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Abstract
COVID-19 pandemic, a global health disaster, has resulted in substantial morbidity andmortality across the globe since emerging
on December 2019. Studies have shown that cardiovascular manifestations and complications linked to COVID-19 can be
attributed to unfavorable clinical outcome and poor prognosis. Adult patients with laboratory-confirmed COVID-19 requiring
hospitalization in participating centers between March and June 2020 were included. Data including demographics, laboratory
findings, comorbidities, treatments and interventions were collected.Mortality and clinical outcomes in patients with and without
cardiac injury were compared. A total of 143 hospitalized patients with confirmed COVID-19 were included (86.7% male; age
49.36 ± 15.32 years). Cardiovascular diseases (CVDs) including hypertension, cardiomyopathy, coronary heart disease, and
rhythm disturbances were noted in 34.3% of the study population and 21.7% had cardiac injury. In comparison with patients
without cardiac injury, patients with cardiac injury were older (59 [33–89] vs 47 [22–94] years; P < 0.0001) and had more co-
morbidities and cardiovascular (CV) risk factors (hypertension in 61.3% vs 24.1%; P < 0.0001, chronic heart failure in 16.1% vs
0%; P < 0.00001, diabetes mellitus 54.8% vs 31.3%; P 0.015, COPD/asthma 19.4% vs 3.6%; P 0.002); more patients with
cardiac injury required invasive mechanical ventilation (77.4% vs 38.4%; P 0.00012). Complications were more prevalent in
patients with cardiac injury than those without cardiac injury and included acute respiratory distress syndrome (87% vs 42.9%;
P < 0.00001), acute kidney injury (67.7% vs 11.6%; P < 0.00001), and anemia (38.7% vs 3.6%;P < 0.00001). The need for renal
replacement therapy was also higher in patients with cardiac injury (48.4% vs 3.6%; P < 0.00001). Noticeably, patients with
cardiac injury had higher mortality than those without cardiac injury (53.3% vs 7.1%; P < 0.00001). In summary, myocardial
injury is common among hospitalized patients with COVID-19 in Oman in relation to older patients with more CV risk factors
and comorbidities, and is associated with higher risk of in-hospital mortality and unfavorable clinical outcomes.
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Introduction

Coronavirus disease 2019 (COVID-19) is an infection of the
respiratory tract caused by a newly emerging coronavirus,
SARS-CoV-2, which was first identified in December 2019 at
Wuhan, China. Based on genetic virus sequencing, SARS-
CoV-2 is a beta-coronavirus closely related to SARS virus.

The rapid spread of this diseases has quickly progressed to a
global health concern. As of August 1st, 2020 more than 17.5
million people have been infected worldwide [1]. Commonly
reported presenting symptoms of COVID-19 are fever, cough
and shortness of breath. Less frequently reported symptoms are
muscular aches, anorexia, malaise, sore throat, nasal conges-
tion, dyspnea, and headache [2]. Lungs appear to be the primary
organ involved in COVID 19 with a range of disease severity
including asymptomatic subclinical infection, severe pneumo-
nia progressing and acute respiratory distress syndrome [3].
Fortunately, the majority of patients with COVID-19 develop
mild or uncomplicated illness; however, around 14% develop
serious illness that requires hospitalization and oxygen supple-
mentation and 5% require admission to critical care facilities
[4]. Complications of severe COVID-19 infection include acute
respiratory disease syndrome (ARDS), septic shock and multi-
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organ failure which may characterize by acute kidney and car-
diac injury [4]. Currently, diagnosis is through SARS-CoV-2
real-time reverse transcriptase polymerase chain reaction diag-
nostic panel using upper and lower respiratory specimens [5].

