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Abstract
Based on clinical presentation, pathophysiology, high infectivity, high cardiovascular involvement, and
therapeutic agents with cardiovascular toxicity of coronavirus disease 2019 (COVID-19), regular
cardiovascular treatment is being changing greatly. Despite angiotensin-converting enzyme 2 serving as
the portal for infection, the continuation of clinically indicated renin–angiotensin–aldosterone blockers is
recommended according to the present evidence. Fibrinolytic therapy can be considered a reasonable
option for the relatively stable ST segment elevation myocardial infarction (STEMI) patient with suspected
or known COVID-19. However, primary percutaneous coronary intervention is still the standard of care
in patients with definite STEMI if personal protective equipment is available and cardiac catheterization
laboratory has a good infection control. In patients with elevated cardiac enzymes, it is very important to
differentiate patients with Type 2 myocardial infarction or myocarditis from those with true acute
coronary syndromes because invasive percutaneous intervention management in the former may be
unnecessary, especially if they are hemodynamically stable. Finally, patients with baseline QT prolongation
or those taking QT prolonging drugs must be cautious when treating with lopinavir/ritonavir and
hydroxychloroquine for COVID-19.
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Introduction
Coronavirus disease 2019 (COVID-19) is
declared a pandemic by the World Health
Organization on March 11th 2020. It is caused by
severe acute respiratory syndrome coronavirus 2
(SARS-CoV2) [1]. Its infection may directly influence
cardiovascular system. Patients with preexistent
cardiovascular disease may predispose to COVID-19
infection and have an elevated risk of adverse
outcomes if infected [2,3]. A recent meta-analysis of 8
studies from China including 46,248 patients with
COVID-19 demonstrate the most prevalent
comorbidities were hypertension (17 ± 7%), diabetes
(8 ± 6%), and cardiovascular diseases (5 ± 4%) [4].
These comorbidities are frequently noted in

cardiovascular clinic. At present, the extraordinary
large numbers of infected people requiring treatment
may influence adequate treatment delivery to patients
with acute cardiovascular disease. Pharmacological
agents for COVID-19 may have some adverse
cardiovascular effects. Clinicians delivering medical
care including cardiovascular doctors are at risk of
developing the illness or become spreader for the
infection. Hence, COVID-19 infection will alter our
daily practice for cardiovascular treatment greatly
and have a huge impact on the routine management
of cardiovascular disease. Although COVID-19
infection mainly involves the respiratory systems,
cardiovascular specialists will be actively engaged in
http://www.medsci.org

Int. J. Med. Sci. 2020, Vol. 17
the care of patients with suspected or confirmed
COVID-19. The objective of this review is to provide
the latest advancements for cardiovascular disease
management during the COVID-19 pandemic in
different cardiovascular patients.

Patients with cardiovascular symptoms
Although the most common symptoms of
patients with COVID-19 are fever (88%) and dry
cough (67.7%), there are 7.3% patients presenting with
palpitation [5] and 19% patients with dyspnea [6].
Additionally, patients with cardiovascular disease
and COVID-19 may have overlapping symptoms.
Although the mainly presenting symptoms of
COVID-19 are respiratory, a case report described an
Italian
patient
with
chest
pain
and
electrocardiographic changes for which the cardiac
catheterization lab was activated. However, the
patient was found to have patent coronary artery but
finally tested positive for COVID-19. Palpitation,
dyspnea, and chest pain, frequently noted in
cardiovascular patients, may be the presenting
symptoms of COVID-19 infection. Hence, when
surveying the patients presented with palpitation,
dyspnea, or chest pain during COVID-19 pandemic,
we should especially watch out for the concomitant
symptoms such as fever, chills, cough, myalgia, and
fatigue which were frequently noted in COVID-19
patients [7] and contact history for differentiating
patients with true cardiovascular disease from those
with COVID-19 infection.

