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Abstract

The coronavirus disease-2019 (COVID-19) is an infectious disease caused by severe acute respiratory syndrome
coronavirus 2 (SARS-CoV2) that first appeared in Wuhan, China. COVID-19 was found to have significant
implications on the cardiovascular system. This is depicted by several manifestations such as myocardial injury,
malignant arrhythmias, complicating the management of acute coronary syndrome, and even cardiogenic shock.
Worse, the medications for COVID-19 had been known to induce cardiovascular side effects and had drug-
drug interaction with anticoagulants. Renin-angiotensin-aldosterone system RAS blocker, as the holy grail of
hypertension and heart failure medication, should also be continued despite COVID-19 infection.

(Indonesian | Cardiol. 2020;41:83-90)

Keyword: COVID-19, cardiovascular implications, medications

Introduction

oronavirus disease-2019 (COVID-19) is
an infectious disease caused by severe acute
respiratory syndrome coronavirus 2 (SARS-
CoV2) that firstappeared in Wuhan, China.'?
SARS-CoV?2 rapidly spread to almost every country in
the world and COVID-19 was declared a pandemic by
the World Health Organization on 11 March 2020. In
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Indonesia, COVID-19 has affected 11.192 confirmed
patients with 1.871 patients recovered and 845 patients
deceased (4 May 2020).> A cohort study found that
comorbidities present in COVID-19 patients include
hypertension (30%), diabetes (19%), coronary heart
disease (8%), chronic obstructive lung disease (3%),
carcinoma (1%), and chronic kidney disease (1%).4
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While in a large study of 44672 COVID-19 patients
also in China, those with cardiovascular disease
comprised 22.7% of all fatal cases.”> Another study in
138 hospitalized COVID-19 patients found that the
most common causes of admittance to ICU among 36
patients were ARDS (61%), arrhythmias (44%), and
shock (31%).°

Cardiovascular Sequelae And Treatment
Challenges In COVID-19 Patient

Myocardial Injury in COVID-19 Infection

Myocardial injury happens in 7 to 28 percent of
hospitalized patients with COVID-19 infection and
related to poor prognosis.'®!! Patient with myocardial
injury have stunning death rates compared to the one
who does not (51.2 vs 5.5 percent; hazard ratio 4.26, CI
95% 1.92-9.49).%7

Diagnosis of myocardial injury should be suspected
in patients with COVID-19 infections if there are new
findings of troponin elevation, global or regional left
ventricular wall motion abnormalities, unexplained
cardiac arrhythmias, or ECG changes (prominently
diffuse ST elevation).

Based on the etiology, myocardial injury in
COVID-19 infection may be differentiated into
myocarditis, hypoxic injury, stress cardiomyopathy,
ischemic injury caused by cardiac microvascular
damage, epicardial coronary artery disease, and systemic
inflammatory response syndrome (cytokine storm).®
Histopathologic tissue done in a case of COVID-19
patient showed that COVID-19 is not responsible for
direct myocardial damage.” However, further studies
should be done to ensure the cause of myocarditis in
COVID-19 infection.

Heart failure should be accounted as one of the
complications (49% in patients who died and 3% in
recovered patients) of COVID-19 patients.’ The risk
factors of cardiac complications include older age, pre-
existing cardiovascular diseases, and severe pneumonia.
It is still unclear whether heart failure were caused by
exacerbation of pre-existing conditions, such as left
ventricular dysfunction, or due to new cardiomyopathy
caused by COVID-19."

Serum troponin level should be checked routinely in
patients hospitalized with COVID-19 infection." Mild
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troponin elevation (< 99th upper reference limit) usually
happens in patient who survived after hospitalization,
early moderate troponin elevation (exceed the 99th
upper reference limit) usually seen in patients with
suspected myocarditis and stress cardiomyopathy,
progressive troponin elevation with rising accelerated
in the second week hospitalization should warrant for
impending mortality due to cytokine storm (median
18.5 days after symptom onset)."

Arrhythmia and Conduction System Disease in
COVID-19 Patients

Most of the time, COVID-19 infection does not
cause the symptoms of arrhythmia directly.'"'* Mostly,
the patient will be tachycardic (7.3% of cases) due to
demand-related conditions such as fever or shortness
of breath."® There are notably several conditions that
might trigger arrhythmia in COVID-19 patients:
Myocarditis or myocardial ischemia, hypoxia or shock,
electrolyte imbalance, receiving QT-prolonging drugs,
and have underlying disease of Brugada disease.

