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Extracorporeal Objective: To document the experience with ECMO therapy in healthcare institutions across
membrane Latin America between 2016 and 2020.

oxygenation; Design: Cross-sectional study.
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sional category (nurses, physicians, specialists and other professionals), nurse-to-patient ratio,
interventions applied(support indications, scores, mechanical ventilation at ECMO commen-
cement, anticoagulation and hemolysis, circuit monitoring and patient perfusion, antibiotic
prophylaxis), and patient outcomes (complications and survival) in ECMO centers.
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Introduction

Results: Thirteen ECMO units were included. These units reported 133 consoles and 1629 ECMO
cannulations. Of these, 1018 corresponded to adult patients, 468 to pediatric patients, and 143
to newborn infants. A total of 310 medical specialists were involved in ECMO care, of whom
70.3% had received ECMO training. The nurse-to-patient ratio was 1:1 in most centers (76.9%,
n = 10). Amongst adult patients, the most common indication for initiating ECMO support was
refractory hypoxemia, whereas in pediatric patients, it was a post-cardiotomy shock. The mean
overall survival rate of the patients at the time of decannulation was 55.7% (95%Cl 53.0-58.3).
Conclusions: The ICUs with ECMO in Latin America participating in this study have demonstrated
operational capabilities enabling them to achieve outcomes comparable to those of other ECMO
units across the world.

© 2025 Elsevier Espana, S.L.U. and SEMICYUC. All rights are reserved, including those for text
and data mining, Al training, and similar technologies.

Experiencia con soporte de oxigenacién con membrana extracorpérea en América
Latina entre 2016 y 2020

Resumen

Objetivo: Describir la experiencia con la terapia ECMO en instituciones de salud en América
Latina entre 2016 y 2020.

Disefio: Corte transversal.

Ambito: Instituciones de salud pUblicas y privadas de siete paises.

Participantes: Unidades de Cuidados Intensivos con servicio de ECMO.

Intervenciones: Ninguna.

Variables de interés principales: caracteristicas generales del centro (pais, centro ELSO, afo
de la primera canulacion, red publica o privada, dispositivos ECMO disponibles, ECMO movil),
categoria profesional (enfermeras, médicos, especialistas, otras profesiones), enfermeras por
pacientes, procesos implementados para la atencion (Indicaciones para el soporte, Scores,
ventilacion mecanica al inicio del ECMO, anticoagulacion y hemolisis, monitoreo del circuito
y perfusion del paciente; profilaxis antibidtica) y desenlaces de pacientes (complicaciones y
supervivencia) atendidos en los centros de ECMO.

Resultados: Se incluyeron 13 unidades con ECMO. Estas unidades reportaron 133 consolas, 1.629
canulaciones: 1.018 en adultos, 468 en pacientes pediatricos y 143 en neonatos. Los profesion-
ales involucrados en la atencion incluyeron 310 especialistas médicos, de los cuales el 70,3%
recibio capacitacion en ECMO. La proporcion de enfermeras por paciente fue de 1:1 en la may-
oria de los centros (76,9%, n = 10). Entre los pacientes adultos, la indicacion mas comun fue
la hipoxemia refractaria, mientras que en pacientes pediatricos fue el shock post-cardiotomia.
La tasa promedio de supervivencia de los pacientes atendidos a la decanulacion fue del 55,7%
(1C95% 53,0-58,3).

Conclusiones: Las unidades con servicio ECMO en Latinoamérica participantes de este estudio
cuentan con capacidad asistencial operativa y resultados comparables a los de otras unidades
con ECMO en el mundo.

© 2025 Elsevier Espana, S.L.U. y SEMICYUC. Se reservan todos los derechos, incluidos los de
mineria de texto y datos, entrenamiento de IA y tecnologias similares.

cardiac ECMO was used for 36 straight hours in a 2-year-old
infant with heart failure after undergoing Mustard surgery

Extracorporeal membrane oxygenation (ECMO) therapy is a
support strategy for pulmonary diseases (e.g., pneumonia,)
that manifest with refractory hypoxemia, or for cardiovas-
cular disorders with profound hypoperfusion states (e.g.,
cardiogenic shock, applying hemodynamic or oxygenation
support, depending on the etiology of the condition.’
Although the field of extracorporeal oxygenation began
to develop around the 1930s, it was not until the 1970s that

for transposition of the great vessels. Since then, its use has
increased worldwide in children and adults, and both in and
out of the operating room.?

