nasal cannula 11 (25.8%) 12 (33.3%) 23 (29.9%) 0.54
Noninvasive mechanical ventilation 13 (31.7%) 9 (25%) 22 (28.5%) 0.52
Invasive mechanical ventilation 33 (80.5%) 31 (86.1%) 64 (83.1%) 0.51
Prone position ventilation 12 (29.3%) 16 (44.4%) 28 (36.4%) 0.17
Extracorporeal membrane oxygenation 2 (4.9%) 3(8.3%) 5(6.5%) 0.66
Blood purification therapy 9 (22.0%) 6 (16.7%) 15 (19.5%) 0.56
Other in-ICU treatment
Antiviral agents 25 (61.0%) 29 (80.6%) 54 (70.1%) 0.06
Antibacterial agents 28 (68.3%) 24 (66.7%) 52 (67.5%) 0.88
Immunoglobulin 28 (68.3%) 29 (80.6%) 57 (74.0%) 0.22
Glucocorticoids 30 (73.1%) 32 (88.9%) 62 (80.5%) 0.08
Vasoconstrictive agents 31 (75.6%) 25 (69.4%) 56 (72.7%) 0.54
Anticoagulation agents 16 (39.0%) 25 (69.4%) 41 (53.2%) 0.008
Tocilizumab 2 (4.90%) 5(13.9%) 7(9.1%) 0.17

NOTE p values present the differences between myocardial injury and nonmyocardial patients.
Abbreviations: AKI, acute kidney injury; APACHE II, Acute Physiology and Chronic Health Evaluation II; ARDS, acute respiratory distress syndrome; DBP,
diastolic blood pressure; HR, heart rate; RR, respiratory rate; SBP, systolic blood pressure; SOFA, Sequential Organ Failure Assessment.

* Non-normal distribution.

The admission laboratory findings revealed that patients
with myocardial injury had a significantly lower platelet count,
longer prothrombin time, higher N-terminal pro-B-type natri-
uretic peptide and D-dimer levels, and reduced renal function
according to higher serum creatinine and blood urea nitrogen
levels compared with the nonmyocardial injury patients
(Table 3). There was no significant difference in life support
therapy, including in-ICU oxygen therapy, intubation rate,
vasoconstrictive agents, and blood purification therapy,
between the groups. Similar in-ICU usage of antiviral and/or
antibacterial agents, immunoglobulin, and glucocorticoids was
observed. The only significant difference in therapy was that
more nonmyocardial injury patients received anticoagulation
therapy than myocardial injury patients (69.4% v 39.0%, p <
0.01) (Table 2).

Patients With Myocardial Injury Had Higher Mortality Than
Those Without Myocardial Injury

When survival outcomes were summarized, 58 (75.3%)
patients had died within 28 days of ICU admission, including

six (7.8%) patients who died from CV causes. As indicated in
Table 1, the patients with myocardial injury had significantly
higher rates of all-cause death and CV death than nonmyocar-
dial injury patients (85.3% v 63.9%, p=0.029 and 14.6% v
0%, p=0.027, respectively). Although the durations from
symptom onset to ICU admission and intubation were similar
in these two groups, the duration from symptom onset to death
in patients with myocardial injury was significantly shorter
than that of nonmyocardial injury patients (27.8 4+ 14.2 v 38.5
=+ 15.7 days, p=0.022).

Mpyocardial Injury and Advanced Age are Independent Risk
Factors for Mortality

The authors conducted Cox regression analyses to compare
survival between patients >75 years and those <75 years,
with or without admission myocardial injury and pre-existing
CVD. Adjusted variates included smoking history, creatinine
levels greater than 104 pumol/L (normal limitation), D-dimer
levels greater than 13.5 mg/L (median level), and N-terminal
pro-B-type natriuretic peptide levels greater than 852 ng/L
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Table 3
Laboratory Tests of COVID-19 Patients