Prevention should be done by electrocardiography
(ECG) examination. Although 12 lead ECG is
recommended, a single lead recording may suffice
to minimize staff exposure to the patient. The thing
to note is mainly the QRS-T morphology. From the
QRS-T morphology, we may determine the possibility
of myocarditis, acute coronary syndrome, and the
baseline of QT interval.”® Frequent monitoring of
QT interval should be done especially if COVID-19
drugs are started (Figure 1); mainly azithromycin (risk
of Torsades de pointes 4.7-6.7%) and chloroquine (or
hydroxychloroquine) which may increase the risk of
QT prolongation and the risk of Torsades de Pointes
(TdP)." This was caused by activation blockage of
potassium channel IKr (hERG/KV1I1.1) and both
treatments metabolized by CYP3A4 which delay its
clearance in the plasma.’'®

Patients with known Brugada syndrome may need
special attention regarding temperature management.
Paracetamol use for fever control will be paramount
in preventing the risk of ventricular arrhythmia due to
fever in COVID-19 patients with Brugada Syndrome.
In several cases, implantable cardiac defibrillator might
be imperative to prevent sudden cardiac death in patient
with Brugada Syndrome especially in the midst of
COVID-19 pandemic.'®
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Baseline ECG examination
Check Baseline Electrolyte

Correct the electrolyte imbalance

If..

QTc < 500 msec (narrow QRS)
QTC < 550 msec (wide QRS)

ECG Assessment within 4 hour, if:
1. QTc = 500 msec (narrow QRS)
2. QRC < 550 msec (wide QRS)
3. Increase in QTc > 60 ms
4, Presence of ventricular extrasystole

Yes

No

Qe > 500 msec (narrow QRS)
QRC = 550 msec (wide QRS)

¥

Daily assessment of ECG
1. QTc = 500 msec (narrow QRS)
2. QRC « 550 msec (wide QRS)
3. Increase in Qe > 60 ms
4. Presence of ventricular extrasystole

Figure 1. Algorithm to prevent TdP or SCD in COVID-19 patients TdP: Torsades des Pointes; SCD: Sudden Cardiac Death

Modified from: Wu CI, et al20

Viral myocarditis is known to be the main causes of
arrhythmogenicity causing any degree of atrioventricular
block, bundle branch blocks, or tachyarrhythmias.!”'®
This especially in the acute phase due to direct cytopathic
effect, gap junction dysfunction, and abnormal calcium
pump along with channel function.” Treatment
relies on the type of arrhythmias such as amiodarone,
beta-blocker, or even transcatheter ablation if the

tachyarrhythmia was drug-resistant.*>*!

Coronary Artery Disease and Acute Coronary
Syndrome in COVID-19 Patients

About 4.2 to 25 percent of patients with COVID-19
infections had coronary artery disease (CAD).*
Although COVID-19 might not directly cause CAD, it
might worsen in patient with pre-existing CAD due to
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increase in metabolic demand which in turn trigger type
II myocardial ischemia (MI).2**

Although type II MI dominates the presentation
of acute coronary syndrome in COVID-19 patients,
type I MI still exists and requires optimal management.
In patients infected with COVID-19, establishing
the diagnosis of ST Elevation Myocardial Infarct
(STEMI) may prove to be difficult. This is related to the
possibility of concomitant myocarditis in COVID-19
patients which is one of the differential diagnosis of
STEMI patients. Although, finding regional wall
motion abnormalities through point of care bedside
echocardiography in the acute setting might prove to be
beneficial for determining the diagnosis.*?

Management of STEMI revascularization strategy
might shift from primary percutaneous coronary
intervention to the more liberal use of fibrinolytic
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therapy. This is recommended as to reduce the viral
exposure to health care providers. Although, usually
within 3 to 24 hours the patient may still require
coronary angiography as part of pharmacoinvasive
strategy. But this might differ based on the availability
from each center. Similar approach also applies in Non-
ST Elevation Acute Coronary Syndrome (NSTEACS)
when urgent catheterization is considered. The resource
limitation and risk of exposure to medical personnel
should also be taken into account.”>*

