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1. Summary of the analysis protocol and details on methods (Table S1, Figures S1)

Please, refer to the figures and tables within the next pages.

e Table S1. Summary of the protocol of a target trial estimating differences in outcomes of patients treated
with extracorporeal membrane oxygenation (ECMO), if the ratio of arterial pressure of oxygen / fraction of
inspiratory oxygen (PaO./FiO2) was less than 80 mmHg, compared to treatment with conventional
mechanical ventilation without the use of ECMO.

o Figure S1. llustration of the three-step analytical procedure to obtain adherence-adjusted estimates.

Additional details on statistical analyses: calculation of inverse probability weights

Our models to compute the inverse probability weights included the following covariates in a flexible functional
form: age, sex, Sequential Organ Failure Assessment (SOFA) and Acute Physiologic Assessment and Chronic
Health Evaluation (APACHE) Il score, inability to walk, stage 11l kidney failure (defined as either urine output <
0.3 ml/kg body weight per hour for > 24 hours, serum creatinine > 4.0 mg/dl (353.6 pmol/l), or renal
replacement therapy), presence of chronic neurological, cardiac, pulmonary, or liver disease, malignant
neoplasms, treatment with vasoactive drugs, renal replacement therapy, neuromuscular blockade, prone position,
inhaled nitric oxide, and ventilation parameters, such as airway plateau pressure, positive end-expiratory
pressure (PEEP), fraction of inspired oxygen (FiOy), ratio of partial pressure of arterial oxygen-to-fraction of
inspired oxygen (PaO2/FiO; ratio), arterial pH, duration of mechanical ventilation, and time. The inverse
probability weight for each day was calculated as 1 divided by the cumulative probability of not being artificially
censored. This means that patients with a high probability of not being censored (relatively unlikely to be put on
ECMO) are down-weighted in the analysis, whilst those with a low probability of not being censored (relatively

likely to be put on ECMO) are up-weighted.



Additional details on statistical analyses: missing data

We imputed missing measurements at baseline with the ‘mice’ package using fully conditionally specified
models, including failure time and outcome?. For longitudinal missing values, we carried the last observation
forward, similar to previous work?2. Carrying forward the last available value reflects what the treatment team
would do in clinical practice at the bedside. Details on missing data patterns and sensitivity analyses to detect
potential influence of missing data or multiple imputation are provided in a separate section of the

supplementary appendix.

Additional details on statistical analyses: secondary analyses

We analyzed if age and comorbidities associated with more severe COVID-19, such as diabetes
mellitus, obesity, or arterial hypertension, were effect modifiers.4 Based on previous work, we examined the
following age groups: < 50 years, > 50 and < 65 years, and > 65 years.5 ® To investigate whether the duration of
mechanical ventilation preceding ECMO initiation (PaO2/FiO; ratio < 80 mmHg’) modified the effectiveness of
ECMO, we emulated different hypothetical scenarios where ECMO could only be initiated if the patient had

received invasive mechanical ventilation for a specific number of days preceding cannulation.

Additional details on statistical analyses: sensitivity analyses

We performed a number of sensitivity analyses. First, we replicated the primary analysis with a control outcome
instead of hospital mortality to detect the potential presence of uncontrolled confounding. A random variable
drawn from a Bernoulli distribution with a 50:50 probability was used as control outcome variable, safely
assuming the intervention does not have a causal effect on a random outcome variable. Also, we repeated the
primary analyses using an alternative set of covariates for the construction of the inverse probability weights to
detect a potential influence of model misspecification, missing data, or multiple imputation. Second, we repeated
the primary analysis, excluding patients from the United States (which contributed the largest number of ECMO
patients to the cohort), to investigate whether our estimates are robust for a potential country-specific
heterogeneity in treatment. Also, we performed a sensitivity analysis in which we used inverse probability
weighting to adjust for potential country-specific heterogeneity. Third, we estimated the effects for the primary

analysis in patients with complete measurements and without variable imputation.



Table S1. Summary of the protocol of a target trial estimating differences in outcomes of patients treated with

extracorporeal membrane oxygenation (ECMO), if the ratio of arterial pressure of oxygen / fraction of

inspiratory oxygen (PaO2/FiO,) was less than 80mmHg, compared to treatment with conventional mechanical

ventilation without the use of ECMO.

Component Hypothetical randomized trial Emulation
Eligibility Patients of all ages with clinically suspected Same as hypothetical trial
(determined by attending physician) or
laboratory-confirmed SARS-CoV-2 infection
(real-time PCR and/or next-generation
sequencing) were eligible if they were
admitted to an ICU between January 3, 2020,
and January 26, 2021.
Treatment 1. Treatment with ECMO therapy if Same as hypothetical trial
strategies PaO./FiO, < 80mmHg
2. Treatment with conventional mechanical
ventilation without the use of ECMO
therapy
Treatment Patients are randomly assigned to one of the We assumed that patients were
assignment strategies. Stratification was performed based  randomly assigned within levels of the
on baseline severity of illness (i.e., PaO2/FiO,  following baseline variables: age, sex,
ratio). APACHE Il and SOFA score, as well
as severity of respiratory failure.
Blinding The treatment team was aware of the assigned  Same as hypothetical trial
treatment strategy.
Follow-up The follow-up started at the time of Same as hypothetical trial
assignment to a ventilation strategy and ended
at one of:
e Death
e Discharge home alive (competing event)
e 60 days after enrollment (censoring
event)
whichever comes first
Primary Hospital mortality Same as hypothetical trial
outcome

Causal contrast

Statistical
analysis

Per protocol effect

In the per-protocol analysis, patients were
censored when they deviated from their
assigned strategy. The per-protocol effect was
estimated after adjustment for baseline
variables and for time-varying variables
associated with adherence to the assigned
treatment strategy.

Observational analogue of the per
protocol effect

Same as hypothetical trial, except that
we created two clones per eligible
patient and assigned one to each
treatment strategy.?

