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ORIGINAL ARTICLE

Myocardial injury and cardiovascular complications in
COVID-19: a cohort study in severe and critical patients

ABSTRACT

Objective: To characterize myocardial
injury and cardiovascular complications
and their predictors in severe and critical
COVID-19 patients admitted to the
intensive care unit.

Methods: This was an observational
cohort study of severe and critical
COVID-19 patients admitted to the
intensive care unit. Myocardial injury
was defined as blood levels of cardiac
troponin above the 99th percentile upper
reference limit. Cardiovascular events
considered were the composite of deep
vein thrombosis, pulmonary embolism,
stroke, myocardial infarction, acute limb
ischemia, mesenteric ischemia, heart
failure and arrhythmia. Univariate and
multivariate logistic regression or Cox
proportional hazard models were used to
determine predictors of myocardial injury.

Results: Of 567 patients with severe
and critical COVID-19 admitted to the
intensive care unit, 273 (48.1%) had
myocardial injury. Of the 374 patients
with critical COVID-19, 86.1% had
myocardial injury, and also showed

more organ dysfunction and higher
28-day mortality (56.6% versus 27.1%,
p < 0.001). Advanced age, arterial
hypertension and immune modulator
use were predictors of myocardial injury.
Cardiovascular complications occurred
in 19.9% of patients with severe and
critical COVID-19 admitted to the
intensive care unit, with most events
occurring in patients with myocardial
injury (28.2% versus 12.2%, p < 0.001).
The occurrence of an early cardiovascular
event during intensive care unit stay was
associated with higher 28-day mortality
compared with late or no events (57.1%
versus 34% versus 41.8%, p = 0.01).

Conclusion: Myocardial injury
and cardiovascular complications were
commonly found in patients with
severe and critical forms of COVID-19
admitted to the intensive care unit, and
both were associated with increased
mortality in these patients.
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INTRODUCTION

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), which
can lead to coronavirus disease 2019 (COVID-19), spread rapidly worldwide
and was declared a pandemic by the World Health Organization (WHO)
on March 11, 2020.% Globally, as of February 11, 2022, there had been
404,910,528 confirmed cases of COVID-19, including 5.783.776 deaths,
reported to the WHO. As of February 7, 2022, a total of 10,095,615,243
vaccine doses had been administered. SARS-CoV-2 is an RNA virus of the
Coronaviridae family that can affect several organs, including the respiratory
system, kidneys, gastrointestinal system and cardiovascular system.??
COVID-19 has an incidence of approximately 15% of symptomatic cases and
includes patients with pneumonia and hypoxemia needing hospitalization.
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In 5% of cases, there is a severe or critical form with
respiratory failure requiring ventilatory support or shock
and other complications, such as coagulopathy, thrombotic
complications, bleeding, cytokine release syndrome, shock,
and multiple organ dysfunction.” Genetic variants of SARS-
CoV-2 have emerged and circulated in different parts of the
world since the beginning of the COVID-19 pandemic.
However, toward the end of 2020, several novel variants with
superior transmission potential and infectivity were reported,
which are associated with a severe form of the disease. Some
of the variants possess superior transmission potential,
altered pathogenesis and disease severity and are linked to
the rapid increase in COVID-19 cases and associated with
hospitalization and higher mortality. Currently, the Omicron
variant is the variant of concern. Data show that it spreads
more easily than other variants and is less severe in general.
However, a surge in cases may lead to significant increases
in hospitalization and death. Additional data are needed to
fully understand the severity of illness and death associated
with this variant.©

The cardiovascular system is broadly affected by
SARS-CoV-2 infection, both directly and indirectly.
SARS-CoV-2, like other coronaviruses, uses angiotensin-
converting enzyme 2 (ACE2) for cell entry.“>”"V Direct viral
infection and indirect injury resulting from inflammation,
endothelial activation, and microvascular thrombosis occur
in COVID-19. A fifth to a third of hospitalized patients
have evidence of myocardial injury, defined as high cardiac
troponin (cTn) levels at admission.®*>*% In severe cases,
SARS-CoV-2 progresses from ACE2-dependent alveolar
damage and hypoxia to systemic inflammatory response
syndrome, acute respiratory distress syndrome (ARDS),
and an exaggerated release of cytokines. The result can be a
myocardial supply and demand imbalance, plaque rupture,
and thrombosis due to procoagulant states.

