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Abstract

Background: Cardiac injury has been linked to a poor prognosis during COVID-19 disease. Nevertheless, the risk factors asso-
ciated are yet to be thoroughly investigated.

Objectives: We sought to compare demographical characteristics and in-hospital outcomes in patients infected by the SARS-
CoV-2 with and without cardiac injury, to further investigate the prevalence of acute cardiac injury as well as its impact on their
outcomes in COVID-|9-patients.

Methods: We included in a retrospective analysis, all COVID-19 patients admitted between October first and December first,
2020, at the University Hospital Center of Oujda (Morocco) who underwent a troponin assay which was systematically measured
on admission. The study population was divided into two groups: cardiac-injured patients and those without cardiac injury.
Clinical, biological data and in-hospital outcomes were compared between the two groups.

Results: 298 confirmed COVID-19 cases were included. Our study found that compared to non-cardiac-injured, cardiac-injured
patients are older, with higher possibilities of existing comorbidities including hypertension (68 [42.2%] vs 40 [29.2%], P=0.02),
diabetes (81 [50.3%] vs 53 [38.7%] P =0.044), the need for mechanical ventilation, ICU admission and mortality. A Cox propor-
tional hazards regression analysis shows a significantly increased risk of death among cardiac-injured COVID-|9-patients as com-
pared to non-cardiac injured. (HR, 1.620 [Cl 95%: 2.562-1.024])

Conclusion: Our retrospective cohort found that old age, comorbidities, a previous history of CAD, were significantly associ-
ated with acute cardiac injury. COVID-19 patients with acute cardiac injury are at a higher risk of ICU admission, and death.
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be multifactorial. The exact pathogenesis of myocardial injury
induced by the SARS-CoV-2 remains unknown. However, there
are some possible mechanisms suggested. These include the myo-
cardial inflammation and damage due to the invasion of the
SARS-cov2 by binding to angiotensin converting enzyme-2 recep-
tors. Besides, an indirect myocardial injury could be due to the
increase of inflammatory cytokines TNF-a production secondary
to the downregulation of ACE-2 by SARS-CoV2 infection and
may alter the cardioprotective effects of angiotensin 1-7.%°
Indeed, Cardiac injury is one of the causes of mortality and morbid-
ity among COVID-19-patients."'”! However, its exact prevalence
remains unknown. Therefore, we sought to compare characteristics

and outcomes of hospitalized patients infected by the SARS-CoV-2
with and without cardiac injury, to further investigate the prevalence
of acute cardiac injury in COVID-19-patients as well as its impact
on their outcomes.

Materials and Methods

Informed consent and approval from the local ethics committee
were obtained for this retrospective study.

We included in the final analysis, all COVID-19-confirmed-
patients admitted between October first and December first, 2020,
presenting to a single center at the University Hospital Center of
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Figure |. A flow chart reporting numbers of individuals at each stage of study.
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Table |. Demographical characteristics and in-hospital outcomes of COVID-19 of the study population.
Non-Cardiac injury Cardiac injury

Whole population N=298 N =137 (46%) n=161 (54%) P-value
Age 64,95 (SD 13,60) 62,04 (SD 13,63) 67,34 (SD 13,1) 0002*
Gender n (%)
Males 182 (61.04%) 90 (65.69%) (57.14%) 0.366
Females 116 (37.6%) 47 (34.30%) 69 (42.85%)
Hypertension n (%) 108 (36.24%) 40 (29.2%) 68 (42.23%) 0.02*
Smocking n (%) 21 (7%) 9 (6.5%) 13 (8.1%) 0.766
Dyslipidemia n (%) 18 (6%) 9 (6.5%) 9 (5.6%) 0.579
Diabetes n (%) 134 (45%) 53 (38.7%) 81 (50.31%) 0.044*
Previous history of CAD 30 (10.1%) 8 (5.8%) 22 (13.7%) 0.025*
Body Mass Index (BMI) kg/m* 25.60 (IQR 27.67-24) 25 (IQR 27-24) 26 (IQR 27.85-24) 0.465
Systolic pressure (mm hg) 132 (IQR 145-120) 130 (140-120) 135 (IQR 147-120) 0.894
Oxygen saturation (%) 80 (IQR 88.5-67) 82 (IQR 90-75) 75 (85-62) 0.017*
Service of admission n (%) 224 (75.2%) 82(59.9%) 142 (88.2%) <0.001*