2 Adapted from M. Hernan and J. Robins on how to emulate a target trial using observational data.®



Figure S1. The figure illustrates a three-step analytical procedure to obtain adherence-adjusted estimates.
Cloning, censoring, and weighting represents a robust analysis approach that eliminates immortal time bias in the
estimates of absolute and relative risk.® First, we created clones of each patient and assigned these clones to the
different treatment strategies: ECMO therapy, where patients were treated with extracorporeal membrane
oxygenation (ECMO) if the PaO,/FiO, was < 80 mmHg, and conventional mechanical ventilation without
ECMO (illustrated below as ‘mechanical ventilation”). Second, we censored clones that were non-adherent to
their assigned treatment strategy during follow-up (e.g., initiation of extracorporeal membrane oxygenation in
the group treated with conventional mechanical ventilation; see example for patient #2). For each day, we
calculated the probability of not being censored (illustrated as grey “p” for each day of follow-up), based on
factors that might have been considered by the treatment team to decide whether extracorporeal membrane
oxygenation therapy should be initiated or not. Third, absolute risks, differences in absolute risks, and risk ratios
(RR) were calculated with weighted marginal structural models. The weights were calculated from 1 divided by
the cumulative probability of not being censored), illustrated as grey ‘IPW’ (inverse probability weight) in the

illustration. A more comprehensive description of this analysis approach is available elsewhere %11

1. Create clones for each 2. Follow over time 3. Weighted
treatment strategy (censor clone if non-adherent) analysis
Clone
iLES\FJ)‘S UsualCare
Pa;i:nt N P [Discharged Discharged
g
o
No ECMO
S P |Discharged Discharged
[] *
Clone
#1 Mechanical [P']
ventilation
Clone
iLeEgS;) UsualCare
Pa;izent N ECMO (—=p| Death Death
S
- .
No ECMO
*‘= P | Censored Censored
L[] L]
Clone
#1.Mechanical
ventilation
1 2 3 4 5 .. n

Follow-Up Time (days)

Additional details:

Randomly assigning patients to Patients were artificially censored , if they deviated from their Inverse probability weighting
only one treatment strategy is assigned treatment strategy. While the cloning procedure has was used to address the selection
statistically inefficient. Therefore, prevented immortal time bias, artificial censoring introduced bias due to artificial censoring.
cloning was used to assign patients selection bias in the analysis.

to multiple strategies.



2. Description of the cohort (Figure S2, Tables S2 to S7)

Please, refer to the figures and tables within the next pages.

e Figure S2. Study profile.

e Table S2. Comorbidities.

o Table S3. Specific therapies.

e Table S4. Complications.

e Table S5. Participating countries.

e Table S6. Ethnicity.

e Table S7. Characteristics of patients treated with Extracorporeal Membrane oxygenation (ECMO) before

and after cannulation under observation of clinical practice.

Additional details:

In the following, we describe the study profile and give characteristics of the study cohort.

Audits of the COVID-19 Critical Care Consortium database:

The database quality audits of the COVID-19 Critical Care Consortium dataset are a continuing and intensive
process encompassing: 1) data cleaning rules, 2) checks for outliers, 3) filtering rules setup during the initial
development of the case report form, which was periodically monitored/adjusted, 3) data completeness checks.
Finally, in the case any issue was detected during monitoring of data quality, or statistical analysis, these matters
were followed up to address any data collection/process limitation in a timely manner. Importantly, the audit
process often included follow-up with the site that entered the data for value verification and correction where

possible.

Data protection:

Each collaborating site obtained approval from their Institutional Review Boards (IRBs) and executed a data
sharing agreement (DSA), before recording any data into the REDCap case report form. Of note, in case IRB
indicated that a DSA were not required, based on local regulations, we requested an official email and/or signed
document to clearly state the reason for not requiring a DSA. Importantly, we used a REDCap case report form.

REDCap is compliant with GDPR requirements and has mechanisms to process GDPR requests. The study fully



complied to valid requests under GDPR on demand, as part of the standard administration of the database.
Finally, raw data of the COVID-19 Critical Care Consortium is only accessible to the Consortium data
management core team in Brisbane, AU. The investigators wrote and tested the R code for the analysis a priori
based on a simulated dataset (without real patient data) and subsequently submitted the code for execution to the
Consortium data management core team in Brisbane, AU. The team provided to the Consortium core statistical
team the aggregated R markdown output which was then used to write the manuscript. Individual patient data

were at no time point accessible or transferred to the computers of the investigators.



Figure S2. Study profile. ECMO = Extracorporeal Membrane oxygenation.

7847 patients recorded in the registry

502 patients excluded
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l l

6501 patients treated 844 patients treated
without ECMO with ECMO




Table S2. Comorbidities, numbers and percentages by treatment under observed clinical practice.