It seems that the extent of cardiovascular injury
is determined by the amount of viral inoculum,
the magnitude of the host immune response, and
comorbidities. The complications and lethality rates of
COVID-19 vary in different countries, and the impact
of myocardial injury and cardiovascular complications
on outcomes is not well defined."” We hypothesized
that the presence of myocardial injury and cardiovascular
complications could be related to the severity of the
inflammatory response and other organ dysfunction and
would impact outcomes. We aimed to characterize severe
and critical COVID-19 cases with myocardial injury and
cardiovascular complications as well as the predictors of
their development.
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METHODS

This single-center, observational cohort study was
performed at the Hospital de Base of Sao José do Rio Preto
City, Sao Paulo, Brazil, a tertiary university hospital and
designated center for treating patients with COVID-19.

A retrospective analysis was performed of data collected
from March 25, 2020, to November 24, 2020, from all
consecutive patients with suspected COVID-19 admitted to the
intensive care unit (ICU). The study was approved by the local
Institutional Review Board (CAAE: 31725720.2.0000.5415)
and followed the Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines.

The primary objectives were to investigate the proportion
of myocardial injury and cardiovascular complications
in severe and critical patients with COVID-19 and their
characteristics and predictors. The secondary objectives
were to study clinical and laboratory findings, particularly
inflammatory markers, in severe and critical COVID-19
patients with myocardial injury and cardiovascular
complications. Severe COVID-19 patients were those with
clinical signs of pneumonia and one of the following criteria:
respiratory rate > 30 breaths/minute, severe respiratory
distress, and/or oxygen saturation (SpOz) < 90% in room air.
The critical COVID-19 patients were those with ARDS or
respiratory failure requiring ventilation, sepsis, or septic shock.®

The inclusion criteria were patients admitted to the ICU,
over 18 years old, with confirmed SARS-CoV-2 infection
by a positive result on polymerase chain reaction (PCR)
testing of a nasopharyngeal sample and who met the defined
criteria for severe and critical disease. Suspected cases of

COVID-19 with negative tests were excluded (Figure 1).

Data collection

Patients’ electronic medical records were reviewed by trained
physicians. Patient data included demographic characteristics,
comorbidities, clinical data, vital signs, laboratory tests,
type and length of time using organ support (mechanical
ventilation, dialysis support, vasoactive drugs), and treatment
measures (heparin, corticosteroids, antivirals, antibiotics, and
immune therapy). The Simplified Acute Physiology Score
3 (SAPS 3) was performed upon ICU admission, and the
Sequential Organ Failure Assessment (SOFA) was performed
within the first three days in the ICU.7'®

The following laboratory tests were performed
according to the ICU routine: high-sensitivity troponin
T (hs-TnT), C-reactive protein (CRP), procalcitonin,
D-dimer, liver enzymes, creatinine, creatine kinase (CK),
total leukocytes, and platelet and lymphocyte counts.
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The radiologic assessment included chest radiography
and computed tomography or chest angiotomography.
Myocardial injury was defined as blood levels of cardiac
troponin (cTn) above the 99th percentile upper reference
limit (URL) on hs-TnT measured with the fifth
generation Elecsys troponin T STAT assay (Roche, Basel,
Switzerland) upon ICU admission. Levels > 14ng/L were
considered elevated, regardless of new abnormalities on
electrocardiography or echocardiography. Myocardial
injury was considered acute if there was a rise and/or fall of
cTn values, according to the Fourth Universal Definition
of Myocardial Infarction (2018)."? Cardiovascular events
considered were the composite of deep vein thrombosis
(DVT), pulmonary embolism (PE), stroke, myocardial
infarction (MI), acute limb ischemia (inferior or superior),
mesenteric ischemia, heart failure (HF), and arrhythmia
(supraventricular [atrial flutter, atrial fibrillation, atrial
tachycardia], ventricular [ventricular tachycardia, ventricular
fibrillation], or atrioventricular block).