Cardiogenic Shock

Although the available data showed the incidence
of profound cardiogenic shock is low in COVID-19,27
the clinical presentation of COVID-19 can resemble
a cardiogenic condition, therefore it is important to
consider cardiogenic or mixed causes of the clinical
manifestations. To distinguish ARDS and cardiogenic
causes, the Berlin criteria considers symptom onset,
bilateral pulmonary opacities, and lack of volume
overload. Serum brain natriuretic peptide (BNP) and
echocardiography can further distinguish the two. If a
clear diagnosis could not be made yet, pulmonary artery
catheterization can be considered when deciding for the
use of extracorporeal membrane oxygenation (ECMO)
or other invasive management to achieve the highest
benefit for patients and the community.! In patients
with acute systolic heart failure and COVID-19, when
inotropic support fails, intra-aortic balloon pump is

recommended because of the relatively low maintenance
needed.?®

Drug Therapy And COVID-19: Interac-
tion And Cardiovascular Implications

Curative Treatment of COVID-19 and The
Cardiovascular Implication

Hydroxychloroquine, Chloroquine, and
Azithromycin

prophylaxis or treatment for COVID-19 infection.

have been declared as potential
Hydroxychloroquine act on the entry and post-entry
stages of COVID-19 infection, likely via effects on
endosomal pH and the resulting under-glycosylation of
ACE-2 receptors that are required for viral entry.”” Both

of chloroquine and hydroxychloroquine are known to

86

prolong QT interval. They can provoke pro-arrhythmia
via mechanisms beyond the block of IKr implicated
in usual cases of torsade de pointes.’”?! Azithromycin,
a frequently used macrolide antibiotic, lacks strong
pharmacodynamic evidence of IKr inhibition. There is
limited data evaluating the safety of combination therapy.
Regarding a quasi-randomized comparative study by
Barbosa et al (2020), stated that hydroxychloroquine
did not appear to have a beneficial effect on meaningful
clinical outcome measures of mortality, lymphopenia
reconstitution, neutrophil-to-lymphocyte ratio, or risk
for intubation.*

The AHA, the ACC and the HRS guidance
for health care professionals includes additional
mechanisms to reduce the risk of arrhythmias if
hydroxychloroquine, chloroquine, and/ or azithromycin
should be administered.*

1. Electrocardiographic/QT  interval — monitoring
(Figure 1).
a. Withhold hydroxychloroquine and

azithromycin in patients with baseline QT
prolongation (e.g. QTc 2500 msec) or with
known congenital long QT syndrome.

b. Monitor cardiac rhythm and QT interval;
withdrawal — of  hydroxychloroquine  and
azithromycin if QT'c exceeds a present threshold
of 500 msec.

c. In patients critically ill with COVID-19
infection, frequent caregiver contact may need to
be minimized, so optimal electrocardiographic
interval and rhythm monitoring may not be
possible.

2. Correction of hypokalemia
hypomagnesemia >2mg/dL.

3. Avoid other QTc prolonging agents whenever
feasible

>4mEq/L  and

According to Tisdale et al (2016), there are risk
factors associated with QTc prolongation, which have
been developed into a risk score tool (Table 1) that takes
age, sex, diuretic use, potassium level, baseline QTc,
acute myocardial infarction, use of QTc prolonging
drugs, sepsis and heart failure into account.?

Another issue to be underlined is the possible
drug-drug interaction with anticoagulants which are
routinely used in acute coronary syndrome and as the
newest emerging clinical evidence, prophylaxis for
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pulmonary embolism in COVID-19 patients. The
use of novel oral anticoagulant (NOAC) and vitamin
k-antagonist should be withheld due to the drug-drug
interaction to azithromycin and hydroxychloroquine.
Instead, low molecular weight heparin (LMWH), factor
Xa inhibitor, and unfractionated heparin should be the
drug of choice.*

Renin - Angiotensin - Aldosterone System
Inhibitors and Aggravating the Disease Virulence
Issues

There has been a concern regarding the safety of
Angiotensin Converting Enzyme inhibitor (ACEi) and
Angiotensin II Receptor Blockers (ARBs) during the
ongoing COVID-19 pandemic. These agents upregulate
expression of ACE-2 in various tissues, including on
cardiomyocytes.” Since SARS-CoV2 binds to ACE-
2 to gain entry into human cells, there is a potentially
increased risk of developing COVID-19 or developing
more severe disease in patients who are already on
background treatment with ACEi or ARB.