Overall Treatment Treatment with

without ECMO ECMO
N 7,345 6,501 844
Chronic cardiac disease (%) 1,080 (15) 1,035 (16) 45 (5.3)
Acrterial hypertension (%) 4,203 (57) 3,853 (59) 350 (41)
Obesity (%) 1,603 (22) 1,290 (20) 313 (37)
Chronic pulmonary disease (%) 602 (8.2) 561 (8.6) 41 (4.9)
Asthma (%) 386 (5.3) 308 (4.7) 78 (9.2)
Chronic kidney disease (%) 547 (7.4) 507 (7.8) 40 (4.7)
Genito-urinary comorbidities (%) 339 (4.6) 310 (4.8) 29 (3.4)
Gastro-pancreatic comorbidities (%) 313 (4.3) 266 (4.1) 47 (5.6)
Mild liver disease (%) 95 (1.3) 82 (1.3) 13 (1.5)
Severe liver disease (%) 234 (3.2) 211 (3.2) 23 (2.7)
Chronic neurological disorder (%) 279 (3.8) 256 (3.9) 23 (2.7)
Dementia (%) 145 (2.0) 145 (2.2) 0 (0)
Malignant neoplasm (%) 199 (2.7) 185 (2.8) 14 (1.7)
Rheumatologic disorder (%) 208 (2.8) 181 (2.8) 27 (3.2)
Endocrinological comorbidities (%) 1,353 (18) 1,217 (19) 136 (16)
Diabetes (%) 1,887 (26) 1,707 (26) 180 (21)
Diabetes type | (%) 53 (0.7) 46 (0.7) 7(0.8)
Hematologic disease (%) 222 (3.0) 194 (3.0) 28 (3.3)
Asplenia (%) 15 (0.2) 11 (0.2) 4 (0.5)
Immunocompromised state (%) 48 (0.7) 40 (0.6) 8(0.9)
HIV (%) 54 (0.7) 50 (0.8) 4 (0.5)
Tuberculosis (%) 42 (0.6) 38 (0.6) 4 (0.5)
Malnutrition (%) 100 (1.4) 90 (1.4) 10(1.2)
Chronic alcohol abuse (%) 126 (1.7) 106 (1.6) 20 (2.4)
1V drug use (%) 23(0.3) 21(0.3) 2(0.2)
Smoking (%) 2,521 (34) 2,136 (33) 385 (46)

Abbreviations: ECMO = Extracorporeal Membrane oxygenation. HIVV = Human Immunodeficiency Virus. IV =
Intravenous.
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Table S3. Specific therapies, numbers and percentages by treatment under observed clinical practice.

Overall Treatment without Treatment with
ECMO ECMO

N 7,345 6,501 844
Number of patients receiving transfusions during follow-up

Packed red blood cells (%) 97 (1.3) 29 (0.4) 68 (8.1)

Platelets (%) 12 (0.2) 7(0.1) 5 (0.6)

Plasma (%) 25 (0.3) 12 (0.2) 13 (1.5)

Cryoprecipitates (%) 7 (<0.1) 6 (<0.1) 1(0.2)
Anticoagulation therapy during follow-up

Continuous infusion of 966 (13) 471 (7.2) 495 (59)

unfractionated heparin, n (%)

Low molecular weight heparin, n 2,646 (36) 2,447 (38) 199 (24)

(%)

Subcutaneous unfractionated 820 (11) 719 (11) 101 (12)

heparin, n (%)

Argatroban, n (%) 57 (0.8) 18 (0.3) 39 (4.6)

Hirulog and bivalirudin, n (%) 46 (0.6) 8(0.1) 38 (4.5)

Danaparoid Lepirudin, n (%) 6 (<0.1) 3(<0.1) 3(0.4)

Desirudin, n (%) 1(<0.1) 0 (0) 1(0.2)

Nafamostat Mesilate, n (%) 15(0.2) 8(0.1) 7(0.8)

Other, n (%) 175 (2.4) 146 (2.2) 29 (3.4)
Treatment with corticosteroids during 2,961 (40) 2,528 (39) 433 (51)

follow-up, no (%)

Number of patients receiving anti-infective drugs during follow-up

Antibiotics (%) 4,429 (60) 3,804 (59) 625 (74)
Antifungal agents (%) 825 (11) 588 (9.0) 237 (28)
Antiviral agents (%) 2,136 (29) 1,792 (28) 344 (41)
Remdesivir (%) 736 (10) 598 (9.2) 138 (16)

Abbreviations: ECMO = Extracorporeal Membrane oxygenation.

The number of patients who received treatment with steroids is low, considering the results of the RECOVERY
trial which have been published in February 2021. While the registry data does not allow us to identify the
reason for the low rate of steroid treatment, multiple reasons might account for this finding, including the
recruitment of patients before the results of the RECOVERY trial were available, as well as potential enrollment
of patients who had already completed their treatment course with steroids.
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Table S4. Complications, numbers and percentages by treatment under observed clinical practice.

Complication at any time point Overall Treatment without Treatment with
during follow-up ECMO ECMO
N 7,345 6,501 844
Acute renal failure (%) 1,489 (20) 1,171 (18) 318 (38)
Anemia (%) 1,423 (19) 1,064 (16) 359 (43)
Bacteremia (%) 764 (10) 530 (8.2) 234 (28)
Bacterial pneumonia (%) 1,182 (16) 894 (14) 288 (34)
Bronchiolitis (%) 37 (0.5) 31 (0.5) 6 (0.7)
Cardiac arrest (%) 694 (9.4) 580 (8.9) 114 (14)
Cardiac arrhythmia (%) 737 (10) 577 (8.9) 160 (19)
Cardiac ischemia (%) 196 (2.7) 164 (2.5) 32 (3.8)
Cardiomyopathy (%) 86 (1.2) 69 (1.1) 17 (2.0)
Endocarditis (%) 15(0.2) 11 (0.2) 4 (0.5)
Heart failure (%) 287 (3.9) 259 (4.0) 28 (3.3)
Hyperglycemia (%) 1,447 (20) 1,193 (18) 254 (30)
Liver dysfunction (%) 628 (8.6) 487 (7.5) 141 (17)
Meningitis (%) 35 (0.5) 33(0.5) 2(0.2)
Myocardial infarction (%) 98 (1.3) 87 (1.3) 11 (1.3)
Myocarditis/pericarditis (%) 85 (1.2) 66 (1.0) 19 (2.3)
Pneumothorax (%) 290 (3.9) 158 (2.4) 132 (16)
Pleural effusion (%) 586 (8.0) 408 (6.3) 178 (21)
Pancreatitis (%) 32 (0.4) 21 (0.3) 11 (1.3)
Pulmonary embolism (%) 187 (2.5) 150 (2.3) 37 (4.4)
Rhabdomyolysis (%) 88 (1.2) 67 (1.0) 21 (2.5)
Seizure (%) 77 (1.0) 61 (0.9) 16 (1.9)
Stroke (%) 137 (1.9) 90 (1.4) 47 (5.6)
Coagulation disorder (%) 643 (8.8) 467 (7.2) 176 (21)
Complications related to haemorrhage / bleeding:

Death from haemorrhagic shock 22 (1.1) 11 (0.7) 11 (2.9)

Gastrointestinal haemorrhage (%) 236 (3.2) 174 (2.7) 62 (7.3)

Stroke with subarachnoid

haemorthage, n (%) 26 (0.4) 10 (0.2) 16 (2.1)

Stroke with intraparenchymal

haemorthage, n (%) 42 (0.7) 18 (0.3) 24 (3.2)

Haemorrhage, other/not-specified, 445 (6.1) 290 (4.5) 155 (18)

n (%)

Abbreviations: ECMO = Extracorporeal Membrane oxygenation.
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Table S5. Participating countries, numbers and percentages by treatment under observed clinical practice.

Overall Treatment without Treatment with

ECMO ECMO
N 7,345 6,501 844
Italy 2,390 (33) 2,241 (34) 149 (18)
United States 1,305 (18) 1,006 (15) 299 (35)
Indonesia 838 (11) 827 (13) 11(1.3)
Australia 398 (5.4) 379 (5.8) 19 (2.3)
Colombia 305 (4.2) 222 (3.4) 83 (9.8)
Spain 269 (3.7) 249 (3.8) 20 (2.4)
South Africa 205 (2.8) 202 (3.1) 3(0.4)
Canada 202 (2.8) 183 (2.8) 19 (2.3)
Kuwait 192 (2.6) 136 (2.1) 56 (6.6)
Ireland 178 (2.4) 172 (2.6) 6 (0.7)
Qatar 155 (2.1) 153 (2.4) 2(0.2)
Chile 138 (1.9) 129 (2.0) 9(1.1)
Estonia 131 (1.8) 122 (1.9) 9(1.1)
Japan 125 (1.7) 105 (1.6) 20 (2.4)
Germany 103 (1.4) 69 (1.1) 34 (4.0)
Belgium 93 (1.3) 75 (1.2) 18 (2.1)
Argentina 86 (1.2) 84 (1.3) 2(0.2)
Brazil 86 (1.2) 69 (1.1) 17 (2.0)
Austria 46 (0.6) 28 (0.4) 18 (2.1)
South Korea 44 (0.6) 31(0.5) 13 (1.5)
Portugal 16 (0.2) 0 (0) 16 (1.9)
China 12 (0.2) 10 (0.2) 2(0.2)
Thailand 9(0.1) 8(0.1) 1(0.2)
Netherlands 7(<0.1) 1(<0.1) 6 (0.7)
India 4 (<0.1) 0 (0) 4 (0.5)
Mexico 4 (<0.1) 0(0) 4 (0.5)
Singapore 1(<0.1) 0(0) 1(0.1)
Taiwan 1(<0.1) 0(0) 1(0.1)
Uruguay 1(<0.1) 0(0) 1(0.1)
Vietnam 1(<0.1) 0 (0) 1(0.2)

Abbreviations: ECMO = Extracorporeal Membrane oxygenation.
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Table S6. Ethnicity, numbers and percentages by treatment under observed clinical practice.

Overall Treatment without Treatment with

ECMO ECMO
N 7,345 6,501 844
Aboriginal 40 (0.8) 31(0.7) 9(1.1)
Arab 286 (5.5) 232 (5.2) 54 (6.8)
Black 485 (9.3) 407 (9.2) 78 (9.8)
East Asian 255 (4.9) 207 (4.7) 48 (6.0)
Latin American 753 (14) 568 (13) 185 (23)
South Asian 714 (14) 681 (15) 33 (4.1)
West Asian 30 (0.6) 23 (0.5) 7(0.9)
White 1,732 (33) 1,450 (33) 282 (35)
Other 524 (10) 461 (10) 63 (7.9)
Not available 411 (7.9) 374 (8.4) 37 (4.6)

Abbreviations: ECMO = Extracorporeal Membrane oxygenation.
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Table S7. Characteristics of patients treated with Extracorporeal Membrane oxygenation (ECMO) before and

after cannulation under observation of clinical practice.

Measurements on the Measurements on the Measurements on the

day before day of cannulation  day after cannulation
cannulation
Tidal volume, mL/kg PBW 6.2(5.5-7.0) 6.0(5.2-6.8) 5.7 (4.1-6.6)
Missing, no. (%) 542 (64.2) 470 (55.7) 549 (65)
Respiratory rate, min-! 24 (18 - 30) 22 (14 -30) 16 (10 - 25)
Missing, no. (%) 247 (29.3) 90 (10.7) 403 (47.7)
Airway plateau pressure, cmH>0 24 (22 - 27) 24 (22 - 27) 24 (22 - 27)
Missing, no. (%) 640 (75.8) 590 (69.9) 627 (74.3)
PEEP, cmH,0 11 (10 - 14) 11 (10 - 14) 11 (10 - 14)
Missing, no. (%) 462 (54.7) 352 (41.7) 504 (59.7)
FiO2, % 75 (60 — 100) 80 (60 — 100) 69 (50 - 97)
Missing, no. (%) 356 (42.2) 237 (28.1) 454 (53.8)
PaO2, mmHg 70 (59 - 88) 70 (58 - 88) 71 (60 - 88)
Missing, no. (%) 259 (30.7) 84 (10) 395 (46.8)
Sa02, % 92 (88 —95) 92 (87 —96) 93 (88 —96)
Missing, no. (%) 308 (36.5) 170 (20.1) 483 (57.2)
Pa0,/FiO; ratio, mmHg 117 (78 — 175) - -
Missing, no. (%) 384 (45.5) - -
Arterial pH 7.37 (7.30 — 7.44) 7.36 (7.28 — 7.44) 7.39 (7.32 — 7.45)
Missing, no. (%) 264 (31.3) 93 (11) 399 (47.3)
PaCOz, mmHg 47 (38 - 57) 48 (39 -59) 47 (40 - 56)
Missing, no. (%) 263 (31.2) 94 (11.1) 401 (47.5)
Serum bicarbonate, mmol/L 27 (23 -31) 28 (23 -32) 28 (24 - 32)
Missing, no. (%) 351 (41.6) 190 (22.5) 481 (57)
Lactate, mmol/L 16(1.2-22) 1.7(1.2-24) 16(1.2-22)
Missing, no. (%) 421 (49.9) 290 (34.4) 507 (60.1)
ECMO flow, LPM - 42(3.6-4.7) 4235-47)
Missing, no. (%) - 391 (46.3) 537 (63.6)
Gas flow, LPM - 4.0 (3.0-5.0) 45(3.5-6.0)
Missing, no. (%) - 402 (47.6) 539 (63.9)