Patients with hypertension
SARS-CoV-2 infection is caused by binding of
the viral surface spike protein to the human
angiotensin-converting enzyme 2 (ACE2) receptor [8],
which is a membrane bound aminopeptidase that is
highly expressed in the heart and lungs and has a vital
role in the immune system [9]. ACE2 is an enzyme
responsible of the cleavage of angiotensin II into
angiotensin 1-7, which has vasodilating and
anti-inflammatory effects [10]. ACE2 internalization
by SARS-CoV-2 infection would theoretically cause
the loss of ACE2 at the cell surface and decrease the
degradation of angiotensin II into cardiovascular
disease protective angiotensin 1-7. Indeed, an increase
in the overall ratio of angiotensin II to angiotension-1–
7 after ACE2 internalization may exacerbate the
pulmonary tissue damage initially provoked by
SARS-CoV-2 infection [11]. In addition, virusmediated down-regulation of ACE2 may enhance
angiotensin II stimulation and cause the harmful
hyper-inflammatory reaction of COVID-19.
If ACE2 is a functional receptor for SARS-CoV-2,
the potential harmful effect and safety of ACE
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inhibitors or angiotensin- receptor blockers in patients
with COVID-19 should be carefully considered [3]. In
fact, many patients from South America, Central
America and Spain, have stopped or intend to
interrupt their treatments with renin–angiotensin–
aldosterone blockers [12]. ACE2 may be up-regulated
in patients treated with ACE inhibitors or angiotensin
receptor blockers. ACE2 up-regulation may increase
the susceptibility to COVID-19. This is particularly
observed in patients with diabetes and/or
hypertension, since they are usually taking ACE
inhibitors or angiotensin receptor blockers [13].
Currently, it is known that the effect of renin–
angiotensin–aldosterone inhibitors on ACE2 is chiefly
due to the expression of ACE2 in the heart, kidney
and plasma, and it is not completely understood
whether renin–angiotensin–aldosterone inhibitors can
affect the expression of ACE2 in airway epithelial
cells. To date, there is no evidence that using renin–
angiotensin–aldosterone inhibitors makes patients
more susceptible to the SARS-CoV-2 virus infection.
Additionally, increased renin–angiotensin–
aldosterone system activity is a poor prognostic factor
for severe pneumonia. Animal studies have
demonstrated that renin–angiotensin–aldosterone
inhibitors were able to effectively relieve symptoms of
severe pneumonia. Hence, renin–angiotensin–
aldosterone blockers could be useful in patients with
COVID-19 pneumonia [14]. Furthermore, ACE
inhibitors or angiotensin receptor blockers may be
protective through the inhibition of angiotensin II
mediated
vasoconstriction
and
inflammatory
activation. The renin–angiotensin–aldosterone system
is widely implicated in diabetes, hypertension, and
heart failure. ACE inhibitors or angiotensin receptor
blockers, based upon strong evidence of efficacy, are
commonly used in the management of hypertension,
heart failure, post myocardial infarction care, and to
slow progression of renal disease. Hence, whether
hypertension patients with COVID-19 who are taking
renin–angiotensin–aldosterone
blockers
should
change to another class of antihypertensive drug
remains controversial. At present, there is no evidence
to abandon renin–angiotensin–aldosterone blockers in
patents with COVID-19 [15].

Patients needing cardiac catheterization
Elective patients
Elective procedures may be held in order to
avoid exposure of patients to the hospital where the
chance of contact with COVID-19 patients may be
increased. In addition, many of elective patients for
cardiac catheterization may have several significant
comorbidities, whose prognosis may be poorer if they
http://www.medsci.org
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are actually infected by SARS-CoV-2. However,
patient decisions should be individualized, balancing
the risk of COVID-19 exposure versus the risk of
delay in procedure. It seems to be reasonable to avoid
elective procedures on patients in whom the expected
length of hospital stay is more than 3 days or intensive
care unit admission is required. Furthermore, the
definition of really elective procedures needs clinical
judgement, because in some patients delayed elective
procedures may have harmful effects. Examples of
elective procedures delayed reasonably include
coronary angiography examination or percutaneous
coronary intervention (PCI) for stable ischemic heart
disease, pre-operation survey for stable valvular heart
disease, endovascular intervention for stable
peripheral artery occlusion disease, transcatheter
aortic valve implantation for stable aortic stenosis,
and so on.
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the ability to provide timely primary PCI based on
staff and personal protective equipment availability.
During the procedure of primary PCI, appropriate
personal protective equipment must be worn
including gloves, gown, shield, and a N95 mask
(Figure 1). Furthermore, most of catheterization
laboratories are not designed for infection isolation
and only have positive ventilation system, so
catheterization laboratories will need a complete clean
after the procedure. In the absence of these resources,
a fibrinolysis first approach should be considered.

