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Abstract: The exact mechanisms leading to myocardial injury in the coronavirus disease 2019
(COVID-19) are still unknown. In this retrospective observational study, we include all consecutive
COVID-19 patients admitted to our center. They were divided into two groups according to the
presence of myocardial injury. Clinical variables, Charlson Comorbidity Index (CCI), C-reactive
protein (CRP), CAC (COVID-19-associated coagulopathy), defined according to the ISTH score,
treatment and in-hospital events were collected. Between March and April 2020, 331 COVID-19
patients were enrolled, 72 of them (21.8%) with myocardial injury. Patients with myocardial injury
showed a higher CCI score (median (interquartile range), 5 (4-7) vs. 2 (1-4), p = 0.001), higher CRP
values (18.3 (9.6-25.9) mg/dL vs. 12.0 (5.4-19.4) mg/dL, p < 0.001) and CAC score (1 (0-2) vs. 0
(0-1), p = 0.001), and had lower use of any anticoagulant (57 patients (82.6%) vs. 229 patients (90.9%),
p = 0.078), than those without. In the adjusted logistic regression, CRP, myocardial injury, CCI and
CAC score were positive independent predictors of mortality, whereas anticoagulants resulted as
a protective factor. Myocardial injury in COVID-19 patients is associated with inflammation and
coagulopathy, resulting in a worse in-hospital prognosis. Treatment with anticoagulant agents may
help to improve in-hospital outcomes.
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1. Introduction

Coronavirus disease 2019 (COVID-19) is an infectious disease caused by the severe
acute respiratory syndrome coronavirus-2 (SARS-CoV-2), representing a significant threat
to health worldwide [1]. The fast spread of this disease at pandemic level has overloaded
hospitals, generating important efforts to understand its pathophysiology in order to
improve its prognosis. Although the primary target of the SARS-CoV-2 is the respiratory
system, it could potentially affect many other systems [2]. The relationship between
COVID-19 and the cardiovascular system is currently under investigation. It is known
that a certain degree of myocardial injury, defined as blood elevated levels of cardiac
biomarkers (e.g., Troponin I), can be present and that it may be related to the severity of
the disease [3-7]. However, the mechanism of myocardial injury caused by COVID-19
is unknown.

The main objective of this study was to investigate the association between the myocar-
dial injury, inflammation and coagulopathy in COVID-19 patients, analyzing in particular
its impact on in-hospital mortality.
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2. Materials and Methods
2.1. Study Design and Participants

This is a retrospective registry of all the consecutive subjects tested for COVID-19
disease in the University Hospital Clinic de Barcelona, a tertiary referral hospital affiliate
to the University of Barcelona. In this specific study, we included all patients with a
laboratory-confirmed SARS-CoV-2 infection (polymerase chain reaction test of respiratory
samples) who had a troponin determination during hospitalization. The high-sensitivity
cardiac troponin I (hs-cTnl) measurement determination was performed under the clinical
judgment of each treating physician. However, the employed clinical protocol in that
period recommended the measurement of hs-cTnl for patient prognosis stratification at the
patient admission. This retrospective study was conducted from 15 March to 30 April 2020.
This study was approved by the Ethics Committee of our Institution and complies with
local regulations and internationally established principles of the Declaration of Helsinki.
Given the registry’s anonymous characteristics and the health alarm situation generated by
the COVID-19 pandemic, written informed consent was waived.

2.2. Data Collection

The following variables were collected: demographic baseline characteristics, COVID-
19 symptoms, comorbidities, laboratory findings during hospitalization (including cardiac
biomarkers highest values, C-reactive protein (CRP) highest value, D-dimer highest value,
prothrombin time (PT) highest value in seconds, platelets lowest value and fibrinogen
lowest value), intensive care unit admission (ICU), treatment (drugs including vasoactive
agents and anticoagulation, invasive mechanical ventilation), in-hospital complications
and outcome. All data were independently reviewed and entered into a computerized
database (V.A. and J.J.R.). Patients were classified according to myocardial injury, defined
as blood levels of high-sensitivity cardiac troponin I (hs-cTnl) above the 99th percentile
upper reference limit according to the fourth universal definition of myocardial infarction
of 2018 [8]. Hs-cTnl levels have been measured using Siemens Healthineers high-sensitivity
troponin I assay.