The table shows crude, summarized data (medians with interquartile ranges) calculated from daily measurements
of time-varying variables for a total of 844 patient who received Extracorporeal Membrane oxygenation
(ECMO) therapy at any time point during follow-up. When interpreting the table, it must be considered that the
median and confidence intervals are influenced by censoring and different measurement times relative to the
baseline. Daily measurements do not necessarily reflect the worst or best value of the day. Also, the daily
measurements might or might not align with the time point of ECMO cannulation.
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Table S8. Unadjusted, cumulative probability of events at 60 days with 95% confidence intervals (CI).

Overall
n 7,345
Estimated outcome at 60 days
Probability of death in hospital, % (95% CI) 35 (34 to 37)
Probability of death in hospital for ECMO patients, % (95% CI) 50 (46 to 54)
Probability of remaining in hospital, % (95% CI) 6(5to7)
Probability of remaining in hospital for ECMO patients, % (95% CI) 16 (13 to 20)
Probability of discharge alive, % (95% CI) 59 (57 to 60)
Probability of being discharged alive for ECMO patients, % (95% ClI) 34 (30 to 38)

The table shows unadjusted, cumulative probability of events at 60 days with 95% confidence intervals (Cl),
estimated using an Aalen-Johansen estimator. The probability for ECMO patients represents the cumulative
probability of the event conditional on the receipt of ECMO therapy at any time point during follow-up.
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3. Additional results (Tables S9 to S14)

List of figures and tables in the next pages:

Table S9. Estimated risk of death or hospital discharge at 60 days in patients with COVID-19.

e Table S10. Influence of age on outcomes of patients with COVID-109.

e Table S11. Influence of various comorbidities on outcomes of patients with COVID-19.

e Table S12. Influence of the number of comorbidities on outcomes of patients with COVID-19.

e Table S13. Influence of the duration of mechanical ventilation preceding the initiation of ECMO therapy
on treatment effectiveness.

e Table S14. Effects on outcomes if the decision of initiating extracorporeal membrane oxygenation
(ECMO) had been based on different thresholds for the time-dependent ratio of arterial partial pressure of
oxygen (PaO.) / fraction of inspiratory oxygen (FiO>).

e Table S15. Effects on outcomes if the decision of initiating extracorporeal membrane oxygenation

(ECMO) had been based on different thresholds for time-dependent driving pressure (AP).

Additional details:
In the following, we provide additional details of the results of our primary and secondary analyses. We also
report the results of control experiments that were used to detect potential model misspecification or

uncontrolled confounding.
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Table S9. Estimated risk of death or hospital discharge at 60 days in patients with COVID-19.

Conventional
mechanical
ventilation

ECMO therapy if
Pa0:/FiO; <
80mmHg

As-treated analysis
(treatment as
received)

Absolute risk % (95% CI)

Mortality

Hospital discharge alive

Risk difference % (95% CI)

Mortality

Hospital discharge alive

Risk ratio (95% CI)

Mortality

Hospital discharge alive

33.2 (31.8 t0 34.6)

60.6 (59.0 to 62.2)

26.0 (24.5 t0 27.5)

67.5 (65.7 to 69.3)

-7.1(-8.210-6.1)

6.9 (5.9 t0 8.0)

0.78 (0.75 t0 0.82)

1.11 (1.10 to 1.13)

34.8 (33.4 t0 36.1)

58.3 (56.8 t0 59.7)

1.6 (1.0 t0 2.2)

-2.4(-2.9t0 -1.8)

1.05 (1.03 to 1.07)

0.96 (0.95 to 0.97)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of
extracorporeal membrane oxygenation therapy (ECMO). In the as-treated analysis, outcomes were compared

between treatment as received (which could have included treatment with ECMO) and treatment with

conventional mechanical ventilation without the use of ECMO. PaO»/FiO; = ratio of arterial pressure of oxygen /

fraction of inspiratory oxygen. Sample size=7,345; Number of bootstrap samples=500.
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Table S10. Influence of age on outcomes of patients with COVID-19.

Estimated mortality Estimated probability of discharge

alive
Conventional ECMO therapy Conventional ECMO therapy
mechanical if PaO2/FiO2 mechanical if PaO2/FiO2
ventilation ratio < 80mmHg ventilation ratio < 80mmHg
Absolute risk % (95% CI)
< 50 years 24.0 17.0 69.6 76.3
(21.2 t0 26.8) (14.0t0 20.1) (66.5 to 72.6) (72.7 t0 79.8)
50 to 64 years 30.2 23.3 63.6 70.1
(28.0 to 32.5) (20.8 t0 25.8) (61.1t0 66.1) (67.2 t0 73.0)
> 65 years 43.3 36.5 51.0 57.7
(40.7 to 45.8) (33.6 t0 39.5) (48.3t053.7) (54.5 t0 60.8)
Risk difference % (95%
Cl)
< 50 years -7.0 6.7
(-9.5t0-4.5) (4.3t09.1)
50 to 64 years -6.9 6.5
(-9.0to0 -4.9) (451t08.4)
> 65 years -6.7 6.6
(-8.4t0-5.0) (5.0t0 8.3)
Risk ratio (95% CI)
< 50 years 0.71 1.10
(0.62 t0 0.81) (1.06 t0 1.13)
50 to 64 years 0.77 1.10
(0.71t0 0.84) (1.07 to 1.13)
> 65 years 0.84 1.13

(0.81 10 0.88)

(1.10 t0 1.16)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of
extracorporeal membrane oxygenation therapy (ECMO). PaO2/FiO; = ratio of arterial pressure of oxygen /

fraction of inspiratory oxygen. Sample sizes: n=1,903 (age < 50 years), n=2,823 (age 50 to 64 years), and

n=2619 (age > 65 years); Number of bootstrap samples=500.