The occurrence of cardiac complications during
hospitalization was determined according to the European
Society of Cardiology (ESC) diagnostic criteria for HE®?
acute coronary syndrome,?"” DVT, and PE.®» The
American College of Cardiology (ACC)/American Heart
Association (AHA)/Heart Rhythm Society (HRS) 2006
key data elements and definitions for electrophysiological
studies and procedures were used for arrythmias.®® We
also used the ACC/AHA 2019 stroke guidelines®” and the
European Society for Vascular Surgery (ESVS) 2020 limb
ischemia guidelines.® All patients were followed up until
discharge or death. The 28-day mortality after COVID-19

was assessed.

Statistical analysis

Categorical data are presented as absolute numbers
and percentages, and continuous variables are presented as
medians and interquartile ranges (25" and 75" percentiles).
Continuous variables were compared using the nonparametric
Mann-Whitney U test. Chi-square or Fisher’s exact tests were
used to compare categorical variables.

Univariate and multivariate logistic regression models
(enter elimination method) were used to determine
predictors of myocardial injury in severe and critical patients
admitted to the ICU because of COVID-19. The models
were adjusted for age (> 60 years), sex (reference: male), body
mass index (BMI; kg/m?), coexisting conditions (number of
coexisting conditions; reference: no coexisting condition),
arterial hypertension (AH), coronary artery disease (CAD),
HE, asthma, chronic obstructive pulmonary disease
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(COPD), chronic kidney disease (CKD), cirrhosis, immune
modulator use, diabetes, obesity (BMI: 30 to < 40kg/m?),
morbid obesity (BMI = 40kg/m?), and SOFA score (highest
value within the first three days after ICU admission). The
odds ratio (OR) and 95% confidence intervals (95%CI)
were calculated for predictors.

Univariate and multivariate Cox proportional
hazard models (enter elimination method) were used to
determine predictors of cardiovascular events and 28-day
mortality. The models were adjusted for demographics,
coexisting conditions, risk score, laboratory tests (highest
value within the first three days after ICU admission),
glucocorticoid use, clinical outcomes, and cardiovascular
events after COVID-19. Demographics included the
following: age > 60 years, sex (reference: male), body
mass index (BMI; kg/m?), and baseline Chronic Kidney
Disease Epidemiology Collaboration (CKD-EPI) < 60mL/
min/1.73m?. Coexisting conditions included the following:
number of coexisting conditions (reference: zero), AH,
CAD, HF asthma, COPD, CKD, cirrhosis, immune
modulator use, diabetes, obesity (30 to < 40kg/m?),
and morbid obesity (= 40kg/m?). The SOFA score was
recorded as the highest value within the first three days
after ICU admission. Glucocorticoid treatment included
dexamethasone, methylprednisolone, and hydrocortisone.
Clinical outcomes were as follows: acute kidney injury
(AKI) based on kidney disease defined by the Kidney
Disease: Improving Global Outcomes (KDIGO) criteria
(within the first three days in the ICU), renal replacement
therapy, mechanical ventilation, and bloodstream infection.
Cardiovascular events included the following: number
of cardiovascular events (no cardiovascular event, one
cardiovascular event, > 2 cardiovascular events; reference:
no cardiovascular event), type of first cardiovascular event
(no cardiovascular event, venous event, arterial event or
HF and arrhythmia event; reference: no cardiovascular
event), time from ICU admission to the cardiovascular
event (days) (no cardiovascular event, early event [within
the first week after ICU admission], late event [> 7 days
after ICU admission]; reference: no cardiovascular event).

All variables included in the multivariate regression
models were tested for multicollinearity using the variance
inflation factor.

