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Extracorporeal Life Support Organization
Registry addendum
COVID-19

1035 COVID-19 ECMO patients
213 centers
36 countries
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1093 ECMO patients 216y
January 16 through May 15t, 2020
57 without COVID addendum, 1 2" run ECMO (15t prior to COVID)

1035 ECMO-supported
Lab-confirmed SARS-CoV-2
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Database definitions
Detailed instructions for ELSO Site Managers
Site managers complete data entry exam
Point-of-entry data assessment with error & validity checks

Full record validation triggered on submission

COVID addendum
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Epidemiology, hospital course, outcomes

Multivariable Cox model
Patient & hospital factors associated with in-hospital mortality
90 days of follow up from ECMO initiation

No post-discharge follow-up available in the registry
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Primary outcome = in-hospital death assessed 90
days after ECMO initiation

Time-to-event analysis
Not all patients have a final disposition at time of database lock

Calculating in-hospital mortality without accounting for differential
follow-up results in length-time bias
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Discharged alive to home or acute rehab
A

Discharged to another location
(LTAC or unknown)

A
Discharge to another hospital

Treated as distinct competing events for the primary outcome of in-
hospital mortality
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Records in which the last update indicated the patient had not:
Died
Been discharged
Or completed 90 days of follow-up after ECMO initiation

Censured at the time of their last update
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Secondary outcomes

Disposition at time of analysis
ECMO duration
Hospital LOS
Tracheostomy use
Complications
AKI
Renal replacement therapy (regardless of AKI)
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Full cohort ARDS cohort*
(n=1035) (n=779)
Age (years) 49 (41-57) 50 (42-57)
BMI (kg/m?)t 31(27-37) 32(28-37)
Sext
Male 764 (74%) 572 (74%)
Female 269 (26%) 206 (26%)
Race and ethnicity
Black 150 (14%) 119 (15%)
White (non-Hispanic) 346 (33%) 250 (32%)
Asian 152 (15%) 86 (11%)
Middle Eastern or North African 35 (3%) 26 (3%)
Other 27 (3%) 21 (3%)
Unknown 54 (5%) 38 (5%)
Multiple 53 (5%) 51(7%)
Hispanic 218 (21%) 188 (24%)
Pre-ECMO comorbidities
No comorbidity 311 (30%) 243 (31%)
Cancer 11 (1%) 10 (1%)
Immunocompromised 24 (2%) 21 (3%)
Diabetes 245 (24%) 187 (24%)
Pre-existing cardiac disease 24 (2%) 13 (2%)
Pre-existing respiratory disease 29 (3%) 21 (3%)
Pre-existing renal insufficiency 21 (2%) 14 (2%)
Asthma 110 (11%) 91 (12%)
Pregnancy 22 (2%) 13 (2%)
Obesity (BMI >30 kg/m?) 487 (47%) 362 (47%)
Acute illness
ARDS 819 (79%) 775 (100%)
Acute heart failure 50 (5%) 25 (3%)
Myocarditis 22 (2%) 7 (1%)
Acute kidney injury 301 (29%) 247 (32%)
Pre-ECMO cardiac arrest§ 48 (5%) 26 (3%)

Table 1: Patient characteristics before initiation of ECMO
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Full cohort (n=1035)

ARDS cohort* (n=779)

N Median (IQR) or N Median (IQR) or
n (%) n (%)

Non-invasive ventilation

Non-invasive ventilation before 1032 606 (59%) 776 434 (56%)

intubation
Pre-ECMO intubation (days) 914 4.0 (1-8-6-4) 688 4-3(2-0-6-5)
Conventional ventilationt 951 942 (99%) 729 721(99%)

PEEP (cm H,0) 868 14 (12-16) 661 15 (12-18)

PIP (cm H,0) 699 33(30-38) 532 34 (30-38)

FiO, 888 1.0 (0-90-1-0) 672 1.0 (0-90-1-0)

Pa0,:FiO, (mm Hg) 868 72 (59-94) 657 72 (60-93)

