
ORIGINAL ARTICLE

Extracorporeal Membrane Oxygenation for COVID-19–associated
Severe Acute Respiratory Distress Syndrome in Chile
A Nationwide Incidence and Cohort Study
Rodrigo A. Diaz1, Jer�onimo Graf2,3, Jos�e M. Zambrano4, Carolina Ruiz5,6, Juan A. Espinoza7, Sebastian I. Bravo6,
Pablo A. Salazar8, Juan C. Bahamondes9,10, Luis B. Castillo11, Abraham I. J. Gajardo12, Andr�es Kursbaum13,
Leonila L. Ferreira14, Josefa Valenzuela15, Roberto E. Castillo1, Rodrigo A. P�erez-Araos2,3, Marcela Bravo4, Andr�es F.
Aquevedo5,6, Mauricio G. Gonz�alez16, Rodrigo Pereira8, Leandro Ortega17, C�esar Santis11, Paula A. Fern�andez14,
Vilma Cort�es18, and Rodrigo A. Cornejo12,19; on behalf of the National Advisory Commission for Adult ECMO
1UnidaddeOxigenaci�onporMembranaExtracorp�orea,Cl�ınicaLasCondes, Santiago,Chile; 2DepartamentodePacienteCr�ıtico,Cl�ınica
Alemana de Santiago, Santiago, Chile; 3Facultad deMedicina, Cl�ınica Alemana–Universidad de Desarrollo, Santiago, Chile; 4Instituto
Nacionaldel T�orax,Santiago,Chile; 5UnidaddePacienteCr�ıtico,ComplejoAsistencialDr.S�oterodelR�ıo,Santiago,Chile; 6Departamento
de Medicina Intensiva, Facultad de Medicina, Pontificia Universidad Cat�olica de Chile, Santiago, Chile; 7Unidad de Cirug�ıa Cardiaca,
Departamento Cardiovascular, 12Unidad de Pacientes Cr�ıticos, Departamento de Medicina, and 16Departamento de Anestesiolog�ıa y
Medicina Perioperatoria, Hospital Cl�ınicoUniversidad deChile, Santiago, Chile; 8Equipo deOxigenaci�on porMembrana Extracorp�orea,
Hospital de Las Higueras de Talcahuano, Talcahuano, Chile; 9Servicio de Cirug�ıa Cardiovascular and 17Unidad de Pacientes Cr�ıticos,
Hospital Regional de Temuco, Temuco, Chile; 10Departamento de Cirug�ıa, Facultad deMedicina, Universidad de La Frontera, Temuco,
Chile; 11Unidad de Pacientes Cr�ıticos, Hospital Barros Luco Trudeau, Santiago, Chile; 13Departamento de Cirug�ıa Cardiaca, Cl�ınica
D�avila, Santiago, Chile; 14Unidad de Pacientes Cr�ıticos, Hospital Regional de Concepci�on, Concepci�on, Chile; 15Facultad deMedicina,
UniversidadFinisTerrae,Santiago,Chile; 18Divisi�ondeGesti�ondeRedesAsistenciales,MinisteriodeSaluddeChile,Santiago,Chile; and
19Center of Acute Respiratory Critical Illness, Santiago, Chile

ORCID IDs: 0000-0001-5657-7616 (J.G.); 0000-0001-5292-9741 (R.A.P.-A.); 0000-0002-0497-5740 (R.A.C.).

Abstract

Rationale: The role of and needs for extracorporeal membrane
oxygenation (ECMO) at a population level during the coronavirus
disease (COVID-19) pandemic have not been completely established.

Objectives: To identify the cumulative incidence of ECMO use in
the first pandemic wave and to describe the Nationwide Chilean
cohort of ECMO-supported patients with COVID-19.

Methods: We conducted a population-based study fromMarch 3 to
August 31, 2020, using linked data from national agencies. The
cumulative incidence of ECMO use and mortality risk of ECMO-
supported patients were calculated and age standardized. In addition,
a retrospective cohort analysis was performed. Outcomes were 90-day
mortality after ECMO initiation, ECMO-associated complications,
and hospital length of stay. Cox regression models were used to
explore risk factors for mortality in a time-to-event analysis.

Measurements and Main Results: Ninety-four patients with
COVID-19 were supported with ECMO (0.42 per population of
100,000, 14.89 per 100,000 positive cases, and 1.2% of intubated

patients with COVID-19); 85 were included in the cohort analysis,
and the median age was 48 (interquartile range [IQR], 41–55) years,
83.5% were men, and 42.4% had obesity. The median number of
pre-ECMO intubation days was 4 (IQR, 2–7), the median PaO2

/FIO2

ratio was 86.8 (IQR, 64–99) mm Hg, 91.8% of patients were prone
positioned, and 14 patients had refractory respiratory acidosis.
Main complications were infections (70.6%), bleeding (38.8%), and
thromboembolism (22.4%); 52 patients were discharged home, and
33 died. The hospital length of stay was a median of 50 (IQR, 24–69)
days. Lower respiratory system compliance and higher driving
pressure before ECMO initiation were associated with increased
mortality. A duration of pre-ECMO intubation >10 days was not
associated with mortality.