Patients who did not have any lab tests collected in the
first three days after ICU admission were inferred to have
had normal tests.

Cardiovascular events were divided into two groups: the
early event group (occurring within the first week in the ICU)
and the late event group (occurring after > 7 days in the ICU).



The purposeful selection process began with a univariate
analysis of each of the variables above. Any variable having
a univariate test with a p value < 0.10 was selected as a
candidate for the multivariate analysis. Because of the large
number of variables and to maintain the 1 in 10 rule (one
predictive variable studied for every 10 events), after choosing
the variables with p values < 0.10, we selected the highest
values obtained in the Wald test to create the multivariate
Cox proportional hazard model. The hazard ratio (HR) and
95%CI were calculated for predictors.

Cumulative survival graphics (Kaplan-Meier) were
constructed to demonstrate differences in early event-free
survival (all-cause 28-day mortality) according to myocardial
injury development and the time to cardiovascular event
(early or late).

The data were analyzed using the Statistical Package
for Social Sciences (SPSS), version 26 (IBM Corporation,
Armonk, NY). The p values < 0.05 were considered statistically
significant (two-tailed).

RESULTS

Of 1,200 consecutive patients with suspected COVID-19
admitted to the COVID-19 ICU, 567 patients with
confirmed severe and critical forms of COVID-19

Figure 1 - Study cohort.

ICU - intensive care unit.
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were included in the analysis (Figure 1). Table 1S
(Supplementary material) presents the baseline characteristics
of the included patients. The median age was 59 (48 - 71)
years, and 324 patients (57.1%) were male. Among these
patients, AH (56.1%) and diabetes (35.1%) were the
most common coexisting conditions, and 7.9% and
4.1% had CAD and chronic HE respectively (Table 1S -
Supplementary material).

Over a period of 8 months, of the 567 patients with
severe and critical forms of COVID-19, 273 patients
(48.1%) had myocardial injury (Table 1S - Supplementary
material). Of the 374 critical form patients (66%) with
COVID-19, 235 patients (86.1%) had myocardial injury
(Table 2S - Supplementary material). Patients with
myocardial injury had higher SOFA and SAPS 3 scores
on admission; 9 (6 - 12) versus 3 (3 - 7) and 65 (51 - 76)
versus 44 (39 - 52), respectively. Compared with patients
without myocardial injury, patients with myocardial
injury were older (67 [56 - 76] years v versus 52 [42 - 63]
years; p < 0.001). Moreover, coexisting conditions,
including AH (71.8% versus 41.5%), diabetes (42.9%
versus 27.9%), CAD (12.1% versus 4.1%), and CKD
(9.5% versus 2.4%), were present more often among
patients with myocardial injury (all p < 0.001) (Table 1S -
Supplementary material).
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In the assessment of laboratory results, patients with
myocardial injury more frequently presented with
procalcitonin > 2.0ng/mL (20.5% versus 3.7%, p < 0.001),
lymphopenia (lymphocytes < 600 per mm? (48.7% versus
29.9%, p < 0.001)), and D-dimer > 0.50ug/mL (97.4%
versus 89.1%, p < 0.001) than patients without acute
myocardial injury (Table 2S - Supplementary material).
The prevailing course of the serum levels of CRE, procalcitonin,
and D-dimer persisted elevated in the first 72 hours more
frequently in the group with myocardial injury. At the same
time, lymphocytes and platelets were lower and persisted
at significantly lower counts than in patients without
myocardial injury (Table 3S - Supplementary material).

Drugs used in the ICU, supportive therapy, and patient
outcomes in both groups are shown in table 3S (Supplementary
material). Patients with myocardial injury were mostly admitted
to the ICU less than 12 hours after hospital admission (63.7%
versus 46.9%), had more organ dysfunction on Days 1, 2,
and 3, as reflected by higher SOFA scores, more frequently
had renal failure upon ICU admission (54% versus 14.4%,
p <0.001), had a greater need for renal replacement therapy
(30% wersus 11.2%) and mechanical ventilation (85% wversus
46.9%), and remained in the ICU longer (12 [6 - 20] days
versus 9 [5 - 16] days) (Table 3S - Supplementary material).