Patients with ST-segment elevation
myocardial infarction (STEMI)
Because rapid nucleic acid testing for SARSCoV-2 infection is not available in many hospital, the
treatment strategy of STEMI patients with suspected
or known COVID-19 is needed to be modified [16,17].
Although primary PCI is the routine for STEMI
patients in most hospital with cardiac catheterization
laboratory, fibrinolytic therapy can be considered a
reasonable option for the relatively stable STEMI
patient with suspected or known COVID-19 [16,17] in
order to decrease staff exposure to possible SARSCoV-2 infection. Very few cardiac catheterization
laboratories are equipped with negative ventilation
systems and, thus, the risk of transmission remains
high with each encounter [18]. Based on such safety
concerns and along with the acceptable mortality
benefit of the new generation of fibrinolytic agents,
Sadeghipour et al. reported that thrombolytic therapy
as a potential first choice on several occasions during
the outbreak is acceptable [19].
In contrast, Mahmud et al. raised the opposed
opinion recently [20]. They emphasize that primary
PCI should still remain the standard of care of
patients with definite STEMI, including for COVID-19
confirmed or probable patients. Compared to
thrombolytic therapy, primary PCI is superior for
restoring normal coronary flow and has a significantly
lower risk of fatal and nonfatal bleeding
complications [21]. In addition, after a fibrinolysisbased strategy, just around 50% of patients reperfuse
adequately and, thus, a high proportion of patients
require rescue PCI [21]. This can cause prolonged
intensive care unit stay and limiting access of
intensive care unit beds for COVID-19 patients.
Hence, every primary PCI center will need to monitor

Figure 1. During the procedure of percutaneous coronary intervention for patients
with suspected or known COVID-19 infection, appropriate personal protective
equipment including gloves, gown, shield, and a N95 mask must be worn.

http://www.medsci.org
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Patients with non-ST segment elevation
myocardial infarction (NSTEMI) or unstable
angina
For most patients with NSTEMI or unstable
angina and suspected COVID-19, SARS-CoV-2
infection should be confirmed first. The confirmed
patients must be transferred to the isolation ward.
After test of SARS-CoV-2 infection becomes negative,
it is assessed whether further invasive interventions
are needed. Very few patients with NSTEMI or
unstable angina and suspected COVID-19 may have
unstable hemodynamic and fatal arrhythmia and
need urgent PCI. Similarly, appropriate personal
protective equipment must be worn during this
procedure [17]. In addition, in hemodynamically
stable patients with NSTEMI or unstable angina and
excluded
COVID-19,
quick
discharge
after
revascularization is likely important in terms of
decreasing patient exposure within the hospital.

Patients with cardiac enzyme elevation
Acute cardiac injury is present in 7-13 % of
patients with COVID-19 and may belong to either
type 2 myocardial infarction (MI) or myocarditis
[1,22,23]. It is very important to differentiate patients
with Type 2 MI or myocarditis from those with true
acute coronary syndromes because invasive PCI
management in the former may be unnecessary,
especially if they are hemodynamically stable.

Patients with arrhythmia
In hospitalized COVID-19 patients, cardiac
arrhythmia was found in 16.7% of 138 patients [22].
Unfortunately, most of arrhythmia might be caused
by metabolic disarray, hypoxia, neurohormonal, or
inflammatory stress in the setting of viral infection.
Nevertheless,
patients
with
palpitation
or
eletrocardiography showing arrhythmia may be the
presenting symptom/sign of COVID-19 infection.

Patients with heart failure
Zhou et al. found heart failure was noted in
23.0% patients with COVID-19 [24]. Furthermore,
heart failure was more common in mortality patients
than in survival patients of COVID-19 infection.
Worsening heart failure may be due to exacerbation of
pre-existing left ventricular dysfunction or new
myocarditis remains unclear. Patients with COVID-19
may have right side heart failure and associated
pulmonary hypertension, especially in those with
severe pneumonia. Hence, COVID-19 infection
should be suspected in heart failure patients with
acute exacerbation.
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Patients with QT prolongation
Although there are no definitely effective
therapies for COVID-19, various pharmacologic
agents are under active study. Several antiviral agents
are the first medications under study for the treatment
of COVID-19. Among these agents, lopinavir/
ritonavir may lead to QT prolongation, especially in
patients who have a baseline long QT interval or those
taking other QT prolonging drugs [25]. In addition to
anti-viral therapy, in a small sample size study,
hydroxychloroquine treatment is significantly
associated with viral load reduction/disappearance in
COVID-19 patients and its effect is reinforced by
azithromycin [26]. These two drugs may also prolong
QT interval [27,28]. Hence, patients with baseline QT
prolongation or those taking QT prolonging drugs
must be cautious when treating with the above
medicine for COVID-19.

