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Summary
Background The coronavirus disease-2019 (COVID-19) pandemic has predominantly affected the adult population,
but with a significantly lower prevalence in children. Most pediatric patients with COVID-19 have mild course; how-
ever, a small number progressed to acute respiratory distress syndrome, hypoxemia, despite optimized conventional
therapies. Thus, this study aimed to report a series of six cases of children with severe acute respiratory syndrome
coronavirus 2 infection who were supported by extracorporeal membrane oxygenation (ECMO) due to refractory
hypoxemic respiratory failure.

Methods This observational, retrospective, and descriptive study reported a series of cases. Data were retrospectively
collected from the medical records of patients who were admitted to the Pediatric Cardiologic Intensive Care of Hos-
pital Dr. Carlos Alberto Studart Gomes and Hospital Regional da Unimed, between March 1, 2020, and June 30,
2021. Sociodemographic, clinical, and laboratory data were analyzed.

Findings The median age was 1.8 years (range: 0.4−14.5 years), 66.7% were males, and weight varied from 13 to
110 kg. The mean time between the onset of symptoms and cannulation, ECMO duration, and ventilation time were
15 days (range: 6−24 days)], 11 days (range: 6−19 days), and 20.5 days (range: 14−33 days), respectively. Five (83.3%)
children were successfully decannulated and four survived with hospital discharge. One child died on ECMO sup-
port due to multiple organ dysfunction syndromes after 13 days and another one died 3 days after decannulation due
to extensive hemorrhagic stroke. Our case series revealed a 33.3% in-hospital mortality rate. ECMO appears as a via-
ble intervention in selected patients who failed conventional therapies in the pediatric population.

Funding This observational study received no funding.
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Introduction
In December 2019, the infectious respiratory disease
was initially reported in Wuhan, China. Since then, an
unexpected outbreak of a highly contagious novel coro-
navirus, named severe acute respiratory syndrome coro-
navirus 2 (SARS-CoV-2), has rapidly spread globally.1−3
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The coronavirus disease-2019 (COVID-19) pandemic has
predominantly affected the adult population, but with a
significantly lower prevalence in children, approximately
1%−5% of children under 18 years old.4−6 Additionally,
the true number of pediatric cases is unknown since a
greater proportion of children have asymptomatic
disease.7

Most pediatric patients with COVID-19 have mild
course and better overall outcomes; however, the preva-
lence of severe and critical cases range from 3% to
approximately 11% according to age group, being higher
in children under 1 year old. SARS-COV-2-related death
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Research in context

Evidence before this study

The estimated overall prevalence of COVID-19 in chil-
dren under 18 years of age is about 1−5%. It is also
likely that the true number of pediatric cases is
unknown, as a greater proportion of children have
asymptomatic disease. The prevalence of severe and
critical cases ranges from 3% to 11% according to age
group, being higher in children under one year. During
the current pandemic, some international organizations
including WHO and Extracorporeal Life Support Organi-
zation (ELSO) started to consider a role for Extracorpo-
real Membrane Oxygenation (ECMO) as supportive
therapy to COVID-19-related ARDS with refractory hyp-
oxemia despite optimized conventional therapies.

Added value of this study

In this paper, we report a series of six cases of children
with severe SARS-CoV-2 infection who were supported
by Extracorporeal Membrane Oxygenation (ECMO) due
to refractory hypoxemic respiratory failure. Also, we
compared our results with those already reported in the
literature, especially in case series published in Europe
and the United States. To our knowledge, this is the first
study in Latin America that evaluated the use of ECMO
in cases of COVID-19.