Charlson Comorbidity Index (CCI) was used to assess patient’s comorbidities. CCI is
a validated index for predicting life expectancy at ten years, depending on the age at which
it is evaluated and on the subject’s comorbidities [9].

Regarding in-hospital complications, we recorded the following: acute coronary
syndrome (ACS), stroke, deep venous thrombosis (DVP), pulmonary embolism (EP), major
bleeding, red blood cell transfusion and serious cardiac arrhythmias.

2.3. Definitions

COVID-19-associated coagulopathy (CAC) was assessed using International Society
on Thrombosis and Hemostasis (ISTH) interim guidance for recognition and management
of CAC, which allows to identify patients with coagulation activation and to estimate the
severity of coagulopathy. This scoring system considers the following variables:

1.  Prolonged PT at least 25%,

2.  Platelets count lower than 100 x 109/L,

3.  Fibrinogen lower than 2 g/dL,

4.  Increased D-dimer more than four times the normal value (500 ng/mL) [10].

The score can go from zero, in a patient without any of these features, up to four, when
all the above-mentioned are met.

The anticoagulant treatment included unfractionated heparin (UFH), low-molecular-
weight heparin (LMWH), direct oral anticoagulants (DOACs) or vitamin K antagonists
(VKA). If the patient received at least one dose of anticoagulant treatment, they were
included in the anticoagulant treatment group. Patients were categorized as being on
prophylactic anticoagulation if on subcutaneous UFH, or LMWH once daily, or apixa-
ban (2.5 mg twice a day or 5 mg daily in patients < 75 years) were administered. The
anticoagulation therapeutic regimen was defined as one of the following: continuous
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intravenous infusions of UFH, high-dose LMWH (specifically enoxaparin 1 mg/kg twice
daily or 1.5 mg/kg daily), apixaban 5 mg twice daily, rivaroxaban or dabigatran. For
patients > 75 years, apixaban was considered therapeutic at lower doses: at 2.5 mg twice a
day or 5 mg once a day.

Myocardial infarction was defined according to the fourth universal definition [8].
Major bleeding was defined as a type 3 of the Bleeding Academic Research Consortium
(BARC) or higher [11]. Serious cardiac arrhythmias were defined as: bradycardia requiring
intravenous medication or pacemaker, supraventricular tachycardia requiring intravenous
medication or cardioversion, or ventricular tachycardia requiring intravenous medication
or cardioversion.

2.4. Statistical Analysis

Continuous variables are presented as mean =+ standard deviation (SD), or as median
and interquartile range (IQR), as appropriate. Categorical variables are reported as absolute
numbers and percentages. Differences in percentages of categorical variables were com-
pared between groups with Chi-square test or Fisher’s exact test. Differences in continuous
variables were compared with a Student’s t-test or Mann-Whitney U test, as appropriate.
Two logistic regression analyses were performed to determine the predictors of myocardial
injury and in-hospital all-cause mortality. In the first, the following variables were entered:
sex, CCI score, CRP highest blood level, CAC score and any in-hospital anticoagulant
treatment; in the second, the same variables as above and presence of myocardial injury
were entered. These variables were used because they have been associated with prognosis
of COVID-19 patients in previous studies [5,10,12-16].

All p-values reported are two-sided, and a two-sided probability value < 0.05 was
considered statistically significant. All data were processed using the Statistical Package
for Social Sciences, version 25.0 (SPSS Inc., Chicago, IL, USA).

3. Results
3.1. Baseline Characteristics

A total of 705 subjects were tested for COVID-19 from 15 March to 30 April 2020.
Results of the PCR test were missing in 2 patients and were negative in 233. Out of the
positive patients, only 331 have a determination of hs-cTnl during hospitalization and they
were eventually entered in this analysis. Myocardial injury, defined as at least one value of
hs-cTnl above the 99th percentile upper reference limit, was detected in 72 patients (21.8%)
(Figure 1). The median (IQR) time from the beginning of symptoms to Hs-cTnl peak was
7.0 (3.0-13.0) days in the patients with myocardial injury.