Cardiac injury is a common condition among COVID-19
hospitalized patients [6] and is associated with an increased risk
of in-hospital mortality [7]. A recently published systemic re-
view [8] looked at more than 10 studies from Italy, USA, and
China, has highlighted that myocardial injury is not uncommon
in setting of COVID-19, and can lead to higher mortality in
hospitalized patients. Cappannoli et al. [9] has described in a
review that how patients with COVID-19 may share many
characteristics with patients who have CVDs, making it often
difficult to differentiate some clinical manifestations while ex-
plain why this infection is more severe in patients with under-
lying cardiovascular risk factors. The exact pathophysiological
mechanisms that lead to myocardial injury caused by COVID-
19 are not well understood [6]. The postulated mechanisms
include direct damage to the cardiomyocytes, systemic inflam-
mation, myocardial interstitial fibrosis, interferon mediated im-
mune response and exaggerated cytokine response by Type 1
and 2 helper T cells, in addition to coronary plaque destabiliza-
tion, and hypoxia [6, 7]. Cardiac Injury may manifest as severe
myocarditis with reduced systolic function, and elevated tropo-
nin hs-TNI [10, 11]. Patients with pre-existing cardiovascular
diseases are more prone to SARS-CoV-2 infection and they are
more likely to develop stormy course [12]. Moreover, cardio-
vascular related comorbidities were attributed to severe
COVID-19; these are arrhythmia, hypertension, cardiomyopa-
thy and coronary heart disease [6, 12]. Furthermore, there is a
growing evidence in recently published studies to support that
patients developing myocardial injury from SARS-CoV-2 are
at a higher risk of in-hospital mortality [13]. Shi et al. [14]
reported that among 416 patients with confirmed COVID-19,
19.7% developed cardiac injury during hospitalization; notably,
mortality rate was higher in patients with cardiac injury com-
pared with those without.

Cardiovascular diseases (CVDs) accounted for huge bur-
den to healthcare systems worldwide [15]. In Oman, CVDs
are the leading cause of death and were linked to significant
morbidity [16]. In a report from the ministry of health in 2013,
30% of deaths reported were related to CVDs [16]. In this
study we aim to describe characteristics of patients with
COVID-19 and cardiac injury, and to examine the potential
higher mortality in this high risk population.

Methods

This retrospective study was conducted with approval from
research ethical and administrative committees’ at participat-
ing centers. Data was obtained from subjects records pre-
authorized to be accessed for research purposes. Approvals

were obtained from the following bodies; The Scientific
Research Committee at the Royal Hospital, Muscat, Oman
(Approval No. SRC#46/2020 dated May 10th, 2020) and
Forces Medical Services Medical Ethics Committee –
Armed Forces Hospital, Muscat, Oman (Approval No.
FMC-MEC 001/2020, dated May 4th, 2020 citing committee
meeting onApril 30th, 2020).We included Patients, above the
age of 14 years, hospitalized with laboratory-confirmed
COVID-19 between March 11th, 2020, and June 27th, 2020,
to any of two tertiary care centers at Muscat, the capital major
metropolitan area in Oman with the highest prevalence of
COVID-19 in the country. One of participating center was
assigned to receive patients with severe COVID-19 and the
other received unclassified cases. World Health Organization
interim guidance was used to diagnose all enrolled patients in
our cohort. A total of 143 patients were identified and all were
included. Electronic medical records were reviewed for demo-
graphic characteristics, clinical data (symptoms, comorbidi-
ties, laboratory findings, treatments, complications, and out-
comes), and laboratory tests. Cardiac injury defined as blood
levels of cardiac biomarkers (hs-TNI) above the 99th-
percentile upper reference limit, regardless of new abnormal-
ities in electrocardiography and echocardiography. Data was
analyzed using JMP Pro 14 and SAS software (2018 SAS
Institute Inc., Cary, NC) and presented. P value of < 0.050
was considered statistically significant.

Results

Demographic and Basic Characteristics

Total of 143 patients hospitalized with confirmed COVID-19
to participating centers during the study period between
March 11, 2020, and June 27, 2020 were included. Of them,
49 (34.3%) had underlying CVD including hypertension, cor-
onary heart disease, rhythm disturbance or cardiomyopathy
and 31 patients (21.7%) had cardiac injury as indicated by
elevated hs-TNI levels and 112 patients (78.3%) had no ele-
vation in hs-TNI recorded. Age of study population was
49.36 ± 15.32 years and 124 (86.7%) were male. Fever was
the most common reported symptom (129 patients [84%]).
Cough, shortness of breath, diarrhea, chest pain, and sore
throat were presenting symptoms for 99 patients (69%); 76
patients (53%), 24 patients (17%), 21 patients (15%), and 15
patients (10%) respectively. Less commonly reported symp-
toms included: Nausea and/or vomiting (7 patients [5%]),
headache (6 patients [4%]), rhinorrhea (6 patients [4%]), dys-
uria (2 patients [1%]), and altered mental status (1 patients
[0.6%]).