Given the advances and the increase in the use of ECMO,
the Extracorporeal Life Support Organization (ELSO) was
created to gather information on the use of the

technique, as well as to compare results and exchange
ideas for the optimal use of ECMO support.? In Latin America,
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ECMO was first used in the 1990s in isolated cases. Until 2003
only one center in Chile (Pontificia Universidad Catolica)
had joined the ELSO, with the Latin American chapter being
founded in 2012. At present it is the youngest chapter, and
with its geopolitical and social characteristics, it has worked
to maintain the international standards of education and
care of the ELSO, with data recording and publication of the
experience.’

The objective of the present study was to document
the experience of institutions with ECMO in Latin Amer-
ica, focusing on the general characteristics of the units,
their personnel, the performed interventions for patient
care (scoring, circuit monitoring, anticoagulation, antibiotic
prophylaxis, etc.) and outcomes during the 5-year period
between 2016-2020.

Patients and methods

Study design and participants

An observational cross-sectional study was carried out.
Healthcare institutions located in Latin America and with an
ECMO therapy program between 2016 and 2020 were invited
to participate. These institutions could be affiliated or not
to the ELSO.

Institutions that responded affirmatively to the invitation
but submitted incomplete data surveys were excluded.

Data collection instrument

An instrument was designed to record information about the
ECMO program of each institution. This instrument included
four sections:

ECMO center general characteristics: institution charac-
teristics (country, city, ELSO center, year of first cannulation,
university hospital, public or private network); number of
cases in the last 6 years; COVID-19 related cases; ECMO
devices available; mobile ECMO (availability, year of first
mobile ECMO, number since starting this type of ECMO),
among others.

Health personnel: ECMO team personnel (specialists,
general practitioners, nurses, perfusionists, instrumen-
talists, therapists, speech therapists, psychologists, and
others); ECMO training (ECMO training certification, intern-
ships or courses).

Performed interventions: ECMO indications (adult,
pediatric or neonatal refractory hypoxemia; adult, pedi-
atric or neonatal cardiogenic shock; adult or pediatric
post-cardiotomy shock; post-cardiac or lung transplant;
protected angioplasty; diaphragmatic herniation; airway
surgery); scores used (prognosis: Respiratory ECMO Survival
Prediction - RESP,? Survival After Venoarterial ECMO - SAVE,*
PRedicting dEath for SEvere ARDS on VV-ECMO - PRESERVE,>
Neonatal Risk Estimations Score in Children Using Extra-
corporeal Respiratory Support - Neo-RESCUERS®; Sequential
Organ Failure Assessment - SOFA”); management of mechan-
ical ventilation at ECMO initiation (volume control, pressure
control); intermittent or continuous renal replacement ther-
apy (RRT); anticoagulation (anticoagulants used, minimum
and maximum allowed partial thromboplastin time - PTT,
use of bivalirudin, thromboelastography/METRIA, PT, acti-

vated clotting time - ACT, anti-Xa, antithrombin Ill - ATIII,
fibrinogen, lactate dehydrogenase - LDH); hemolysis moni-
toring (LDH, free hemoglobin, bilirubin); circuit monitoring
(on-line O, saturation, on-line hemoglobin, temperature,
pre-membrane pressure, post-membrane pressure, extrac-
tion pressure, etc.) and patient perfusion (cerebral,
peripheral near-infrared reflectance spectroscopy?® - NIRS);
sedation scales (Richmond Agitation-Sedation Scale - RASS,°
Neonatal Pain, Agitation and Sedation Scale - NPASS); antibi-
otic prophylaxis (before cannulation, during ECMO without
evidence of infection).