Implications of all the available evidence

The in-hospital mortality rate in our case series was
33.3%, similar to those related by Extracorporeal Life
Support Organization (31%) and previous pediatric
study (43%). ECMO appears as a viable intervention in
selected patients who failed conventional therapies in
the pediatric population
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in children and adolescents is rare, and children with
comorbidities are at greater risk of death.8−12 These
patients can develop acute respiratory distress syndrome
(ARDS), a multisystem inflammatory syndrome in chil-
dren (MIS-C), sepsis, and multiple organ dysfunction
syndromes (MODS), which require intensive care unit
admission in approximately one-third of cases and the
use of mechanical ventilation in 5%.8,11−15 Supportive
care is the mainstay of therapy for patients with severe
or critical COVID-19, with mostly good responses. How-
ever, some cases progress to respiratory failure refrac-
tory to conventional therapies.16

Since the novel swine-origin influenza A (H1N1)
epidemic in 2009, the use of extracorporeal life sup-
port (ESLO) in ARDS has been encouraged as rescue
therapy in severe H1N1-related ARDS, whereas
numerous studies have shown extracorporeal mem-
brane oxygenation (ECMO) support as an alternative
to reduce intensive care unit (ICU) mortality in criti-
cal patients.17−20 During the current pandemic, some
international organizations, including the World
Health Organization (WHO) and ESLO Organization
(ELSO), started to consider the role of ECMO support
as supportive therapy for COVID-19-related ARDS
with refractory hypoxemia despite optimized conven-
tional therapies s.21−23 However, little experience was
reported in using ECMO support in patients with
SARS-CoV-2 infection, especially in children. Most
published cases with the use of ECMO in children
with COVID-19 were related to shock due to MIS-C.24

Therefore, this study aimed to report a series of six
cases of children with severe SARS-CoV-2 infection
with ECMO support due to refractory hypoxemic respi-
ratory failure.
Materials and methods
This observational, retrospective, and descriptive study
with a series of cases was conducted following the Con-
sensus-based Clinical Case Reporting Guideline Devel-
opment (The CARE Guidelines).
Study setting, design, participants, and data source
Data were retrospectively collected by reviewing the
medical records of patients who were admitted to the
Pediatric Cardiologic Intensive Care of Hospital Dr.
Carlos Alberto Studart Gomes (HCASG) and Hospital
Regional da Unimed, between March 1, 2020, and June
30, 2021. The same ECMO team was involved in the
care of these patients in both hospitals. All patients had
confirmed COVID-19 diagnosis by reverse transcrip-
tion-polymerase chain reaction (RT-PCR) and presented
with severe respiratory failure refractory to conventional
therapies and were supported with ECMO therapy. The
inclusion criteria were: age under 18 years, confirmed
COVID-19 infection and for COVID-19-related ARDS
with refractory hypoxemia. The exclusion criteria were
death before 24 h of hospitalization, patients with
MODS and no more indication for ECMO support indi-
cation and refusal to sign the informed consent form.
Treatment
Patients were placed on ECMO support at related hospi-
tals. During which, routine exams were performed to
monitor the coagulation every 4 h to adjust the heparin
doses. Other laboratory tests were collected to assess
other organ involvement and to screen for bacterial
infections. Antibiotic regimens were targeted according
to culture results. Echocardiograms were performed
almost daily to assess myocardial function, as well as to
exclude complications.
Measurements
A standardized data collection form was created to
obtain sociodemographic data (age, gender, weight,
www.thelancet.com Vol 11 Month July, 2022
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height, and body mass index [BMI]) and COVID-19-
related clinical variables (preexisting medical condi-
tions, onset of symptoms, main symptoms, disease pro-
gression, and associated comorbidities). The mode,
parameters, and time duration of mechanical ventila-
tion, as well as arterial blood gas control, other labora-
tory data, and therapies (prone position, use of
neuromuscular blockade, nitric oxide, glucocorticoids,
intravenous Immunoglobulin [IVIG] therapy, and use
of vasoactive drugs) were also recorded. The following
variables were collected for ECMO data: type of ECMO,
cannulation sites, duration of ECMO runs, main clinical
complications, and outcomes.

The main outcome was death. All patients were
referred to the outpatient clinic for follow-up. All data
were obtained by reviewing the medical records.
Data analysis
Data were analyzed using the Statistical Package for the
Social Sciences statistical program (IBM SPSS Statistics
for Windows, Version 25.0. Armonk, NY: IBM Corp).
Categorical variables were presented in frequency and
percentage, and the numerical data were analyzed in
their mean and standard deviation, median, and inter-
quartile rate (IQR), with a confidence interval of 95%.
Statistical methods of comparison were not applied,
since then could lead to misinterpretation due to the
small number of cases in this casee series.
Ethics
The study was approved by the Research Ethics Com-
mittee of the HCASG and Ethical approval was obtained
from the Brazilian’s National Ethics Committee (pro-
cess number CAAE 56055821.4.0000.5039), with writ-
ten informed consent from their parents and/or
guardians.
Results
A total of six patients aged <18 years with severe
COVID-19 were admitted between January 1, 2021, and
June 30, 2021, for ECMO support due to COVID-19-
related ARDS with refractory hypoxemia. The demo-
graphic characteristics of all patients are presented in
Table 1. A summary of the evolution, main complica-
tions, and outcomes of each case are presented in
Table 2.