Patients with myocardial injury were older, more frequently male and with higher
incidence of hypertension, diabetes, cardiovascular disease and a higher CCI score com-
pared with patients without (Table 1). Baseline medication and symptoms are shown in
Supplementary Tables S1 and S2, respectively. More than a half of the patients (56.2%)
referred dyspnea before hospital admission.

In particular, during hospitalization, a larger number of patients without myocardial
injury were under anticoagulant treatment than those with (88.4% vs. 79.2%, p = 0.051).
In-hospital treatment, including cardiovascular medication and specific drugs used in
COVID-19 treatment, are listed in Supplementary Table S3.

3.2. Inflammation and Coagulopathy

CRP was higher in patients with myocardial injury (18.3 (9.6-25.9) mg/dL vs. 12.0
(5.4-19.4), p = 0.001) than in those without. Patients with myocardial injury had lower levels
of hemoglobin and lower counts of lymphocytes and platelets, compared with patients
without. Moreover, they also had higher values of D-dimer (median (IQR) mg/dL, 4250
(1500-8600) mg/dL vs. 1700 (800—4300) mg/dL) and longer PT (14.7 (13.4-17.3) seconds
vs. 13.1 (12.3-14.0) seconds) as compared to those without. The peak creatinine levels
were significantly higher in patients with myocardial injury compared to those without
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(2.02 mg/dL (1.32-3.69) vs. 0.95 mg/dL (0.77-1.19); p = 0.001). Besides, NT-proBNP levels
were also significantly higher in patients with myocardial injury (Table 2).

I 705 patients hospitalized with suspected COVID-19 |

\ 4

2 patients without RT-PCR

A 4
I 703 patients with RT-PCR for SARS-CoV-2 performed

> 233 patients with negative RT-PCR

A 4
I 470 patients with positive RT-PCR |
o8 139 patients without hs-cTnl
7 determination
. 2
I 331 patients with hs-cTnl determination |
Y
72 patients with myocardial injury 259 patients without myocardial injury
(21.8%) (78.2%)

Figure 1. Flowchart of participant selection.

Table 1. Baseline characteristics. In-hospital anticoagulation.

Myocardial Injury
With Without p-Value
(n=172) (n = 259)

Characteristic
Age (years), mean £ SD 75+ 11 61 £17 0.001
Male sex, 1 (%) 50 (69.4) 145 (56.0) 0.043
BMI, median (IQR) 28.6 (25.8-30.4) 27.0 (24.2-29.8) 0.071
Current smoker, 1 (%) 2 (2.8) 7(2.7) 1.000
Diabetes, 1 (%) 28 (38.9) 39 (15.1) 0.001
Hypertension, n (%) 54 (75.0) 107 (41.3) 0.001
Hypercholesterolemia, 1 (%) 33 (45.8) 70 (27.0) 0.004
Chronic kidney disease, 1 (%) 34 (47.2) 35 (13.5) 0.001
Hemodialysis, 1 (%) 4 (5.6) 2(0.8) 0.022
Atrial fibrillation, # (%) 7(9.7) 13 (5.0) 0.161
Previous stroke or TIA, n (%) 10 (13.9) 6(2.3) 0.001
Previous AMI, n (%) 11 (15.3) 8(3.1) 0.001
Previous PCI, n (%) 14 (19.4) 10 (3.9) 0.001
Previous CABG, n (%) 4 (5.6) 2(0.8) 0.022
Previous PVD, n (%) 5(16.7) 2(2.2) 0.001
Previous COPD or Asthma, 1 (%) 11 (15.3) 32 (12.4) 0.553
Previous pneumonia, 1 (%) 3(4.2) 3(3.5) 0.732
Previous heart failure, n (%) 12 (16.7) 10 (3.9) 0.001
Previous bleeding 9 (12.5) 9 (3.5) 0.006
LVEE, mean + SD 53+9 57 £38 0.106
Previous PE, n (%) 2(2.8) 3(1.2) 0.299
Active cancer, 1 (%) 10 (13.9) 12 (4.6) 0.013
Organ transplant, 1 (%) 3(4.2) 9 (3.5) 0.728
Charlson Comorbidity Index, 5 (4-7) 2 (1-4) 0.001

median (IQR)
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Table 1. Cont.
Myocardial Injury
With Without p-Value
n=72) (n = 259)
Anticoagulation