Outcomes: Duration of ECMO run (1-7, 7-14, 14-21,
>21 days) in adults, pediatric patients and newborn
infants; complications (bleeding, thrombosis, pneumoth-
orax, harlequin syndrome, left ventricular dilatation,
infections, decannulation, cardiac tamponade, cardiac
arrest, pump failure, oxygenator failure, air in the cir-
cuit, recirculation); mean survival from center admission
to decannulation (patients who remained cannulated at the
end of the study period were excluded).

The survey was conducted by the program leader of each
institution, or a delegate, and the time to survey completion
time was one year (January 1st to December 31st of 2021).
The instrument was developed by the ECMO team of our
institution, on the RedCap platform,'® which contained the
indications to complete each section.

Statistical analysis

A descriptive analysis of the collected data was performed.
Qualitative variables were reported as absolute and rela-
tive frequencies. Likewise, mortality and survival rates were
calculated, with their corresponding 95% confidence inter-
val (95%Cl). The STATA®17.0 statistical package was used for
data analysis.

This study was approved by the Research Ethics Com-
mittee of the Fundacion Cardiovascular de Colombia
(CEI-2020-01285, 16 July 2020).

Results

The survey invitation response rate was 92.8% (n = 13/14
centers). Two institutions are university hospitals, and seven
more correspond to centers where teaching and human
resource training activities are carried out. On the other
hand, only three institutions form part of the public hospi-
tal network of the region where they provide their services.
The participating ECMO centers are located in seven Latin
American countries (Fig. 1).

ECMO centers general characteristics

Only one center was not part of the ELSO. Among all
the centers, a total of 133 devices were reported, the
most widely used being Rotaflow® (23.3%, n = 31), fol-
lowed by Centrimag® (20.3%, n = 27), Afinity® (15.8%, n
= 21), Cardiohelp® (14.2%, n = 19), Revolution® (12.7%, n
= 17), Biopump® (6.7%, n = 9), Bioconsole® (2.3%, n = 3)
and Deltastream® (0.7%, n = 1). In addition, three centers
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Colombia (2)

Mexico (2)
Bioconsole™ = 2
Cardiohelp®= 3
Rotaflow = 7
Centrimag™= 1

Brazil (1)

Rotaflow "= 12

Revolution” = 6

Figure 1

Participating centers and ECMO devices available.
The number of participating centers per country is reported in
parentheses. Figure created by the authors.

reported having other devices (3.7%, n = 5) such as Stocker®
(n = 3), and two other centers had Roller® (n = 2).

A total of 76.9% of the centers reported having mobile
ECMO available (n = 10), with a total of 343 transfers being
performed between 2011-2020, including 253 ground trans-
fers and 90 air transfers.

A total of 1629 patients had undergone cannulation (342
in 2016; 292 in 2017; 325 in 2018; 250 in 2019; and 420
in 2020), with the majority being adults (62.5%, n = 1018;
pediatric 28.7%, n = 468; newborn infants 8.8%, n = 143).
In 2020, there were 218 suspected or confirmed COVID-19
patients receiving ECMO support, especially adults (98.6%,
n = 215), with a much smaller number of pediatric (0.9%, n
= 2) and neonatal (0.3%, n = 1) cases. These COVID-19 cases
accounted for 51.9% of the total ECMO cases for that year,
with a particular need for pulmonary ECMO (95.4%, n = 208)
compared to cardiac ECMO (4.6%, n = 10).

Health professionals and assistant personnel

The centers reported a total of 310 specialist physicians
as healthcare professionals, of which 70.3% (n = 218) had
received ECMO training. The majority of the medical pro-
fessionals were pediatric and adult critical care specialists
(n=75and n=71, respectively), of which 82.6% (n=62) and
57.7% (n = 41) had ECMO training, respectively. The specialty
with the largest number of ECMO-trained professionals was
neonatology (97.4%, n = 37).

On the other hand, all centers reported having cardio-
vascular surgeons in their team (n = 52), and 80.7% (n =
42) had ECMO training, while 61.5% reported having anes-
thesiology professionals (n = 35), with 45.7% (n = 16) of
them being trained in ECMO. Other reported specialties were
thoracic surgery (n = 11, 54.5% ECMO specialists), pediatric
surgery (n = 10, 60% ECMO specialists), internal medicine (n
= 6, 50% ECMO specialists), and general surgery (n = 4, 25%
ECMO specialists). Physicians specializing in pediatrics (n =
3), gynecology and obstetrics (n = 3), and emergency care
medicine (n = 1) represented the least frequent specialties.