The median age was 1.8 years (range: 5 months to 16
years) and the median weight was 65 kg (range: 13
−110 kg). All six patients have confirmed SARS-CoV-2
infection by RT-PCR, lower respiratory tract infections
signs and symptoms at presentation, and radiological
findings of severe ARDS. One patient had a proven
associated viral coinfection (sincicial respiratory virus).
Of the six patients, five had some comorbidity, of whom
www.thelancet.com Vol 11 Month July, 2022
four were obese, one was a preterm baby (gestational
age of 34 weeks) with bronchopulmonary dysplasia, and
one had an abdominal sepsis coinfection following an
appendectomy.

The mean time between the onset of symptoms and
the start of mechanical ventilation was 10 days (range: 3
−19 days). All patients were ventilated in pressure-con-
trolled mode with the following median parameters:
peak inspiratory pressure of 27 cmH2O (range: 18
−35 cmH2O); positive end-expiratory pressure of
11.0 cmH2O (range: 8−14 cmH2O), and a fraction
of inspired oxygen (FiO2) of 100%. The partial pressure
of oxygen/FiO2 ratio was 65.0 (range: 55−86) and the
partial pressure of carbon dioxide was 65 mmHg
(range: 61−86 mmHg) before starting ECMO support.
The median mechanical ventilation duration before the
cannulation was 5 days (range: 1−8 days). Three
patients (50%) were placed in a prone position and all
patients were on the neuromuscular blockade and only
one (16.7%) was put on inhaled nitric oxide.

Regarding COVID-19 therapies and immunomodu-
lators, all patients received glucocorticoids, 33.3%
received IVIG, and 66.7% were supported with vasoac-
tive support after starting ECMO. The mean time
between the onset of symptoms and cannulation was
14.83 § 6.24 days (range: 9−19 days). Two (33.3%)
patients were supported by venous-venous, whereas
four (66.7%) were supported by venous-arterial ECMO
support due to inadequately-sized venous cannulas for
venous-venous ECMO support. During ECMO support,
all children were managed with lung-protective ventila-
tion application in pressure-controlled mode. Of these
children, none received a tracheostomy during all hospi-
tal stays. All children were anticoagulated with unfrac-
tionated heparin according to institutional protocol and
without complications of thrombosis. Adjuvant thera-
pies, such as antiviral therapy, immunomodulation,
and convalescent plasma, were not administered. Three
patients (50%) progressed to acute kidney injury during
the ICU stay; of them, none required renal replacement
therapy. One patient had severe hepatic dysfunction as
part of MODS, two (33.3%) had a hemorrhagic complica-
tion, and one (16.7%) had a neurologic complication.

The median ECMO run duration was 11 days (range:
6−19 days) and the mean ventilation time was
20.5 § 7.2 days (range: 16.2−29.2 days). Five (83.3%)
children were successfully decannulated and four sur-
vived hospital discharge. One child (16.7%) died on
ECMO due to MODS after 13 days and another one died
3 days after decannulation due to extensive hemorrhagic
stroke. The first patient was a 3-year-old boy, who was
submitted to open appendectomy and progressed with
abdominal sepsis and COVID-related ARDS on postop-
erative day 8. He had mild ventricular dysfunction
before the ECMO run. Unfortunately, his condition pro-
gressed to an extensive hemorrhagic stroke 6 days after
starting ECMO besides considerable pulmonary status
3



Variables Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Age 3 years 16 years 5 months 5 months 14 years 7 months