ICU 74 (24.8%) 55 (40.1%) 19 (11.8%)
Conventional wards

Mechanical ventilation n (%) 121 (44%) 30 (21.9%) 91 (56.5%) 0.028*
Mortality n (%) 134 (45%) 32 (23.4%) 102 (63.4%) <0.001*
In-hospital stay (days) 9 (IQR 13.5-5) 8 (IQR I1-5) 10 (IQR I5-5) 0.077

ICU : intensive care unit
IQR : Interquartile Range
SD : Standard Deviation
CAD : coronary artery disease

Oujda (Morocco) who underwent a troponin assay at the time of hos-
pital admission. The troponin level was systematically measured on
admission, and the diagnostic of COVID-19 infection was confirmed
by a positive SARS-CoV-2 reverse transcriptase-polymerase chain
reaction test (RT-PCR).

The study population was divided into two groups:
cardiac-injured patients and those without cardiac injury.
The diagnostic of cardiac injury was defined according to
latest guideline (>99™ percentile upper reference). Our
central laboratory performed the ultrasensible troponin Ic
(CTnl) by using the analyzer automate Architect with a
99" percentile at 26 ng/mL. We excluded cases without
high-sensitivity troponin I (hs-TNI).

We collected the demographic characteristics, clinical data,
laboratory findings including cardiac biomarker (hs-TNI) mea-
sured on admission were collected. The radiologic assessment
was performed by a computed tomography and we defined
severe disease as >50% of lung parenchyma affected by
COVID-19. The categorization as ICU-patient (intensive care
unit) defined as patient who is admitted to the ICU at any
time during hospitalization (directly or after clinical worsening
in the ward) or ward-patient, the need for mechanical ventila-
tion and the mortality were compared between the two groups.

Statistical Software SPSS version 21 was used for the statis-
tical analysis. The study population was divided into two
groups: cardiac-injured patients and non-cardiac injured
patients. The Shapiro-Wilk test was used to assess the normal
distribution of quantitative variables. We used non-parametric
tests to analyze non-normally distributed variables expressed as
median with interquartile range (IQR) while we normally distrib-
uted continuous variables were analyzed with the unpaired

Student’s t test and expressed as mean and standard deviation.
Finally, we expressed categorical variables as frequency and per-
centages, the Pearson Chi Square test of Fisher’s Exact test was
used for the comparison between the two groups. Logistic regres-
sion analysis was performed to assess risk factors for cardiac
Injury. A Cox proportional hazards regression analysis was also
performed to determine factors associated with mortality. A two-
tailed value <0.05 was considered statistically significant.

Results

Study Population

Three hundred and fifty (350) Confirmed COVID-19 patients
were admitted to the center during this period and 298 under-
went a troponin us assay from admission representing the
final analysis sample divided into two groups: cardiac-injured
patients were 161 patients (54%) and non-cardiac-injured
were 137 patients (46%). A flow chart reporting numbers of
individuals at each stage of study is represented in the Figure 1.

The mean age was 64.95 (SD 13.60) years and 182 (61.04%)
were male. Common symptoms include fever (290 patients
[97.31%]), cough, shortness of breath, were present in 273
patients (91.61%). Diarrhea (patients 26[8.72%]), chest pain
(54 patients [18.12%]), and headache (50 patients [16.77%]),
Hypertension (108 patients [36.2%]), diabetes (134 patients
[45%]), and obesity (29 [10.9%] were the most common coex-
isting comorbidities. (Table 1)

Regarding clinical and demographical characteristics,
cardiac-injured patients compared to non-cardiac-injured were
older (mean [SD] age, [67.34 (SD 13.1) years versus 62.04 (SD
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Figure 2. Electrocardiogram (EKG) of two patients with acute cardiac injury.

