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Objectives

By the end of this talk, the learner will:

1. Understand the pathophysiology of COVID-19 associated lung and heart 
disease, and how this compares to other viral cardiopulmonary disease. 

2. Know the benefits and risks of an awake ECMO, early extubation, and 
aggressive rehabilitation strategy for severe ARDS. 

3. Describe how right ventricular support can be beneficial in patients on ECMO 
with severe lung disease. 



Pathophysiology of COVID-19



COVID-19 ARDS

● Risk factors for severe disease
○ Male sex, obesity, increased age

● Direct viral cellular damage and hyperinflammation
● Lung injury

○ Diffuse Alveolar Damage
○ Imbalance of coagulation and fibrinolysis
○ Late fibrosis

● Severe hypoxemia with compliance variably affected
○ Often strong response to prone positioning

● Comparison to other cases of infectious ARDS



Montenegro, 
Francisco, et al.  
Expert Review of 
Respiratory 
Medicine. 2021.



Right Ventricular Failure

● High rate of severe ARDS in COVID-19
○ Risk of RV dysfunction and failure

● RV function can be difficult to assess
● Studies show associated with mortality

○ Meta-analysis of ARDS patients - RV dysfunction associated with mortality (OR = 1.68 
[1.21-2.32])

○ Echo evidence of RV dysfunction in 120 COVID-19 patients independently associated with 
mortality. 

Dong, Daoran, et al. Heart & Lung. 2021.
Li, Yuman, et al. Cardiovascular Imaging. 2020.



Vasodilatory and Cardiogenic Shock

● Direct viral toxicity, inflammatory cascade, thrombosis, endothelial injury
○ Cardiac dysfunction
○ Arrhythmia
○ Acute coronary syndrome
○ Vasodilatory shock
○ Right heart strain due to ARDS

● VA ECMO support in severe illness

Hajjar, Ludhmila Abrahão, et al. Annals of intensive care. 2021.
Adeghate, Ernest A., Nabil Eid, and Jaipaul Singh. Heart Failure Reviews. 2021. 



Early Literature on ECMO for COVID-19



● ELSO data - ECMO for COVID-19 16y and older Jan-May 2020
● Primary outcome - in hospital mortality in a time-to-event analysis assessed at 

90d after ECMO start
● 1035 pts, median 49y and BMI 31

○ 79% ARDS, 29% AKI, 5% heart failure
○ Median time intubation to ECMO 4 days
○ 94% VV ECMO

● In-hospital mortality 90d after the initiation of ECMO - 37·4% (95% CI 
34·4–40·4)



Barbaro, Ryan P., et al. The Lancet. 2020.



● Systematic review and meta-analysis of studies examining ECMO in adults 
with COVID-19 ARDS Dec 2019-Jan 2021

● Primary outcome - in hospital mortality
● 22 observational studies - 1896 patients

○ VV ECMO - 98.6%
● Pooled in-hospital mortality - 37.1% (32.3–42.0%, high certainty)

○ Mean duration of MV prior to ECMO - 4.4 days
○ Increasing age (p=0.01), shorter ECMO duration (p=0.001), and lower BMI (p=0.04) 

associated with mortality
○ SOFA score, time from MV to ECMO not associated with mortality



Changing outcomes as COVID-19 pandemic 
progressed



● ELSO Registry Study comparing 3 groups of COVID-19 ECMO patients:
○ A1 - Early ECMO (before May 1, 2020) at early-adopting centers
○ A2 - Late ECMO (after May 1, 2020) at early-adopting centers
○ B - Late ECMO (after May 1, 2020) at late-adopting centers

● 4800 patients throughout 2020
● Primary outcome - in-hospital mortality



After 5/1/20



Results

● Relative to group A2:
○ A1 - lower adjusted relative risk of 90d in-hospital mortality (HR 0·82 [0·70−0·96])
○ B - higher adjusted relative risk of 90d in-hospital mortality (HR 1·42 [1·17−1·73])

● Comparing late vs early pandemic ECMO:
○ Longer ECMO duration (14.1 vs 20.0 days)
○ Lower proportion of patients discharged to home or rehab facility

● Patient characteristics
○ Similar risk factors
○ Late group

■ higher rate of non-invasive ventilation prior to intubation
■ More dexamethasone use
■ Late adopting centers had lower pre-pandemic ECMO volume



Changing Approach to ECMO for COVID-19



We needed to reconsider our approach

● COVID-19 ARDS - high rate of severe disease
● High risk of right ventricular failure
● Long recovery time
● High risk of complications



● 40 consecutive COVID-19 patients on ECMO for respiratory failure
● Dual lumen right atrium to pulmonary artery catheter for oxygenation and RV 

support
● Emphasis on rehab and early extubation







Discussion

● Direct RA-PA cannula:
○ Improved oxygenation
○ Less recirculation
○ RV support
○ Improved mobility (compared to femoral)
○ Improved rehab tolerance

● Extubation - decreased exposure to positive pressure ventilation
● Rehabilitation

○ Redistributed weight off lungs
○ Improved recovery

● Extended ECMO runs



● 62 consecutive ARDS patients receiving awake VV and VP ECMO
● Survival to discharge - 85%

○ Same between COVID-19 and non-COVID-19 ARDS
○ 79% discharged home or to acute rehab facility

● Median ECMO duration 33 days
● Median time to extubation after cannulation - 6 days



● 150 Patients supported for COVID-19 ARDS with RA-PA cannulation onto 
ECMO

○ Average ECMO run 48 days
● 67% survival to discharge
● 3% required long term rehab



Cain, Michael T., et al. Journal of Surgical Research. 2021.





https://docs.google.com/file/d/1NhSFATdF5BoGy1rJQNiGEX-8WbVsHI4R/preview






Possible Reasons for Improved Outcomes

● Cessation of mechanical ventilation
● Weaning of sedation
● Aggressive rehab and mobility
● RV support



Children’s Colorado Awake ECMO 
Experience



CHCO Experience

● 4 patients - all teenagers with varying comorbidities
○ Obesity common

● Different cannulation strategies
○ VA and VVA
○ VV ECMO
○ VP ECMO

■ Protek Duo via the IJ
■ Protek Duo RD perventricular cannulation









Results

● Extended ECMO runs
○ 1-5 months

● All patients extubated
● Good rehab participation
● Results

○ 3/4 survived to discharge
○ All discharged home (one had stay on rehab floor)





Difficulties and Setbacks

● Long ECMO runs with ups and downs
○ Compassion fatigue

● Infection
● Dyspnea and air hunger
● Cannula and cannulation issues

○ Best cannulation strategy in children
○ Cannula malposition
○ Cannula fracture

● Other issues
○ Effusions
○ Arrhythmias 



Conclusions

COVID-19 causes a high rate of severe ARDS, even in children. 

ECMO can be used successfully in these patients. 

RV support, early extubation, and aggressive rehab with ambulation can lead to 
good outcomes. 

Novel cannulation strategies should be considered in children due to their varying 
size. 
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Questions?

And Thank You!