Gender Male Female Female Male Male Male

Weight (kg) 28 83 5.4 7.6 110 13

Height (cm) 118 161 70 67 170 69

Z score weight/height for age >+ 3 >+3 -2 0 >+3 >+3

BMI (kg/m2) 20.1 32 11 16.9 38 27.3

Pre-existing medical conditions Obesitity

Abdominal sepsis

(day 8 of appendix removal)

Obesity Prematurity

(GA 34 w)

BDP

CMA Obesity Obesity

Onset of symptoms January 08, 2021 February 10, 2021 February 26, 2021 April 01, 2021 April 10, 2021 April 26, 2021

Pyrexia Yes Yes No Yes Yes Yes

Upper respiratory tract infection No No Yes Yes Yes Yes

Lower respiratory tract infection Yes Yes Yes Yes Yes Yes

Gastrointestinal symptoms Yes Yes No No Yes No

Radiological findings suggestive of pneumonia/ ARDS Yes Yes Yes Yes Yes Yes

Viral co-infection No No No No No Yes (RSV)

EI January 11, 2021 March 01, 2021 March 10, 2021 April 06, 2021 April 18, 2021 May 13, 2021

Canullation January 19, 2021 March 06, 2021 March 16, 2021 April 07, 2021 April 23, 2021 May 13, 2021

Pre-ECMO intubation (days) 8 5 6 1 5 1

Conventional ventilation

� PIP (cmH2O) 34 18 20 24 30 35

� PEEP (cmH2o) 14 12 10 8 14 10

� FiO2 (%) 100 100 100 100 100 100

� PaO2/FiO2 65 58.8 86.3 63 55 63

Pre-ECMO support

� Prone position Yes Yes No No Yes No

� Neuromuscular blockade Yes Yes Yes Yes Yes Yes

� NO No No No Yes No No

COVID-19 therapies/immunomodulators

-Glucocorticoids Yes Yes Yes Yes Yes Yes

- IVIG No Yes No Yes No No

- Vasoactive support Yes Yes No Yes No Yes

Pre-ECMO blood gas

pH 7.3 7.2 6.9 7,0 7.2 7.3

PaCO2 (mmHg) 64.1 70 65 86 61 65

PaO2 (mmHg) 65.1 58.8 54.2 63 55 35

Table 1 (Continued)
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Variables Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

SatO2 (%) 85 89 83 77 79 63

Lactate (mmol/L) 1.1 0.9 1.7 4.2 1.2 2.5

Ventricular dysfunction Moderate biventricular dysfunction

EF: 32 %

No No No No Moderate biventricular

dysfunction

Inflammatory tests

D-dimer (µg/dL) 21.4 3.8 1.2 1.0 15.9 0.6

Fibronogen (mg/dL) 244 615 120 141 447 201

CPK (U/L) - - 109 755 173

CRP (mg/L) 8.6 6.4 - 4.0 18.9 10.7

Ferritina (ng/mL 727 - - 382.3 - 190.8

Troponin (ng/mL) - - - - < 0,1 9.1

LDH (U/L) 1192 - - - 822 750

Table 1: Demographic characteristic and clinical variables of six patients supported on ECMO.
GA (gestational age); BMI (body mass index); RSV (respiratory sincicial virus); ECMO (extra-corporeal membrane oxygenation); CMA(cow’s milk allergy); MIS-C (Multisystem inflammatory syndrome in children); ARSD (acute

respiratory distress syndrome); EI (endotracheal intubation); PEEP (positive end-expiratory pressure); PIP (peak inspiratory pressure); FiO2 (fraction of inspired oxygen); PaO2 (partial pressure of arterial oxygen); PaCO2 (partial

pressure of carbone dioxide); SatO2 (saturation of oxygen); IVIG (intravenous immunoglobulin therapy); D-dimer: reference value < 0.5 µg/dL; Fibrinogen: reference value: 180−350 mg/dl; CPK (creatine phosophokinase): refer-

ence values < 180 a 200 U/L); CRP (C-reactive protein): reference values < 0,1 mg/dL; Ferritin: reference values: 30−400 ng/mL; Troponin: reference value <0.4 ng/mL); LDH (lactic acid dehydrogenase): reference value <
280 U/L.
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Variables Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Support type V-A V-V V-A V-A V-V V-A

