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• https://coronavirus.jhu.edu/map.html. Accessed Nov. 17, 2021.

COVID-19 Snapshot 

https://coronavirus.jhu.edu/map.html






COVID-19 Snapshot - USA 
• Total cases: > 47 Mi. JHU

• Deaths: > 700,000 (1.5%) JHU

• Total hospital admissions: > 3 Mi. (Aug 01.20-
Nov.17.21) CDC

• 20%-30% from hospitalized patients required 
ICU admission 
• Total number of staffed hospital beds: 

919,000 AHA

• Critical care beds: 110,000 AHA



• Many patients with COVID-19 do not require hospitalization1

• Severe cases often require patient hospitalization and ICU 
management1

• Approximately 15-30% of patients with COVID-19 develop ARDS2

– May be refractory to conventional approaches

• Conventional approaches1

– High-flow oxygen
– Mechanical ventilation
– Prone positioning

• Additional treatment approaches may be required when 
conventional management is not adequate2

Management Approaches

1Lorusso R, et al. Intensive Care Med. 2021;47(3):344-8.
2Huang S, et al. BMC Pulm Med. 2021;21:116.



Covid-19 Disease: Challenges 
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• Badulak J, et al. ASAIO Journal. February 26, 2021. 
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CESAR Study

• Multicenter randomized controlled 
trial comparing ECMO with 
conventional management for severe 
ARDS*
– 90 patients randomized to 

consideration of ECMO (68 actually 
received)
• 63% (57/90) of these patients achieved 

6-month survival without disability 

– 90 patients randomized to 
conventional management
• 47% (41/87) of these patients achieved 

6-month survival without disability

– No standardized protocol in 
conventional management group

10
Peek GJ, et al. Lancet. 2009;374(9698):1351-63.

Kaplan-Meier Survival Estimates

*Murray score >3.0 or pH <7.20



EOLIA Study
• Landmark study of ECMO for the 

management of patients with ARDS
• 249 patients randomized (124 to 

ECMO group, 125 to control group)
– 60-day mortality was 35% for patients 

in ECMO group versus 46% with 
conventional management 
• (RR 0.76, 95% CI 0.55-1.04, P = 0.09)

– HR for death within 60 days (ECMO 
compared with control group)
• 0.70 (95% CI 0.47-1.04, P = 0.07)

– Limitations:
•Stopped before reaching maximum sample size
•28% crossover rate in control group
•Patient population from ECMO centers and non-
ECMO centers
•Likely underpowered for assessment of
mortality 20% lower in ECMO group than in 
conventional group Combes A, et al. N Engl J Med. 2018;378:1965-75.



• 52 patients with COVID-191

– 37 patients had mechanical ventilation
• 7 survivors

– 6 patients had ECMO
• 1 survivor

– Limitations: small cohort, retrospective study, 
some ICU data incomplete

• 191 patients with COVID-192

– 26 patients had non-invasive mechanical 
ventilation
• 2 survivors

– 32 patients had invasive mechanical ventilation
• 1 survivor

– 3 patients had ECMO
• 0 survivors

– Limitations: retrospective study, some patients 
transferred late in course of illness, limited 
estimation of viral shedding duration, case 
fatality ratio does not reflect true mortality of 
COVID, limited sample size

Yang X, et al. Lancet Respir Med. 2020;8(5):475-81.
Zhou F, et al. Lancet. 2020;395(10229):1054-62.

Early Experience from Wuhan, China



• Multicenter retrospective study of ECMO in 83 patients 
with severe COVID-19 related ARDS
– 34 patients returned to home
– 14 patients hospitalized/in rehab out of ICU
– 4 patients in ICU and off ECMO
– 1 patient still on ECMO
– 30 deaths

• Estimated probability of 60-day mortality: 31%
• Baseline mean PaO2/FiO2 ratio of 62 mmHg was lower 

than EOLIA or LIFEGARD
• Limitations: patients treated in high-volume ECMO 

center, limited outcomes and other data collection, 
possible selection/information bias with limited cohort, 
lack of comparison with patients not treated with ECMO

French Experience

Schmidt M, et al. Lancet Respir Med. 2020;8(11):1121-31.