Normal Range Myocardial Injury (n=41) Nonmyocardial injury (n=36) Total (n=77) p Value
White blood count, x 10%/L 3.5-:9.5 124 +£53 122+74 123+ 6.4 0.89
Neutrophils (%) 40.0-75.0 899+7.1 86.5+09.1 88.3 £8.2 0.07
Lymphocytes, x 10°/L 1.1-3.2 05+0.3 0.7+04 0.6+04 0.12
Hemoglobin, g/L 130.0-175.0 121.5 £ 20.6 123.0 £ 20.1 122.2 £20.3 0.75
Platelets, x 10°/L 125.0-350.0 152.7 £ 839 200.0 £ 100.8 1749 £94.6 0.03
ALT", UL ) <41.0 31.0 (19.0-45.0) 28.0 (22.0-39.5) 29 (20.0-45.0) 0.96
Total bilirubin ", mol/L <26.0 12.8 (8.8-19.2) 11.9(8.2-18.4) 12.8 (8.6-18.9) 0.54
Albumin g/L 35.0-52.0 282+ 4.1 30.1£5.9 29.1£5.0 0.11
Creati‘nineﬁ:, wmol/L 59.0-104.0 88.0(73.0-124.0) 65.5 (47.5-86.0) 80.0 (58.0-106.0) <0.001
BUN', mmol/L 3.6-9.5 10.5 (7.1-18.3) 7 (5.4-9.6) 8.3 (6.3-13.1) 0.002
Serum sodium, mmol/L 136.0-145.0 145.0£9.2 139.8 £ 6.6 142.6 £ 8.43 0.006
Serum potassium, mmol/L 3.5-5.1 4.6 +0.8 44410 45409 0.52
hsCRP, mg/L <1.0 1223 £75.6 79.2 £ 64.6 102.8 £73.5 0.22
PT, s 11.5-14.5 17.2 (15.6-18.2) 15.2 (13.5-16.5) 16.1 (15.0-17.6) 0.001
APT‘T”‘, s 29.0-42.0 42.1 (38.2-46.8) 41.5 (37.2-45) 41.7 (37.3-45.3) 0.50
INR” 0.8-1.2 1.4 (1.2-1.5) 1.2 (1.1-1.3). 1.3 (1.2-1.4) <0.001
Fibrinogen, g/L 2.0-4.0 4.5(0.7-8.4) 4.6 (2.7-6.5) 4.6 (3.1-1.5) 0.97
D-dimeri‘:, mg/L <0.5 21 (6.5-21.0) 4.0 (2.0-21.0) 13.5 (3.20-21.0) 0.004
Hs-cTnl ", ng/L <342 312.8 (130.5-910.0) 11.6 (4.9-19.2) 51.4 (12.1-361.6) <0.001
NT—proBNP:':, ng/L <241.0 2251.0 (776.0-4537.0) 407.0 (112.8-858.0) 852.0 (269.0-2894.0) <0.001

NOTE. p values present the differences between myocardial injury and nonmyocardial injury patients.
Abbreviations: ALT, alanine aminotransferase; APTT, activated partial thromboplastin time; BUN, blood urea nitrogen; hsCRP, high-sensitivity C-reactive
protein; hs-cTnl, high-sensitivity cardiac troponin I; INR, international normalized ratio; NT-proBNP, N-terminal pro-B-type natriuretic peptide; PT, prothrombin

time.
* Non-normal distribution.

(median level). The older patients had a higher risk of all-cause
death (HR, 2.882; 95% CI 1.51-5.50; p=0.002) than patients
<75 years (Fig 2, A). Consistently, the in-ICU cumulative sur-
vival curve of myocardial injury patients was significantly
lower than that of nonmyocardial injury patients (HR, 2.200;
95% CI 1.29-3.74; p=0.004) (Fig 2, B). However, no signifi-
cant difference was observed in survival between patients with
or without pre-existing CVD (HR, 1.396; 95% CI 0.74-2.64;
p=0.31) (Fig 2, C).

Discussion

In this study, the authors reported 77 critically ill patients
with confirmed novel coronavirus infection in a newly con-
structed ICU in Wuhan, China. The mean time from symptom
onset to ICU admission was 17 days. Most patients had devel-
oped severe COVID-19 pneumonia, 75 patients (97.4%) had
ARDS, and 64 patients (83.1%) received invasive ventilation.