PaCO, (mm Hg) 896 60 (50-74) 678 60 (50-74)
Pre-ECMO support

Prone positioning 1019 612 (60%) 766 464 (61%)

Neuromuscular blockade 1015 729 (72%) 762 567 (74%)

Inhaled pulmonary vasodilators 1019 293 (29%) 766 242 (32%)

Any vasoactive support 1015 606 (60%) 758 447 (59%)

Norepinephrine 1015 561 (55%) 762 416 (55%)
COVID-19 therapies and immunomodulators

Any therapy 1035 786 (76%) 779 633 (81%)

Glucocorticoids 1035 420 (41%) 779 331 (42%)
Support type

Respiratory 1035 995 (96%) 779 777 (99-7%)

Cardiac 1035 29 (3%) 779 0

ECPR 1035 11 (1%) 779 2(0:3%)

Table 2: Supportive care and therapies delivered before ECMO
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Full cohort ARDS cohort*
(n=1035) (n=779)

Patient status at study completion

Discharged alive to home or acute 311 (30%) 262 (34%)

rehabilitation centre

Discharged alive to long-term acute 101 (10%) 79 (10%)

care centre or unspecified location

Discharged to another hospital 176 (17%) 97 (12%)

Remain in the hospital (discharged 11 (1%) 10 (1%)

from ICU)

Remain in the ICU 56 (5%) 40 (5%)

In-hospital death 380 (37%) 291 (37%)
Tracheostomyt 444 (44%) 353 (47%)
Select complicationsi

Seizure 6 (0-6%) 5(0-7%)

CNS infarct 7 (0-7%) 5(0-7%)

CNS haemorrhage 56 (6%) 44 (6%)

Haemolysis 48 (5%) 37 (5%)

Membrane lung failure 82 (8%) 63 (9%)

Pump failure 8 (0-8%) 6 (0-8%)

Circuit change 148 (15%) 99 (13%)

Table 3: Outcomes
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Figure 1: Stacked bar plots of disposition over time for patients with COVID-19 who received ECMO
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Figure 2: Cumulative incidence of mortality from time of ECMO initiation
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Estimated cumulative incidence of in-hospital
mortality 90d after initiation of ECMO

37.4%

Among those with a final disposition of death or
hospital discharge

39%
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Similar to EOLIA patients
Pre-ECMO prone 60% (EOLIA 59%)
Median P:F 72 (mean P:F EOLIA 73)

No patients discharged to hospice

KM median duration of hospitalization 26.9 days
Median LOS for survivors 31.1 days, non-survivors 16.0 days
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Full cohort ARDS cohort*
(n=1035) (n=779)

Patient status at study completion

Discharged alive to home or acute 311 (30%) 262 (34%)

rehabilitation centre

Discharged alive to long-term acute 101 (10%) 79 (10%)

care centre or unspecified location

Discharged to another hospital 176 (17%) 97 (12%)

Remain in the hospital (discharged 11 (1%) 10 (1%)

from ICU)

Remain in the ICU 56 (5%) 40 (5%)

In-hospital death 380 (37%) 291 (37%)
Tracheostomyt 444 (44%) 353 (47%)
Select complicationsi

Seizure 6 (0-6%) 5(0-7%)

CNS infarct 7 (0-7%) 5(0-7%)

CNS haemorrhage 56 (6%) 44 (6%)

Haemolysis 48 (5%) 37 (5%)

Membrane lung failure 82 (8%) 63 (9%)

Pump failure 8 (0-8%) 6 (0-8%)

Circuit change 148 (15%) 99 (13%)

Table 3: Outcomes




Table S12: Complications noted during extracorporeal membrane oxygenation

Complications per 1000 ECMO

Complications per ECMO run

hours
2020 COVID- 2019 Adult 2020 COVID-19 2019 Adult
19 n=983 n=12176 n=983 n=12176