• Retrospective study of ECMO outcomes in patients 
with refractory ARDS
– 71 with COVID-19
– 48 without COVID-19

• 28-day mortality in patients with COVID-19: 
37%
– 27% in patients without COVID-19
– Not statistically significant
– Difference resolved at 100-day mark

• Authors concluded ECMO could be considered in 
supportive role for patients with refractory COVID-
19 associated ARDS

• Limitations: observational nature of study, 
different time frames for patients with and 
without COVID on ECMO (possible variation in 
levels of care), lack of functional outcome data

Raasveld SJ, et al. J Intensive Care Med. 2021 Apr  

ETALON Study



ELSO Registry Study
• Incorporated international 

data from 1035 patients with 
COVID-19 who received 
ECMO1

– For patients with ARDS: 
in-hospital mortality was 
38.0%

– Estimated in-hospital 
mortality 90 days after 
starting ECMO: 37.4%

• Results comparable to earlier 
studies of ECMO for patients 
with ARDS who did not have 
COVID-191

1Barbaro RP, et al. Lancet. 2020;396(10257):1071-8.
.





Extracorporeal Membrane Oxygenation for Patients With COVID-19 in 
Severe Respiratory Failure 

Asif K. Mustafa; et al

JAMA Surg. 2020;155(10):990-992.

• N=40 patients
• EOLIA trial entry criteria
• 2- center Experience
• Onset of symptoms to

ECMO: 13.8 days
• Single site access (RA-PA)
• Early Extubation
• Excellent outcomes

• Limitations:
• Early reports
• Retrospective study
• No control group
• Low number of patients



Cytokine adsorption in patients with severe COVID-19 
pneumonia requiring extracorporeal membrane 

oxygenation (CYCOV): a single center, open-label, 
randomized, controlled trial 

• 34 patients 
• 17 patients in each group 
• Median IL-6 decreased from 357·0 pg/mL to 98·6 pg/mL in Cytokine adsorption group
• Median IL-6 decreased from 289·0 pg/mL to 112·0 pg/mL in the control group after 72 h
• Adjusted mean log IL-6 concentrations after 72 h were 0·30 higher in the cytokine 

adsorption group, p=0·54)
• Survival after 30 days was three (18%) in the cytokine adsorption group and 13 (76%) in 

the control group (p=0·0016)

Conclusions

Early initiation of cytokine adsorption in patients with severe COVID-19 and venovenous
ECMO did not reduce serum IL-6 and had a negative effect on survival. Cytokine adsorption 
should not be used during the first days of ECMO support in COVID-19 

Alexander Supady, Lancet Respir Med. May 2021 
?





• A single center experience, 52 patients, Mean age: 48 ± 12, mean BMI: 32 ±0.6
12 patients were placed on ECMO prior intubation with 75% survival to discharge vs 50% 
In the other group
• Pre-ECMO ventilator days was significantly associated with a 31% increased odds of 

mortality (aOR=1.31, 95% CI, 1.00–1.70) in a multivariable logistic regression model 
adjusted for age, gender, BMI, 





• 35 patients with COVID-related ARDS requiring ECMO
• Serial echocardiographic examination
• RvDys was defined as RV end-diastolic area/LV end-

diastolic area>0.6 and tricuspidannular plane excursion<15 
mm

• The incidence of RvDys was 15/35 (42%)
• RvDys patients underwent ECMO support after a longer 

period of mechanical ventilation (p = 0.006) and exhibited 
a higher mortality rate (p = 0.024) than those without 
RvDys.

RV Dysfunction in Covid 19 related ARDS 
patients requiring VV ECMO











Hemocompatibility
related events



• Lack of evidence based data
• Duration of support
• Lack of standardization:

- ECMO Circuits 
- Reporting

Anticoagulation/Bleeding Management
Challenges

ECMO/ECLS? 



Impact of Center Volume and Experience on Outcomes





• 1321  ARDS Patients
• Six centers
• December 1, 2011 to December 31, 2017
• Median age:44, 55% males
• Median PaO2/FiO2: 70
• Median MV time: 24h
• Viral pneumonia was the most common primary 

diagnosis 22%  followed by bacterial pneumonia 
(20%)

• 74% survival to ICU discharge

Impact of Center Volume and Experience on Outcomes



INTEGRIS Regional Hub and Spoke 
Model
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Outcomes- Survived to Discharge

