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Abstract
The novel coronavirus disease 2019 (COVID-19) has caused an outbreak and become a major public health issue and
great concern from international community. Cardiac injuries were suspected and may even be considered as one of the
leading causes for death of COVID-19 patients, especially for those with cardiovascular (CV) risk factors. The aim of
this study is to investigate if cardiac injury (CI) in COVID-19, preexisting or acquired, is associated to increased
mortality in these patients from intensive care unit (ICU) in Mohammed VI hospital in Marrakech, Morocco, from March
20, 2020 to May 20, 2020. Fifty-two patients with laboratory-confirmed COVID-19 were included. Demographic,
clinical and laboratory data were extracted from electronic medical records (EMR). 22.7% patients had CI, all of them
developed a HF during COVID-19 course and have died. Among these patients with HF, 44% had comorbidities (vs
7.3% of patients without HF p < 0.05). They were older (61.1 years old vs 50.5), 44% had hypertension and diabetes.
Preexisting CV disease was reported in 44% (vs 1%). In terms of laboratory findings, Tn-T (med: 231; 422; 10.3; 8.87;
97.28; 41.86; 59.2; 39.27; 68 pg/mL), Nt-proBNP (553;152; 3166; 134; 306; 17900; 2524; 59000; 450 UI/L), levels of Creactive protein (med: 147 [106.4-240] vs 162 [5-508.3] mg/L) and electrolyte disturbances: hypokalemia (88% vs
86%, p< 0. 05). Early evaluation and monitoring of cardiac damage with distinct attention to the elderly and highest CV
risk factors may identify patients with HF and contributed to decreased COVID-19 mortality.
Keywords: Covid-19, Myocardial injury, Mechanisms of myocardial injury, Heart failure, Cardiac biomarkers, Covid-19
complications.
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INTRODUCTION
A novel coronavirus in Wuhan has infected
clusters in December 2019 and caused an outbreak of
severe pneumonia with worldwide human-to-human
transmission. As of September 11, 2020, there were
28 040 853 confirmed cases and 906 092 deaths [1, 2].
Primarily, Covid-19 affects the lungs causing interstitial
pneumonitis and severe acute respiratory distress
syndrome (ARDS). Besides focusing on the severe
condition of pneumonia, the novel coronavirus may
attack many important organs and cause multiple organ
failure with cytokine storm. The heart is one of these
most important organs and it is highly suspicious that
viral myocarditis and myocardial injury could be also
involved and may even be considered as one of the
leading causes for the death of COVID-19 patients.
However, the evidence is not yet fully determined and
the knowledge of this disease is still limited but it is
evident that there is an important cardio-vascular (CV)

consequence with potential implications for patients
with CV risk factor [4]. Moreover, early cases
investigating fatality rate reported that cardiac injury
(CI) increased the risk of mortality [5]. In fact,
abnormal cardiac biomarkers are common on severe
Covid-19, reflect of CI, due to a variety of mechanisms
that include the Cytokine storm,a high inflammatory
burden, inducing myocarditis, and cardiac arrhythmias
[6, 7]. Then the virus entry itself through angiotensinconverting enzyme 2 (ACE2) receptors Covid-19,
suggested treatment QTc prolonging and among others.
Furthermore, elevated CI markers such us troponin and
natriuretic peptides are correlated with perilous course,
heart failure (HF) and death [8].
The aim of this study is to investigate whether
previous history of CVD, cardiac injury and heart
failure, increased the risk of severity and mortality
using electronic medical records (EMR) of COVID 19
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positive patients from intensive care unit (ICU) in
Mohamed VI hospital in Marrakech, Morocco.