The 28-day mortality was higher among patients with
myocardial injury than among patients without myocardial
injury (56.6% versus 27.1%, p < 0.001), as shown in table
1 and the Kaplan—Meier survival curves in figure 2.

Among the variables tested, age > 60 years (OR 3.10;
95%CI 2.06 - 4.67), AH (OR 2.36; 95%CI 1.56 - 3.59),
immune modulator use (OR 4.60; 95%CI 1.20 - 17.74),
and SOFA score (OR 1.27; 95%CI 1.20 - 1.34) were
independently associated with myocardial injury in the
multivariate analysis.

Cardiovascular complications occurred in 113 of the 567
patients (19.9%) with severe and critical forms of COVID-19,
with most events occurring in patients with myocardial injury
(28.2% wversus 12.2%, p < 0.001) and early (within the first
week after ICU admission, 12%) versus late (more than seven
days after ICU admission, 7.9%) (p < 0.001). Arrhythmias
(6.5%), PE (6.3%), and DVT (4.2%) were the most frequent
cardiovascular events. Venous thrombotic events (8.8%)
were the most frequently observed first cardiovascular event,
compared with HF or arrhythmia (7.1%) and arterial events
(4.1%) (Table 4S - Supplementary material).

For patients with cardiovascular complications, the 28-
day mortality after COVID-19 was higher among those
who had early events than among those who had late events,
57.1% versus 34%, respectively, as shown in the Kaplan -
Meier survival curves in figure 3. The multivariate analysis
by Cox proportional hazards models showed the following
variables as independent predictors of cardiovascular events:
age 2 60 years (HR 1.97; 95%CI 1.30 - 3.00), lymphopenia
(Iymphocytes < 600 per mm3; HR 1.55; 95%CI 1.04 -
2.31), CK > 308U/L (HR 1.97; 95%CI 1.31 - 2.97), and
hydrocortisone use (HR 2.56; 95%CI 1.71 - 3.84) (Table 2).

Table 1 - Multivariate logistic regression: independent predictors of myocardial injury in patients admitted to the intensive care unit due to COVID-19

Univariate analysis

Multivariate analysis

VIF*
OR 95%Cl p value OR 95%CI p value

Age = 60 years 1.52 5.02 351-7.17 0.000 3.10 2.06 - 4.67 0.000
Body mass index (kg/m?) 4.40 0.98 0.96 - 1.00 0.068

Coexisting conditions (0; reference) 1.37 1.00

Coexisting conditions (0 versus 1) 2.25 1.35 0.70 - 2.62 0.371

Coexisting conditions (0 versus 2) 3.33 2.41 1.27-4.60 0.007

Coexisting conditions (0 versus = 3) 2.15 5.32 2.69-10.53 0.000

Hypertension 1.1 3.59 253-5.10 0.000 2.36 1.56 - 3.59 0.000
Coronary artery disease 1.16 3.23 1.63-6.40 0.001

Heart failure 1.23 4.08 1.49-11.15 0.006

Chronic obstructive pulmonary disease 1.29 2.30 1.21-4.37 0.011

Chronic kidney disease 1.1 4.32 1.84-10.12 0.001

Immune modulators 1.32 2.76 0.85-8.90 0.090 4.60 1.20-17.74 0.026
Diabetes 2.73 1.94 1.37-2.75 0.000

Obesity (30 to < 40kg/m2) 4.10 0.74 0.52-1.04 0.079

SOFA scoret 1.16 1.31 1.24-1.37 0.000 1.27 1.20-1.34 0.000

VIF - variance inflation factor; OR - odds ratio; 95%Cl - 95% confidence interval; SOFA - Sequential Organ Failure Assessment. * Variance inflation factor starts at 1 and has no upper limit; variance inflation factor exceeding
5 or 10 indicates high multicollinearity between this independent variable and the others; 1 the highest value within the first three days after intensive care unit admission.
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Figure 2 - 28-day mortality after COVID-19 for patients with or without myocardial injury.

hs-TnT - high-sensitivity troponin T.

