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Abstract 

 COVID-19, while primarily recognized for its pulmonary and systemic manifestations, afflicts the cardiovascular system 

through various abnormalities. Notably, right ventricular (RV) involvement leading to dysfunction and failure is a manifestation 

seen in up to 20% of severe COVID patients. RV severity correlates with overall COVID severity, serving as a prognostic 

marker. Data review reveals that RV failure was largely underdiagnosed, particularly early on in the pandemic. The therapy 

approach for RV failure in patients with COVID should focus on supporting overall RV perfusion pressure, maintaining sinus 

rhythm, optimizing RV loading conditions and contractility, and addressing anticoagulation and thrombus-related conditions.  

Beyond medical therapy, cardiac and pulmonary support should be utilized and introduced in a graded, stair-step approach of 

aggressiveness based on clinical need. This approach is best managed with a care team and defined protocols. Effective devices 

include right ventricular assistance devices (RVAD), Oxy-RVAD, veno-venous extracorporeal membrane oxygenation, and 

Impella (Abiomed) devices.  
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Background 

Right ventricular (RV) involvement in COVID-19 was 

described early in the pandemic. The involvement was mainly 

attributed to pulmonary embolism and lung disease.1 

Myopericarditis was also described, but these early reports 

indicated that RV dilation was underdiagnosed.2 Additional 

data showed that RV dilatation could be a mortality marker.3  

Mechanism and Pathophysiology 

Approximately 20% of patients that went to the hospital 

were admitted to the intensive care unit. Of those, 10% were 

supported with extracorporeal membrane oxygenation 

(ECMO); of the patients on ECMO, ~10% needed RV 

support. Around 1-2% of hospitalized patients had direct RV 

failure. Newer data suggests an even higher degree of RV 

involvement in severely ill COVID patients, reported in up to 

20% of cases. The causes of COVID-19-mediated RV failure 

include pulmonary parenchymal disease, pulmonary arterial 

disease, pulmonary arterial thrombosis, pulmonary emboli, 

RV myocardial disease, and load. 

Considering the pathophysiology of RV failure, 

additional contributors to the disease process included 

infection, inflammation due to pulmonary infiltration, 

interstitial congestion/edema leading to pulmonary 

congestion, vasoconstriction, hypoxia, and pulmonary 

hypertension and RV afterload. RV failure could also be due 

to cytokine involvement, pulmonary emboli, or thrombosis. 
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Vascular thickening was seen in pulmonary arteries, and 

thrombosis was documented in large, medium, and small 

vessels.4,5 Data out of New York showed that platelet thrombi 

also play an important role in RV failure.6 Cytokines drive 

thrombosis, leading to increased fibrinogen and related 

platelet and white cell activation. COVID-19 infection results 

in a cytokine storm, an exuberant release of cytokines due to 

hyperactivation of the immune system.7 Within this setting, D-

dimer is involved as both a driver of thrombosis and a novel 

marker of thrombosis and disease severity.8,9 

As to other cardiac manifestations involving the right 

heart, a septal shift was described, seen accompanying 

pulmonary hypertension in patients with COVID-19. 

Myocarditis was observed, with evident direct myocardial 

SARS-CoV-2 infiltration noted in several cases. Of note, 

direct significant myocardial viral infiltration was not the 

prototypic dominant feature of COVID-19.10 

Clinical Strategies 

The clinical presentation of RV failure in patients with 

COVID-19 consisted of general symptoms and signs 

consistent with RV failure. Patients presented with elevated 

central venous pressure, tricuspid regurgitation, pulmonic 

insufficiency, abdominal distention associated with ascites, 

peripheral edema, and, if increasingly severe hypotension, 

syncope, shock, and cardiac arrest. There were several 

interesting diagnostic indicators related to RV dilation on 

echocardiography, such as RV/LV ED area > 0.6; RV 

diameter > 42 mm (base); TAPSE < 17mm: RV FAC < 35%: 

RV EF < 45%; however, radial dysfunction was primarily 

unique to COVID patients. 

Treatment 

The treatment approach focused on 1) supporting overall 

RV perfusion pressure, 2) maintaining sinus rhythm, 3) 

optimizing RV loading conditions and contractility, and 4) 

addressing anticoagulation and thrombus-related conditions.11 

The initial recommendation for mechanical circulatory 

support was a staged approach using a single cannula right 

ventricular assistance device (RVAD), specifically Protek 

Duo (LivaNova), paired with a gas exchanger. The next step 

was support using veno-venous ECMO and an Impella 

(Abiomed) device.12-14 A surgical approach was recommended 

for special cases only. The downside to using ECMO is the 

increased risk of inflammation driven by foreign material. 

Using data from the Specialty Care database of 500 patients, 

the survival rate on ECMO was 40-45%. 

The access point and insertion site are the next issues to 

consider in the staged approach.15 In selected cases, support 

can be added on the left side. Data kindly provided by Dr. A. 

El Banyosy from Integris Medical Center in Oklahoma 

showed that in 87 patients with severe COVID who were on 

ECMO support, almost 10% (9/87) had severe RV 

dysfunction requiring support with an Oxy-RVAD. Half of 

these patients were successfully discharged. The Food and 

Drug Administration provided emergency use authorization 

for Impella RP to treat right heart failure in COVID-19 

patients and Impella CP in tandem with ECMO for critically 

ill patients. Field data from Abiomed demonstrated increased 

use of Impella in patients with COVID-19; 10% (70/700) of 

patients were supported with ECMO and Impella. 

