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Outline
• Brief biology of COVID-19
• Overall epidemiology & spectrum of cardiac complications related to COVID-19
• Cardiac complications

• Myocardial injury & heart failure
• Arrythmia and cardiac arrest

• Available/experimental treatment options
• ACEI/ARB considerations

Since 2020, 15,928 articles have been published on COVID-19!



Basics of SARS-CoV-2

Enveloped + sense ssRNA virus
Genome sequence suggest bat-derived 
source
96% identical in nucleotide sequence to 
SARS-CoV, the cause of SARS in 2003

Slide Courtesy of Greater Boston Consortium of Pathogen Readiness Symposium

Lung Epithelial Cells 
(Type II Pneumocyte)



COVID-19 is still on going
• Thus far, there have been in total of 5,460,747 confirmed cases worldwide

•COVID-19 cases have been rapidly rising in the US
• As of May 25, 2020: there are 

• 1,622,114 total cases (>90K in California)
• 97,049 deaths (>3700 deaths in California)

Worldwide total # of confirmed COVID-19 cases

https://coronavirus.jhu.edu/data & https://www.cdc.gov/coronavirus/2019-ncov/cases-updates

US total # of confirmed COVID-19 cases

~ 5.9% CFR

At Stanford:
• ~ 90 in patient cases (~20 in ICU). 
• 4 deaths. 
• 2 cardiac complications (in 

patients with pre-existing CVD): 1 
electrical storm + 1 RV failure

• 1 PE

https://coronavirus.jhu.edu/data
https://www.cdc.gov/coronavirus/2019-ncov/cases-updates/cases-in-us.html


Case Fatality Rates of COVID-19
•The overall case fatality rate (CFR) of COVID-19 is ~6.3% but varies widely

•More than 80% of infected patients experience mild symptoms and recover without intensive
medical intervention difficult to know the overall prevalence of infection
• In the case of Diamond Princess: 46.5% asymptomatic at the time of testing

https://coronavirus.jhu.edu/data/mortality

US (5.9%)

Singapore (0.1%)

Belgium (16.3%)

https://coronavirus.jhu.edu/data/mortality


Flu & COVID-19 
death rates by 
age

Elderly patients are 
particularly 
vulnerable!

Onlder G et al. JAMA 2020
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Causes of COVID-
19 associated 
death

• Cardiac 
complications are the 
leading cause of 
death following 
respiratory failure



Underlying CVD 
comorbidities may 
increase risk for 
contracting 
COVID-19 and 
portend worse 
outcome

Lancet. 2020;395(10223):507-513. doi: 10.1016/S0140-6736(20)30211-7. 
Chen N. et al.

High burden of underlying CVD in 
patients with COVID19 (China)

Case fatality rates for comorbid patients 
are materially higher than the average 
population:
• Cancer: 5.6%
• Hypertension: 6.0%
• Chronic respiratory disease: 6.3%
• Diabetes: 7.3%
• Cardiovascular disease: 10.5%



High burden of underlying CVD among critically ill 
patients and non-survivors

JAMA. 2020 Feb 7. doi: 10.1001/jama.2020.1 Wang D et al.

ICU                  No-ICU

High burden of underlying CVD among critical ill 
COVID-19 patients (China)

Lancet 2020, Zhou et al

High burden of underlying CVD among non-survivors 
(China)

Slide modified from Stanford Cardiology Grand Rounds



MR Mehra et al. N Engl J Med 2020. DOI: 

10.1056/NEJMoa2007621

Data from the Surgical Outcomes 
Collaborative (Surgisphere), an 
international registry, including 
data from 169 hospitals located 
in 11 countries in Asia, Europe, 
and North America.

Total 8910 patients with Covid-19
• 8395 survived to discharge
• 515 died in the hospital

Interestingly, HTN not different 
between survivors and non-
survivors



Existing data suggest COVID-19 leads to
• Myocardial injury +/- cardiac dysfunction

• Direct myocardial insult from the virus
• Myocarditis
• Myocardial infarction vs microvascular events
• Stress CM, demand ischemia
• Cytokine storm + hemodynamic consequence
• Hypoxia-induced injury

• Pulmonary hypertension and RV dysfunction
• Arrhythmia, cardiac arrest

Acute cardiac complications of COVID-19

Slide modified from Stanford Cardiology Grand Rounds



Cardiac injury portends worse outcomes

• Myocardial injury, defined as cTn conc. 
>99th percentile upper-reference limit, 
is common and prognostic in COVID-19



Pre-existing CVD + cardiac injury = BAD



Case: 37 yo M with CP & Dyspnea x 3 days

•Admitted with 3 days chest pain, dyspnea, and diarrhea

•Hypotensive with BP 80/50 mmHg

Hu H et al. Eur Heart J. 2020. doi: 10.1093/eurheartj/ehaa190.