Conclusions: Documenting nationwide ECMO needs may help in
planning ECMO provision for future COVID-19 pandemic waves. The
90-day mortality of the Chilean cohort of ECMO-supported patients
with COVID-19 (38.8%) is comparable to that of previous reports.
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Most patients with coronavirus disease
(COVID-19) have mild disease,
approximately 14% develop respiratory
failure, and 5% require invasive mechanical
ventilation (MV) (1). The vast majority of
COVID-19–associated severe acute

respiratory distress syndrome (ARDS) cases
can be adequately supported by conventional
critical care including protective MV, prone
positioning, and neuromuscular blockade.
Conventional critical care is unable to support
a minority of patients, and extracorporeal
membrane oxygenation (ECMO) has been
usedinsuchpatientsasasalvagetherapy(2–4).

ECMO is a potentially lifesaving strategy
in severeARDS(5, 6) thathas showntobecost-
effective intheUnitedKingdom(7).Duringthe
respiratory virus outbreaks caused by 2009
influenza A (H1N1) andMiddle East
respiratory syndrome coronavirus, the use of
ECMOwas included as part of intensive care
support for severely ill patients (8–13). The
benefitsofECMOuse inpatientswithCOVID-
19 and the real need forECMOin apopulation
during this pandemic have not been well
established; although initial reports of ECMO
use in COVID-19–associated ARDS were
discouraging (14), more recent larger cohorts
suggest that results are equivalent to other
ECMO indications for respiratory support
(2–4). However, the “need” for ECMO in a
population during the COVID-19 pandemic
remains unknown.

ECMO has been incorporated in the
World Health Organization (WHO)
recommendations for the support of
COVID-19–associated severe ARDS (15).
However, ECMO is not available in many
middle- and low-income countries. The
complexities of this therapy require
appropriate supplies and trained healthcare
providers. In fact, it has been emphasized that
institutions without a well-established
ECMO program should not attempt to
initiate it during a pandemic (16–18). At the
same time, the priorities during this
pandemic have been public health logistics to
control the outbreak, including the provision
of personal protective equipment and the
coordination of clinical resources. In this
scenario, ECMO may be too complicated to
implement and too expensive to afford for

the national health system of a small, middle-
income country with challenging
geographical peculiarities, like Chile.
However, the application of a rationalization
process based on the definition of tertiary
referral centers, peer selection of patients, a
program for transportation of ECMO
candidates or mobile ECMO, strict follow-
up, and public–private cooperation under the
auspices of the ministry of health, may ensure
cost-effective ECMO allocation and
eventually improve patients’ outcomes. In
Chile, these tasks were undertaken by the
National Advisory Commission for Adult
ECMO with global coverage over the entire
country and population.

Crossing the national COVID-19
epidemiological database with the national
ECMO database, we aimed to identify the
cumulative incidence of ECMO use and
mortality risk of ECMO-supported patients
per population, per the number of positive
cases, and per the number of ventilated
patients withCOVID-19 during the first wave
of the COVID-19 pandemic. In addition, we
describe the clinical characteristics and
outcomes of ECMO-supported patients with
COVID-19–associated severe ARDS in our
country.

Methods

Study Design and Population
We conducted a population-based study
during the first wave of COVID-19 pandemic
in Chile (March 3 through August 31, 2020).
The daily number and age of confirmed
COVID-19 cases and mechanically ventilated
patients with COVID-19 were obtained from
theMinistry of Health records (19).
Population size estimations for the year of
2020 were obtained from the National
Institute of Statistics (20). Daily
RT-PCR–confirmed severe acute respiratory
syndrome coronavirus (SARS-CoV-
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2)–infected patients, aged 15 years or older,
who received ECMO for severe ARDS in any
of the 13 ECMOcenters in Chile in the period
were provided by the National Advisory
Commission for Adult ECMO.Members of
the commission technically evaluated and
authorized the procedure and the referral to
ECMO centers, including those using mobile
ECMO (21). Patient selection criteria and
ECMOmanagement was based on the
Extracorporeal Life Support Organization
(ELSO) COVID-19 guidelines (22). In the
selection process, critical care capacity was
considered (see the online supplement).
Patientswere followedupuntilMarch3, 2021;
their vital status was checked in the National
Civil Registry. The primary outcome was the
cumulative incidence of ECMO use per
population, per the number of positive cases,
andper thenumber of ventilatedpatientswith
COVID-19. Respective rates of death in
ECMO-supported patients were also
calculated.