Some centers also reported having medical professionals
specializing in toxicology, infectious diseases, cardio-
pediatrics, hemodynamics, pulmonology, pediatric cardio-
vascular anesthesiology, intrathoracic transplant surgery,
endovascular surgery and neurosurgery.

On the other hand, four of the 13 centers reported hav-
ing general practitioners (n = 30) in their team, and up to
53.3% had ECMO training. In addition to medical profession-
als, other healthcare professionals such as nurses (n = 287,
87.1%; n = 250 with ECMO training) were reported. Other
professionals included respiratory therapists (n = 55), per-
fusionists (n = 46), surgical instrument specialists (n = 31),
physiotherapists (n = 19), speech therapists (n = 6), psychol-
ogists (n = 6) and occupational therapists (n = 5) (Table 1).

In 53.8% of the centers, the direct patient care team con-
sisted of an intensive care nurse in charge of the patient
and a perfusionist or ECMO specialist in charge of the ECMO
device. In the remaining centers, care was provided by a
specialized ECMO nurse who was responsible for both the
device and the patient. The nurse-to-patient ratio was 1:1
in most centers (76.9%, n = 10).

Performed interventions

The most common indication for initiating ECMO support in
adults was refractory hypoxemia (n = 310; cardiogenic shock
n =201, post-cardiotomy shock n = 89), whereas in pediatric
patients the most common indication was post-cardiotomy
shock (n = 174; cardiogenic shock n = 101, hypoxemia n = 55).
Other indications were the postoperative period of heart or
lung transplantation, protected angioplasty, diaphragmatic
herniation and airway surgeries.

A total of 76.9% percent (n = 10) of the centers used some
score for cannulation, with RESP being used in 69.2% (n = 9)
of the centers, SAVE in 38.5% (n = 5) and PRESERVE in 30.8%
(n = 4). The use of the Neo-RESCUERS and SOFA scores was
also reported.

The most common ventilatory mode when starting ECMO
was pressure control, with FiO, < 74% and PEEP 10—14 cm
H,0. The most frequent programmed respiratory rate was
10—14 rpm, with a gas flow of 0—2 Ilpm especially in centers
offering both pediatric and adult care (Table 2).

Continuous RRT was the most commonly used form of
renal replacement therapy, accounting for 76.9% of the
cases. In 30.8% (n = 4) of the centers, RRT was directly
connected to the patient.

Concerning anticoagulation, unfractionated heparin
(UFH) was used in all centers, with therapeutic ranges of
minimum TTP of 30-50 s and a maximum of 40-60 s in
most centers. The most common methods for monitoring
anticoagulation were thromboplastin time, serum fibrino-
gen, and anti-factor Xa activity. LDH measurement was used
to assess hemolysis in most centers. In cases of heparin-
induced thrombocytopenia (HIT), the use of bivalirudin,
fondaparinux, and/or low molecular weight heparin (LMWH)
was reported (Table 3).

Circuit monitoring was most frequently performed by
measuring pressures before and after the membrane in
92.3% (n = 12) of the centers, followed by temperature and
extraction pressure. ICUs with ECMO that used circuit mon-
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Table 1  Other professions included in ECMO centers.