Cannulation (date) 01/19/21 03/06/21 03/16/21 04/07/21 04/23/21 05/13/21

Sites of canullation LFV/ RCA RJV/ RFV RJV/RCA RJV/RCA RJV/ RFV RJV/RCA

Decanullation (date) 01/25/21 03/18/21 03/23/21 04/18/21 05/12/21 05/24/21

Duration of ECMO (days) 6 13 7 11 19 11

AKI No Yes Yes No Yes No

Hepatic disfunction No Yes No No Mild No

Hemorragic complications Hemorrhagic stroke Yes No No No No

Neurologic complications Hemorrhagic stroke No No No No No

Mechanical ventilation time (days) 14 17 18 28 33 23

Outcome Death Death Discharge Discharge Discharge Discharge

Cause of death BD MODS - - - -

Table 2: ECMO support data, complications and outcomes.
ECMO: extra-corporeal membrane oxigenation; V-V: venovenous ECMO; V-A: venoarterial ECMO; LFV: left femoral vein; RCA: right carotid artery; RJV: right jugular vein; RFV: right femural vein; AKI: acute kidney injury; RST:

renal substituion therapy; BD: brain death; MODS: Multiple Organ Dysfunction Syndrome.
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improvement. The second case was a 16-year-old girl
with class 1 obesity (BMI of 32 kg/m2), who progressed
to MODS and did not show significant radiological
improvement during treatment. All the remaining
patients are doing well after hospital discharge and are
asymptomatic on outpatient clinical follow-up.
Discussion
In the last four decades, ECMO has become a lifesaving
tool to support severe forms of respiratory and cardiac
failure in neonates, children, and adults. The number
of its runs has had a dramatic rise over the last 25
−30 years.19,25 The latest ELSO reported >75,000 pedi-
atric patients who received ECMO support, with survival
to decannulation or transfer rates ranging from 42% to
73% depending on indications and age group.26 Herein,
we report six patients on ECMO support due to COVID-
19-related ARDS with refractory hypoxemia. Ages varied
and comorbidities were present in most cases. A mortal-
ity of 33% was obtained in this case series.

During the 2009 H1N1, as well as the Middle East
respiratory syndrome coronavirus outbreaks, great
interest was paid in the use of ECMO support as rescue
therapy for patients with severe ARDS.18−21,23 More
recently, the WHO and ESLO have endorsed the use of
ECMO support for adult patients with COVID-19-
related refractory respiratory failure with high predicted
mortality.27,28

SARS-CoV-2 seems to less severely affect children
than adults; however, the pediatric population can prog-
ress with severe disease forms. Derespina et al. per-
formed a retrospective observational study to describe
the clinical manifestations and outcomes of critically ill
children (from 1 month to 21 years) with COVID-19 in
New York City, who are admitted to pediatric ICUs
from March to May 2020. The median age of the 70
children was 15 (IQR: 9−19) years; 61.4% were males,
and 74.3% had comorbidities. Vasopressor support was
required in 20% of patients, and ARDS developed in
30%. Most of the critically ill children were adolescents,
with comorbidities, requiring some form of respiratory
support (70%), and one requiring ECMO support.9

A systematic review was performed with a total of
7480 children and newborns with SARS-COV-2 (0−18
years). Patients mainly showed mild to moderate signs
of infections. Severe and critically ill children accounted
for 2% and 0.6% of the total sample size, respectively.
The overall estimated mortality was 0.08%, with a
higher proportion of newborns with a critical illness.
The underlying disease was identified in 20% of chil-
dren and none showed worse outcomes compared to
previously healthy patients.29

To our knowledge, this is the first study on pediatric
COVID-19 that is supported by ECMO in Latin America,
outside of North America and Europe. Our hospitals are
located in the limited source Northeast region of Brazil
www.thelancet.com Vol 11 Month July, 2022
and have become references for congenital heart disease
treatment in the region. Since 2012, we have started on
an ECMO program and conducted 65 ECMO runs. All
patients were transferred to our service from other ter-
tiary pediatric hospitals without an ECMO program.

