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Introduction: In the new coronavirus (SARS-CoV-2) scenario, COVID-19 disease is associated
with vascular inflammatory processes, myocarditis, and cardiac arrhythmias, thus, its mortality is
associated with cardiovascular diseases (CVD), diabetes, and hypertension. The mechanisms are
that cardiovascular disease and pharmacological inhibition of SARS-CoV-2 can increase ACE2
levels, and coronavirus infection can decrease ACE2. Among patients with COVID-19, there is a
high prevalence of cardiovascular disease and over 7% of patients have a myocardial injury from
infection (22% of critically ill patients). Objective: Therefore, the present study aimed to conduct
a systematic review of the main clinical outcomes of cardiovascular effects in patients infected
with COVID-19. Methods: Literary search criteria were followed with the use of the MeSH
Terms that were cited in the item on "Search strategies". A total of 65 clinical studies that were
submitted to the eligibility analysis were checked, and after that, 31 studies were selected. The
search strategy was performed in PubMed, Embase, Ovid and Cochrane Library, Web of Science,
Science Direct Journals (Elsevier), Scopus (Elsevier), OneFile (Gale). Major considerations and
conclusion: Therefore, patients with COVID-19 combined with cardiovascular disease are
associated with an increased risk of mortality. Critical patients are characterized by fewer
lymphocytes. A COVID-19 disease is associated with a high inflammatory load that can induce
vascular inflammation, myocarditis, and cardiac arrhythmias. Thus, cardiovascular risk factors
and conditions must be carefully controlled according to the evidence-based guidelines.
Cardiovascular disease and COVID-19 pharmacological inhibition increase ACE2 levels, which
can increase coronavirus virulence in the lung and heart (7). On the other hand, there is evidence
that coronavirus infection can decrease ACE2, leading to toxic over-accumulation of angiotensin
11, which induces acute respiratory distress syndrome and fulminant myocarditis. The inhibition of
SARS-CoV-2 can reduce this effect.
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INTRODUCTION

and hypertension. These disorders share the underlying
pathophysiology related to the renin-angiotensin system (RAS)

In the scenario of the new coronavirus (SARS-CoV-2), the
disease COVID-19 is associated with vascular inflammatory
processes, myocarditis, and cardiac arrhythmias, thus, its
mortality is associated with cardiovascular diseases, diabetes,

(WHO, 2020) In this context, there are four different
mechanisms that can contribute to increasing the virulence of
the coronavirus in the lung and heart. Thus, the mechanisms
are that cardiovascular disease and RAS pharmacological
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inhibition can increase ACE2 levels, and coronavirus infection
can decrease ACE2, leading to excess toxic accumulation of
angiotensin II, which induces respiratory distress syndrome
acute and fulminant myocarditis (WHO, 2020). Among
patients with COVID-19, there is a high prevalence of
cardiovascular disease and over 7% of patients have a
myocardial injury due to infection (22% of critically ill
patients)  (Rodriguez-Morales, 2020).  Although the
angiotensin-converting enzyme 2 serves as a portal for
infection, the role of angiotensin-converting enzyme inhibitors
or angiotensin receptor blockers requires further investigation.
COVID-19 represents a challenge for heart transplantation,
affecting donor selection, immunosuppression, and post-
transplant management. There are a number of promising
therapies under active investigation to treat and prevent
COVID-19 (Wenzhong, liu, 2020). As an example, in order to
know the incidence of these effects, as well as the care to be
taken, a meta-analysis study carried out a systematic review of
the literature followed by a meta-analysis, using three
databases to assess clinical, laboratory, images, and results of
confirmed cases with COVID-19. For 656 patients, fever
(88.7%, 95% CI 84.5-92.9%), cough (57.6%, 40.8-74.4%) and
dyspnea (45.6%, 10.9 -80.4%) were the most prevalent
manifestations. Among the patients, 20.3% (95% CI 10.0-
30.6%) required an intensive care unit (ICU), 32.8% had acute
respiratory distress syndrome (ARDS) (95% CI 13.7- 51.8),
6.2% (95% CI 3.1 -9.3) with shock. Approximately 13.9%
(95% CI 6.2-21.5%) of hospitalized patients had fatal results.
COVID-19 places an enormous burden on health services,
especially in patients with comorbidities. The ICU was
necessary for approximately 20% of polymorphic patients
infected with COVID-19 (Clerkin, 2020). Therefore, the
present study aimed to conduct a systematic review of the
main clinical outcomes of cardiovascular effects in patients
infected with COVID-19.

METHODS

Eligibility and Study Design: Literary search criteria were
followed with the use of the MeSH Terms that were cited in
the item on "Search strategies". A total of 65 clinical studies
that were submitted to the eligibility analysis were checked,
and after that, 31 studies were selected, following the rules of
systematic review-PRISMA  (Transparent reporting of
systematic reviews and meta-analysis-http: //www.prisma-
statement.org/) (Figure 1).