All ECMO training
Other professions " N
n %) es o
n (%) n (%)
General practitioners 30 (6.2) 16 (53.3) 14 (46.7)
Nurses 287 (59.2) 250 (87.1) 37 (12.9)
Perfusionists 46 (9.5) 45 (97.8) 1(2.2)
Surgical instrument specialists 31 (6.4) 17 (54.8) 14 (45.2)
Respiratory therapists 55 (11.3) 32 (58.2) 23 (41.8)
Physiotherapists 19 (3.9) 7 (36.8) 12 (63.2)
Occupational therapists 5(1) 0 (0) 5 (100)
Phonoaudiologists 6 (1.2) 0 (0) 6 (100)
Psychologists 6(1.2) 1(16.7) 5 (83.3)
Table 2 Management of mechanical ventilation.
MV characteristics at the start of ECMO Centers (n = 13) (%)
. Volume control 6 46.2
VEIANEIEEIR7 (el Pressure control 7 53.8
<50% 5 38.5
FiO, programmin Sh 2 S
2 prog s 75-90% 0 0
>90% 3 23.1
. 5—9 cmH,;0 4 30.8
PEEP programming 1014 cm Hy0 9 69.2
. 10—14 rpm 11 84.6
RR programming 15-19 rpm 2 15.4
0-2 lpm 2 33.3
Gas flow programming in adult-only 3.5 lgm 3 50.0
M 6—8 lpm 1 16.7
. . 0-2 lpm 6 85.7
Gas flow programming in centers with 3-5 lpm 1 14.3
care for adults and children 6-8 lpm _ _ ’

FlO,: fraction of inspired oxygen; PEEP: positive end-expiratory pressure. RR: respiratory rate.

itoring methods different from those contemplated in the
survey indicated the use of venous return monitors.

To maintain hemostasis, packed red blood cell units were
transfused with a hematocrit of 25% in most centers. In addi-
tion, anticoagulation was discontinued when the platelet
count was under 30,000/mm? or 50,000/mm?3, and cryopre-
cipitates or fibrinogen concentrate were transfused when
the fibrinogen level was 100 mg/dl. Transfusion of fresh
frozen plasma was considered when the international nor-
malized ratio (INR) was >2.0 in most centers (Table 4).

Patient perfusion monitoring was mainly performed at
cerebral level (61.5%, n = 8), followed by peripheral mon-
itoring (38.5%, n = 5), and one center (7.7%) reported
performing renal NIRS monitoring. Sedation monitoring was
performed using the RASS scale in 84.6% (n = 11) of the
centers, and the NPASS scale in 15.4% (n = 2).

Regarding antibiotic prophylaxis, 5 centers (38.5%)
administered antibiotics before cannulation, four centers
(30.8%) administered antibiotics only in specific cases, and
one center did not use antibiotic prophylaxis. In turn, pro-
phylaxis during ECMO therapy without evidence of infection
was performed in three centers (23.1%), while three other

centers (23.1%) prescribed it on certain occasions without
a protocol, and one center did not administer antibiotic
prophylaxis.

Outcomes

In half of the centers, the length of stay was shorter in
adults subjected to cardiac ECMO (50% 1-7 days, 33.3% 7-14
days, 16.7% no data available) than respiratory ECMO (15.4%
7-14 days, 53.8% 14-21 days, 23.1% >21 days, 7.7% ICU with-
out ECMO availability for some patient type). On the other
hand, in pediatric and neonatal patients, the duration of
respiratory and cardiac ECMO therapy was less than 14 days
(pediatric respiratory 46.1%, cardiac 53.8%; neonatal respi-
ratory 30.7%, cardiac 53.8%).

The most frequent complications of V-A ECMO sup-
port were harlequin syndrome, left ventricular dilatation,
intracranial hemorrhage and infections, followed by gas-
trointestinal tract bleeding. In the case of V-V ECMO support,
infection was the most frequent complication, followed by
circuit-related problems (recirculation, oxygenator failure
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Table 3  Anticoagulation in centers with ECMO therapy.

Anticoagulation and hemolysis Centers (n = 13) (%)

30s 3 23.1

Minimum PTT 40s 5 38.5
50s 5 38.5

UFH 40s 0 0
. 50s 1 7.7

Maximum PTT 60 s 6 46.2
Other® 6 46.2

In case of heparin-induced Bivalirudin 6 46.1

thrombocytopenia, which therapeutic

option do you use?

Fondaparinux 4 30.8

LMWH 2 15.4

Other* 3 23.1

Anticoagulation monitoring® Thromboelastography 5 38.5

PTT 13 100

PT 4 30.8

Anti-Xa 9 69.2

ATII 6 46.2

Fibrinogen 9 69.2

LDH 4 30.8

Other? 1 7.7

Hemolysis monitoring Free hemoglobin 6 46.2

LDH 11 84.6

Bilirubin 8 61.5

Other® 1 7.7

@ Multiple choice answer. UFH: unfractionated heparin, PTT: partial thromboplastin time, LMWH: low molecular weight heparin, PT:
prothrombin time, Anti-Xa: anti-factor Xa activity, ATIll: antithrombin Ill, LDH: lactate dehydrogenase.

b 70, 80, 90, 80-120's.