13.63) years)] years; P =0.002), and more likely to have a coro-
nary artery disease (CAD) (22 [13.7%] vs 8 [5.8%], P 0.025).
However, there was no statistically significant difference for
chest pain in patients with and without acute cardiac injury
[21.73%] versus [10.94%], P=0.078). Moreover, comorbidities,
including hypertension (68 [42.2%] vs 40 [29.2%], P=0.02), dia-
betes (81 [50.3%] vs 53 [38.7%] P=0.044), were prevalent
among cardiac-injured patients with COVID-19. (Table 1)
Among patients with acute cardiac injury, 24.3% underwent
an electrocardiogram (EKG) after admission. This small
number of EKG founded could be explained by the retrospec-
tive form of the study. Myocardial ischemia signs such as
T-wave inversion and ST-segment depression were found.
Figure 2 Illustrates the EKG of 2 patients with acute cardiac

injury.

Laboratory Findings

Regarding biological findings, cardiac-injured patients com-
pared with non-cardiac-injured showed higher levels of
hs-TNI: median (IQR) [116 (IQR 611-55.10)] versus 8 (IQR
15.35-3.36)|ng/L, N-terminal pro-B-type natriuretic peptide
(NT-proBNP): median (IQR) [1541 (IQR 6411.5-749) versus
242.5 (IQR 407.57-80)] unite; C-reactive protein: mean (SD)
[ 201.87 (SD 95.59) versus 159,01 (SD 99.24)] mg/L;
D-dimers: median (IQR) [2.77 (IQR 13.66-0.67) versus 0.58
(IQR 3.35-0.245)], (all P<0.001).

Otherwise, fibrinogen mean (SD) [5.69 (SD 2.04) versus
6.35 (SD 1.78)] P=0.003)] g/L, lymphocytes cells median
(IQR) [0.745.103 (IQR 1.13.103-0.51.103)] versus 0.87.103 (IQR
1.325.103-0.59.103) P=0.024] were lower but platelets count:
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Table 2. Biological characteristics of the study population.
Non-Cardiac injury N= 137
Whole population N =298 (46%) Cardiac injury n= 161 (54%) P-value
D-Dimer (ng/ml) 123 (IQR 7.29-0.37) 058 (IQR 3.35-0.245) 2.77 (IQR 13.66-0.67) <0.001
Lactate Dehydrogenase (U/L) 631 (IQR 872-413.5) 523 (IQR 759.5-357.5) 7495 (IQR 1003.75-496.5) <0001
Prothrombin time (%) 71 (IQR 82-63) 74 (IQR 85.5-68.5) 68 (IQR 76-58.25) <0.001
Cephalin activated time 1.08 (IQR 1.28-1) 1.04 (IQR 1.17-1) 1.14 (IQR 1.36-1) <0.001
International Normalized Ratio 1.19 (IQR 1.28-1.09) .16 (IQR 1.22-1.08) .21 (IQR 1.33-1.14) <0.001
(INR)
Fibrinogen (g/L) 5.99 (SD 1.95) 6.35 (SD 1.78) 5.69 (SD 2.04) 0.003
White blood cells (elements/ 11.58.10° (IQR 912.10% (IQR14.69.10°-6,5.10%) 13.845.10° <0001
mm3) 16.41.10%-7.91.10%) (18.495.10%-9.5.10%)
Platelets cells (elements/mm3) 273.93.10% (SD 288.013.10°)  299.817.10%(SD 331.325.10°)  250.45.10% (SD 244.21.10%)  0.006
Lymphocytes cells (elements/  0,8.10°(IQR 1,23.10%-0,54.10%) 0,87.10%(IQR 0745.10°(IQR 0024
mm3) 1325.10%-0,59.10°) 1,13.10%-0,51.10%)
Ferritin (ng/mL) 843 (IQR 1888-474) 687 (IQR 1495,23-397) 1185 (IQR 2515-565) <0001
Troponin us (ng/L) 33 (IQR 141-8.75) 8 (IQR 15.35-336) 116 (IQR 611-55.10) <0001
Pro-BNP (pg/mL) 825 (IQR 3162-232) 2425 (IQR 407.57-80) 1541 (IQR 6411.5-749) <000
Urea (g/L) 0,46 (IQR 0,75-0,34) 0,38 (IQR 0.52-0.25) 0.60 (IQR 1.11-0.41) <0001
Creatinine (mg/L) 9.56 (IQR 13.35-7.24) 796 (IQR 10.47-6.56) 11.04 (IQR 19.79-8.16) <000
Fast Blood Glucose (g/L) 146 (IQR 207-112) 1.32 (IQR 2.05-1.02) 1.52 (IQR 2.08-1.15) 0006
C-Reactive Protein (mg/L) 182 (SD 99.42) 159.01 (SD 99.24) 201.87 (SD 95.59) 0001
Procalcitonin (ng/mL) 0.31 (IQR 1.2-0.13) 0.15 (IQR 0.38-0.08) 0.67 (IQR 3.18-0.26) <000
mean (SD) [250.45.103 (SD 244.21.103) versus 299.817.103 (SD  Table .3. Risk Factors for Cardiac Injury According to Logistic
331.325.103), P=0.006/0.153] were comparable between the two ~ Regression-
groups. The complete laboratory findings are shown in Table 2. Odds Ratio (OR) P
(95% CI) Value
RGdiOIOgiCGI Findings Age 1,05 (1.022-1.077) <0.001*
. Oxygen saturation 0.958 (0.936-0.980)  <0.001*
The overall study population underwent a computed tomogra- Fibrinogen 0.742 (0.622-0.886)  0.001*
phy scan (CT). According to the CT scan findings, 206 patients  Creatinin 1.068 (1.016-1.123) 0.01*
(69.1%) had more than 50% of lung parenchyma affected by the  Fast Blood glucose (FBG) 0.849 (0.592-1.218) 0.375
COVID-19 pneumonia. Radiological findings showed that C-Reactiv Protein (CRP) 1.004 (1.001-1.008)  0.024*
severe disease (>50% of lung parenchyma affected) was more ~ Procalcitonin 1111 (0.994-1.242) 0.063
prevalent in cardiac-injured-patients than non-cardiac-injured ~D-Dimers 1021 (0.993-1.049)  0.148
. o R Gender 1.170 (0.616-2.221) 0.632
patients. (75.1% vs 62.1%, P<0.001) , _ Diabetes 1195 (0.571-2501)  0.635
Our main objective was to compare demographical characteris- Hypertension (HTN) 1069 (0.519-2200) 0856
tics between cardiac-injured and non-cardiac-injured patients. Of  Previous history of coronary 4.468 (1598-12.489)  0.004*