19



Table S11. Influence of various comorbidities on outcomes of patients with COVID-19.

Estimated mortality

Estimated probability of discharge

Conventional ECMO therapy if Conventional ECMO therapy
mechanical PaO2/FiO: ratio < mechanical if PaO2/FiO2
ventilation 80mmHg ventilation ratio < 80mmHg

Absolute risk % (95% CI)
No comorbidities 24.3 195 69.1 73.9

(20.7 t0 27.8) (16.0t0 23.0) (64.9t0 73.4) (69.4 to 78.5)

Avrterial hypertension 30.7 23.2 63.6 711

(28.8t0 32.6) (21.1t0 25.2) (61.5t0 65.7) (68.7 to 73.5)

Diabetes 43.8 34.6 51.4 60.1
(40.9t0 46.6) (31.2t0 38.0) (48.5t0 54.4) (56.5 to 63.8)
Obesity 39.4 28.4 54.5 64.4
(36.5t0 42.3) (24.7 t0 32.0) (51.4t057.7) (60.4 to 68.4)
Risk difference % (95%
Cl)
No comorbidities -4.8 4.8
(-7.5t0 -2.1) (2.1t0 7.5)
Avrterial hypertension -7.5 7.5
(-9.0t0-6.1) (6.1t08.9)
Diabetes -9.1 8.7
(-11.3t0 -6.9) (6.51010.9)
Obesity -11.1 9.8
(-14.2 t0 -8.0) (6.9 t0 12.8)
Risk ratio (95% CI)
No comorbidities 0.80 1.07
(0.70t0 0.91) (1.03t0 1.11)
Avrterial hypertension 0.75 1.12
(0.71 t0 0.80) (1.10to 1.14)
Diabetes 0.79 1.17
(0.74t0 0.84) (1.13t01.21)
Obesity 0.72 1.18
(0.65 t0 0.80) (1.13t0 1.24)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of

extracorporeal membrane oxygenation therapy (ECMO). PaO2/FiO; = ratio of arterial pressure of oxygen /

fraction of inspiratory oxygen. Sample sizes: n=998 (No comorbidities), n=4,203 (arterial hypertension),
n=1,887 (Diabetes), and n=1,603 (obesity); Number of bootstrap samples=500.
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Table S12. Influence of the number of comorbidities on outcomes of patients with COVID-19.

Estimated probability of discharge
alive

ECMO therapy if
PaO2/FiO: ratio <

Estimated mortality

Conventional ECMO therapy if Conventional

mechanical

mechanical PaO2/FiO: ratio <
ventilation 80mmHg ventilation 80mmHg
Absolute risk %
(95% CI)
< 3 comorbidities 27.8 21.8 65.7 71.8
(26.2t0 29.5) (20.1t0 23.5) (64.0 to 67.5) (69.8 t0 73.8)
> 3 comorbidities 48.2 39.7 46.3 53.7
(45.3t051.0) (36.3t0 43.1) (43.4t049.2) (50.1t0 57.3)

Risk difference %
(95% CI)

< 3 comorbidities -6.0 6.0
(-7.4t0-4.7) (4.7t07.4)
> 3 comorbidities -8.5 7.4
(-10.8t0 -6.2) (5.2t09.7)
Risk ratio
(95% CI)
< 3 comorbidities 0.78 1.09
(0.7410 0.83) (1.07t0 1.11)
0.82 1.16

> 3 comorbidities

(0.78 t0 0.87)

(1.11to 1.21)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of
extracorporeal membrane oxygenation therapy (ECMO). PaO2/FiO; = ratio of arterial pressure of oxygen /
fraction of inspiratory oxygen. Sample sizes: n=5,709 (< 3 comorbidities) and n=1,636 (> 3 comorbidities);

Number of bootstrap samples=500
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Table S13. Influence of the duration of mechanical ventilation preceding the initiation of ECMO therapy on

treatment effectiveness.

Days of mechanical ventilation
preceding ECMO therapy

Risk ratio (95% CI)

Risk difference (95% CI)

Death Hospital Death Hospital
discharge discharge

<1 0.91 1.04 -3.0 2.2
(0.88100.94) (1.02t0 1.02) (-4.0t0 -2.0) (12t01.2)

2 0.90 1.05 -3.3 31
(0.88100.92) (1.04 t0 1.04) (-4.0to0 -2.7) (2.5t02.5)

3 0.92 1.04 -2.5 2.3
(0.91t0 0.94) (1.031t0 1.03) (-3.1t0-1.9) 1.7t01.7)

4 0.93 1.04 -2.5 2.3
(0.91t0 0.94) (1.031t0 1.03) (-3.0t0-1.9) (1.8t01.8)

5 0.95 1.03 -1.7 1.6
(0.94 t0 0.96) (1.02t0 1.02) (-2.2t0-1.2) (12t01.2)

6 0.96 1.02 -1.3 1.2
(0.9510 0.98) (1.01t0 1.01) (-1.8t0-0.8) (0.7t00.7)

7 0.97 1.02 -1.2 11
(0.9510 0.98) (1.01t0 1.01) (-1.6t0-0.7) (0.7t00.7)