Figure 3 - 28-day mortality after COVID-19 according to the time of cardiovascular events.

CV - cardiovascular.

Table 2 - Multivariate analysis by Cox proportional hazards models: independent predictors of cardiovascular event* in patients admitted to the intensive care unit due to COVID-19t

VIF$

Univariate analysis

Multivariate analysis

OR 95%(ClI p value OR 95%Cl p value
Age = 60 years 1.28 2.36 1.56 - 3.56 0.000 1.97 1.30-3.00 0.001
SOFA score (highest) 1.58 1.09 1.04-1.15 0.000
Lymphocytes (< 600 per mm3) 1.05 1.75 1.18 - 2.61 0.006 1.55 1.04-2.31 0.030
Creatine kinase (>308U/L) 1.11 1.92 1.28-2.89 0.002 1.97 1.31-2.97 0.001
High sensitivity troponin T (> 14ng/L) 1.68 2.08 1.37-3.14 0.001
CKD-EPI < 60mL/min/1.73 m2 on ICU admission 1.43 1.62 1.08 - 2.44 0.020
Dexamethasone 1.10 0.7 0.47-1.07 0.098
Hydrocortisone 1.13 2.83 1.90 - 4.22 0.000 2.56 1.71-3.84 0.000

VIF - variance inflation factor; OR - odds ratio; 95% CI - 95% confidence interval; SOFA - Sequential Organ Failure Assessment; CKD-EPI - Chronic Kidney Disease Epidemiology Collaboration. * Cardiovascular event: composite
of deep vein thrombosis, pulmonary embolism, stroke, myocardial infarction, acute limb ischemia (inferior or superior), mesenteric ischemia, heart failure, and arrhythmia (supraventricular [atrial flutter, atrial fibrillation, atrial
tachycardia], ventricular [ventricular tachycardia, ventricular fibrillation], or atrioventricular block); T palliative care patients were excluded from this analysis; # variance inflation factor starts at 1 and has no upper limit; variance
inflation factor exceeding 5 or 10 indicates high multicollinearity between this independent variable and the others.
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DISCUSSION

The main findings of our study in severe and critical
forms of COVID-19 patients admitted to the ICU were
as follows: myocardial injury was persistent and was
associated with illness severity and with a more intense
inflammatory response and worse outcomes; advanced
age, AH, immune modulator use, and a high SOFA
score were independent predictors of myocardial injury;
cardiovascular events, particularly thrombotic events,
HE and cardiac arrhythmias, more than doubled in
patients with myocardial injury and were independently
associated with age, lymphocytopenia, higher CK levels,
and hydrocortisone use; and the occurrence of an early
cardiovascular event during the ICU stay was associated
with higher mortality compared with late or no events.

Myocardial injury was diagnosed in almost half of the
severe and critical COVID-19 patients admitted to our
ICU and was associated with disease severity at admission.
A more intense inflammatory response ensued in the next
three days, with more organ dysfunction, a greater need for
mechanical ventilator support, and higher 28-day mortality.
Indeed, patients with myocardial injury had a shorter time
between hospital and ICU admission (less than 12 hours),
reflecting a more severe presentation at hospital admission.

The largest available study of myocardial injury is a
multicenter, retrospective analysis of 2,736 hospitalized
patients, of whom 36% had evidence of myocardial injury
at the time of presentation."? Twenty-eight-day mortality
was markedly higher in patients with elevated TnT levels
than in patients with normal TnT levels in our study (56%
versus 18.4%), and other authors have reported a fourfold
increase in the risk of death.?*3% Therefore, elevated
troponin might be used to identify patients at high risk of
a complicated course and death.