In addition, a retrospective cohort study
of these ECMO-supported patients was
performed, excluding patients from centers
that refused to participate. The study was
approvedby an institutional reviewboard that
waived informed consent (No. 063/2020,
Hospital Cl�ınico Universidad de Chile).
Prespecified data were collected in an
anonymized standard form for each patient,
which included demographics, comorbidities,
the PaO2

/FIO2
ratio, prone positioning, blood

lactate, and severity scores (Sequential Organ
Failure Assessment score [23], Respiratory
ECMOSurvival Prediction [RESP] score [24],
andMurray Lung Injury Score [25]) as well as
pre-ECMO intubation days. Ventilatory
settings and respiratory mechanics before
ECMO and at ECMO initiation were also
collected. The primary outcome was 90-day
mortality after ECMO initiation. Secondary

outcomes included the frequency of ECMO-
associated complications, ICU length of stay
(LOS), hospital LOS, and factors associated
with survival.

Statistical Analysis
In the population-based study, the age-
standardized cumulative incidence of ECMO
casesanddeathsofECMO-supportedpatients
were calculated per population of 100,000, per
100,000positivecases, andper1,000ventilated
patients with COVID-19. The cumulative
incidence of ECMOwas calculated as the ratio
of the sum of the incident cases of ECMO-
supported patients and the population at risk
in the same period. The mortality risk of
ECMO-supported patients was calculated as
the ratio of ECMO-supported patients who
died and the population at risk in the period.
Age-specific rates were calculated and then
directly standardized according to theWHO
standard population (26).

In thecohort study,variablesarereported
as the mean (6SD), median (interquartile
range [IQR]), or absolute frequency and
percentage. In the case of missing data, an
available-case strategy was used, and the
number of missing data was reported (see the
online supplement). Comparisons between
survivors and nonsurvivors were made using
theMann-WhitneyU, Student’s t, and Fisher
exact tests. Cox regression models were
performed to explore risk factors associated
with mortality in a time-to-event survival
analysis. These factors were selected on the
basis of previous studies (24, 27, 28) and tested
in unadjustedmodels to achievemore than 10
events per variable. Time was considered as
days to event from ECMO initiation, and the
proportional hazard assumptionwas tested by
using Schoenfeld residuals. The variables
related to mortality with a P value<0.1 were
categorized by using the concordance

probability method (29). In addition, Kaplan-
Meier curves were constructed to group
patients according to duration of pre-ECMO
intubation using 10 days as threshold and
compared using a log rank test. Analyses were
performed in Stata version 12.0 (StataCorp
LP), and graphs were plotted in Prism version
8.0 (GraphPad).

Results

Epidemiology of ECMO during the
COVID-19 Pandemic
Between March 3 (the first case of COVID-
19) and August 31, 2020, there were 444,921
COVID-19–positive cases in adults and
7,792 mechanically ventilated patients with
COVID-19 in Chile; 94 of the patients with
COVID-19–associated severe ARDS were
supported with ECMO. The overall age-
adjusted cumulative incidence ofECMOuse
was0.42perpopulationof 100,000, 14.89per
100,000 COVID-19–positive cases, and
1.2%of the ventilated patientswithCOVID-
19. The age-standardized cumulative
incidence of ECMO use and death among
ECMO-supported patients for Chile and the
WHO standard population are reported in
Table1.ThemajorityofECMOuseoccurred
in people aged 40–60 years, and over half of
deathsoccurred in thoseaged50–64years; in
addition, the mortality rate had a trend of
increasing with age until the age interval of
60–64 years (Figure 1A). The number of
peak ECMO-supported patients was higher
than 25 simultaneous cases per day (Figure
1B). Time intervals between the first case of
the pandemic and the first ECMO
cannulation, the first ECMO cannulation
and the peak number of ECMO-supported
patients, and the peak number of ECMO-

Table 1. National Estimates for ECMO Use during Chilean First Wave of the COVID-19 Pandemic

ECMO Support, frequency measures* Chile WHO Standard Population†

ECMO cases per 105 population 0.48 0.42
ECMO cases per 105 COVID-19–positive cases 17.08 14.89
ECMO cases per 103 ventilated patients with COVID-19 12.06 N/A
Mortality risk of ECMO-supported patients per 105 population 0.20 0.17
Mortality risk of ECMO-supported patients per 105 COVID-19–positive cases 7.18 6.09
Mortality risk of ECMO-supported patients per 103 ventilated patients with COVID-19 5.01 N/A

Definition of abbreviations: COVID-195 coronavirus disease; ECMO5 extracorporeal membrane oxygenation; N/A5 not applicable; WHO5World
Health Organization.
*Frequency measures were estimated for the first wave of COVID-19 in Chile (March 3 to August 31, 2020).
†WHO standard population for 2000–2025.
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supported patients and halving of this peak
were 49, 63, and 46 days, respectively.