8 0.97 1.02 -1 1

(0.96 t0 0.98) (1.01t0 1.01) (-1.4t0-0.7) (0.6 t0 0.6)

9 0.98 1.01 -0.8 0.7
(0.97 t0 0.99) (1.01t0 1.01) (-1.1t0-0.4) (0.4t00.4)

10 0.98 1.01 -0.8 0.7
(0.97 t0 0.99) (1.01t0 1.01) (-1.1t0-0.4) (0.4t00.4)

11 0.98 1.01 -0.8 0.8
(0.97 t0 0.99) (1.01to0 1.01) (-1.0to0 -0.5) (0.5t00.5)

>12 0.97 1.02 -0.9 0.9
(0.96 t0 0.98) (1.01to 1.01) (-1.3t0 -0.6) (0.6 t0 0.6)

A treatment strategy, where extracorporeal membrane oxygenation therapy (ECMO) therapy had to be initiated
if the ratio of arterial pressure of oxygen / fraction of inspiratory oxygen (PaO/FiO) was < 80mmHg, was
compared to treatment with conventional mechanical ventilation without the use of ECMO. In the different

scenarios, ECMO therapy could only be initiated if the preceding duration of mechanical ventilation was within
the indicated range / corresponded to the indicated number of days. Sample size: n=7,345; Number of bootstrap

samples=500.
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Table S14. Effects on outcomes if the decision of initiating extracorporeal membrane oxygenation (ECMO) had
been based on different thresholds for the time-dependent ratio of arterial partial pressure of oxygen (PaO>) /

fraction of inspiratory oxygen (FiO>).

Absolute risk % Risk difference % Risk ratio
(95% ClI) (95% ClI) (95% ClI)
Estimated mortality
Conventional mechanical ventilation 33.2
(31.8 t0 34.6)
ECMO must only be initiated if: 29.0 -4.2 0.87
Pa0,/FiO2 >80 and < 120 mmHg (27.410 30.7) (-5.4t0-2.9) (0.84t0 0.91)
ECMO must only be initiated if: 34.8 16 1.05
Pa0/FiO2 > 120 and < 150 mmHg (33.0 to 36.6) (0.5t0 2.7) (1.02 to 1.08)
ECMO therapy must be initiated in all 63.5 30.3 1.91
patients (57.1t0 69.9) (23.9t0 36.8) (1.72 t0 2.13)
Estimated probability of hospital
discharge alive
Conventional mechanical ventilation 60.3
(58.6 t0 61.9)
ECMO must only be initiated if: 65.8 5.5 1.09
PaO,/FiO, > 80 and < 120 mmHg (63.9 t0 67.6) (4.3106.7) (1.07to 1.11)
ECMO must only be initiated if: 59.7 -0.5 0.99
Pa02/FiO, > 120 and < 150 mmHg (57.7t0 61.7) (-1.6t0 0.6) (0.97 to 1.01)
ECMO therapy must be initiated in all 18.3 -41.9 0.30
patients (13.6t0 23.1) (-46.8 t0 -37.0) (0.23 t0 0.39)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of

extracorporeal membrane oxygenation therapy (ECMO). Sample size=7,345. Number of bootstrap samples=500.
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Table S15. Effects on outcomes if the decision of initiating extracorporeal membrane oxygenation (ECMO) had

been based on different thresholds for time-dependent driving pressure (AP).

AP > 20 cmH20

Absolute risk % Risk difference % Risk ratio
(95% CI) (95% CI) (95% CI)
Estimated mortality
Conventional mechanical ventilation 33.1
(31.6 to 34.5)
ECMO must be initiated if: 31.3 -1.7 0.95
AP > 12 emH,0 (29.1t0 33.5) (-3.6t00.1) (0.89t0 1.00)
ECMO must be initiated if: 29.5 -3.6 0.89
AP > 15 cmH,0 (27.8t031.2) (-4.7 to -2.5) (0.86 t0 0.93)
ECMO must be initiated if: 30.1 -3.0 0.91
AP > 17 cmH,0 (28.6 to 31.5) (-3.7t0-2.2) (0.89t0 0.93)
ECMO must be initiated if: 32.9 -0.2 0.99
AP > 20 cmH,0 (31.4t0 34.3) (-0.7t0 0.4) (0.98t0 1.01)
Estimated probability of hospital
discharge alive
Conventional mechanical ventilation 60.3
(58.7t0 61.9)
ECMO must be initiated if: 62.0 1.7 1.03
ECMO must be initiated if: 63.6 3.3 1.05
AP > 15 cmH,0 (61.7 to 65.5) (2.1t04.4) (1.04 to 1.07)
ECMO must be initiated if: 62.7 2.4 1.04
AP > 17 emH,0 (61.0 to 64.5) (1.6t03.2) (1.03 to 1.05)
ECMO must be initiated if: 60.2 -0.2 1.00
(58.5t061.8) (-0.7t0 0.4) (0.991t0 1.01)

Interventions were compared to a treatment strategy with conventional mechanical ventilation without the use of
extracorporeal membrane oxygenation therapy (ECMO). Sample size=7,345. Number of bootstrap samples=500.
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4. Sensitivity analyses (Figures S3 to S5)

Please, refer to the figures and tables within the next pages.

e  Figure S3. Influence of treatment on a random outcome variable with 50:50 probability.

e  Figure S4. Sensitivity analysis using an alternative set of covariates for calculation of the inverse
probability weights (IPW).

e  Figure S5. Influence of potential confounding due to country-specific heterogeneity in treatment

effectiveness.