Any complication except renal

replacement therapy 538 (55%) 5938 (48.8%) 2-85 5-148
Any mechanical complication 277 (28.2%) 1645 (13.5%) 0-69 0-999
Seizure 6 (0-6%) 129 (1:1%) 0-01 0-06
CNS infarct 7 (0-7%) 309 (2:5%) 0-02 0-129
CNS hemorrhage 56 (6%) 336 (2-8) 0-14 0-146
Pneumothorax 77 (8%) 313 (2:6%) 0-19 0-147
Hemolysis 48 (5%) 459 (3-8%) 0-12 0-209
Cannula site bleeding 67 (7%) 1025 (8-4%) 0-17 0-455
Membrane lung failure 82 (8%) 396 (3:3%) 0-20 0-211
Pump failure 8 (0-8%) 83 (0-7%) 0-02 0-035
Circuit change 148 (15%) 694 (5-7%) 0-37 0-367

Circuit clot 44 (5%) 359 (2-9%) 0-11 0-186
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Hazard ratio

(95%CI)

Age (years)

40-49 (vs 16-39) — 1.27 (0-88-1-84)

50-59 (vs 16-39) . ——— 1.76 (1.23-2:52)

60-69 (vs 16-39) e} 228 (1.42-3-67)

>70 (vs 16-39) ® 3-07 (1-58-5-95)
Sex (male vs female) +—e— 1.32(0-96-1.31)
BMI per 5 kg/m? - 1.03 (0-96-1-11)
Race and ethnicity

Black (vs white) —— 0-92 (0-66-128)

Hispanic (vs white) —————— 1.29(0-90-1-84)

Asian (vs white) —_———— 0-88 (0-60-1-29)

Middle Eastern or North African (vs white) P 127 (0-73-2-21)

Multiple (vs white) —e— 0-72 (0-35-1.51)

Other (vs white) < < 0-99 (0-48-2-04)
Pre-ECMO comorbidities

Cancer (Y vs N) o 1.77 (0-74-4-20)

Immunocompromised (Y vs N) ® 2.04 (1-15-3-60)

Diabetes (Y vs N) — o 0-95(0.74-1-23)

Chronic cardiac disease (Y vs N) P 118 (0-63-2-23)

Chronic respiratory disease (Y vs N) PY 1.85(1-09-3-14)

Asthma (Y vs N) — ¢ 0-98 (0-69-1-39)
Pre-ECMO cardiac arrest (Y vs N) — 1.92 (1.32-2-78)
Co-infection (Y vs N) —o— 0-82 (0-65-1-03)
Hours from intubation to ECMO (per doubling) P 1.06 (0-98-1-15)
PaCo, (per doubling) ] o 1.25(0-99-1.59)
Pa0,:FiO, (per doubling) —— 0-68 (0-57-0-81)
Acute kidney injury (Y vs N) o 1.38(1.08-1.76)
Initial mode (VA or VVA vs VV)* s 1.89 (1.20-2-97)

I T I T T T T T 1
&S S PLN0L 2ENS S

Figure 3: Cox model for factors associated with in-hospital mortality in patients with COVID-19 supported

with ECMO
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Table. Patient Characteristics (N = 40)

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

JAMA Surgery Published online August 11, 2020

Asif K. Mustafa, MD, PhD
Philip J. Alexander, MD
Devang J. Joshi, MD
Deborah R. Tabachnick, MD
Chadrick A. Cross, MD

Pat S. Pappas, MD

Antone J. Tatooles, MD

Characteristic No. (%)
Prehospitalization
Age, mean (SE), y 48.4 (1.5)
Median (range), y 51 (22-64)
Sex
Male 30 (75)
Female 10 (25)
Race/ethnicity
White 8 (20)
African American 16 (40)
Hispanic 14 (35)
Other 2(5)

BMI, mean (SE) [range]

34.2 (1.1) [20.4-52.4]