Common co-existing conditions included diabetes mellitus
(52 patients [36.4%]) and hypertension (46 patients [32.2%]).
Obesity, which is defined as body mass index (BMI) > 30,
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was noted in 23 patients (16%). Of these 143 patients, 6
(4.2%) and 3 (2.1%) had coronary heart disease and cerebro-
vascular disease, respectively. The proportion of chronic heart
failure, chronic renal failure, chronic obstructive pulmonary
disease, smoking and cancer, was 4.2% (5 patients), 8.4% (12
patients), 7% (10 patients), 4.9% (7 patients), and 2% (3 pa-
tients), respectively. Table 1 summarizes these findings.

Compared with patients without myocardial injury, pa-
tients with cardiac injury were older (median [range] age, 61
[33–89] years vs 44 [22–94] years; P < 0.0001). Fever,
followed by cough, was the leading symptom in the both
cohorts. Interestingly, chest pain as a presenting symptom
was higher although not statistically significant comparing
non-cardiac injury group to the cardiac injury group (15.3%
vs 12.9%, P 0.749). Moreover, patients who developed cardi-
ac injury compared with those without cardiac injury had

significantly more comorbidities (Table 2) including: hyper-
tension (19 [61.3%] vs 27 [24.1%], P < 0.0001), diabetes (17
[54.8%] vs 35 [31.3%], P 0.0155), dyslipidemia (6 [19.4%] vs
5 [4.5%], P 0.0059) cerebrovascular disease (3 [9.7%] vs 0
[0%], P < 0.001), chronic heart failure (5 [16.1%] vs 0 [0%],
P < 0.00001), chronic obstructive pulmonary disease (6
[19.4%] vs 4 [3.6%], P 0.002). However, there was no differ-
ence in other comorbidities including chronic kidney disease
(5 [16.1%] vs 7 [6.2%], P 0.078), coronary heart disease (2
[6.5%] vs 4 [3.6%], P 0.477), and obesity (7 [22.6%] vs 16
[14.3%], P 0.267). Cancer of any type was found in less than
4% of both cohorts with no statistical significant difference.

Treatment, Complications, and Clinical Outcomes

Patients with cardiac injury had presented to hospital in
shorter period from the onset of their symptoms compared
with patients who did not develop cardiac injury (4.5 ± 3.4
vs 5.3 ± 3.2 days, P 0.0216). The majority of our cohort re-
quired invasive mechanical ventilation on admission (67 pa-
tients, 46.9%). Around quarter of patients in the study did not
required oxygen support on admission; however, had other
reason for admission.

The vast majority of study population received antibiot-
ic (antibacterial) (139 [97.2%]). Other therapeutic inter-
ventions included antivirals (96 [68.5%]), glucocorticoids
(55 [38.5%]), and convalescent plasma infusion (63
[44%]). Anti-interleukin drugs such as tocilizumab and
anakinra were used in 48 (33.5%) and 3 (2%) patients
respectively. Plasma exchange was used in 27 patients
[18 .8%] ) . Tab le 3 summar i z e s t r ea tmen t s and
interventions.