METHODS
We performed a retrospective observational
study, including 52 patients (39 males, 13 females)
admitted to the ICU of Mohammed VI hospital in
Marrakech, Morocco, from March 20, 2020 to May 20,
2020 and diagnosed with COVID 19 by Real Time
Polymerase-Chain Reaction from the nasopharyngeal
swab. Severe Covid-19 was defined based on the
guidelines of the National Health Commission of
Morocco, collaborating with the Moroccan Society of
Anesthesia, Analgesia and Critical Care (SMAAR) and
the Moroccan Society of Emergency Medicine
(SMMU).
The clinical data of patients were collected
(age, coronary artery disease (CAD), hypertension,
cardiac injury and heart failure as well as necessity of
mechanical ventilation and mortality among patients).
Cardiovascular disease was defined as any cardiac
pathology including the hypertension. Cardiac
biomarkers measured on admission were collected, and
during hospitalization, including high-sensitivity
troponin (hs-TnT) and N-terminal pro-brain natriuretic
peptide (NT-proBNP). CI or cardiac involvement was
defined mainly as Troponin T above the 99th percentile
limit of upper reference and levels of N-terminal probrain natriuretic peptide (NT-proBNP)>400UI/L with
reduced ejection fraction in electrocardiographic
defined HF.
At least one echocardiographic evaluation in
all patients during hospitalization in ICU is required to
assess cardiac function and to explore SARS-Cov
myocarditis: segmental wall motion abnormalities, left
ventricular ejection fraction LVEF<50%, or presence of
left ventricular wall thickening>10mm and or
pericardial effusion. Electrocardiogram (ECG) changes
(ST elevation or ST/T segment changes) are also an
element of definition. However, functional and
morphological cardiac abnormalities were infrequent.
Statistical Analysis
The descriptive statistics are median and
interquartile range for continuous data. The statistics for
categorical variables are counts and percentages.
Student’s t test and Mann-Whitney U test were

performed respectively for normally and non-normally
distributed quantitative data. A p value less than 0 .05
was regarded as statistically significant. All statistical
analyses were performed using IBM SPSS statistics
version 16.0 for Windows.

RESULTS
Fifty two consecutive patients with diagnosis
of Covid-19 in ICU were included in the study.
According to definition of cardiac injury, 9 of them
(22.7%) had cardiac injury and then developed HF.
Patients with HF had higher mortality than those
without (all of them [100%] vs 22 of 43 [51%] of
patients without HF; p < 0.05). Concerning patients
with HF, 2 were females and 7 were males (22.2% vs
77.8%; p<0.05), had more comorbidities (44% vs 7.3%;
p < 0.05).
Among cardiovascular risk factors, these
patients were older (61.1 [53-73] vs 50.5 [31-85]
years; p < 0.05. 44% of them had hypertension and
diabetes, 22% had renal failure, 33.3% were former
smokers, and 11% of them were current smoker.
Preexisting cardiovascular disease included coronary
artery disease (present in 4/9 of patients, 44%).
In terms of laboratory findings,high-sensitivity
troponin T(med: 231; 422; 10.3 ; 8.87 ; 97.28 ; 41.86 ;
59.2; 39.27; 68pg/mL) N-terminal pro-B-type
natriuretic peptide(IQR]:553;152; 3166; 134; 306;
17900; 2524; 59000; 450 UI/L), levels of C-reactive
protein ( [IQR], 147 [106.4-240] vs 162 [5-508.3]
mg/L).
Procalcitonin done on 3/9 with CI(2.33; 1.84;
0.22 ng/ml vs median of 0.7 in all ICU patients),
electrolyte disturbances :hypokalemia (8/9 [88%] vs 37
of 43 [86%]; P< 0. 05).And all of them had a higher
proportion of multiple mottling and ground-glass
opacity in radiographic findings .
Greater proportions of patients with HF
required invasive mechanical ventilation than those
without (7of 9 [77.7%] vs 16 of 43 [37%]; P < 0.05).
Complications were more common in patients
with CI or HF than those without CI and included acute
kidney injury (6/9 [66%] vs 8 of 43 [18%]; P < 0.05).
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Table-1: Demographic characteristics and clinical findings on included patients with COVID-19
ICU patients
Patientswith
Patients without
(n=52)
cardiacinjury
cardiac injury
(n=43)
(n=9)
Median (IQR)
No. (%)
Median (IQR)
Median (IQR)
DEMOGRAPHIC CHARACTERISTICS
Age

58 (29-85)

____

Gender

39
13
13
13
4
4
4
23
30
6

74
26
25
25
5
5
7,7
44,8
78,9
15,8

Male
Female
Comoribities
Diabetes
HTA
heart diseases
kidney diseases
Tabac
Patient underrespirator
TTT Antiviral HYDROXYCHLOROQUIN+AZYTHRO
Lopinavir+Ritonavir