the whole population, a total of 134 patients (45%) died while
164 patients (55%) were discharged. The length of hospital stay
was higher in cardiac-injured patients than non-cardiac-injured,
but no statistically significant difference was observed: median
(IQR) [10 (IQR 15-5) versus [8 (IQR 11-5) P=0077). Compared
with cardiac-injured, non-cardiac-injured patients were associated
with intensive care unit admission [142 (88.2%) versus 82
(59.9%), P<0.001] and required more invasive mechanical ventila-
tion [91 (56.5%) versus 30 (21.9%); P=0.028]. (Table 1).

Predictors for Cardiac Injury in Patients with COVID-19
Infection

In a multivariable analysis, age [odds ratio (OR), 1,05; 95%
confidence interval (CI), 1.022-1.077], previous history of
CAD (OR, 4.468; 95% CI, 1.598-12.489), elevated creatinine
level at admission (OR, 1068; 95% CI, 1.016-1123) and

artery disease (CAD)

elevated CRP at admission (OR, 1.004; 95% CI, 1.001-1.008)
were found to be significantly associated with acute cardiac
injury. Fibrinogen level at admission (OR, 0.742; 95% CI,
0.622-0.886) and admission oxygen saturation (OR, 0.958;
95% ClI, 0.936-0.980) was significantly negatively associated
with acute cardiac injury. Other background comorbidities
were not found to be significantly associated with acute
cardiac injury. The complete data regarding predictors acute
cardiac injury in COVID-19 patients are presented in Table 3.