Chilean Cohort of ECMO-
supported Patients
In this cohort report, we present data
obtained from 85 of 94 ECMO patients
(90%); 1 of 13 ECMO centers did not
include its 9 patients because of an

institutional decision. Patients who
required ECMO support were mainly male
(83.5%) and a median of 48 (IQR, 41–55)
years of age, 42.4% had obesity, and the
median Sequential Organ Failure
Assessment score was 10 (IQR, 7–12)
points. The duration of pre-ECMO
intubation was a median of 4 (IQR, 2–7)
days, the median PaO2

/FIO2
ratio was lower

than 87 mm Hg, and 91.8% of patients
presented with persistent refractory
hypoxemia, even with prone positioning;
16.5%of patients were connected to ECMO
primarily because of refractory respiratory
acidosis. One woman was pregnant, and all
but three patients received venovenous
(VV) ECMOsupport (Table 2). Ventilatory
settings, respiratory mechanics, and
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Figure 1. Age-specific cumulative incidence of extracorporeal membrane oxygenation (ECMO) use per population of 100,000 and 90-day mortality
for (A) patients receiving ECMO support and (B) daily patients on ECMO during the first wave of the coronavirus disease (COVID-19) pandemic in
Chile. The incidence (black dots), cumulative incidence of ECMO use (solid line), mortality risk (black crosses), and age-specific 90-day mortality
risk (dashed line) for patients receiving ECMO support are shown.
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oxygenation before ECMO initiation are
displayed in Table 3; most patients were
receiving ECMO in a volume-controlled
mode (90.6%), the median VT was 5 (IQR,
4.2–5.9) mL/kg of predicted body weight,
the mean positive end-expiratory pressure
(PEEP) was 10.3 (SD, 4.1) cmH2O, and the
median static respiratory system
compliance was 23.0 (IQR, 19.0–29.0) mL/
cm H2O (Table 3). The duration of the
ECMOrunwas amedianof 16 (IQR, 10–27)
days.

Outcomes of ECMO-supported patients
are shown in Table 4. As of March 3, 2021, 52
patients had been discharged home and 33
patients had died. The 90-day mortality after
ECMO initiation was 38.8% and remained
without changes after at least 180 days of
observation. The pregnant woman and her
fetus were discharged alive. Two patients
received a double-lung transplant and were
discharged home after being on ECMO for 59
and 81 days, respectively. Ventilatory settings
were ultraprotective after ECMO initiation
(see the online supplement).

The absolute frequency of ECMO-
associated complications was high (Figure 2).
Most complicationswere infectious, including
ventilator-associated pneumonia (VAP) in
half of the patients, followed in prevalence by
bleeding, oxygenator failure, and
thromboembolic events. Hemorrhagic stroke,
the most feared complication, was present in
12.9% of the patients. After normalizing by

person-days on ECMO, the rate of infectious
complications decreased but the rate of
hemorrhagic complications remained high
(see the online supplement). ICU and hospital
stayswere prolonged (medians of 40 and 50 d,
respectively).

Over 85% of patients started ECMO
support before Day 10 of MV; however,
delayed initiation of ECMO support in 11
patients was not associated with increased
mortality (log rank testPvalue50.135;Figure
3). Patients who died had more time between
the COVID-19 diagnosis and the connection
to MV, a lower RESP score, a higher FIO2

requirement, lower respiratory system
compliance, higher driving pressure, higher
PaCO2

, anda lowerpHbeforeECMOinitiation
(Tables 2 and 3). A time between the COVID-
19 diagnosis and the connection to MV.6
days, blood lactate.2.45 mmol/L, a RESP
score,3,astaticcomplianceof therespiratory
system,18 ml/cmH2O, a pH,7.25 and
PaCO2

.80 mmHg before ECMO onset were
all risk factors for mortality (Table 4). Neither
mobile ECMO nor ICU-acquired infections
were associated with increased mortality.

Discussion

Our population-based study provides
valuable information about ECMO needs
during the first wave of the COVID-19
pandemic. By having global coverage of an

entire country and an entire population
under the National Advisory Commission
for Adult ECMO, we could obtain and
coordinate the total number of ECMO-
supported patients with COVID-19. ECMO
in a middle-income economy like Chile was
feasible, and the outcomes obtained in
ECMO-rescued patients were similar to
those of other studies of patients with severe
ARDS with or without COVID-19 (3–5, 30).