Additional details:

In the following the results of sensitivity analyses are presented to detect potential model misspecifications or

residual confounding.
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Figure S3. Influence of treatment on a random outcome variable with 50:50 probability. A treatment strategy,
where extracorporeal membrane oxygenation (ECMO) therapy had to be initiated if the ratio of arterial partial
pressure of oxygen (PaO.) / fraction of inspiratory oxygen (FiO,) was < 80 mmHg, was compared to treatment
with conventional mechanical ventilation without the use of ECMO. The curves show no effect which is as

expected for this control outcome. The shaded areas represent 95% confidence intervals.
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Figure S4. Sensitivity analysis using an alternative set of covariates for calculation of the inverse probability

weights (IPW). A treatment strategy, where extracorporeal membrane oxygenation (ECMO) therapy had to be

initiated if the ratio of arterial partial pressure of oxygen (PaOy) / fraction of inspiratory oxygen (FiO2) was < 80

mmHg, was compared to treatment with conventional mechanical ventilation without the use of ECMO. The

following covariates were used for inverse probability weighting: age, presence of chronic neurological, cardiac,

pulmonary, or liver disease, stage 111 kidney failure, malignant neoplasm, inability to walk, seizures, treatment

with neuromuscular blockade, prone position, inhaled nitric oxide, treatment with vasoactive drugs, duration of

mechanical ventilation. The shaded areas represent 95% confidence intervals.
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Figure S5. Influence of potential confounding due to country-specific heterogeneity in treatment effectiveness.
A treatment strategy, where extracorporeal membrane oxygenation (ECMO) therapy had to be initiated if the
ratio of arterial partial pressure of oxygen (PaO>) / fraction of inspiratory oxygen (FiO2) was < 80 mmHg, was
compared to treatment with conventional mechanical ventilation without the use of ECMO. In a first analysis,
we excluded patients from the United States of America (panel A and B). In a second analysis, inverse
probability weighting to adjust for country-specific heterogeneity (panel C and D). The results were similar to

the findings of the primary analysis. The shaded areas represent 95% confidence intervals.
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5. Missing data (Figure S6 and S7, Table S15)

Please, refer to the figures and tables within the next pages.

e  Figure S6. Histograms of imputed and observed variables.

e  Table S16. Missing baseline covariate data of variables used for computation of the inverse probability
weights.
e  Figure S7. Estimated effects on hospital mortality in patients with COVID-19 related respiratory failure in

patients with complete measurements at baseline and without variable imputation.

Additional details:

For the main analysis, we imputed missing measurements at baseline with the ‘mice’ package using fully
conditionally specified models, including failure time and outcome. For longitudinal missing values, we carried
the last observation forward, similar to previous work 2. Carrying forward the last available value reflects what
the treatment team would do in clinical practice at the bedside. We performed a complete case analysis with a
reduced set of covariates for the calculation of the inverse probability weights to investigate the potential

influence of missing variables.
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Figure S6. Histograms of imputed and observed variables. APACHE Il = Acute Physiology And Chronic Health
Evaluation score I, PPlat = Plateau pressure. PEEP = positive end-expiratory pressure. Vt per PBW = Tidal
volume per predicted body weight, PaCO> = arterial partial pressure of carbon dioxide, PaO, = arterial partial

pressure of oxygen, SaO2 = arterial oxygen saturation. SOFA = severity of organ failure assessment score.
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Table S16. Missing baseline covariate data of variables used for computation of the inverse probability weights.

Variable No. of missing values (%)
Age, years 91 (1.2)
Sex 0(0)
Severity of illness and pre-existing conditions
APACHE Il score 5,695 (77.5)
SOFA score 5,537 (75.4)
Inability to walk 0(0)
Seizure disorder 0(0)
Chronic cardiac disease 0(0)
Chronic pulmonary disease 0(0)
Severe liver failure 0(0)
Pre-existing kidney failure requiring dialysis 0 (0)
Chronic neurological disease 0(0)
Dementia 0 (0)
Malignant neoplasia 0(0)
Stage I11 kidney failure (composite variable)
Creatinine levels, pmol/L 2,048 (27.8)
Renal replacement therapy 2,794 (38.0)
Urine output, mL / kg / hr 5,424 (73.8)
Ventilation parameters
Airway plateau pressure, cmH>0 6,466 (88.0)
PEEP, cmH»0 4,468 (60.8)
PaO, / FiO; ratio 3,556 (48.4)
FiO, 3,106 (42.3)
Acrterial pH 2,538 (34.6)
Specific treatments
Vasoactive drugs 0(0)
Neuromuscular blockade 0(0)
Prone position 0(0)
Inhaled nitric oxide 0(0)

Abbreviations: APACHE Il score = Acute Physiology And Chronic Health Evaluation 1l Score. SOFA score =
Sequential Organ Failure Assessment score. FiO2 = fraction of inspired oxygen. PEEP = positive end-expiratory

pressure. PaO» = arterial partial pressure of oxygen.
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Figure S7. Complete case analysis without variable imputation. A treatment strategy, where extracorporeal
membrane oxygenation (ECMO) therapy had to be initiated if the ratio of arterial partial pressure of oxygen
(Pa0y) / fraction of inspiratory oxygen (FiO2) was < 80 mmHg, was compared to treatment with conventional
mechanical ventilation without the use of ECMO. The following covariates were used for inverse probability
weighting: age, presence of chronic neurological, cardiac, pulmonary, or liver disease, stage Ill kidney failure,
malignant neoplasm, inability to walk, seizures, treatment with neuromuscular blockade, prone position, inhaled
nitric oxide, treatment with vasoactive drugs, duration of mechanical ventilation. The results were similar to the

findings of the primary analysis. The shaded areas represent 95% confidence intervals.
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6. Contributors and collaborators (Table S17 and S18)

Please, refer to the figures and tables within the next pages.

. Table S17. List of contributors.

. Table S18. List of collaborators.

Additional details:

We recognize the crucial importance of the ISARIC and SPRINT-SARI networks for the development and
expansion of the COVID-19 Critical Care Consortium. We thank the generous support we received from ELSO
and ECMONet. Finally, we acknowledge all members of the COVID-19 Critical Care Consortium and various

collaborators (Tables S17 and S18).
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