Any anticoagulants, n (%) 57 (79.2) 229 (88.4) 0.051

LMWH 58 (81.0) 225 (87.0) 0.178

DOAC 0 4(1.5) 0.580

Prophylactic indication 46 (80.7) 203 (88.6) 0.001

AMI, acute myocardial infarction; BMI, body mass index; CABG, coronary artery bypass graft; COPD, chronic
obstructive pulmonary disease; DOAC, direct-acting oral anticoagulants; IQR, interquartile range; LMWH, low-
molecular-weight heparin; LVEF, left ventricular ejection fraction; PCI, percutaneous coronary intervention; PE,
pulmonary embolism; PVD, peripheral vascular disease I; SD, standard deviation; TIA, transient ischemic accident.

Table 2. Biomarkers.

Myocardial Injury
Biomarkers With Without p-Value

(n=72) (n = 259)
NT-ProBNP (pg/mL), Median (IQR) @ 3009 (1288-4523) 409 (156 —1486) 0.001
Hemoglobin (g/L), Median (IQR) b 105 (84 -119) 121 (109 -134) 0.001
Creatinine (mg/dL), Median (IQR) ? 2.02 (1.32-3.69) 0.95 (0.77-1.19) 0.001
Lymphocytes (109/L), Median (IQR) b 0.3 (0.2-0.5) 0.65 (0.40-1.0) 0.001
CRP (mg/dL), Median (IQR) @ 18.3 (9.6-25.9) 12.0 (5.4-19.4) 0.001
Creatinine (mg/dL), Median (IQR) » 2.02 (1.32-3.69) 0.95 (0.77-1.19) 0.001

Thrombotic biomarkers
D-dimer (ng/mL), Median (IQR) @ 4250 (1500-8600) 1700 (800—4300) 0.001
PT (segundos), Median (IQR) ? 14.7 (13.4-17.3) 13.1 (12.3-14.0) 0.001
Platelets (109/L), Median (IQR) P 138 (95-189) 171 (134-215) 0.001
Fibrinogen (g/L), Median (IQR) b 3.40 (2.4-6.0) 4.0 (2.8-5.8) 0.512
CAC

CAC score, median (IQR) 1(0-2) 0 (0-1) 0.001

CAC 0 feature, n(%) 20 (27.8) 131 (50.6)

CAC 1 feature, n(%) 25 (34.7) 103 (39.8)
CAC 2 feature, n(%) 19 (26.4) 21 (8.1) 0.001

CAC 3 feature, n(%) 5(6.9) 3(1.2)
CAC 4 feature, n(%) 3(4.2) 1(0.4)

CAC, COVID-19-associated coagulopathy; CRP, C-reactive protein; hs-cTnl, high-sensitivity troponin; PT, pro-
thrombin time. a corresponds to the highest value recorded during admission. b corresponds to the lowest
value recorded during admission. Hs-cTnl, high-sensitivity cardiac Troponin I; RT-PCR, reverse transcription
polymerase chain reaction.

The CAC score was higher in patients with myocardial injury (1 (0-2) vs. 0 (0-1),
p = 0.001), with at least one parameter of CAC in 72.2% of the patients with myocardial
injury vs. 49.4% of the patients without. A higher CAC score was associated with higher
rates of ICU admission, mechanical ventilation and all-cause mortality (Figure 2).

Independent predictors of myocardial injury at logistic regression analysis were CCI
score (OR: 1.550, CI: 1.363-1762, p < 0.001), CRP (OR: 1.059, CI: 1.023-1.097, p = 0.001) and
CAC score (OR: 2.085, CI: 1.447-3.005, p < 0.001), while the treatment with anticoagulants
resulted as a protective factor (OR: 0.204, CI: 0.077-0.540, p = 0.001).