Notably, 19 patients (13.2%) from study population re-
quired renal replacement therapy. Overall, 75 patients
(52.5%) had ARDS, and 34 patients (23.8%) had acute kidney
injury during hospitalization. Other complications included
electrolyte disturbance (11 [7.7%]), and anemia (16
[11.2%]). On follow-up, 24 patients (16.8%) died, 108 pa-
tients (75.5%) were discharged, and the rest (10 [7.0%])
remained hospitalized by the end of the study period.
Compared with those without cardiac injury, patients with
cardiac injury required more invasive mechanical ventilation
(24 [77.4%] vs 43 [38.4%]; P 0.00012). The use of antibiotics
(antibacterial) treatment (31 [100%] vs 108 [96.4%]), gluco-
corticoids (23 [74.2%] vs 32 [28.3%]), and antivirals (23
[74.2%] vs 75 [67.0%]) was also higher in patients with car-
diac injury than in those without cardiac injury. Complications
were more prevalent among patients with cardiac injury than
those without cardiac injury; these included ARDS (27 [87%]
vs 48 [42.9%]; P < 0.00001), acute kidney injury (21 [67.7%]
vs 13 [11.6%]; P < 0.00001), drop in hemoglobin, or anemia
(12 [38.7%] vs 4 [3.6%]; P < 0.00001). Figure 1 illustrates
these findings.

Table 1 Baseline characteristics (n = 143)

Age (years) 49.36 ± 15.32

Gender (n) %

Male (124) 86.7%

Female [19] 13.3%

Presenting symptom(s), %

Fever 84%

Cough 69%

Breathlessness 53%

Diarrhea 17%

Chest pain 15%

Sore throat 10%

Loss of appetite 8%

Muscle ache 8%

Fatigability 8%

Nausea and/or vomiting 5%

Headache 4%

Rhinorrhea 4%

Dysuria 1%

Altered mental status 0.6%

Comorbidities/risk factors, %

Hypertension 32.2%

Diabetes mellitus 36.4%

Dyslipidemia 7.7%

Coronary heart disease 4.2%

Cerebrovascular disease 2.1%

Chronic heart failure 3.5%

Chronic kidney disease 8.4%

Smoking 4.9%

Cancer 2%

BMI > 30 16%

Average hospitalization (days) 11.8 ± 8.7

Average duration of symptoms (days) 5.1 ± 3.3
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Cardiac Events

We looked into cardiac events during the course of
hospitalization of the study population as well as com-
paring these events in those with cardiac injury and
those without, including arrhythmia and ST-elevation
myocardial infarction. Tachy-arrhythmias were the most
common rhythm disturbance reported. Atrial tachy-
arrhythmia was seen in 4 (12.9%) patients with cardiac
injury while only seen in 1 (0.9%) patient without doc-
umented cardiac injury. Ventricular arrhythmia devel-
oped in 1 (3.2%) patient in the cardiac injury group
vs. 2 (1.8) patients in non-cardiac group. Brady-
arrhythmia occurred in 3 (9.7%) in cardiac injury group
compared with 6 (5.4%) in non-cardiac injury group.
Out of patients who had cardiac injury, 2 patients
(6.5%) presented with ST-elevation myocardial
infraction.

Cardiac Injury and Mortality

The mortality rate was remarkably higher in patients with
cardiac injury compared with those without cardiac injury
(16 [53.3%] vs 8 [7.1%]; P < 0.00001).

Mortality of Patients with COVID-19 With/Without
CVD and With/Without Elevated hs-TNI Levels

Further analysis of mortality in this retrospective cohort re-
vealed that, out of 143 patients included in this study, 3.62%
(3 of 83) with normal hs-TNI levels without underlying CVD,
17.24% (5 of 29) with normal hs-TNI levels with underlying
CVD, 63.6% (7 of 11) with elevated hs-TNI levels without
underlying CVD and 45% (9 of 20) with elevated hs-TNI
levels with underlying CVD died during hospitalization.
Figure 2 illustrates these findings.