ECMOuse in COVID-19 worldwide has
been variable, ranging from use in 1% of
critically ill patients to use in 8% of critically ill
patients (31–33). However, this is the only
study that provides a nationwide incidence of
ECMO use during the first wave of the
COVID-19 pandemic. In our experience, 0.48
ECMO-supported patients per population of
100,000 were observed in a 6-month period,
which isnearly twice the incidenceobserved in
3 months by the ANZ ECMO (Australia and
NewZealandECMO) investigatorsduring the
2009 influenza A (H1N1) pandemic (0.26 per
population of 100,000), with a similar
number of concurrent patients receiving
ECMO during the peak period (8).
Interestingly, the number of ECMO-
supported patients with COVID-19
reported here corresponds to nearly half of
the historical annual ECMO cases in Chile,
including all ECMO indications, which
represents one-sixth of the annual
incidence of VV ECMO reported in
Germany in 2014 (34).

Table 2. Patient Characteristics before ECMO Onset

Characteristic Total (N 5 85) Survivors (N 5 52) Nonsurvivors (N 5 33) P Value

Age, yr 48 (41–55) 47 (40–53) 51 (42–57) 0.087
Sex, M 71 (83.5%) 43 (82.7%) 28 (84.8%) 1.000
Comorbidities 1 (1–2) 1.0 (1.0–2.0) 1.0 (1.0–2.0) 0.421
Hypertension 26 (30.6%) 14 (26.9%) 12 (36.4%) 0.469
Diabetes 18 (21.2%) 10 (19.2%) 8 (24.2%) 0.597
Obesity 36 (42.4%) 24 (46.2%) 12 (36.4%) 0.500
COPD/asthma 6 (7.1%) 5 (9.6%) 1 (3.0%) 0.397
Others 19 (22.4%) 14 (26.9%) 5 (15.2%) 0.287

Days from COVID-19 diagnosis to MV 4.0 (0.0–7.0) 2.5 (0.0–6.0) 5.0 (0.0–11.0) 0.032
Pre-ECMO intubation days 4.0 (2.0–7.0) 4.5 (2.0–8.0) 4.0 (2.0–6.0) 0.975
SOFA score 10 (7–12) 9.0 (7.0–11.0) 11.0 (8.0–13.0) 0.094
RESP score 3.0 (1.0–5.0) 4.0 (1.0–5.0) 2.0 (1.0–4.0) 0.032
LIS 3.3 (3.0–3.7) 3.3 (3.0–3.5) 3.3 (3.0–3.8) 0.430
Blood lactate, mmol/L 1.6 (1.1–2.4) 1.5 (1.0–2.2) 2.0 (1.4–2.8) 0.045
Prone positioning 78 (91.8%) 47 (90.4%) 31 (93.9%) 0.701
Neuromuscular blockade 80 (94.1%) 50 (96.2%) 30 (90.9%) 0.372
VV ECMO 82 (96.5%) 51 (98.1%) 31 (93.9%) 0.557
Mobile ECMO 29 (34.1%) 18 (34.6%) 11 (33.3) 1.000

Definition of abbreviations: COPD 5 chronic obstructive pulmonary disease; COVID-19 5 coronavirus disease; ECMO 5 extracorporeal membrane
oxygenation; IQR 5 interquartile range; LIS 5 Lung Injury Score; MV 5 mechanical ventilation; RESP 5 Respiratory ECMO Survival Prediction;
SOFA 5 Sequential Organ Failure Assessment; VV 5 venovenous.
Data shown are the median (IQR), or n (%).
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Our cohort includes some patients older
than 60 years, some with more than 10 pre-
ECMO intubation days, with more than 25
simultaneous ECMOcases per day during the
peak COVID-19 pandemic period (Figure 1).
Our results inECMO-supportedpatientswith
COVID-19 are comparable with those from
the COVID-19 ELSO registry that showed an
estimated in-hospital mortality of 37.4% at 90
days (4). Mortality in COVID-19 has been
related tomale sex, advancedage, thepresence
of comorbidities, extrapulmonary organ
failures, hyperinflammation, lymphopenia,
andmyocardial injury (35, 36). Most of these
risk factorswere also associatedwithmortality
during ECMO in COVID-19, with the
addition of venoarterial support, pre-ECMO
cardiopulmonaryresuscitation,andseverityof
pre-ECMO gas exchange impairment (4). In
our cohort, patients who died had a longer
time between diagnosis and the connection to
MV, lower respiratory system compliance,
higher driving pressure despite low VT, and a
lower pH, possibly indicating that delayed