Case #1: 37 yo M with CP & Dyspnea x 3 days
•Sputum positive for SARS-CoV-2 (negative for extensive viral panel)

•Marked cardiac biomarker elevation
• Troponin T > 10,000 ng/L
• CKMB elevated at 112.9 ng/L
• NT-proBNP 21,025 ng/L

• No significant coronary artery disease per CT coronary angiogram

• Echo showing markedly decreased cardiac function (LVEF 27%)

Hu H et al. Eur Heart J. 2020. doi: 10.1093/eurheartj/ehaa190.

 Diagnosed with presumed myocarditis with cardiogenic shock in the setting of 
COVID-19. Treated with supportive care + immune modulators with subsequent 
improvement



Mechanisms of 
Cardiac Injury

Overall, irrespective of 
the underlying 
mechanism, the 
presence of cardiac 
injury portends 
significantly worse 
outcome. 

Figure modified from Cheng P et al. Curr Cardiol Rep. 2020 Apr 29;22(5):34.



Is there Increased Risk of 
Arrhythmia with SARS-CoV-2 
Infections? 

Slide modified from Stanford Cardiology Grand Rounds  (Paul Cheng)



ACC Updates Suggest Possible Increased 
Arrhythmia in COVID-19 patients

Major Caveat: Exact arrhythmia not defined in the JAMA study.

JAMA 2020, Wang et al

Slide modified from Stanford Cardiology Grand Rounds  (Paul Cheng)



Lack of Reports on Arrhythmia 
•Clinical Characteristics of Covid-19 in New York City (Goyal et al, NEJM 2020)

• first 393 consecutive patients with Covid-19 in 2 hospitals in New York City: atrial arrhythmias (17.7% vs. 1.9%, 
intubated vs no intubated)

• Clinical Characteristics of Coronavirus Disease 2019 in China (Guen et al, NEJM 2020)
• 51 centers, 1099 patients, no reported incidence of arrhythmia

• Epidemiological and clinical features of 2019-nCoV acute respiratory disease cases
in Chongqing municipality, China: a retrospective, descriptive, multiple-center study. (Qi et al, Medrixv)
• 267 pt, 3/50 severe pt had trop >0.03, no arrhythmia reported

• Clinical features and outcomes of 2019 novel coronavirus-infected patients with cardiac injury (41 pts) (Liu 
et al, medrxiv ) (Guangzhou)
• 5 % with trop > 0.03 (15/291), no arrhythmia reported

Slide modified from Stanford Cardiology Grand Rounds  (Paul Cheng)



Summary of COVID-19 cardiac complications
• Patients with underlying CVD have overall poor prognosis

• Patients who suffer from myocardial injury have overall worse outcome

• Potential cardiovascular complications include:
• myocardial injury and cardiac dysfunction
• possible arrhythmia, cardiac arrest

Accumulating data suggest that any degree of myocardial injury 
marked by elevated troponin level, irrespective of the underlying 
mechanisms, portends significantly worse outcome



Are there any treatments?

Hypothesis of Viral Pathogenesis & Immune Response

Siddiqi, Journal of 
Heart & Lung 
Transplantation, 2020



Remdesivir (Gilead)

• Designed to inhibit Ebola RNA-dependent RNA 
polymerase (RdRp).

•Preliminary results from the 1059 patients (538 
assigned to remdesivir and 521 to placebo)
• Median recovery time: 11 days vs 15 days (RR 

1.32, P<0.001).
• Mortality: 7.1% vs 11.9% (HR 0.7, CI: 0.47 to 1.04)

Slide modified from Stanford Cardiology Grand Rounds 



Lopinavir-Ritonavir (anti-HIV)?

Slide modified from Stanford Cardiology Grand Rounds 



Chloroquine (anti-malaria)?
• Generally used for treatment of malaria and 
amebiasis.

•Thought to work via multiple mechanisms but 
the exact mechanism remains unknown

• Potential cardiotoxicities:
• QT prolongation (“Quinidine effects”) + 

cardiac arrest: increasing risk of torsades de 
pointes

• Cardiac dysfunction (has negative inotropic 
effects)

• Possible conduction abnormalities when 
overdosed

Slide modified from Stanford Cardiology Grand Rounds 



Multinational registry analysis of the use 
of hydroxychloroquine or chloroquine

• Total: 96,032 patients with COVID-19
• Hydroxychloroquine: 14,888 patients



Treatments with hydroxychloroquine led to significantly 
increased risk of ventricular arrhythmia!

Due to safety concern, WHO 
subsequently advised to 
temporarily pause ongoing 
hydroxychloroquine trial 
(Solidarity)



How about immunomodulators?