Elevated hs-cTnl or myocardial injury is well-recognized as
a primary complication contributing to increased respiratory
syndrome severity and total mortality in patients infected with
COVID-19,"*'° especially in critically ill patients.'” Several
studies have indicated that myocardial injury occurrence was a
predictor for disease progression, as more than 80% of myo-
cardial injury patients infected with novel coronavirus devel-
oped critical illness.”® This speculation was documented by
this study, as the APCHE II and SOFA scores of the myocar-
dial injury patients were significantly higher than those of
patients without myocardial injury. Additionally, the authors
further compared the mortality and time from ICU admission

to death between the myocardial injury and nonmyocardial
injury patients, which suggested the predictive value of coex-
isting myocardial injury on admission as a high-risk factor in
critically ill patients with COVID-19 in this study. However,
serum troponin level elevation should be interpreted carefully
by specialized physicians because of its high sensitivity. Vari-
ous noncardiovascular factors, such as fever with rapid heart
rate, electrolyte disorder, and kidney dysfunction, may contrib-
ute to troponin level elevation.'®'”

In critical patients, myocardial injury results from various
clinical mechanisms that may include severe hypoxia, insuffi-
cient perfusion, systemic inflammation, and coagulation dys-
functions.'™” There was no evidence of acute coronary
syndrome or coronary artery-related CV events as the major
cause of elevated troponin based on electrocardiography and
echocardiography findings. In the authors’ patients, severe
hypoxia was suggested as the major cause of myocardial
injury, as most had rapid progression of dyspnea, with an oxy-
genation index (PaO,/Fi0,) <200, and more than 95%
(including all myocardial injury patients) developed ARDS.
Moreover, although 18 patients were intubated and sedated
before being sent to the ICU, the mean baseline respiratory
rate still exceeded 28 times per minute, suggesting the wide
occurrence of dyspnea in the authors’ patients. Additionally,
14 patients received vasoconstrictive agents on the first day of
admission, indicating a prevalence of shock or insufficient
peripheral perfusion. The imbalance of increased cardiac met-
abolic demand and decreased blood perfusion/oxygen supply
may contribute to myocardial injury and dysfunction.”’ A high
prevalence of coagulation disequilibrium also was observed
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Fig 2. Kaplan-Meier plots for the survival time (ICU admission to death) of patients with myocardial injury (A), pre-existing CVD (B), and advanced age (>75
years) (C). The occurrence of myocardial injury and advanced age were shown to significantly reduce the survival time in critically ill patients with COVID-2019,
as shown in (A) and (C). (B) Revealed that patients with pre-existing CVD did not show a significant difference from those without pre-existing CVD. (D) Shows
the HR, 95% CI, and p values after adjusting for smoking history, creatinine levels greater than 104 jumol/L (normal limit), D-dimer levels greater than 13.5 mg/L
(median level), and NT-proBNP levels greater than 852 ng/L (median level) in Cox regression models. CI, confidence interval; CVD, cardiovascular disease; HR,

hazard ratio; ICU, intensive care unit.

closely in the authors’ patients, especially in those with myo-
cardial injury (higher D-dimer levels and longer prothrombin
time). Anticoagulation therapies, such as low-molecular-
weight heparin or unfractionated heparin were empirically pre-
scribed. These therapies seemed to be effective for restoring
coagulation abnormalities and coagulopathy, which might
potentially benefit the prognosis. Additionally, a high systemic
inflammatory burden was demonstrated to be positively associ-
ated with myocardial injury in critically ill patients with
COVID-19.?? In this study, anti-inflammation therapies, such
as glucocorticoids or tocilizumab, were used in some patients,
and the authors’ found that inflammatory cytokine levels were
decreased. However, related clinical investigations were not
performed in this study. Concrete clinical values for anticoagu-
lation and anti-inflammation therapies in critical patients with
COVID-19 should be explored in further studies.