ECMO applications for children with COVID-19 are
scarcely reported, thus its comparison with other experi-
ences is difficult. The largest case series of ESLO use in
children with SARS-CoV-2 infection was performed by
The European Chapter of the ELSO (EuroELSO). They
published a prospective survey among 52 European neo-
natal and pediatric centers from March 15 to the end of
June 2020, during the first wave of the COVID-19 pan-
demic. They included seven patients from four Euro-
pean countries aged 54 days to 16 years, of whom four
patients were older than 11 years; the median age was
11.5 years (range: 54 days−16 years), 43% were males,
and two (29%) had underlying comorbidities. The
mean ECMO duration was 7 days (range: 7−11 days),
with a median ICU stay of 16 days (range: 7−20 days).
Five (71%) children were successfully decannulated and
four (57%) survived hospital discharge.30 The most
severe cases seem to occur in two pediatric groups: new-
borns and adolescents. Herein, the age at presentation
ranged from 5 months to 16 years and half of our
patients were younger than 1 year.9,29,30

Brazil is a federative unit that comprises 26 states
and 1 federal district, with approximately 212 million
inhabitants. Our state, named Cear�a, is located in the
northeastern and has approximately 8.8 million inhabi-
tants. A total of 601,067 cases were confirmed with
COVID-19 in our state until December 8, 2021. The
number of cases in patients ages <19 years were 74,128,
which corresponded to 12.3% of the total cases (<1 year
was 5,534 cases; 1−9 years was 20,526 cases, and 10
−19 years was 48,068, which corresponds to 7.4%,
27.7%, and 64.9% of pediatric cases, respectively). To
date, the overall mortality rate of patients aged <19 years
old was 0.79% in 2020 and 1% in 2021.31,32 Similar to
previous publications, mortality is lower in children
than adults.33,34 The mortality in this group remained
low during the first and second waves despite the
slightly higher number of cases in adolescents in 2021
(0.31% in 2020 and 0.37% in 2021). All of our cases
occurred in 2021, thus severe cases in children and ado-
lescents in 2020 were possibly not appropriately and
early referred to ECMO due to inadequate knowledge
about disease pathophysiology and management.31,32

Another point that should be evaluated is the role of vir-
ulence of new strains in this second wave in our coun-
try.

Until December 14, a total of 10,955 COVID-19 cases
of ECMO were registered to ELSO. Few related publica-
tions are reported on the pediatric population, thus we
compared our findings to the ELSO reported data
(Table 3). A total of 277 patients had initiated ECMO at
least 90 days ago, with a 31% related in-hospital
7



Number of cases Our cohort Total
(All locations)
277 cases

ARSD cohort
(All locations)
107 cases

Total
(Latin America)
12 cases

ARSD cohort
(Latin am�erica)
5 cases

Age (Years); median (IQR) 1.8 (0.4,14) 11(1,16) 13 (1,17) 11 (0,3) 5 1 (0,9)

BMI (Kg/m2); median (IQR) 24.4 (15, 33) 27 (18,37) 33 (22,42) 15 (12,19) 19 (17,32)

Sex; male; total (%) 4 (66.6%) 51 % (142) 50 % (53) 58 % (7) 60 % (3)

Pr�e-ECMO comorbidities

Diabetes

Hypertension

Obesity

0

0

0

9 % (25)

7 % (19)

38 % (104)

13 % (14)

13 % (14)

51 % (53)

8 % (1)

8 % (1)

25 % (3)

20 % (1)

20 % (1)

40 % (2)

Acute Ilness

Acute heart failure; total (%)

Myocarditis

Acute Kidney injury

2 (33.3%)

0

0

16 % (43)

10 % (29)

19 % (52)

5 % (5)

0 % (0)

17 % (18)

8 % (1)

0 % (0)

8 % (1)

0 % (0)

0 % (0)

20 % (1)

Pre-ECMO intubations (days); median (IQR) 5 (0.75, 6.5) 0,9 (0.2,3.7) 1.3 (0.3, 3.8) 6 (2.1, 9.3) 1,7 (1.1-2.9)

Ventilatory parameters

PEEP, cmH2O; median (IQR)

PIP, cmH2O; median (IQR)

PaO2/FiO2; median (IQR)

PCO2, cmH2O; median (IQR)