Slide from Stanford Cardiology Grand Rounds (Paul Cheng)



COVID-19 and cytokine storm
Premise: 

• Prominent lymphopenia, with normal WBC count

• Degree of lymphopenia correlating with severity

• Acute multi-organ failure with high fevers mimic those 
seen in drug-induced cytokine storm

Hypothesis:

• “Cytokine storm” induced by the virus contribute to the 
impaired immune response, and hyper-inflammation is 
part of pathogenesis

Slide from Stanford Cardiology Grand Rounds (Paul Cheng)



IL-6 Level Correlate with Disease Severity 
Better than other Inflammatory Markers

• Anecdotal effective treatment with 
Tocilizumab from Italy and China

• Current ongoing trial for IL-6 blockade in 
COVID19 pts

• NCT04315298 (New York , Sarilumab)
• ChiCTR2000029765 (Hubei, 

China, Tocilizumab)

Slide from Stanford Cardiology Grand Rounds (Paul Cheng)



Tocilizumab Treatment With Some Promise

• 21 consecutive "severe" patient

• 19 discharged from hospital with "rapid 
improvement."

PNAS May 19, 2020 117 (20) 10970-10975;

Slide from Stanford Cardiology Grand Rounds (Paul Cheng)



Additional Immunomodulators
Glucocorticoids IVIG Convalescent 

Plasma

• Suppress inflammatory cytokines

• Delayed viral clearance; WHO 
recommends advises against for 
Sars-CoV-2 ARDS unless another 
indication

• Phase 2 RCT: Solumedrol 40 mg 
q12h for 5 days in ICU level pts 
w/ PaO2/FiO2 < 200 
mmHg (NCT04244591)

• Complement activation; saturation of Fc 
receptors on macrophages; and 
suppression of cytokines/chemokines

• Good safety profile, benefit in MERs & 
SARS

• Phase 2 RCT: IVIG 0.5g/kg/d for 5 days in 
pts w/ PaO2/FiO2 < 200 mmHg and/or 
multi-organ failure (NCT04261426)

• Plasma of recovered donors 
(protective antibodies)

• Donors: recovered patients > 14 
days; females HLA Ab neg; male 
donors

• FDA expanded access for 
respiratory failure or shock

Slide from Stanford Cardiology Grand Rounds  (Han Zhu)



Summary of COVID-19 treatments

Slide from Stanford Cardiology Grand Rounds 



ACE2 and COVID-19

SARS-CoV-2 entry factors are highly expressed in 
nasal epithelial cells 

Sungnak et al. Nature Medicine vol 26, p681–687(2020))
Cheng P et al. Curr Cardiol Rep. 2020 Apr 29;22(5):34.



Concerns regarding ACEI/ARB
• Are patients taking ACEI/ARB more likely to get infected 
with SARS-CoV-2?
• Are COVID-19 patients taking ACEI/ARB worse off?



• A population-based case–control study in the 
Lombardy region of Italy. 

• A total of 6272 case patients with COVID-19 were 
matched to 30,759 beneficiaries.

Use of ARBs or ACEI did not show any association with Covid-19 among case patients for both ARB and ACEI. 



• Retrospective cohort study 
conducted at the Cleveland Clinic 
Health System in Ohio and 
Florida

• 18 472 patients tested for COVID-
19, 1,735 patients were tested 
pos.

• No association between ACEI or 
ARB use and COVID-19 test 
positivity



Data from the Surgical Outcomes Collaborative 
(Surgisphere), an international registry, including 
data from 169 hospitals located in 11 countries in 
Asia, Europe, and North America.

Total 8910 patients with Covid-19 (515 death)

No increased risk of in-hospital death was found to be associated with the use of ACE inhibitors (2.1% vs. 
6.1%; OR, 0.33; 95% CI, 0.20 to 0.54) or the use of ARBs (6.8% vs. 5.7%; OR, 1.23; 95% CI, 0.87 to 1.74).



• Retrospective analysis of multicenter 
data from China including 1128 adult 
patients with hypertension diagnosed 
with COVID-19

• The incidence of the 28-day all-cause 
death among patients who had 
inpatient treatment with ACEI/ARB is 
significant lower compared with 
ACEI/ARB non-users.



Current recommendations regarding ACE/ARB Use 
During COVID-19 Out Break

AHA/ACC/HFSA Joint Statement

Don’t change and continue taking them!!

Slide from Stanford Cardiology Grand Rounds (Sean Wu) 



Incidence of 
hospitalization 
for acute MI is 
dropping…
Data from Kaiser Northern 
CA (43,017,810 person-
weeks from January 1 
through April 14, 2020) note 
that significant drop in acute 
MI during the COVID-19 
period

- The weekly rates of 
hospitalization for acute MI 
decreased by up to 48%.

NEJM May 19, 2020 DOI: 10.1056/NEJMc2015630

Need to remind patients to seek medical attention for acute heart care!



In Summary…
1. Patients with underlying CVD have overall poor prognosis

2. Patients who suffer from myocardial injury have overall worse outcome, 
irrespective of the underlying mechanisms. 

3. Many treatments are on the horizon, but effectiveness may depend on overall 
disease stage of COVID-19. 

4. Currently, there is no data to support increased infectivity or worse outcome 
with the use of ACEI/ARB. Therefore, please continue!

5. It is important to remind patients to seek medical attentions for any symptoms 
or signs concerning for acute MI



Thank you for your attention!
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