intubation (without excluding the progressive
course of the disease itself) contributed to
severe lung loss of aeration and/or fibrotic
organization that led to dismal outcomes,
notwithstandingECMOsupport. In fact, ithas
been suggested that respiratory system
compliance couldbean important element for
respiratory ECMO outcome assessment (27,
37). Further/larger studies are required to
confirm this observation, as compliance has
notbeendirectly included in any score.On the
other hand, higher blood lactate levels were
also associatedwith increasedmortality in our
cohort, likely indicating thatunderlying severe
systemic inflammation–associated
hyperlactatemia is a turning point thatmay be
difficult to reverse, even with ECMO support.
In fact, blood lactate has been included in
RESP models (27, 38).

Like in other COVID-19 ECMO reports,
most of our patients were male, many had
obesity, andmost receivedVVECMOsupport
(2–4).TherelativelyhighPaO2

/FIO2
ratio, lower

PEEP levels, and lower driving pressures as

compared with previous reports (2–4), rather
than corresponding to a lesser severity among
our patients, may correspond to the inclusion
of a significant group of patients presenting
with refractory respiratory acidosis. In these
patients, low levels of PEEPwere used because
high PEEP usually increases dead space,
lowering themedianvalueofPEEPused in the
whole cohort before ECMOconnection. As in
the Paris-Sorbonne ECMO-COVID cohort
(3), more than 90% of our cohort received
neuromuscular blockade and underwent
prone positioning before ECMO (Table 1); in
contrast, the use of these adjunctive strategies
was less common in the COVID-19 ELSO
registry (4). Prone positioning can recruit
collapsed lung even at low PEEP levels (e.g., 5
cmH2O) (39). Therefore, prone positioning
can be also viewed as a PEEP-sparing
maneuver in these severely hypoxemic
patients, such that only moderate PEEP levels
(e.g., 10 cm H2O) are required to balance its
positive and detrimental effects. In fact, in the
PROSEVA (Effect of Prone Positioning on
Mortality in Patients with Severe and
Persistent ARDS) trial, PEEP levels were
lower in the prone group than in the supine
group (40). Moreover, as recently observed
by Ball and colleagues (41), severe COVID-19
pneumonia may have a low potential for
recruitment; in 42 patients with this
condition, these authors showed that
increasing PEEP from 8 to 16 cm H2O leads
to limited alveolar recruitment, as estimated
by using computed tomography, at the
expense of decreased respiratory system
compliance. Even so, a high-PEEP trial was
requested in all patients before considering
transfer to an ECMO center in our cohort;
thus, 28% of our patients were on PEEP levels
>14 cm H2O before ECMO connection.

Table 3. Ventilatory Settings, Respiratory Mechanics, and Gas Exchange before ECMO Initiation

Parameter Total Survivors Nonsurvivors P Value

VT (mL/kg PBW) 5.4 (4.7–6.0) 5.5 (4.6–6.0) 5.0 (4.9–5.9) 0.390
PEEP, cm H2O 10.4 (4.1) 10.7 (4.1) 9.8 (4.1) 0.350
Plateau pressure, cm H2O 26.2 (5.2) 25.5 (5.6) 27.3 (4.3) 0.120
Driving pressure, cm H2O 15.0 (14.0–18.0) 15.0 (14.0–16.0) 16.0 (15.0–20.0) 0.008
Static compliance, mL/cm H2O 22.0 (18.0–28.0) 23.5 (19.0–29.0) 19.5 (14.5–24.0) 0.002
FIO2

, % 90 (70–100) 80 (70–100) 100 (80–100) 0.043
PaO2

, mm Hg 71.8 (18.3) 70.8 (18.2) 73.3 (18.7) 0.550
PaO2

/FIO2
ratio 86.8 (63.7–99.2) 80 (64.0–98.3) 87.8 (62.0–100.0) 0.990

PaCO2
, mm Hg 58.2 (46.7–71.0) 58.0 (44.5–69.0) 64.0 (55.0–82.0) 0.066

pH 7.30 (0.1) 7.31 (0.1) 7.25 (0.1) 0.009

Definition of abbreviations: ECMO 5 extracorporeal membrane oxygenation; IQR 5 interquartile range; PBW 5 predicted body weight; PEEP 5
positive end-expiratory pressure.
Data shown are the median (IQR) or mean (SD).