Medical history

Obesity? 28 (70)
Hypertension 23 (58)
Hyperlipidemia 7 (18)
Diabetes 10 (25)
Asthma 6 (15)
Chronic obstructive pulmonary disease 1(3)
Smoking 7 (18)
Alcohol use 11 (28)
Coronary artery disease 1(3)
Deep vein thrombosis/pulmonary embolism 6 (15)
Chronic kidney disease 4(10)
Stroke 0
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Table. Patient Characteristics (N = 40)

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

JAMA Surgery Published online August 11, 2020

Asif K. Mustafa, MD, PhD
Philip J. Alexander, MD
Devang J. Joshi, MD
Deborah R. Tabachnick, MD
Chadrick A. Cross, MD

Pat S. Pappas, MD

Antone J. Tatooles, MD

Pre-extracorporeal membrane oxygenation
Ventilator settings

FiO5, mean (SE)

PEEP, mean (SE) [median], cm H,0

0.98 (0.01)
17.0(0.5) [16]

Respiratory rate, mean (SE), breaths/min
Tidal volume, mean (SE), mL

Peak pressure, mean (SE) [median], cm H,0
Plateau pressure, mean (SE) [median], cm H,0

25.8(1.1)
429.4(12.1)
40.0 (2.0) [38]
32.7(0.8) [32]

Arterial blood gas, mean (SE)
pH, mean (SE)
PaCO,, mean (SE) [median], mm Hg
Pa0,, mean (SE) [median], mm Hg
0, saturation, mean (SE), %
Paozﬂz, mean (SE) [median]

7.24(0.02)
71.6 (2.5) [68]
66.9 (2.8) [66]
88.7 (1.5)
68.9 (3.1) [66]

Bicarbonate, mean (SE), mEq/L
Pronation

27.7 (0.9)
29 (73)

Chemical paralysis

31(78)

Vasopressors

24 (60)

Left ventricular ejection fraction, mean (SE), %
Inflammatory markers, mean (SE)

D-dimer, pg/mL

Ferritin, ng/mL

59.3(2.3)

13.9(2.0)
1844.3 (254.1)

ECMO intiation to extubation

Mean 13.0 days
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Royal Brompton & Harefield: 63 Cambridge-Royal Papworth:43

Manchester - Wythenshawe Hospital:42
Guy’s & St. Thomas Hospital: 63
Aberdeen -Royal Infirmary Hospital: 7
Edinburgh - Royal Infirmary Hospital: 0
I 188 ECMO
Dusseldorf - University Hospital: 17

Nuremberg - Medical University Hospital:7

Hannover - Medical School: 11
Leipzig - Heart Center: 1
Regensburg - University Hospital: 26
Essen - University Hospital: 6

Berlin - Heart Center: 0 Langen-Asklepios K:11

Aachen - University Hospital: 21
Kassel - ECMO Center: 9

Freiburg — University Heart Center: 27 - 4E

Koln — ECMO Center: 22

Tubingen — University Hospital: 17

Frankfurt — University Hospital: 13
= 26 ECMO

Maastricht - UMC: 8

Rotterdam - Erasmus UMC: 1

Leiden — UMC: 3

Utrecht —- UMC: 5

Amsterdam — UMC: 3

22 ECMO

EuroECMO-COVID Survey
26 October 2020
1ECMO

EuroECMO COVID

i SECMO
Dublin - Mater Hospital: 5

11 ECMO
A ¥ 398ECMO

Istanbul - Kosuyolu Hospital: 4
Paris- Centers: 324 Instanbul — KSS: 3
Montpellier — CHU: 10 Instanbul - Siyami Ersek Hospital: 1
Perpignan — CHU: 6 Erzurum — Regional Hospital: 3
Jossigny - de Ma:rne-la-Vallée Hospital Center:
Rennes — CHU: 7 1 ECMO
Nimes — CHU: § Oslo -University Hosptal: 1
Lyon-CHU: 10 cug s pcvio .
Amiens - CHU:19 "y sy iana — UMC25
Dijon - CHU: 13
CMO
Tallinn -North Regional Hospital: 2
Tartu - University Clinic: 2