Age and pre-existing CVD have been associated with higher
mortality in critically ill patients with viral infection.”>
Older patients may have more comorbidities (eg, CAD, hyper-
tension, chronic kidney disease, and diabetes) and a higher
rate of CV complications. In fact, no patients older than 80
had survived at the end of this study. However, this does not

mean that young adults will not develop critical illness. The
youngest patient in the authors’ ICU with invasive mechanical
ventilation was 26 years, and two more patients in their thirties
were admitted. The youngest death was 47 years old in the
authors’ study. This study verified that COVID-19 patients
with myocardial injury had a higher prevalence of prior CVD.
No significant difference in survival rate was noted between
patients with or without pre-existing CVD. The authors sus-
pect that the extremely high mortality might partially conceal
the contribution of previous CVD to death. Thus, this study
cannot exclude the risk of pre-existing CVD in mildly or mod-
erately ill patients with COVID-19 (patients with respiratory
symptoms [fever, cough, etc] and/or manifestations of pneu-
monia in imaging examinations). In this study, the prevalence
of pre-existing CVD in patients with myocardial injury was
higher than that in patients without myocardial injury, but the
prevalence of myocardial injury in patients with prior CVD
was not explored. Whether pre-existing CVD increases the
incidence of myocardial injury in COVID-19 patients requires
further investigation.

There was no direct evidence indicating that COVID-19-
related viral myocarditis was a major cause of myocardial
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injury and death in this study. In the authors’ previous echocar-
diography study, although several presentations of cardiac dys-
function (eg, pericardial effusion, increased left ventricular
[LV] mass index, decreased LV stroke volume index, and
impaired right ventricle systolic function) were general fea-
tures of critical patients, LV systolic dysfunction (such as
decreased LV ejection fraction [LVEF] or newly diagnosed
abnormal ventricular wall movement) was not common.”’
There were only four cases of reduced LVEF, including two
related to prior myocardial infarction/ischemia, one patient
with hypothermia, and one patient with unconfirmed dilated
cardiomyopathy. As for the electrocardiography presentations,
sinus tachycardia, atrial fibrillation, ventricular tachyarrhyth-
mias, and nonspecific ST-T changes commonly were found in
these patients, but no indications for fulminant COVID-19-
related myocarditis were found. The authors do not have car-
diac magnetic resonance images because this procedure was
not applicable for these quarantined critically ill patients.
Therefore, viral myocarditis also was not presented in pathol-
ogy studies. In a report of three autopsies of COVID-19
patients, no pathologic findings indicated viral myocarditis,
and the nucleic acid tests for the 2019 novel coronavirus were
negative in heart tissue, although mild infiltration of lympho-
cytes, monocytes and neutrophils, and necrosis of cardiomyo-
cytes were observed.”’ Similar results also were reported by
Xu et al. who found that novel coronavirus infection might not
directly impair the heart tissue in another autopsy report, as
they found a few interstitial mononuclear inflammatory infil-
trates without other substantial damage in the myocardial tis-
sue.”* The authors have close communication with the
pathologists and are expecting further results of autopsies
including several of the authors’ patients.”’

The prevalence of admission myocardial injury was consid-
ered as an increased risk of 28-day mortality in this study, but
it was not likely to be the cause of death. The authors consid-
ered hs-cTnl elevation on admission as a biomarker of risk.
The authors carefully investigated the six patients with cardio-
vascular death, and they all had myocardial injury. Two
patients with prior myocardial infarction (without revasculari-
zation) had sudden cardiac death, which was considered as
coronary thrombosis events. Two cases of fatal ventricular
fibrillation were reexamined and found to have underlying
hypokalemia during urgent intubation or deep vein catheteriza-
tion. One cardiac arrest was related to hyperkalemia (7.2
mmol/L). Only one patient had troponin elevation, cardiac
shock without evidence of sepsis or respiratory failure, signifi-
cantly reduced LVEF, and four-chamber enlargements; how-
ever, the authors did not exclude the prior history of dilated
cardiomyopathy.

Conclusion

This study focused on critically ill patients with COVID-19
and found that myocardial injury was a common complication
and indicative of a poor prognosis in these patients. Further-
more, advanced age also was associated positively with high
mortality. Regarding the pathogenesis, the critical status of

multiorgan failure, or high systemic inflammatory burden par-
tially may explain the onset of myocardial injury. Evidence for
viral myocarditis currently is lacking. It is necessary to pay
increased attention to myocardial injury during treatment of
critically ill patients with COVID-19.
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