Table 4. Outcomes of ECMO-supported Patients with COVID-19

Outcome Median (IQR) or n (%)

Mortality at study ending 33 (38.8)
30-d mortality 25 (29.4)
60-d mortality 32 (37.7)
90-d mortality 33 (38.8)
180-d mortality 33 (38.8)
In-hospital mortality 33 (38.8)
Out-of-hospital mortality 0 (0.00)
Hospital discharge 85 (100)
Hospital LOS, d 50 (24–69)
ICU LOS, d 40 (21–57)

Definition of abbreviations: COVID-19 5 coronavirus disease; ECMO 5 extracorporeal
membrane oxygenation; LOS 5 length of stay.
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As in the COVID-19 ELSO registry, the
duration of pre-ECMO intubation was not
associated with 90-day mortality after ECMO
initiation in our cohort; moreover, patients
cannulatedafter10daysofMVhadarelatively
lowmortality rate. Because our study, with a
relatively small sample size, was not designed
to address this specific issue, the
aforementioned observation should be
considered with caution (the study had 80%

power to detect a 2.02-fold difference in
survival between patients with early [n5 74]
and late [n5 11]ECMOinitiation).However,
it raises the plausible importance of
differentiating between the length of pre-
ECMOMV and that of pre-ECMO injurious
MV in future studies, as protective ventilation
strategies are likely easier to comply with
during the first days of ventilation of a slowly
deteriorating patient with ARDS (42).

The length of the ECMO run was in
between that of the COVID-19 ELSO registry
(4) and that of the Paris-Sorbonne ECMO-
COVIDcohort (3)(mediansof16,13.9,and20
days, respectively). Although the median
hospital LOSwas almost 2weeks longer in our
patients than in the COVID-19 ELSO registry
(50vs.26.9d),allofoursurvivingpatientswere
discharged home, whereas a substantial
number of patients in the ELSO registry were
discharged to other healthcare facilities (4).

Regarding ECMO complications,
oxygenator failure occurred in 23.5% of the
patients in our cohort, which is almost three
times that reported in the COVID-19 ELSO
registry (8%) and nearly doubles the median
rate reported by Vaquer and colleagues
(12.8%) in non-COVID-19 VV ECMO
patients (43). Bleeding occurred in 38.8% of
our patients, whereas noncerebral bleeding
occurred in19%of thepatients in theCOVID-
19 ELSO registry (4), 42% of the Paris-
Sorbonne ECMO-COVID cohort (3), and
29.3% inVaquerandcolleagues’meta-analysis
(43).Hemorrhagicstrokeoccurred in12.9%of
our patients, which is more than double that
reported in the COVID-19 ELSO registry (4)
and 1.7 times that reported by Luyt and
colleagues VV ECMO patients without
COVID-19 (44). Even after normalizing the
ratesofhemorrhagiccomplicationsby timeon
ECMO, a significant excess persists (see the
online supplement). In fact, Luyt and
colleagues showed that hemorrhagic stroke is
an early, relatively time-independent VV
ECMO complication (44). Despite no
substantial deviations from routine
anticoagulation practice across centers, the
rate of hemorrhagic strokewas alsomore than
two times our own pre-COVID-19 pandemic
experience. Potential factors associated with
this major complication are lower pH before
ECMO, lack of a specific protocol to avoid a
large relative decrease in PaCO2

in the first 24
hours after ECMO initiation (45), the use of
empiric intermediate or high-dose
anticoagulation before ECMO (46), and the
use of conventional initial heparin boluses
regardless of previous anticoagulation and
higher-end anticoagulation targets once on
ECMO (22).

Among infectious complications, 51%
of our patients had VAP, representing 19.5
per 1,000 person-days of ECMO. In the
Paris-Sorbonne ECMO-COVID cohort,
87% of the patients had VAP (3). A
subsequent report of the same group shows
that this is a late-onset complication
(median [IQR] MV duration before VAP,
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10 [8–16] d) (44). In venoarterial ECMO
patients without COVID-19, Bougl�e and
colleagues report VAP in 55.9%, with an
incidence of 60.6 per 1,000 ECMO days
(47), and in (mostly VV ECMO) patients
without COVID-19, Grasselli and
colleagues report VAP in 35%, with an
incidence of 31 per 1,000 ECMO days (48).
Overall, more than 70% of our cohort had a
hospital-acquired infection, representing
an incidence of 30.8 per 1,000 person-days
of ECMO. This is in line with the Paris-
Sorbonne ECMO-COVID cohort study,
which reported that cannula infections and
bacteremia episodes represented 23% and
48% of infections, respectively, apart from
VAP cases (3). In ECMO patients without
COVID-19, Grasselli and colleagues report
nosocomial infection in 55% of patients,
with an incidence of 50.4 infections per
1,000 person-days of ECMO (48). The
comparison of rates and incidences of
infectious complications between our
cohort and that of Grasselli and colleagues
reveals the time-sensitive nature of this
kind of complication (our rates are higher,
but our incidences are lower for both VAP