11 (9.5, 14)

27 (19.5, 34.2)

63 (57.8, 70.3)

65 (63.3, 74)

12 (8,15)

32 (28,38)

66 (53,107)

52 (42,66)

14 (10,17.5)

36 (29.2, 38.8)

64 (54,84)

59 (49,69)

15 (12,20)

28 (28,28)

47 (42,57)

50 (42,71)

14.5(13,15.2)

28 (28,28)

54 (44,64)

56 (49,70)

Pre-ECMO support

Prone position; total (%)

Neuromuscular blockers, total (%)

Inhaled pulmonar vasodilators, total (%)

Any vasoactive support, total (%)

3 (50%)

6 (100%)

1 (16.7%)

4 (66.6%)

21 % (58)

69 % (191)

37 % (102)

66 % (182)

39 % (41)

79 % (83)

48 % (50)

61 % (64)

50 % (6)

67 % (8)

17 % (2)

92 % (1)

80 % (4)

80 % (4)

20 % (1)

80 % (1)

Therapies, Immunomodulators (steroids) 6 (100%) 88 % (244) 98 % (105) 67 % (8) 80 % (4)

Table 3: Registry dashboard of ECMO-supported COVID-19 patient data.
BMI: Body mass index; ECMO; ECMO: extra-corporeal membrane oxigenation; IQR: interquartile range; PEEP: Positive end-expiratory pressure; PIP: Peak

inspiratory pressure; FiO2: Fraction of inpired oxygen; PaO2: partial pressure of arterial oxygen; PaCO2: Partial pressure of carbone dioxide.
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mortality. An ARDS cohort with 107 patients (38.6% of
the total) was separately analyzed. Pre-ECMO risk fac-
tors were evaluated; the median age was 13 years (IQR:
1.16), and males had a slightly higher prevalence (51%).
Compared to the rest of the patients, this cohort had
more pre-ECMO comorbidities, such as obesity, hyper-
tension, and diabetes. Similar to our sample, most
patients did not present significant cardiac involvement,
thus the main indication for support was severe pulmo-
nary condition.26

However, due to the limited number of centers that
provide ECMO in our country, especially in our region,
patient access was more difficult and the time between
the start of mechanical ventilation and the start of
ECMO was long, with a median of 5 days (IQR: 0.75
−6.5). Similarities were observed regarding the ventila-
tion mode and parameters used before ECMO runs.
Previous publications reported the use of high ventila-
tory parameters before starting ECMO.33,34 Our experi-
ence shows the potential role of ECMO in managing
ARDS due to COVID-19 and should be considered as a
therapeutic option in patients who develop refractory
hypoxemia despite maximal conventional mechanical
ventilation during other respiratory virus outbreaks.
Finally, the median duration of ECMO support in
children was lower than observed in adults, probably
due to a lower number of lesions in other organs, such
as impaired renal function.33,34 The in-hospital mortality
rate in our case series was 33.3%. The overall mortality
reported by ESLO and Di Nardo et. Al were 31% and
43%, respectively.26,30 An important aspect to highlight
is that the mortality of patients who are supported by
ECMO due to COVID-19-related ARDS with refractory
hypoxemia was similar to the mortality evidenced in
cases of support for other pulmonary complications in
the pediatric group.26,32

Our study limitations include the small-volume cen-
ter despite being reference centers for ECMO support
in our region, and all patients were referred from other
services as it is a retrospective work, and not all labora-
tory tests are available.

COVID-19 is generally a mild disease in children,
including infants. Only a small proportion develop a
severe disease that requires ICU admission and pro-
longed ventilation. Additionally, fatal outcomes are over-
all rare. The COVID-19 pandemic highlights challenges
of management strategies in patients with severe
ARDS, and ECMO appears as a viable intervention in
www.thelancet.com Vol 11 Month July, 2022
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selected patients who failed conventional therapies in
the pediatric group. Efforts must continue to better elu-
cidate the pathophysiology and specific treatment
options for COVID-19, as antiviral and immunomodula-
tory drugs and future prospective studies must be done
to better determine the risk factors, indications, predic-
tors, optimal time, procedural considerations, and post-
cannulation management strategies of ECMO in this
population.
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