ECMO Type: N N Survived to Discharge
% Survived to Discharge

VA - Acute 137 68 50%

VA - Acute on chronic 58 32 55%

VA - CPR 89 28 31%

VA - post cardiotomy 99 48 48%

VA - post heart tx 11 7 64%

VA - post lung tx 5 1 20%

VA - post LVAD 7 2 25%

VA - pre LTX 4 3 75%

VA - Respiratory 35 12 34%

VV - ARDS 250 154 62%

VV - post LTX 5 5 100%

VV-pre lung tx 23 10 43%

VAV 4 0 0%

VVA 1 0 0%

VPA (Protek) 12* 6 50%

VV-COVID 81 48 59%

VV-(excluding COVID) 194 122 63%

VA (excluding CPR) 357 174 49%

VV 275 170 62%

INTEGRIS Regional ECMO Program
Outcomes



Oklahoma Shock and ECMO Network: 
COVID 19 ARDS Experience (n=81 patients)
Ø Right Fem- Right IJ approach
Ø 23-25 F cannula
Ø ECMO Flow> 4l/min
Ø PTT Target (40-60)
Ø Lung protective vent strategy
Ø Prone on ECMO 
Ø Consider onset of symptoms to cannulation time
Ø Fluid restriction
Ø Extubate if feasible 
Ø Accept suboptimal O2 saturation > 80% in select cases
Ø Early tracheostomy  (3-5 days)
Ø Consider ProtekDue in case of severe RV failure



IBMC-OKLAHOMA APPROACH

Inclusion Criteria for Covid-19 related  ARDS
A Moving target



ECMO Network Consults / Acceptance Ratio
During the Surge in a High Volume ECMO Center
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Baseline Characteristics (Pre-ECMO)
Ø Age (yrs) 45 ± 12 (20-73)
Ø Sex (f/%) 32 (40%)
Ø Race 

Caucasian 49 (60%)
Hispanic 24 (30%)
African American 5 (6%)
Others 3 (4%)

ECMO in COVID-19 Patients: IBMC Experience
(as of September 2021, n=81) 



ECMO in COVID-19 Patients: IBMC Experience
(as of September 2021, n=81) 

Outcomes
Ø HLOS (d) 42 ± 33 
Ø Duration of support (d) 27 ± 20 (2-120)
Ø Hospital mortality 33 (41%) 
Ø Weaned 52 (64%) 
Ø Discharged 48 (59%)
ØOff anticoagulation 38 (47%)
Ø Tracheostomy 21 (26%)
Ø Extubation while on ECMO 15 (19%)



ECMO in COVID-19  Patients: IBMC Experience
(as of September 2021, n=81) 

Main Complications
Ø Circuit Change  44 circuits/34 patients*
Ø VAP 18 (22%)
ØOro-pharyngeal bleed 13 (16%)
Ø Pneumothorax 12 (15%)
ØGI Bleeding 9 (11%) 
Ø Bacteremia 8 (10%)
Ø Intracranial hemorrhage 2 (2%)
Ø RP Bleeding 2 (2%)

*0.022 EP ECMO day in non COVD Patients vs. 0.026 in Covid 19 patients 



ECMO in COVID-19  Patients: IBMC Experience
(Predictors of Discharge)

Successfully discharged Died on Support P=

Age (years) 41±12 51±11 0.003

BMI 34±9 42±12 0.012

Pre-ECMO 
HLOS

5±4 11±17 0.087

Gender (f/m) 52%/48% 48%/52% 0.7

PH 7.37 7.32 0.06

SOFA Score 9.4±3 9.1±2 0.6

IBMC 
cannulation vs 
others

55%/42% 45%/58% 0.57

Duration of 
support (days)

20±16 33±23 0.018



CT done less than 2 weeks apart, relatively late into the disease course (>30 days) 



• EOLIA Trial entry criteria are widely accepted and utilized 
for Covid-19 patients requiring VV ECMO; however, many 
centers were not able to follow them because of the 
pandemic related capacity and resources issues 

• Survival rate of VV-ECMO Patients with severe ARDS 
secondary to Covid-19 is similar to non- Covid Patients 

• Duration of ECMO support is longer in Covid-19 ARDS 
patients compared to non Covid ARDS patients (longer 
Lung recovery time)

Summary



• More data are required to address the following challenges
- Anticoagulation
- Cannulation modalities 
- appropriate timing and patient selection 
-Transplant candidacy
- Futility 

• During the surge it is recommended to,
- Adapt  Inclusion criteria to hospitalization/capacity ratio
- Collaborate with other Programs in your region (inclusion 

criteria, Futility criteria
- Consider SRA policy

Summary