Factors Associated with Mortality

The overall mortality was 45%. The mortality rate was higher in
cardiac-injured patients than non-cardiac-injured. (63.4% vs
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Kaplan Meier survival curves in patients hospitalized with COVID-19
Echelle
10
1 - 40
_LH - 30
: L - 20
- Non- _ Cardiac - 10
08 - : cardiac injury 0
B t injury
2z " ‘
8 o5 L\
Qo ‘L\
(=]
£
o o
Y
'S 04
5 it
(7] T
02 ﬁ—lj—
0,0
00 10,00 20,00 30,00 40,00 50,00
Time (Days)

Figure 3. Kaplan-Meier survival curves for cardiac-injued and non-cardiac-injured hospitalized patients with COVID-19.

23.4%, P<.001) (Table 1; Kaplan-Meier survival curves in
Figure 3). A Cox proportional hazards regression analysis for the
same association, adjusted for age, gender, comorbidities (previous
history of CAD, diabetes mellitus, and hypertension), and admission
creatinine, CRP and fibrinogen levels is presented in Table 4. The
adjusted analysis shows a significantly increased risk of death
among cardiac-injured COVID-19-patients as compared to
non-cardiac-injured. (HR, 1620 [CI 95%: 2562-1024] P =0039)

Discussion

While cardiac injury has been linked to a poor prognosis during
COVID-19 disease 2019, the risk factors associated have not
been fully investigated. We performed a retrospective study
of clinical features in patients infected by the SARS-CoV-2,
to assess possible risk factors for acute cardiac injury during
COVID-19 infection, as well as the patients’ outcomes.

Our study found a cardiac injury involvement of 54% (161/
298) which is slightly higher than those reported in the litera-
ture.'""'? Indeed, acute cardiac injury in patients infected by
the SARS-CoV-2 is more frequent than what was expected at
the beginning of the outbreak. The actual incidence reported
is slightly higher than the one reported at the beginning of the
pandemic. For more explaining, in studies published on
February 2020, Wang D et al reported 7.2% of patients devel-
oping acute cardiac injury among 138 hospitalized
COVID-19-patients, with a prevalence of patients who received

intensive care. (22.2%)." Consistently, Huang C et al reported
approximately 12% of acute cardiac injury in patients infected
by the SARS-CoV-2."* In a study published on March 2020,
19.7% of patients had cardiac injury."* Moreover, recent met-
analysis reported in hospitalized patients with COVID-19, a
cumulative incidence of acute cardiac injury about
15-24.4%.">® This could be explained by many factors includ-
ing sample sizes and the phases of COVID-19 breakout.

Our COVID-19 retrospective cohort found that
cardiac-injured patients are older. Other reports support our
findings."'*'7!® Besides, old age has been associated with
poor outcomes in COVID-19 infection. Although we did not
find any association between gender and cardiac injury, other
studies reported that male gender was a risk factor for cardiac
damage.'*'” In addition, male gender has been previously asso-
ciated with poor prognosis in COVID-19 patients.”’ However,
further studies are needed to assess whether males are more
likely to develop acute cardiac injury.

Our study found cardiac-injured patients with higher possi-
bilities of existing comorbidities such as hypertension and dia-
betes, a previous history of CAD, the need for mechanical
ventilation, ICU admission. Other reports support our find-
ings."'*!'7 The possible mechanism is that hypertension-induced
cardiac damage is associated with mitochondrial injury, which
can be caused by SARS-COV-2%"*? we also found that a previous
history of CAD was an independent risk factor for cardiac injury.
This is consistent with previous reports.'? Nonetheless, further
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Table 4. Adjusted analysis for the association between cardiac injury and in-hospital mortality, and between acute cardiac injury and the
composite of invasive ventilation support in patients hospitalized with COVID-19.