Unfortunately, data showing the effects of ACEj,
ARBs, and other RAAS inhibitors on lung-specific
expression of ACE-2 in experimental animal models
and in humans are lacking.” At the same time, abrupt
withdrawal of RAAS inhibitors in high-risk patients,
including those who have heart failure or myocardial
infarction or hypertension, may result in clinical
instability and adverse health outcomes. Therefore,
several leading professional societies have strongly urged
to not discontinue clinically-indicated ACEi/ARBs
therapy in COVID-19 patients.**%

Conclusion

Cardiovascular disease may present as one of the
comorbidities for COVID-19 infection or even as a
complication of COVID-19. ACE inhibition, as the
holy grail of heart failure therapy; although debatable
regarding its use in COVID-19 infection, it was
recommended and proven beneficial in COVID-19
patients with hypertension or heart failure. Furthermore,
the use of COVID-19 medications has the risk of
malignant arrhythmia and drug-drug interactions.
Those facts should raise the awareness of cardiovascular

disease in the midst of COVID-19 pandemic infection.
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Table 1. Risk score for identifying patients at greatest risk of
QTec¢ interval prolongation. (modified from Tisdale et al.)*

Risk factors Points
Age >68 years 1
Female 1
Loop diuretic 1
Serum potassium <3.5 mmol/L 2
Presenting QTc interval >450 ms 2
Acute myocardial infarction 2
3
3
3
3

Heart failure with reduced ejection fraction

1 QTc interval-prolonging drug*
| =2 QT interval-prolonging drug*
Sepsis™
Maximum score 2
Risk score category: low risk <7; moderate risk = 7-10; high risk 211
*Three points for 1 QTc interval-prolonging drug; 3 additional points for 2 QTc interval-prolonging drug
(total 6 points).
“During acute event/discase

—

Acknowledgments and Affiliations

We thank dr. Suko Adiarto, PhD, SpJP (K) sincerely

for the insight on the outline of the proposed manuscript.

Publication Statements

Conflict of interest

None

Sources of funding

This paper received no specific grant from any
funding agency, commercial or not-for-profit sectors.

Ethical clearance

Not applicable

References
1. 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. | Am Coll
Cardiol [Internet]. 2020 Mar 19; Available from:
http://www.sciencedirect.com/science/article/pii/
S0735109720346374

2. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny
O. Dotential Effects of Coronaviruses on the
Cardiovascular System [Internet]. JAMA Cardiology.

87



10.

11.

88

Indonesian Journal of Cardiology

2020. Available from: http://dx.doi.org/10.1001/
jamacardio.2020.1286

Gugus Tugas Percepatan. Peta Sebaran | Gugus
Tugas  Percepatan  Penanganan ~ COVID-19
[Internet]. [cited 2020 May 4]. Available from:
https://COVID19.go.id/peta-sebaran

Zhou E 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. 2020 Mar
28;395(10229):1054-62.

Wang D, Hu B, Hu C, Zhu E Liu X, Zhang ],
et al. Clinical Characteristics of 138 Hospitalized
Patients With 2019 Novel Coronavirus—Infected
Pneumonia in Wuhan, China. JAMA. 2020 Mar
17;323(11):1061-9.

Lippi G, Lavie CJ, Sanchis-Gomar E Cardiac
troponin I in patients with coronavirus disease
2019 (COVID-19): Evidence from a meta-
analysis. Prog Cardiovasc Dis [Internet]. 2020 Mar
10; Available from: http://dx.doi.org/10.1016/].
pcad.2020.03.001

Shi S, Qin M, Shen B, Cai Y, Liu T, Yang E et
al. Association of Cardiac Injury With Mortality
in Hospitalized Patients With COVID-19 in
Wuhan, China. JAMA Cardiol [Internet]. 2020
Mar 25; Available from: http://dx.doi.org/10.1001/
jamacardio.2020.0950

Zheng Y-Y, Ma Y-T, Zhang J-Y, Xie X. COVID-19
and the cardiovascular system. Nat Rev Cardiol.
2020 May;17(5):259-60.

Xu Z, Shi L, Wang Y, Zhang J, Huang L, Zhang C,
et al. Pathological findings of COVID-19 associated
with acute respiratory distress syndrome. Lancet
Respir Med. 2020 Apr;8(4):420-2.

Clinical characteristics of 113 deceased patients
with coronavirus disease 2019: retrospective study.
BM]. 2020 Mar 31;368:m1295.

Inciardi RM, Lupi L, Zaccone G, Italia L, Raffo
M, Tomasoni D, et al.
in a Patient With Coronavirus Disease 2019
(COVID-19). JAMA Cardiol [Internet]. 2020 Mar
27; Available from: htep://dx.doi.org/10.1001/
jamacardio.2020.1096

Cardiac Involvement

12.