Table 2 Cardiac injury and
COVID-19 (n = 143) Variable Cardiac (n = 31) Non-cardiac

(n = 112)
P value

Age (years) 59.03 ± 14.83 46.68 ± 14.40 < 0.0001

Duration of symptoms prior to hospitalization (days) 4.5 ± 3.4 5.3 ± 3.2 0.0216

Leading symptoms, %

Fever 87% 83% 0.589

Chest pain 12.9% 15.3% 0.749

Cough 67.7% 69.6% 0.841

Breathlessness 45.1% 55.3% 0.312

Diarrhea 16.1% 16.9% 0.912

Comorbidities/risk factors

Hypertension 61.3% 24.1% < 0.0001

Diabetes 54.8% 31.3% 0.0155

Coronary heart disease 6.5% 3.6% 0.477

Dyslipidemia 19.4% 4.5% 0.0059

Cerebrovascular disease 9.7% 0% < 0.001

Smoking 12.9% 2.7% 0.019

Chronic heart failure 16.1% 0% < 0.00001

Cancer 3.2% 1.8% 0.617

Chronic kidney disease 16.1% 6.2% 0.078

COPD/asthma 19.4 3.6% 0.002

BMI > 30 22.6% 14.3% 0.267

Interventions, %

Requiring ventilation support on admission 77.4% 38.4% 0.00012

Duration on invasive ventilation (days) 14.3 ± 9.5 10.0 ± 10.1 0.531

Renal replacement therapy 48.4% 3.6% < 0.00001

Hospitalization outcome by end of study duration, %

Remained hospitalized 13.4% 5.4% 0.144

Discharged 33.3% 87.5% < 0.00001

Death 53.3% 7.1% < 0.00001
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Noteworthy, patients who have died in the elevated hs-TNI
levels without underlying CVD group were younger com-
pared with patients with elevated hs-TNI levels and underly-
ing CVD; (age median 55.4 (33–76) vs 70.0 (53–80). Male
gender was the predominant in the two groups with 1 female
in each group. Interestingly, deceased patients in the elevated
hs-TNI levels without underlying CVD group had higher D-
dimer and LDH levels than deceased patients in the elevated
hs-TNI level with underlying CVD group.

Discussion

This study describes the association between myocardial inju-
ry, underlying CVD and mortality and unfavorable outcomes
in patients with COVID-19.

Our study showed apparent association between cardiac
injury and mortality in patients with COVID-19. Among
143 patients with COVID-19, 31 (21.7%) who had

significantly higher mortality. In cardiac injury group, the me-
dian duration from illness onset to death was 17.8 [1–15]
days; a figure that is comparable to published data in literature.
Shi et al. [14] described in a retrospective cohort of patients
with COVID-19 that 19.7% had cardiac injury with mortality
rate of 51.2% compared with 4.5% in non-cardiac injury
group. Notably, there was a clear trend towards increase mor-
tality in patients with underlying CVD as evident by almost 5
folds increase in mortality between the group with normal
troponin with or without CVD (3.6% vs 17.2%). It is also
noteworthy that 82.8% of patients with underlying CVD but
normal hs-TNI level had relatively better outcome compared
with patients with elevated hs-TNI level but without underly-
ing CVD (mortality: 17.2% vs 63.6%). These results suggest
that myocardial biomarkers should be utilized for risk stratifi-
cation in CVD patients who develop COVID-19 infection. In
a retrospective study and similar to our findings, Guo et al.
[17] reported that highest mortality and the shortest survival
term was seen in patients with underlying CVD (defined as
patients with cardiomyopathy, coronary artery disease, or hy-
pertension) and elevated hs-TNI level. The exact reasons why
patients with underlying CVD are more vulnerable to more
severe COVID-19 disease remain unclear. However, few the-
ories have been postulated including direct viral invasion, sys-
temic inflammatory response, destabilized coronary plaque
and hypoxemia [6].

Chronic cardiovascular disease, particularly coronary ar-
tery disease and heart failure, can worsen in viral infection
setting as a result of the mismatch between higher metabolic
demand caused by infection and decreased cardiac reserve;
subsequently, these mechanisms, may lead to ischemia [18].
In addition to these and in relation to severe systemic inflam-
matory response, inflammatory activity within the coronary
atherosclerotic plaques is intensified, rendering them vulnera-
ble to rupture [19]. A recently published epidemiological
study [20] has demonstrated that plasma levels of cytokines
including interleukin (IL)-2, IL-7, IL-10, granulocyte-colony