and nosocomial infections). Furthermore,
in contrast to Grasselli and colleagues’
cohort, ICU-acquired infections were not
associated with mortality risk in our
patients (Table 5). Nevertheless,
considering the exploratory nature of our
descriptive study, these observations
should be considered with caution;
unmeasured confounding remains
possible. The low ICU capacity per
population in Chile at the beginning 2020
and the massive mechanical ventilator
demand for patientswith severeCOVID-19
forced the country’s healthcare system to
triple its ICU capacity in a few months,
increasing the number of ICU beds from
969 to2,848between January 30 and July 10,
2020 (see the online supplement). This
major pressure on the critical care
team and the sudden incorporation of
lower-skilled healthcare workers may
have had an impact on usual care,
increasing the number of ECMO
complications.

Chile is located at the southwestern
tip of South America and has a length of
4.270 km; its complex geography makes

tertiary healthcare coverage difficult.
Although WHO ranked Chile’s health
system 33rd out of 190 countries, its
mixed public–private healthcare system is
fragmented with respect to delivery of
services, and there is an unequal
availability of resources (15). The national
experience with ECMO in the 2009
influenza A (H1N1) pandemic and in
hantavirus cardiopulmonary syndrome
(also coordinated by the National
Advisory Commission for Adult ECMO)
served as an incentive to improve the
logistics capacity in some regions, and
four new ECMO centers in the public
health system were implemented after
2016 (three of them out of Santiago, the
biggest city).

Initiatives such as the National Advisory
Commission for Adult ECMO service, with
public/private cooperation and the possibility
of mobile ECMO, have led to widespread
availability of ECMO support. At the same
time, the concentration of ECMO in a few
expert centers, with a 24-h/d–7-d/wkmobile
ECMOteamcoverage, improves theefficiency
of the system.

Table 5. Risk Factors for Mortality in ECMO-supported Patients with COVID-19

Risk Factor Hazard Ratio (95% CI) P Value

Age 1.03 (0.98–1.06) 0.111
Obesity 0.74 (0.36–1.51) 0.408
Blood lactate 1.16 (0.98–1.36) 0.080
Blood lactate . 2.45 mmol/L 2.17 (1.06–4.41) 0.033
SOFA score 1.09 (0.98–1.22) 0.126
RESP score 0.91 (0.81–1.02) 0.098
RESP score , 3 2.86 (1.38–5.91) 0.005
LIS 1.08 (0.96–1.21) 0.182
PaO2

/FIO2
ratio 0.99 (0.99–1.01) 0.663

PaCO2
1.03 (1.01–1.05) 0.001

PaCO2
. 80 mm Hg 4.83 (2.20–10.61) ,0.001

pH 0.00 (0.00–0.11) 0.001
pH , 7.25 3.66 (1.84–7.29) ,0.001
Time from COVID-19 diagnosis to MV, d 1.03 (0.99–1.07) 0.105
Time from COVID-19 diagnosis to MV .6 d, d 2.37 (1.20–4.69) 0.013
Pre-ECMO intubation duration, d 0.96 (0.90–1.02) 0.173
Ventilatory settings and respiratory mechanics before ECMO onset
VT (mL/kg PBW) 0.93 (0.67–1.30) 0.674
PEEP 0.96 (0.88–1.04) 0.350
Driving pressure 1.09 (1.02–1.16) 0.010
Driving pressure . 16 2.88 (1.43–5.79) 0.003
Static compliance 0.92 (0.87–0.97) 0.004
Static compliance , 25 3.61 (1.39–9.40) 0.008

Variables after ECMO onset
Oxygen saturation 0.98 (0.96–0.99) 0.015
Oxygen saturation , 92% 3.55 (1.55–8.14) 0.003
ICU-acquired infection 0.63 (0.31–1.31) 0.215

Definition of abbreviations: CI 5 confidence interval; COVID-19 5 coronavirus disease; ECMO 5 extracorporeal membrane oxygenation; LIS 5
Lung Injury Score; MV 5 mechanical ventilation; PBW 5 predicted body weight; PEEP 5 positive end-expiratory pressure; RESP 5 Respiratory
ECMO Survival Prediction; SOFA 5 Sequential Organ Failure Assessment.
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In this nationwide study, the ECMO
incidence in COVID-19 was similar to
that observed in other pandemics. The
reasonable mortality risk observed in these
profoundly ill patients could be related to
staff training and central organization.
The existence of the National Advisory
Commission for Adult ECMO was a

key point for clinical decision-making,
transportation, and logistics. These
findings might be useful for
subsequent COVID-19 pandemic waves
worldwide. �
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