3.3. In-Hospital Outcomes

Overall, patients with myocardial injury showed higher incidence of in-hospital events
and higher all-cause mortality (48 (66.7%) vs. 25 (9.7%), p < 0.001) as compared to patients
without (Table 3).
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Figure 2. Incidence of mortality, ICU (intensive care unit) admission and mechanical ventilation in
patients grouped according to their CAC (COVID-19-associated coagulopathy) score. Higher CAC
scores were associated to higher ICU admission rates, higher invasive mechanical ventilation and
higher mortality.

Table 3. In-hospital days, ICU treatment and outcomes.

Myocardial Injury
With Without p-Value
(n=72) (n = 259)
Hospitalization days, mean + SD 153 + 129 15.85 +£9.0 0.751
Need for ICU, n (%) 25 (34.7) 58 (22.4) 0.046
UCI days, mean & SD 125 £9.6 79+£53 0.032
Invasive mechanical ventilation, 1 (%) 21 (29.1) 21 (8.1) 0.001
Need for vasoactive drugs, 1 (%) 20 (27.8) 29 (11.2) 0.001
Need for IMV, 1 (%) 4 (5.6) 5(1.9) 0.107
ACS, n (%) 10 (13.9) 0
NSTEMI 8 (11.1) 0 0.001
STEMI 2(2.8) 0

Stroke, 1 (%) 0(0) 1(0.4) 1.000

Ischemic 0 1(0.4)
DVT, n (%) 2(2.8) 2(0.8) 0.207
PE, n (%) 34.2) 14 (5.4) 1.000
Bleeding, 1 (%) 8(11.1) 3(1.2) 0.001
Red blood cell transfusion, n (%) * 18 (25) 6 (2.3) 0.001
Cardiac arrhythmias, n (%) ** 8 (11.1) 0(0) 0.001
All-cause mortality, 1 (%) 48 (66.7) 25(9.7) 0.001

ACS, acute coronary syndrome; DVT, deep-vein thrombosis; IMV, invasive mechanical ventilation; NSTEMI, non-
ST elevation myocardial infarction; PE, pulmonary embolism; STEMI, ST elevation myocardial infarction. * Need
for transfusion of red blood cell concentrates. ** All cases corresponded to atrial fibrillation or supraventricular
tachycardia with need for intravenous medication.

During the in-hospital stay, 10 patients in the group of myocardial injury developed an
ACS (6 of them had myocardial injury before the ischemic event), 2 ST-elevation myocardial
infarction (STEMI) cases and 8 non-ST-elevation myocardial infarction (NSTEMI). Both
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cases of STEMI underwent thrombolysis with inadequate response and death before
catheterization (Supplementary Table S4).

At logistic analysis, CCI score (OR: 1.469, CI: 1.265-1.705, p < 0.001), CRP (OR: 1.094,
CI: 1.051-1.139, p < 0.001), CAC score (OR: 1.589, CI: 1.056-2.390, p = 0.026) and myocardial
injury (OR: 6.398, CI: 2.999-13.649, p < 0.001) were independent predictors of in-hospital
mortality, whereas therapy with anticoagulants resulted as a protective factor (OR: 0.152,
CI: 0.05-0.458, p = 0.001).

4. Discussion

The main findings of our analysis were: (1) myocardial injury is present in up to 21.8%
of patients with COVID-19 admitted to the hospital, (2) it is associated with activation of
inflammation and coagulopathy, with a higher in-hospital mortality, and (3) anticoagulant
treatment may be related with lower incidence of myocardial injury and mortality.

In patients with COVID-19, myocardial injury is part of the currently known multi-
system affectation, and it has demonstrated an impact on the prognosis [4-7,17]. The
incidence of myocardial injury varies between studies, depending on the sample and
characteristics of the included patients. A review of 26 studies including 11,685 patients
showed a weighted pooled prevalence of myocardial injury of 20% (ranged from 5% to
38% depending on the criteria used in the analysis) [7], which is in line with our analysis.
In our study, the excluded patients (1 = 139, because of absence of hs-cInl determination)
were probably considered at very low risk of adverse events by their treating physician.
Ultimately, they exhibited a good prognosis with a mortality rate of 2.9%.