Table 3 Treatment and interventions

Initial oxygen treatment, %

Oxygen supplementation via mask 25.9%

Non-invasive ventilation 2.8%

Invasive ventilation 46.9%

No oxygen needed 24.4%

Duration on invasive ventilation (days) (n = 63) 11.5 ± 10.0

Therapeutic interventions, %

Antivirals 68.5%

Antibiotics 97.2%

Tocilizumab 33.5%

Convalescent plasma 44%

Anakinra 2%

Plasma exchange 18.8%

Renal replacement therapy 13.2%
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stimulating factor, IgG-induced protein 10, macrophage in-
flammatory protein 1-alpha and tumor necrosis factor α were
all elevated, above reference range, in patients with COVID-
19 who were admitted to the intensive care unit. This exag-
gerated cytokine response by type 1 and type 2 helper T cells
resulting in a cytokine storm can contribute to cardiac injury
[20].

Our study did also show that there may be other prognostic
factors that can predict poor outcome which include D-dimer
and LDH levels on admission. D-dimer, a product of lysis of
cross-linked fibrin, is an important marker of thrombosis or
coagulation activation [21]. Average D-dimer level on admis-
sion in those who died in the elevated hs-TNI level without
underlying CVD group (mortality; 63.6%) was around four
folds (13.3 vs 3.3 μg/mL) the average in the elevated hs-TNI
level with underlying CVD (mortality; 45%). A retrospective
cohort study has found that among 343 patients with COVID-
19, mortality in patients with D- dimer levels ≥2.0 μg/mL was
higher than that in patients with D-dimer levels < 2.0 μg/mL
(P < .001) [22]. LDH could be another important prognostic
marker. The mean LDH in our study in patients with elevated
hs-TNI level without underlying CVDwas numerically higher
at 1366 compared with 659 in patients with elevated hs-TNI
level but without underlying CVD. LDH is essential for glu-
cose metabolism, particularly in conversion of pyruvate to
lactate. LDH exists in all human cells, particularly in cardiac
and liver cells, and Its secretion is triggered by cell membrane
necrosis [23, 24]. A multi-center study which included more
than a thousand patients with COVID-19 patients has linked
COVID-19 severity to elevated LDH levels [25]. LDH level
also correlated to CT scans findings of severe pneumonia [26].

Patients with cardiac injury were more prone for complica-
tions such as (ARDS, 87% vs 42.9%, P < 0.00001, acute kid-
ney injury, 67.7% vs 11.6%, %, P < 0.00001, drop in hemo-
globin or Anemia, 38.7% vs 3.6%, P < 0.00001). 48.4% of
cardiac injury patients required renal replacement therapy
compared with 3.6% in non-cardiac injury group
(P < 0.00001). Our figures are significantly higher than these

reported from similar studies. For instance, Shi et al. [14]
found in their study that 58.5% of cardiac injury patients de-
veloped ARDS, 8.5% had AKI, while anemia developed in
4.9% of the cardiac injury patients. While our report of ten-
dency to unfavorable clinical course and outcome remained
consistent with findings in literature, significantly worse out-
come can be explained by one of the limitation of our study as
one of the designated study sites was required to receive pa-
tient with severe COVID 19 mostly.

Since patients with underlying CVD are more likely to
experience adverse events in setting of myocardial injury
and COVID-19 including higher risk of death, it is essential
to triage patients with COVID-19 according to the presence of
underlying CVD and evidence of myocardial injury for prior-
itized treatment and possible special treatment strategies
consideration.

Limitations

Relatively small number of enrolled patients can affect statis-
tical reflections. However, in view of the nature of emerging
pandemic like COVID-19 and the fact that patients with CVD
are among the highest risk and utilization of healthcare sys-
tems globally, it was still feasible to report our findings at this
time. Larger cohort study is needed to verify our conclusions.
One of the designated study sites received severe cases; how-
ever, we think that we were able to clearly find that myocar-
dial injury remains an independent risk factor in setting of
COVID-19 and our findings are consistent with the growing
evidence.

Conclusions

Myocardial injury is not uncommon among patients admitted
with COVID 19 infection and has significant association to
higher mortality and poor outcomes. Further studies and meta-
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analysis are needed to replicate this finding and characterize
further other predictive variables.
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