This report shows underlying AH, older age, immune
modulator use, and a higher SOFA score as independent
predictors of myocardial injury. Preexisting CAD and AH
were more prevalent in patients with cardiac injury than
in those without myocardial injury. According to other
authors,*? elderly patients with underlying diseases are
more likely to be infected with SARS-CoV-2 and tend
to be severely ill, especially those with AH, CAD, and
diabetes. In addition, age over 60 years increased the odds
of myocardial injury more than three times, and the use of
immune modulators was also related to myocardial injury.
An explanation for these observations is that both factors
are possibly related to a more aggressive viral infection in
these conditions.

In our study, cardiovascular complications were divided
into venous or arterial events, arrhythmias, or HF.
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Arrhythmias affected 6.7% of patients, followed by PE in
6.5% and DVT in 4.2%, among others, for a total of 18.7%
of patients having venous events. Arterial events occurred in
0.7% of patients, and HF occurred in 1.8% of patients. In
our study, HF including “probable myocarditis” was present
in 2.0% of patients. Indeed, in other studies, the data on
myocarditis in COVID-19 are sparse, with the reported
prevalence ranging up to 12%.%%39 VTE is increasingly
being recognized in COVID-19 patients and is often due to
underlying coagulopathy. Grillet et al.®® recently reported
the prevalence of acute PE in 23% of severe COVID-19
cases. We had only 34 cases (6.8%) of PE, which may be
underestimated due to the difficulty in diagnosing critically
ill COVID-19 patients, since transport for imaging tests poses
risks of severe hypoxemia and/or hemodynamic instability.
Age > 60 years was an independent predictor of
cardiovascular complications, with twice the risk over
younger patients. Other merging independent predictors in
the multivariate analysis were lymphopenia, CK > 308U/L,
and hydrocortisone use (which more than doubled the
risk). Studies suggest that participants with overt or
subacute inflammatory diseases have an elevated risk of
atherothrombotic disease and HE®” These mechanisms might
be overwhelmingly accelerated in critical COVID-19 cases.
The 28-day mortality after COVID-19 was higher in
patients with early cardiovascular complications (within seven
days after ICU admission). The mechanism by which this
happens is unclear but may be related to cardiovascular event
effects at a more critical phase further complicating the course
of COVID-19. Attention to early diagnosis and treatment of
cardiovascular complications in patients with myocardial
injury might be of foremost importance to achieve better results.
Our study has some limitations. This study has a retrospective
design and lacks some specific information about cardiovascular
complications, such as echocardiography, magnetic resonance,
and computed tomography, which were not performed due to
transport-associated risks of performing the exams. Conversely,
the study’s strengths are the large number of patients receiving
standard-of-care treatment. Forty-seven patients (9.7%) had
no cardiac troponin samples within the first three days of
admission, but for regression analysis purposes, these patients
were considered to have no myocardial injury. Despite
representing a loss of almost 10% of patients, the presence
of myocardial injury continued to show an association with
relevant clinical events, corroborating the strength of this risk
marker for COVID-19 patients. We were unable to include
the clinical severity and mortality of patients with different
biological behavior of the COVID-19 variants of concern
found in our region because the genetic mapping of our
study patients was not conducted for the different variants.



CONCLUSION

In conclusion, it is evident that myocardial injury is
a frequently encountered complication in severe and
critical intensive care unit patients with COVID-19
and that advanced age, arterial hypertension, the use of
immunomodulators and high Sequential Organ Failure
Assessment score are independent predictors for the
occurrence of COVID-19 and for greater severity of the
disease. Cardiovascular complications are also common in
these patients and lead to higher mortality. However, the
exact mechanism regarding cardiovascular involvement
remains unclear. In our study, among patients who had
cardiovascular complications, the highest 28-day mortality
occurred in patients who had the cardiovascular event
within the first seven days of intensive care unit admission.
In addition to preventing SARS-CoV-2 infections, it is
essential to prevent cardiovascular involvement to decrease
the morbidity and mortality of these patients.
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