Composite outcomes of invasive

Mortality ventilation support

Hazard Ratio (HR) (95% CI) P-value HR (95% CI) P-Value
Age 1.009 (1.025-0.993) 0.276 1.007 (1.025-0990) 0.422
Oxygen parameters 0.989 (0.999-0.979) 0.040%* 0.988 (0.998-0.977) 0.019*
Systolic blood pressure 0.994 (1.001-0.987) 0.076 0.994 (1.002-0.986) 0.132
Acute cardiac injury 1.620 (2.562-1.024) 0.039* 1.668 (2.692-1.033) 0036*
Fibrinogen 1.028 (1.142-0925) 0611 1.047 (1.174-0.933) 0435
Creatinin 1.007(1.017-0.997) 0.185 0.999 (1.011-0.986) 0829
Fast Blood Glucose 1.192 (1.501-0.946) 0.137 1.216 (1.546-0.957) 0.109
C-Reactiv Protein 1.002 (1.004-1.000) 0.036* 1.002 (1.004-0.999) 0146
Lactate Dehydrogenase 1.001 (1.001-1.000) <0.001* 1.001 (1.001-1.000) <0.001*
Lymphocyte cells I (1.000-1.000) <0.001* 1.000 (1.000-1.000) <0.001*
Procalcitonin 0.993 (1.003-0.983) 0.187 0.995 (1.006-0.984) 0414
D-Dimers 1.005 (1.017-0.993) 0.419 1.004 (1.018-0.990) 0.568
Gender 1.312 (1.927-0.893) 0.167 1.498 (2.268-0.990) 0.056
Diabetes 1.095 (1.757-0.683) 0.706 0981 (1611-0597) 0.939
Hypertension 0.691 (1.059-0.452) 0090 0670 (1051-0427) 0.081
Previous history of Coronary Artery Disease 0.674 (1.305-0.348) 0.242 0.655 (1.307-0.328) 0.230

studies are needed to assess whether CAD or diabetes mellitus
were independently associated with higher incidence of cardiac
injury in patients infected by the SARS-CoV-2.

Our study revealed in cardiac-injured patients, coagulopathy
with higher C-reactive protein, procalcitonin, D-dimer, prothrom-
bin time, INR, blood urea and creatinine, and decrease of platelet
counts. These laboratory findings are described in other reports.''~
1423 These results strengthen knowledge about the hypercoagula-
ble state in COVID-19 with cardiac injury.

Recent large metanalysis reported the all-cause mortality of
72,6% (95% confidence interval, 9.21-32.57) in cardiac-injured
COVID-19-patients and 14.5% in non-cardiac injured
patients.'® Consistently with previous studies,''™'*** our
study confirmed that cardiac-injured COVID-19-patients had
a higher in-hospital mortality rate (63.4%) than those who did
not develop cardiac injury (23.4%), (P<0.001). To assess the
implications of cardiac injury, we performed a multivariable
Cox regression analysis which revealed that cardiac injury
was independently associated with the mortality. (HR, 1.620
[CT 95%: 2.562—1.024]) (Table 4). When we used cardiac
injury as a binary variable, it was also found to be an indepen-
dent predictor for mortality (0.291 [0.600—0.141], P =0.001).
Other predictors such as oxygen parameter, LDH were also
associated with mortality in at least one model.

Our study acknowledges some few limitations. First, it was a
single-center study, and there may be selection bias. Secondly,
we included only patients with troponin measurements and
some laboratory studies, were not conducted on all patients in
this study because due its retrospective type. Thus, their impli-
cation in incidence and predicting in-hospital mortality may
have been underestimated. Furthermore, echocardiography
test, which may have added etiologic and prognostic informa-
tion was not performed in all hospitalized patients. Therefore,

more prospective multi-centric clinical trials are needed to
further validate these findings.

To the best of the authors’ knowledge, this is the first study
in Morocco to assess the impact of cardiac injury and its asso-
ciated biomarkers on mortality and other prognosis in
COVID-19-patients.

Conclusion

Although the exact prevalence of acute cardiac injury in hospi-
talized patients infected by the SARS-CoV-2 is still not clearly
defined, our retrospective cohort found that cardiac injury
defined by elevation of hs cTnl at the time of the hospital admis-
sion, is an independent risk factor for in-hospital mortality. Old
age, comorbidities, a previous history of CAD, elevated creati-
nine level and elevated CRP at admission were significantly
associated with acute cardiac injury. COVID-19 patients with
acute cardiac injury are at a higher risk of ICU admission,
and death. Therefore, early prevention is needed to reduce
adverse outcomes in these patients.
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