13.

14.

15.

16.

17.

18.

19.

Zeng JH, Liu Y-X, Yuan J, Wang F-X, Wu W-B, Li
J-X, et al. First Case of COVID-19 Infection with
Fulminant Myocarditis Complication: Case Report
and Insights [Internet]. Available from: htep://dx.doi.
org/10.20944/preprints202003.0180.v1

LiuK, Fang Y-Y, Deng, Liu W, Wang M-E Ma]-D, et
al. Clinical characteristics of novel coronavirus cases
in tertiary hospitals in Hubei Province. Chin Med |
[Internet]. 2020 Apr 6 [cited 2020 Apr 12];Publish
Ahead of Print. Available from: https://journals.
lww.com/cmj/Abstract/publishahead/Clinical
characteristics_of_novel_coronavirus.99408.aspx
Tisdale JE, Jaynes HA, Kingery JR, Mourad NA,
Trujillo TN, Overholser BR, et al. Development and
Validation of a Risk Score to Predict QT Interval
Prolongation in Hospitalized Patients [Internet].
Vol. 6, Circulation: Cardiovascular Quality and
Outcomes. 2013. p. 479-87. Available from: http://
dx.doi.org/10.1161/circoutcomes.113.000152
Fossa AA, Wisialowski T, Duncan JN, Deng S,
Dunne M. Azithromycin/chloroquine combination
does not increase cardiac instability despite an
increase in monophasic action potential duration
in the anesthetized guinea pig. Am J Trop Med Hyg.
2007 Nov;77(5):929-38.

Wu C-I, Postema PG, Arbelo E, Behr ER, Bezzina
CR, Napolitano C, et al. SARS-CoV-2, COVID-19,
and inherited arrhythmia syndromes [Internet].
Heart Rhythm. 2020. Available from: http://dx.doi.
org/10.1016/j.hrthm.2020.03.024

Baksi AJ, John Baksi A, Sunthar Kanaganayagam
G, Prasad SK. Arrhythmias in Viral Myocarditis
Vol. 7, Cardiac
Electrophysiology ~ Clinics. 2015. p. 269-81.
Available  from:  http://dx.doi.org/10.1016/j.
ccep.2015.03.009

Caforio ALR, Pankuweit S, Arbustini E, Basso C,
Gimeno-Blanes J, Felix SB, et al. Current state of

and Pericarditis [Internet].

knowledge on aetiology, diagnosis, management,
and therapy of myocarditis: a position statement
of the European Society of Cardiology Working
Group on Myocardial and Pericardial Diseases. Eur
Heart J. 2013;34(33):2636-48.

Peretto G, Sala S, Rizzo S, De Luca G, Campochiaro

Indonesian | Cardiol @ Vol. 41, Issue 2 ® April - June 2020



20.

21.

22.

23.

24.

25.

26.

Indonesian | Cardiol @ Vol. 41, Issue 2 ® April - June 2020

Indonesian Journal of Cardiology

C, Sartorelli S, et al. Arrthythmias in myocarditis:
State of the art [Internet]. Vol. 16, Heart Rhythm.
2019. p. 793-801. Available from: http://dx.doi.
org/10.1016/j.hrthm.2018.11.024

Priori SG, Blomstrom-Lundqvist C, Mazzanti
A, Blom N, Borggrefe M, Camm J, et al. 2015
ESC Guidelines for the management of patients
with ventricular arrhythmias and the prevention
of sudden cardiac death: The Task Force for
the Management of Patients with Ventricular
Arrhythmias and the Prevention of Sudden Cardiac
Death of the European Society of Cardiology (ESC).
Endorsed by: Association for European Paediatric
and Congenital Cardiology (AEPC). Eur Heart J.
2015 Nov 1;36(41):2793-867.

Al-Khatib SM, Stevenson WG, Ackerman MJ.
2017 AHA/ACC/HRS guideline for management
of patients with ventricular arrhythmias and the
prevention of sudden cardiac death: A Report of the
American College of Cardiology/American Heart
AssociationTask Forceon Clinical Practice Guidelines
and the Heart Rhythm Society. 2018; Available
from:  http://www.onlinejacc.org/content/72/14/
€912_ga=2.18124155.394334384.1542768377-
613392103.1537051729

UpToDate [Internet]. [cited 2020 May 4]. Available
from:https://www.uptodate.com/contents/
coronavirus-disease-2019-COVID-19-coronary-
artery-disease-issues

Musher DM, Abers MS, Corrales-Medina VE
Acute Infection and Myocardial Infarction. N Engl
J Med. 2019 Jan 10;380(2):171-6.