DISCUSSION
The present study demonstrates that a
myocardiac injury, as a common complication (22.7%),
was associated with an unexpected high risk of
mortality during hospitalization (100%). All 9 (22%)
patients with CI developed a HF, defined as elevated
natriuretic peptides with left ventricular (LV)
dysfunction and reduced ejection fraction in
electrocardiographic.
After admission ECG‘s examination of
patients with CI were performed during the periods of
elevation of cardiac biomarkers. All ECGs were
abnormal, with findings compatible with myocardial
ischemia, such T-wave depression and inversion, STsegment depression and Q waves.
According to a recent study of the largest
clinical sample in China, 7.2% of COVID-19 patients
developed acute CI. Furthermore, the incidence of CI as
reported in China increases with the severity of illness
and patients in ICU were more likely to have CI
(22.2%) than non-ICU patients [9]. This observation
suggests that CI is possibly associated with the clinical
outcomes of COVID-19 in this population.
Also, the study of She et al found that 19.7%
of patients with COVID-19 had CI, independently
associated with an increased risk of mortality in patients
with COVID-19 [11].
The first question to ask: How severe acute
respiratory syndrome coronavirus 2 (SARS-Cov-2)
gives heart damage? And how cardiac involvement
could increase morbidity and mortality in these patients
with severe COVID-19?
Apparently, there are several possible
pathogenic considerations: First, SARS-Cov2 compared
to its SARS ancestors have a tropism for CV system,

61.1 Y old
[53-73]
7(77%)
2(22%)
4(44%)
4(44%)
4(44%)
2 (22%)
1(11%)
7/9(77%)
100%
5/9(55%)

50.5 Y old
[31-85]
32(74%)
11(25%)
9(20%)
9(20%)
1(2%)
2
3
16/43(37%)
21(48%)
1

which would explain the occurring of the CV
impairment de novo in severe COVID-19 patients or
the aggravation of a preexistent cardiopathy in others.
Coexistence of COVID-19 may considerably enhance
the severity of an underlying CV disease, already
proven in some respiratory infections [11-13]. Then,
inflammatory
cytokine
storm
or
interferon
inflammatory response and immune dysregulation T1
and T2 helper cell response, as an important factor in
the pathogenesis of vascular disease, induce myocardial
interstitial fibrotic response, with deleterious CV effects
including atrial and ventricular arrhythmias [78].Therefore, in patients with SARS-CoV-2 infection,
underlying CV disease can aggravate the pneumonia,
decrease the systemic oxygenation during pneumonia
and increase the severity of symptoms.
Otherwise, several drugs currently used to treat
COVID-19 infection, have been shown to have an
adverse
medication
effects
[14]:
Chloroquine/hydroxychloroquine and azithromycin,
block a potassium channel that can prolong the QTc and
has been implicated in cases of torsades de pointes
(TdP) with risk of arrhythmias and sudden cardiac
death, especially when electrolytes imbalance is
associated [15]. So conduction defects, ventricular
arrhythmias, and HF have been reported with
azithromycin therapy [16]. Lopinavir/Ritonavir and
interleukin therapies have been shown to be associated
with ischemic heart disease and abnormalities in lipid
profile [16].
Other proposed mechanism on myocardial
injury based on recent studies, incriminates direct
myocardial involvement mediated via ACE2. Direct
viral myocardial infection might be mediated by ACE2,
through (ACE-2) receptors, widely expressed on
epithelial and endothelial cells, in the lungs and in the
cardiovascular system, SARS-Cov-2 enter cells and,
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ACE2-related signaling pathways might cause a direct
insult to myocytes [17].
Last but not the least, the non-specific
symptomatology of COVID-19 can lead to
misdiagnosis of a possible CI in patients with COVID19 which could delay therapeutic care.
The most common comorbidities among
patients admitted to hospitals worldwide have been
hypertension and diabetes, followed by cardiovascular
and respiratory diseases [4, 6, 8]. Many recent studies
have indicated CV disease as a risk factor for severe
COVID-19 [18, 19]. In our study, diabetes and
preexisting CV diseases (hypertension and coronary
heart disease) are significantly associated with death in
patients with CI than in those without cardiac injury
(100% vs 51%, p<0.05).
Our investigation confirms previous reports of
the relationship of older age, underlying CV disease
(coronary artery disease, heart failure, current smoking,
and renal failure), with death in patients with cardiac
damage in Covid-19. Our results also suggest that
women are proportionately more likely than men to
survive the infection. In the study of Yang et al, the
case mortality rate more than tripled for patients with
underlying CV disease [19]. In fact, it is intuitive that
the underlying cardiovascular disease may decrease the
body's reserve to fight a severe infection, data to
confirm.
Various mechanisms have been suggested
above to explain the increased vulnerability of patients
with underlying CVD for severe COVID-19 disease.
However, no direct causative role of such comorbidities to SARS-CoV-2 infection has been shown.
Also, it should be noted that the elevation of
troponin seems to have a different prognostic depending
on the presence or not of these comorbidities and preexisting coronary heart disease [18]. The elevation of
troponin is possibly a reflection of CV comorbidities.
During hospitalization, the mortality rate
increased in association with the magnitude of the
reference value of hs-TnT, patients with elevated TnT
levels had more frequent arrhythmias (3/9 [33%] vs
1/43 [2.3%]), mechanical ventilation (7/9 [77.7%] vs
16/43 [37%]) compared with patients with normal TnT
levels. The potential explanation for these findings is
exposed before, it is altered myocardial demand-supplyratio, increased cardio metabolic demand due to
systemic infection coupled with hypoxia caused by
acute respiratory illness can impair myocardial oxygen
demand lead to acute myocardial injury.