Conclusions
Based on clinical presentation, pathophysiology,
high infectivity, high cardiovascular involvement,
and therapeutic agents with cardiovascular toxicity of
COVID-19, regular cardiovascular treatment is being
changing greatly. Despite ACE2 serving as the portal
for infection, the continuation of clinically indicated
renin–angiotensin–aldosterone
blockers
is
recommended according to the present evidence.
Fibrinolytic therapy can be considered a reasonable
option for the relatively stable STEMI patient with
suspected or known COVID-19. However, primary
PCI is still the standard of care in patients with
definite STEMI if personal protective equipment is
available and cardiac catheterization laboratory has a
good infection control. In patients with elevated
cardiac enzymes, it is very important to differentiate
patients with Type 2 MI or myocarditis from those
with true acute coronary syndromes because invasive
PCI management in the former may be unnecessary,
especially if they are hemodynamically stable. Finally,
patients with baseline QT prolongation or those
taking QT prolonging drugs must be cautious when
treating
with
lopinavir/ritonavir
and
hydroxychloroquine for COVID-19.

Competing Interests
The authors have declared that no competing
interest exists.

References
1.
2.

Huang C, Wang Y, Li X, Ren L, Zhao J, Hu Y, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China. Lancet (London,
England). 2020; 395: 497-506.
Li B, Yang J, Zhao F, Zhi L, Wang X, Liu L, et al. Prevalence and impact of
cardiovascular metabolic diseases on COVID-19 in China. Clinical research in
cardiology : official journal of the German Cardiac Society. 2020.

http://www.medsci.org

Int. J. Med. Sci. 2020, Vol. 17
3.
4.

5.
6.
7.

8.
9.
10.

11.
12.
13.
14.

15.

16.

17.
18.

19.

20.
21.

22.
23.

24.
25.
26.