Conclusion 

Overall, COVID-19 RV failure was underdiagnosed. The 

mechanisms behind RV failure are multifactorial, involving 

thrombotic, embolic, proliferative, inflammatory, and loading 

pathogenic mechanisms. The initial treatment approach 

involved maintaining overall pressure, rhythm, optimized RV 

pre- and afterload, anticoagulation, and inotropes. A graded 

approach was recommended to avoid increased inflammation, 

hemolysis, and other complications if mechanical support was 

considered. Oxy-RVAD with Protek Duo was preferred in 

95% of cases reviewed, followed by support with Impella. 

Understanding mechanisms and addressing all 

pathophysiologic components will improve our approach to 

RV failure in COVID. At this point, defining and 

systematizing an overall approach and optimal treatment 

strategies, all implemented in a tiered and team fashion, is the 

best approach for preventing and treating RV dysfunction and 

failure in COVID.   

 

Acknowledgment 

The author expressly thanks Dr. A. El Banayosy for 

sharing data from Integris in support of this work. 

Disclosures 

Dr. Slepian received Grant/Research support from 

Abiomed, Regenesis, and Medidata/MC 10 and Consultating 

fees/Honoraria Syncardia from Janssen, Regenesis, Xeltis, 

and Otsuka. He is a major stock Shareholder/Equity with 

Royalty Income from Luxxon. He has ownership and is the 

founder of Polynova, Luxxon. Dr. Slepian has Intellectual 

property rights for Polynova and WMR/Arsenal. 

References 

[1] Creel-Bulos C, Hockstein M, Amin N, Melhem S, Truong A, 

Sharifpour M. Acute Cor Pulmonale in Critically Ill Patients with 

Covid-19. N Engl J Med. 2020;382(21):e70. doi: 

10.1056/NEJMc2010459. 



JoSH 1(2)  Slepian 

E20231214   
  

[2]  Rauch S, Regli IB, Clara A, et al. Right ventricular 

myopericarditis in COVID-19: a call for regular 

echocardiography. Minerva Anestesiol. 2020;86(11):1253-4. 

[3] Ferrante G, Fazzari F, Cozzi O, et al. Risk factors for myocardial 

injury and death in patients with COVID-19: insights from a 

cohort study with chest computed tomography. Cardiovasc Res. 

2020;116(14):2239-2246. doi: 10.1093/cvr/cvaa193. 

[4] Suzuki YJ, Nikolaienko SI, Dibrova VA, et al. SARS-CoV-2 

spike protein-mediated cell signaling in lung vascular cells. 

Vascul Pharmacol. 2021;137:106823. doi: 

10.1016/j.vph.2020.106823.  

[5] Lax SF, Skok K, Zechner P, et al. Pulmonary Arterial 

Thrombosis in COVID-19 With Fatal Outcome : Results From a 

Prospective, Single-Center, Clinicopathologic Case Series. Ann 

Intern Med. 2020;173(5):350-361. doi: 10.7326/M20-2566.  

[6] Borczuk AC, Salvatore SP, Seshan SV, et al. COVID-19 

pulmonary pathology: a multi-institutional autopsy cohort from 

Italy and New York City. Mod Pathol. 2020;33(11):2156-2168. 

doi: 10.1038/s41379-020-00661-1.  

[7] Vaninov N. In the eye of the COVID-19 cytokine storm. Nat Rev 

Immunol. 2020;20(5):277. doi: 10.1038/s41577-020-0305-6. 

[8]  Lippi G, Favaloro EJ. D-dimer is Associated with Severity of 

Coronavirus Disease 2019: A Pooled Analysis. Thromb 

Haemost. 2020;120(5):876-878. doi: 10.1055/s-0040-1709650. 

[9] Induruwa I, Moroi M, Bonna A, et al. Platelet collagen receptor 

Glycoprotein VI-dimer recognizes fibrinogen and fibrin through 

their D-domains, contributing to platelet adhesion and activation 

during thrombus formation. J Thromb Haemost. 2018;16(2):389-

404. doi: 10.1111/jth.13919. 

[10] Tavazzi G, Pellegrini C, Maurelli M, et al. Myocardial 

localization of coronavirus in COVID-19 cardiogenic shock. Eur 

J Heart Fail. 2020;22(5):911-915. doi: 10.1002/ejhf.1828. 

[11] Bonnemain J, Ltaief Z, Liaudet L. The Right Ventricle in 

COVID-19. J Clin Med. 2021;10(12):2535. doi: 

10.3390/jcm10122535. 

[12] Rajagopal K, Keller SP, Akkanti B, et al. Advanced Pulmonary 

and Cardiac Support of COVID-19 Patients: Emerging 

Recommendations From ASAIO-a Living Working Document. 

Circ Heart Fail. 2020;13(5):e007175. doi: 

10.1161/CIRCHEARTFAILURE.120.007175. 

[13] Rajagopal K, Keller SP, Akkanti B, et al. Advanced Pulmonary 

and Cardiac Support of COVID-19 Patients: Emerging 

Recommendations From ASAIO-A "Living Working 

Document". ASAIO J. 2020;66(6):588-598. doi: 

10.1097/MAT.0000000000001180. 

[14] Kapur NK, Esposito ML, Bader Y, et al. Mechanical Circulatory 

Support Devices for Acute Right Ventricular Failure. 

Circulation. 2017;136(3):314-326. doi: 

10.1161/CIRCULATIONAHA.116.025290. 

[15] Hall CA, Jacobs JP, Stammers AH, et al. Multi-institutional 

Analysis of 505 Patients With Coronavirus Disease-2019 

Supported With Extracorporeal Membrane Oxygenation: 

Predictors of Survival. Ann Thorac Surg. 2022;114(1):61-68. 

doi: 10.1016/j.athoracsur.2022.01.043. 

 


	COVID-19 Induced Right Ventricular Failure and Right Ventricular Assist Device Support
	Recommended Citation

	tmp.1675957351.pdf.wQ2FN