218 27

120 8

Zurich - University Hospital: 10 398 5, 39

Zurich — Hirslanden Clinic: 0 5
Lugano — Cardiocentro Ticino: 0 161
Lausanne — CHUV: 7 222

Bern — University Hospital: 3 0
Basel — University Hospital: 2

41 1

N}euwege}n - St. Antonius ﬂ 41 ECMO s 5 }EC.MO . ) ) 102
Ziekenhuis: 5 | ot Vilnius — University Hospital: 5
Breda — Hospital: 0 Porto — San Joao Hospital: 22 ==  0ECMO

- piiat Lisbon- Santa Maria Hospital: 15 —= N

Nijmegen — UMC: 1
I ‘ 120 ECMO

Leuven - University Hospital: 14

Aalst - OLV: 7 3l )

Brussels - Erasmus Hospital: 18

Brussels — Chirec Hospital: 12

Brussels — University Hospital: 5

Antwerp - University Hospital: 7

Charleroi — CHU: 9

Ghent — University Hospital: 7

Brussels — CHU S. Pierre: 8

Bruges — Sint-Jan Hospital: 4

Liege — CHU: 3 Hasselt- Jessa Hospital:3

La Louviere — Jolimont Hospital: 14

Genk — Oost Limburg Hospital: 6

Roeselare - AZ Delta Hospital: 3

Coimbra — Hospital Center: 3
Vila Nova Gaia - Gaia/Espinho Hospital: 1

Greek Centers: 0

222 ECMO

Barcelona Vall d"'Hebron University Hospital: 32
Barcelona — Hospital Bellvitge: 23

Murcia - Virgen de la Arrixaca Hospital: 19
Madrid - University Hospital La Paz: 17

Madrid — Ramon y Cajal Hospital: 15

Valladolid — Rio Ortega Hospital: 15

Madrid - Hospital 12 de Octubre: 13

Madrid -University Hospital Gregorio Maranén:11
Madrid - Puerta de Hierro Hospital: 10

-_—
B 26 ECMO

Minsk -Republican Center Cardiology: 1

Copenhagen - University
Hospital: 20
Aarhus - University
Hospital: 6
m=39ECMO
Innsbruck - University
Hospital: 8
St. Polten — Hospital: 11
Vienna — Medical University
Hospital:11
Salzburg Hospital: 3
Graz Hospital: 2
Klagenfurt Hospital: 2
Linz/Wels Hospital: 0

Vienna Krankenhaus Nord: 2

% 102 ECMO
e

Sheba Hospital: 24 Poriya H: 3
Ichilov Hospital:14 Sh.TsedeKH:9 Qrebro- University Hospital: 5

Assaf Harofeh H:5

Carmel Hospital: 8
Wolfson Hospital: 9
Beilinson Hospital: 9
Soroka Hospital: 6
Hadassa H:7 Rambam H: 8

luam 8 ECMO

Prague — University Hospital: 8

6 ECMO
‘Warsaw — Hospital: 4
Polish Centers: 2

Barcelona - Hospital Clinic: 7

Zaragoza - Universitary Hospital Miguel Servet: 6
Valladolid — University Clinic Hospital: 5
Valencia — Politecnic La Fe: 5
Palma de Mallorca - Son Espases University Hospital: 4
Madrid - Hospital Clinico San Carlos: 3

Vigo - Hospital Alvaro Cunqueiro: 2

Sevilla — Virgen Macarena Hospital: 1

Sevilla — Virgen del Rocio: 1 Elche - Hospital de Vinalopé: 1
Santander - Hospital de Valdecilla: 1

Cadiz - Hospital Universitario Puerta del Mar: 1

Cordoba -University Hospital Reina Sofia: 1

Barcelona - University Hospital Germans Trias i Pujol:9 A coruiia - University Hospital: 0