The pathophysiology and pathways that conduct to the myocardial injury in COVID-
19 patients are still unknown. One of the proposed mechanisms is related to the angiotensin-
converting enzyme (ACE) 2 receptor, which has been postulated as the host cellular receptor
for virus spike (S) protein. The ACE2 receptors are highly expressed in adult human hearts
and endothelial cells, indicating an intrinsic susceptibility of heart and blood vessels to a
direct invasion of SARS-CoV-2 [18,19]. In our analysis, we have found interplay between
myocardial injury, inflammation and thrombosis, which may help to explain the cause of
myocardial injury.

It is known that inflammation is an essential mechanism in the pathophysiology
of COVID-19, and that an exacerbated inflammatory response could lead to pulmonary
and systemic consequences. This inflammatory environment is evidenced by elevated
biomarkers such as CRP, ferritin and interleukin 6 (IL-6) [20,21]. We found in our study that
higher levels of CRP are significantly related to worse progression of the disease, including
higher troponin levels, myocardial injury development and all-cause mortality.

Inflammation is also closely related to the development of coagulopathy and a resul-
tant pro-thrombotic state. The activation of thrombosis due to inflammation has many
pathways, including: a higher expression of tissue factor in response to IL-6, excessive com-
plement activation or neutrophil extracellular traps (NETs) [22]. The pro-thrombotic state
with generation of thrombi in the macro- and micro-circulation is another potential cause
of myocardial injury in COVID-19 patients [7,19,23]. All of these coagulation disturbances
were described under the denomination of CAC.

In the context of CAC, increased D-dimer and prolonged PT have been more frequently
found in critically ill COVID-19 patients and represent a marker of poor prognosis [10,24—
26]. In addition to these prior observations, we provide an interesting relationship between
CAC and myocardial injury. CAC score was indeed an independent predictor of myocardial
injury and subsequent worse prognosis. All of these findings may strongly support a key
role of coagulopathy in the COVID-19 cardiac involvement.

Given all this background, treatment of coagulopathy may be beneficial for these
patients. Available evidence from observational studies has shown that the use of heparin,
LMWH or UFH, with prophylactic or therapeutic dose, was associated with lower mortality
in COVID-19 patients [27,28]. A recent randomized phase II clinical trial contributes to
this evidence, showing an improvement in the gas exchange, reduced D-dimer levels and
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a higher ratio of successful weaning from mechanical ventilation after respiratory failure
with a therapeutic dose of heparin rather than a prophylactic dose [29].

In our study, we indeed found a protective value of any anticoagulant treatment in
terms of all-cause death. LMWH was the main anticoagulant treatment used, and it may
have prevented micro-thrombi generation in the cardiac and pulmonary circulation. Of
note, it is also the anti-inflammatory property of the LMWH [29,30]. Heparin has also been
implicated in binding to COVID-19 S proteins as well as downregulating IL-6 [31]. The
potential benefit of anticoagulation treatment is hypothesis-generating, and it should be
studied in controlled and randomized trials with a larger number of patients to demonstrate
a real effect in prognosis.

5. Limitations

This study has some limitations that should be acknowledged. First, it is a retrospec-
tive study based on the review of medical reports, and there could be a selection bias
because biomarkers were not measured in all patients, but in some based on the criterion
of the treating physician. Second, echocardiographic evaluation was performed only in the
highly selected cases (4.2%) during hospitalization and precluded to relate the biomarkers
findings with potential impairments of ventricular function. Nevertheless, due to the
center’s policies, complementary tests were performed only in selected cases to reduce the
risk of healthcare professional exposition. Third, due the several differences in baseline
characteristics, the effect of persistent confounders cannot be ruled out. Fourth, the timing
relationship between the hs-cTnl peak and the start of anticoagulation was not assessed.

6. Conclusions

Myocardial injury is a frequent finding in hospitalized COVID-19 patients, and it is
associated with the presence of higher levels of inflammatory and coagulopathy biomarkers,
being a strong independent predictor of in-hospital mortality. Treatment with anticoagulant
agents, using prophylactic or therapeutic doses, may help to reduce myocardial injury and
in-hospital mortality.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/article/
10.3390/jcm10102096 /51, Table S1: Baseline medication; Table S2: Symptoms; Table S3: In-hospital
treatment; Table S4: Myocardial infarction during hospitalization.
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