Kwong JC, Schwartz KL, Campitelli MA, Chung
H, Crowcroft NS, Karnauchow T, et al. Acute
Myocardial Infarction after Laboratory-Confirmed
Influenza Infection. N Engl | Med. 2018 Jan
25;378(4):345-53.

Cardiology in the Time of COVID-19 [Internet].
Medscape. 2020 [cited 2020 Apr 15]. Available from:
https://www.medscape.com/viewarticle/927522
Controversy in Managing Acute MI in the
COVID-19 Era - American College of Cardiology
(Internet].  American  College  of  Cardiology.
[cited 2020 Apr 15]. Available from: https://

27.

28.

29.

30.

31.

32.

33.

www.acc.org/latest-in-cardiology/ten-points-to-
remember/2020/04/06/11/32/recommendations-
from-the-peking-union-medical

Clerkin K], Fried JA, Raikhelkar ], Sayer G,
Grifin JM, Masoumi A, et al. Coronavirus
Disease 2019 (COVID-19) and Cardiovascular
Disease. Circulation [Internet]. 2020 Mar 21;
Available from: http://dx.doi.org/10.1161/
CIRCULATIONAHA.120.046941

Fried JA, Ramasubbu K, Bhatt R, Topkara
VK, Clerkin KJ, Horn E, et al. The Variety of
Cardiovascular of COVID-19
[Internet]. Circulation. 2020. Available from: heep://
dx.doi.org/10.1161/circulationaha.120.047164

Presentations

Giudicessi JR, Noseworthy PA, Friedman
PA, Ackerman M]J. Urgent Guidance for
Navigating and  Circumventing the QTec-

Prolonging and Torsadogenic Potential of Possible
Pharmacotherapies for Coronavirus Disease 19
(COVID-19) [Internet]. Mayo Clinic Proceedings.
2020. Available from: http://dx.doi.org/10.1016/j.
mayocp.2020.03.024

Capel RA, Herring N, Kalla M, Yavari A, Mirams
GR, Douglas G, et al. Hydroxychloroquine reduces
heart rate by modulating the hyperpolarization-
activated current If: Novel electrophysiological
insights and therapeutic potential [Internet]. Vol. 12,
Heart Rhythm. 2015. p. 2186-94. Available from:
http://dx.doi.org/10.1016/j.hrthm.2015.05.027
Roden DM, Harrington RA, Poppas A, Russo AM.
Considerations for Drug Interactions on QTc in
Exploratory COVID-19 (Coronavirus Disease
2019) Treatment. Heart Rhythm [Internet]. 2020
Apr 14; Available from: http://dx.doi.org/10.1016/j.
hrthm.2020.04.016

Barbosa J, Kaitis D, Freedman R, Le K, Lin X.
Clinical of hydroxychloroquine in
hospitalized patients with COVID-19: a quasi-
randomized comparative study. N Engl | Med
[Internet]. 2020;

Tisdale JE. Drug-induced QT interval prolongation

outcomes

and torsades de pointes: Role of the pharmacist in
risk assessment, prevention and management. Can

Pharm J . 2016 May;149(3):139-52.

89



34.

35.

36.

37.

90

Indonesian Journal of Cardiology

ESC Guidance for the Diagnosis and Management
of CV Disease during the COVID-19 Pandemic
[Internet]. [cited 2020 May 4]. Available from:
https://www.escardio.org/Education/ COVID-19-
and-Cardiology/ESC-COVID-19-Guidance
Vaduganathan M, Vardeny O, Michel T,
McMurray JJV, Pfeffer MA, Solomon SD. Renin—
Angiotensin—Aldosterone  System Inhibitors in
Patients with COVID-19. N Engl | Med. 2020 Apr
23;382(17):1653-9.

Bozkurt B, Kovacs R, Harrington B. HFSA/
ACC/AHA statement addresses concerns re: using
RAAS antagonists in COVID-19. American Heart
Association Professional Heart Daily. 2020;

of Cardiology ES, Others. Position statement of the
ESC Council on Hypertension on ACE-inhibitors
and angiotensin receptor blockers. ESC. 2020;

Indonesian | Cardiol @ Vol. 41, Issue 2 ® April - June 2020