Zheng YY, Ma YT, Zhang JY, Xie X. COVID-19 and the cardiovascular system.
Nature reviews Cardiology. 2020.
Yang J, Zheng Y, Gou X, Pu K, Chen Z, Guo Q, et al. Prevalence of
comorbidities in the novel Wuhan coronavirus (COVID-19) infection: a
systematic review and meta-analysis. International journal of infectious
diseases : IJID : official publication of the International Society for Infectious
Diseases. 2020.
Liu K, Fang YY, Deng Y, Liu W, Wang MF, Ma JP, et al. Clinical characteristics
of novel coronavirus cases in tertiary hospitals in Hubei Province. Chinese
medical journal. 2020.
Clerkin KJ, Fried JA, Raikhelkar J, Sayer G, Griffin JM, Masoumi A, et al.
Coronavirus Disease 2019 (COVID-19) and Cardiovascular Disease.
Circulation. 2020.
Ferguson J, Rosser JI, Quintero O, Scott J, Subramanian A, Gumma M, et al.
Characteristics and Outcomes of Coronavirus Disease Patients under
Nonsurge Conditions, Northern California, USA, March-April 2020. Emerging
infectious diseases. 2020; 26.
Hoffmann M, Kleine-Weber H, Schroeder S, Kruger N, Herrler T, Erichsen S,
et al. SARS-CoV-2 Cell Entry Depends on ACE2 and TMPRSS2 and Is Blocked
by a Clinically Proven Protease Inhibitor. Cell. 2020.
Turner AJ, Hiscox JA, Hooper NM. ACE2: from vasopeptidase to SARS virus
receptor. Trends in pharmacological sciences. 2004; 25: 291-4.
Tomasoni D, Italia L, Adamo M, Inciardi RM, Lombardi CM, Solomon SD, et
al. COVID 19 and heart failure: from infection to inflammation and
angiotensin II stimulation. Searching for evidence from a new disease.
European journal of heart failure. 2020.
South AM, Diz DI, Chappell MC. COVID-19, ACE2, and the cardiovascular
consequences. American journal of physiology Heart and circulatory
physiology. 2020; 318: H1084-h90.
Marin GH. Facts and reflections on COVID-19 and anti-hypertensives drugs.
Drug discoveries & therapeutics. 2020.
Fang L, Karakiulakis G, Roth M. Are patients with hypertension and diabetes
mellitus at increased risk for COVID-19 infection? The Lancet Respiratory
medicine. 2020; 8: e21.
Sun ML, Yang JM, Sun YP, Su GH. [Inhibitors of RAS Might Be a Good Choice
for the Therapy of COVID-19 Pneumonia]. Zhonghua jie he he hu xi za zhi =
Zhonghua jiehe he huxi zazhi = Chinese journal of tuberculosis and
respiratory diseases. 2020; 43: 219-22.
Danser AHJ, Epstein M, Batlle D. Renin-Angiotensin System Blockers and the
COVID-19 Pandemic: At Present There Is No Evidence to Abandon
Renin-Angiotensin System Blockers. Hypertension (Dallas, Tex : 1979). 2020:
Hypertensionaha12015082.
Welt FGP, Shah PB, Aronow HD, Bortnick AE, Henry TD, Sherwood MW, et
al. Catheterization Laboratory Considerations During the Coronavirus
(COVID-19) Pandemic: From ACC's Interventional Council and SCAI. Journal
of the American College of Cardiology. 2020.
Zeng J, Huang J, Pan L. How to balance acute myocardial infarction and
COVID-19: the protocols from Sichuan Provincial People's Hospital. Intensive
care medicine. 2020.
Welt FGP, Shah PB, Aronow HD, Bortnick AE, Henry TD, Sherwood MW, et
al. Catheterization Laboratory Considerations During the Coronavirus
(COVID-19) Pandemic: From the ACC's Interventional Council and SCAI.
Journal of the American College of Cardiology. 2020; 75: 2372-5.
Sadeghipour P, Talasaz AH, Eslami V, Geraiely B, Vojdanparast M, Sedaghat
M, et al. Management of ST-segment-elevation myocardial infarction during
the coronavirus disease 2019 (COVID-19) outbreak: Iranian"247" National
Committee's position paper on primary percutaneous coronary intervention.
Catheterization and cardiovascular interventions : official journal of the
Society for Cardiac Angiography & Interventions. 2020.
Mahmud E, Dauerman HL, Welt FG, Messenger JC, Rao SV, Grines C, et al.
Management of Acute Myocardial Infarction During the COVID-19 Pandemic.
Journal of the American College of Cardiology. 2020.
O'Gara PT, Kushner FG, Ascheim DD, Casey DE, Jr., Chung MK, de Lemos JA,
et al. 2013 ACCF/AHA guideline for the management of ST-elevation
myocardial infarction: a report of the American College of Cardiology
Foundation/American Heart Association Task Force on Practice Guidelines.
Journal of the American College of Cardiology. 2013; 61: e78-e140.
Wang D, Hu B, Hu C, Zhu F, Liu X, Zhang J, et al. Clinical Characteristics of
138 Hospitalized Patients With 2019 Novel Coronavirus-Infected Pneumonia
in Wuhan, China. Jama. 2020.
Chen N, Zhou M, Dong X, Qu J, Gong F, Han Y, et al. Epidemiological and
clinical characteristics of 99 cases of 2019 novel coronavirus pneumonia in
Wuhan, China: a descriptive study. Lancet (London, England). 2020; 395:
507-13.
Zhou F, Yu T, Du R, Fan G, Liu Y, Liu Z, et al. Clinical course and risk factors
for mortality of adult inpatients with COVID-19 in Wuhan, China: a
retrospective cohort study. Lancet (London, England). 2020.
Chu CM, Cheng VC, Hung IF, Wong MM, Chan KH, Chan KS, et al. Role of
lopinavir/ritonavir in the treatment of SARS: initial virological and clinical
findings. Thorax. 2004; 59: 252-6.
Gautret P, Lagier JC, Parola P, Hoang VT, Meddeb L, Mailhe M, et al.
Hydroxychloroquine and azithromycin as a treatment of COVID-19: results of
an open-label non-randomized clinical trial. International journal of
antimicrobial agents. 2020: 105949.

1344
27. Ohara H, Nakamura Y, Watanabe Y, Cao X, Yamazaki Y, Izumi-Nakaseko H,
et al. Azithromycin Can Prolong QT Interval and Suppress Ventricular
Contraction, but Will Not Induce Torsade de Pointes. Cardiovascular
toxicology. 2015; 15: 232-40.
28. Driggin E, Madhavan MV, Bikdeli B, Chuich T, Laracy J, Bondi-Zoccai G, et al.
Cardiovascular Considerations for Patients, Health Care Workers, and Health
Systems During the Coronavirus Disease 2019 (COVID-19) Pandemic. Journal
of the American College of Cardiology. 2020.

http://www.medsci.org