In our study, 9/52 (22%) of patients exhibiting
extreme elevation in Nt-Pro-BNP with rate of death
(100%), attributed to cardiac failure. They are patients
with pre-existing heart disease who presented left
ventricular (LV) dysfunction. HF patients are at
especially increased risk of morbidity due to their
reduced immunity, and reduced hemodynamic ability to
cope with severe infections. In the study of Yang et al,
the incidence of HF was significantly higher in non
survivors compared to survivors [19].
In addition, we observed a manifest hyperinflammatory state results in marked elevations in CRP,
cytokines such as interleukin (IL6), high serum ferritin
and elevated natriuretic peptides (suggesting cardiac
inflammation or dysfunction). Observations suggest a
high frequency of cardiovascular events, with patients
dying from cardiac arrhythmias and HF, once these
biomarkers become established.
In terms of radiologic findings, bilateral
pneumonia multiple mottling and ground-glass opacity
were more prevalent in patients with than those without
CI.
In according to that Li et al found that patients
with acute phase infection of SARS, presented impaired
left
ventricular
performance
observed
via
echocardiography with subsequent HF and a risk of
sudden death in the setting of the structural heart
disease itself [17]. Suggesting that mechanisms leading
to such cardiac failure are numerous, in common with
those mentioned before: Increased viscosity during
febrile illnesses, heightened coagulation systems, proinflammatory effects, or endothelial cell dysfunction
[20]. Also, viral infections exacerbate a preexisting HF,
the parenchymal lung disease then the ARDS, induced
by COVID-19 may lead to pulmonary hypertension and
subsequent right sided HF [21, 14]. In the other hand,
both chloroquine and hydroxychloroquine, with
Azithromycin are QTc prolonging medications can
cause challenging drug-drug interactions and in some
cases, increase the risk of QTc prolongation in HF
population.
In our study, no previously healthy individuals
have a HF as a manifestation of severe COVID-19
infection. In the literature, HF in previously healthy
individuals can be due to severe acute myocarditis
resulting in cardiogenic shock, which can then result in
multi-organ dysfunction syndrome (MODS) and death
[22]. Others begun to conjecture about the cardiac
contribution to advanced complications in COVID-19
and whether raised filling pressures and a HF
phenotype was incriminated.
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CONCLUSION
COVID-19 infection has been associated with
myocardial injury, it may trigger arrhythmias, acute
coronary syndromes, and exacerbate underlying heart
conditions, which has been implicated with more severe
disease courses, HF and even death, data to confirm by
larger series. In fact, HF in the setting of COVID-19 is
common and may be encountered de novo or in patients
with preexisting cardiac disease and can complicate
presentation, management and prognosis. The role of
biomarkers is capital; it should be used with distinct
attention at highest risk population with underlying
structural cardiac disease.
Due to the acuteness of this pandemic, the
scientific world currently, lacking evidence of
physiopathological mechanisms of this myocardial
injury. A multidisciplinary approach may optimal for
understanding and management of patients with cardiac
injury.
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