Search Strategy and Information Sources: The search
strategy was performed in PubMed, Embase, Ovid and
Cochrane Library, Web of Science, ScienceDirect Journals
(Elsevier), Scopus (Elsevier), OneFile (Gale) followed the
following steps: - search for MeSHTerms:“COVID-19. SARS-
CoV-2. Cardiovascular disease. Pharmacological treatments”,
and use of boolean "and" between mesh terms and "or" among
historical findings. All references are registered in EndNote.

DEVELOPMENT AND DISCUSSION

In the scenario of cardiovascular diseases (CVD), this was
common comorbidity in patients with COVID-19 (5,6). In
SARS-CoV-2, the prevalence of diabetes mellitus (DM) (MD)
and CVD was 11% and 8%, respectively, increasing the risk of
death by 12 times (5-8). In 1 cohort of 191 patients from
Wuhan, China, any comorbidity was present in 48% (67% of

non-survivors), hypertension in 30% (48% of non-survivors),
DM in 19% (31% of non-survivors), and CVD in 8% (13% of
non-survivors) (Zhou, 2020).
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Figure 1. Flow chart. Eligibility of studies

In a cohort of 138 patients hospitalized with COVID-19,
comorbidities were similarly prevalent (46% overall and 72%
in patients requiring care in the intensive care unit (ICU), as
well as cardiovascular comorbidities: hypertension in 31%
(58% in patients requiring ICU care), CVD in 15% (25% in
patients requiring ICU care) and DM in 10% (22% in patients
requiring ICU care) (Wang, 2020). Still, an analysis of an
outpatient and inpatient cohort of 1,099 patients with COVID-
19 revealed that 24% had some comorbidity (58% among
those with intubation or death), with 15% having hypertension
(36% among those with intubation or death ), 7.4% DM (27%
among those with intubation or death) and 2.5% of coronary
heart disease (9% among those with intubation or death)
(Guan, 2019). In this context, data from the China National
Health Commission demonstrated that 35% of patients
diagnosed with COVID-19 had hypertension and 17% had
coronary disease (Zheng, 2020). A recent meta-analysis of 8
studies from China including 46,248 infected patients showed
that the most prevalent comorbidities were hypertension
(Yang, 2020). Possible explanations include CVD being more
prevalent in patients with advanced age, and immune system
with functional deficiency or high levels of ACE2 or patients
with CVD who are predisposed to COVID-19.

In this sense, myocardial injury is evidenced by elevated
cardiac biomarkers. In the aforementioned study of 138
patients hospitalized with COVID-19 in Wuhan, China,
cardiac injury (highly sensitive cardiac troponin I (hs-cTnl) or
new echocardiographic abnormalities) was present in 7.2% of
patients in general and 22% of patients who needed ICU care
(Wang, 2020). The report by the National Health Commission
of China reported that almost 12% of patients with no known
CVD had elevated levels of troponin or cardiac arrest during
hospitalization (Zheng, 2020). As a consequence, hs-cTnl was
above the upper reference limit of the 99th percentile in 46%
of non-survivors, as opposed to 1% of survivors (Zhou, 2020).
In this regard, there are two patterns of myocardial injury with
COVID-19. Thus, a study demonstrated that four days after the
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onset of symptoms, the mean levels of hs-cTnl were 8.8 pg/mL
in non-survivors versus 2.5 pg/mL in survivors. During
follow-up, the median hs-cTnl among survivors did not change
significantly (2.5 to 4.4 pg/mL), while it rose to 24.7 pg/mL on
day 7, to 55.7 pg/mL in the day 13, to 134.5 pg/ml on day 19
and 290.6 pg/ml on day 22 in non-survivors. The average time
to death since the onset of symptoms was 18.5 days
(interquartile range, 15 to 20 days). The increase in hs-cTnl
range with other inflammatory biomarkers (D-dimer, ferritin,
interleukin-6, lactate dehydrogenase), raising the possibility
that this reflects a cytokine storm or secondary
hemophagocyticlymphohistiocytosis more than isolated
myocardial injury. In contrast, reports from patients with
predominantly cardiac symptoms suggest a different pattern,
potentially viral myocarditis or stress cardiomyopathy. For
example, 1 case recently published described a man with chest
pain and ST-segment elevation on his echocardiogram(ECG),
but without coronary obstruction. An ECG observed left
ventricular dysfunction (ejection fraction 27%, left ventricular
end-diastolic diameter 5.8 c¢m) and elevated cardiac
biomarkers (troponin T> 10 ng/mL, NT-proBNP (N-terminal
pro-BNP)> 21,000 pg / ml) (Hu, 2020). In China, one report
showed a 63-year-old man with no cardiac history, who had
severe respiratory manifestation and evidence of fulminant
myocarditis with an enlarged left ventricle (left ventricular
end-diastolic diameter 6.1 cm) and depressed left ventricular
function (ejection fraction 32% ). The patient had elevated
troponin I (> 11 ng/mL) and NT-proBNP (> 22,000 pg/mL).
Given the severity of the cardiogenic shock, he was placed on
extracorporeal membrane oxygenation and treated with
intravenous immunoglobulin, steroids, antiviral therapy, and
renal replacement therapy. The patientrecovered ventricular
function in 2 weeks (Zeng, 2020). The World Health
Organization and the Centers for Disease Control and
Prevention do not recommend the use of glucocorticoids,
except for chronic obstructive pulmonary disease or
exacerbation of asthma (Centers for Disease Control and
Prevention, 2020; World Health Organization, 2020). The
exact mechanism of cardiac involvement in COVID-19
remains under investigation (Oudit, 2009). A potential
mechanism is direct myocardial involvement mediated by
ACE2. Among humans, during the coronavirus outbreak in
Toronto, SARS-CoV viral RNA was detected in 35% of
autopsied hearts (Booth, 2003). COVID-19-related cardiac
involvement includes a cytokine storm, mediated by an
unbalanced response between helper T cell subtypes, and
hypoxia-induced excessive intracellular calcium, leading to
cardiac myocyte apoptosis (Zhou, 2020; Zheng, 2020).