Bilbao - University Hospital Cruces Barakaldo: 8
Madrid - Fundaciéon Jiménez Diaz Hospital: 8

aill 96 ECMO

L
mmll 46 ECMO

Mostoles- Rey Juan Carlos:4

Syktyvkar City H: 1 St.Petersburg Navy H: 1
Khabarovsk - City H: 1 Tyumen Regional H: 1
Moscow -Sklifosovsky Research Institute: 5
Moscow . City H: 33 Moscow Voronovskoe H:1
Maykop — Hospital: 1 Moscow Yudin H:1
Novosibirsk - National Medical Center: 4
Kemerovo Hospital: 0 Chelyabinsk Hospital: 0
Krasnoyarsk regional hospital:4

St. Petersburg — City Hospital : 2

St. Petersburg — Botkin Infection Hospital: 3
St. Petersburg - Almazov Centre: 6
Ekaterinburg — Hospital: 0 Tver-Hospital: 5
Krasnodar — Hospital:26 Barnaul -Hospital #5:1

Stockholm- Karolinska University Hospital: 32
Lund - University Hospital: 5
Linkoping - University Hospital: 3

Gothenburg -Sahlgrenska University Hospital: 1
A ¥ 161 ECMO
Bergamo — Papa Giovanni XXIII Hospital: 12
Bologna - S.Orsola Hospital: 6
Milan — Niguarda Hospital: 6
Milan - S. Donato Hospital: 5
Milan - S. Raffaele Hospital: 12
Turin — S. Giovanni Bosco Hospital: 1
Turin — Molinette Hospital: 17
Pavia — S. Matteo Policlinic: 26
Palermo —ISMETT: 3  Bari- Policinic: 6
Brescia - Spedali Civili: 2 Vicenza Hospital: 4
Venezia/Mestre Hospital: 5
Udine — University Hospital: 0
Monza - S. Gerardo Hospital: 14
Ancona — Riuniti Hospital: 12
Puglia - GVM & Research: 0
Alessandria — S. Giorgio Clinic Hospital: 0
Rome — S. Camillo Hospital: 1
Rome — Umberto I Hospital: 14
Rome — Gemelli Policlinic: 7
Cesena — Bufalini Hospital: 4
Naples — Federico II Hospital: 0
Milan - S. Ambrogio Clinic: 3
Rome — Casalpalocco Hospital: 1




European Trend for ECMO in COVID-19 (Status: 26 October 2020)

European Trend for ECMO in COVID-19
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Trend Number of Centers (Status: 26 October 2020)

Number of Centers

7 -114]

3 166 167 167 169 170 170 171 178

o l<() 152
1 ].1

118
12
100 96 |
.
3
‘ ‘ | |

10 L)
\lrh‘-(ua L'"l Apral Aped Aged May Mey h‘ May Do )ur lut Naw ld Iy Hh hb A. —\u :\u Aag A( Seqt sq' 541 \q’ Ot Ot O e

L



%—1 COVID-19 Critical
(%) Care Consortium

Incorporating ECMOCARD

The COVID-19 Critical Care Consortium (COVID
Critical) a global alliance, collecting data on
COVID-19 patients in ICU.

Since its inception on 21 January 2020, COVID
Critical has grown to:

53 Countries

6 Continents

376 Collaborative Centres
203 Recruiting Centres
2500 Enrolled Patients

More information and contact
www.CQOVID-Critical.com

ECMOCARD@health.gld.gov.au
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http://www.covid-critical.com/
mailto:ECMOCARD@health.qld.gov.au

Real-time data in COVID-19

COVID-19 Cases on ECMO in the ELSO Registry EuroELSO COVID 19 Slll'vey
EuroECMO

COVID-19 COVID-19 COVID-19

Suspected or Confirmed Cases Discharged Alive

o614 2605 1051/1966

(53%)

Total counts of COVID-19 confirmed patients and count of COVID-19 suspected
but not confirmed by testing.

COVID-19 ECMO counts by ELSO Chapter

North America 1690
Eu rope 579 m(jngoing ‘ Decea‘sye‘:!lTr"eTl Weaned from ECMO
Asia Pacific 51 = | | l l | l H H H

Latin America

COVID 19 Crltlcql
SWAAC Care Consortium
Incorporating ECMOCARD