In the context of ACE2, the use of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers is
common in cardiovascular disorders (hypertension, coronary
artery disease, congestive heart failure, and DM). However,
conflicting data exist on whether these drugs increase
(Ishiyama, 2004; Ferrario, 2005; Ocaranza, 2006) or have a
minimal effect on ACE2 levels (Klimas et al., 2015; Walters,
2017; Burchill, 2012; Burrell, 2005). The entry of SARS-CoV-
2 into cells is dependent on ACE2, however, ACE2 appears to
have a protective function against acute lung injury (Imai,
2005; Kuba, 2005). In this regard, Losartan is being studied for
potential mitigation of lung injury among hospitalized and
outpatients with COVID-19 (Randomized Controlled Trial of
Losartan for Patients, 2020; Randomized Controlled Trial of
Losartan for Patients). The use of angiotensin-converting
enzyme inhibitor and angiotensin receptor blockers (ACEI and

ARB) does not affect the morbidity and mortality of COVID-
19 combined with CVD. Aggravating causes of death include
fulminant inflammation, accumulation of lactic acid, and
thrombotic events (Peng, 2020). Therefore, patients with
COVID-19 combined with cardiovascular disecase are
associated with an increased risk of mortality. Critical patients
are characterized by fewer lymphocytes. Higher BMI is more
often seen in critically ill, non-survivors. The use of ACEI /
ARB does not affect the morbidity and mortality of COVID-19
combined with CVD. Aggravating causes of death include
fulminant inflammation, accumulation of lactic acid, and
thrombotic events. Therefore, cardiovascular metabolic
comorbidities made patients more susceptible to COVID-19
and exacerbated the infection (Peng, 2020). Finally, a
multicenter, open, randomized, controlled clinical study
evaluated the efficacy and safety of hydroxychloroquine plus
standard treatment compared to standard treatment alone in
adults with COVID-19 (Tang, 2019). Sixteen government-
designated COVID-19 treatment centers in China from 11 to
29 February 2020. 150 patients admitted to the hospital with
laboratory-confirmed COVID-19 were included in the
intention to treat analysis (75 patients designated for
hydroxychloroquine plus treatment 75 for standard treatment
only). Hydroxychloroquine is administered at a loading dose
of 1200 mg per day for three days, followed by a maintenance
dose of 800 mg per day (total duration of treatment: two or
three weeks for patients with mild to moderate or severe
illness, respectively). Of 150 patients, 148 had mild to
moderate illness, and two had severe illness. The average
duration from symptom onset to randomization was 16.6 (SD
10.5; range 3-41) days. A total of 109 (73%) patients (56
standard  treatment; 53  standard  treatment  plus
hydroxychloroquine) had negative conversion well before 28
days, and the remaining 41 (27%) patients (19 standard
treatment; 22 standard treatment) plus hydroxychloroquine)
were censored because they did not achieve negative virus
conversion. The probability of negative conversion in 28 days
in the standard treatment plus hydroxychloroquine group was
85.4% (95% confidence interval 73.8% to 93.8%), similar to
the standard treatment group (81.3 %, 71.2% to 89.6%). The
most common adverse event in hydroxychloroquine receptors
was diarrhea, reported in 7/70 (10%) patients. Two
hydroxychloroquine receptors reported serious adverse events
(Tang, 2019).

Conclusion

Therefore, COVID-19 disease is associated with a high
inflammatory load that can induce vascular inflammation,
myocarditis, and cardiac arrhythmias. Thus, cardiovascular
risk factors and conditions must be carefully controlled
according to the evidence-based guidelines. Cardiovascular
disease and COVID-19 pharmacological inhibition increase
ACE2 levels, which can increase coronavirus virulence in the
lung and heart (Booth, 2003). On the other hand, there is
evidence that coronavirus infection can decrease ACE2,
leading to toxic over-accumulation of angiotensin II, which
induces acute respiratory distress syndrome and fulminant
myocarditis. The inhibition of SARS-CoV-2 can reduce this
effect.
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