¢ Other: rivaroxaban, momentary suspension in case of bleeding.

d Dimer D.
€ Carboxyhemoglobin.

and air in the circuit). Circuit-related bleeding requiring
withdrawal of support was reported more frequently with
V-A ECMO (Table 5).

The overall survival rate at the time of decannulation
was 55.7% (95%Cl 53.0-58.3). In the pediatric group, the
highest survival rate corresponded to cardiac ECMO, while
in the adult and neonatal population, the highest survival
rate corresponded to respiratory ECMO (Fig. 2).

Discussion

The present study describes the general characteristics of
different ECMO centers located throughout Latin Amer-
ica. The participating ICUs with ECMO service were mostly
university and teaching hospitals, with only a few of
them belonging to the regional public network. A diver-
sity of ECMO devices was reported, with Rotaflow® and
Centrimag® being the most common. Most centers have
mobile ECMO and treated various types of patients, with
a notable increase in COVID-19 cases. ECMO training is
widespread among professionals, and overall survival at
decannulation varies according to the type of ECMO support
provided.

According to the ELSO registry, between 2016 and 2020
there were 567 member centers worldwide, reporting a total

of 77,922 cannulations during that period. Of these centers,
46 were in Latin America (n = 28 ICUs with ECMO service
in 2016, and n = 46 in 2020), with 2074 cannulations per-
formed during that period."" The centers participating in
this study recorded approximately 300 patients per year
receiving ECMO therapy support—a figure that increased to
more than 400 patients by 2020. This increase was espe-
cially notable for respiratory support in adults with acute
respiratory distress syndrome (ARDS) secondary to COVID-
19. On the other hand, some European centers reported
an increase in the number of cannulations, especially in
patients with cardiogenic shock who required V-A ECMO
support between 2010 and 2015."> The number of ECMO
patients in the participating institutions doubled the num-
ber reported in cohort studies conducted at 60 hospitals in
the United States between March and July 2020." Further-
more, the number was significantly higher than the figures
reported in single-center studies conducted in different
Latin American countries.'* However, in addition to the num-
ber of patients receiving ECMO support, which reflects the
care capacity acquired by the institution, it is essential to
emphasize the reported outcomes. For ELSO centers in Latin
America between 2018 and 2022, the adult patient survival
rates up to decannulation or transfer in pulmonary ECMO
(54%), cardiac ECMO (53%) and extracorporeal cardiopul-
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Table 4 Characteristics of circuit monitoring and hemostasis without active bleeding.

Centers
Characteristic n=13
n (%)

Online O, saturation 8 (61.5)
Online hemoglobin 7 (53.8)
Temperature 11 (84.6)
Pre-membrane pressure 12 (92.3)
Post-membrane pressure 12 (92.3)
Extraction pressure 10 (76.9)
Other 2 (18.2)
Minimum hematocrit for transfusion of red blood cells

25% 7 (53.8)

30% 3(23.1)

35% 1(7.7)

Other 2 (15.4)
Minimum platelet count to discontinue anticoagulation

<30.000/mm3 4 (30.8)

<40.000/mm3 3(23.1)

<50.000/mm3 4 (30.8)

<60.000/mm3 1(7.7)

Other 1(7.7)?
Minimum platelet count for transfusion of platelet concentrate

<30.000/mm3 4 (30.8)

<40.000/mm3 1(7.7)

<50.000/mm3 2 (15.4)

<60.000/mm?3 3 (23.1)

Other 3(23.1)
Minimum fibrinogen value for transfusion of cryoprecipitates or fibrinogen concentrates

<80 mg/dl 1(7.7)

100 mg/dl 9 (76.9)

150 mg/dl 3(23.1)
Maximum INR for FFP transfusion

>1.5 =

>2.0 7 (53.8)

>2.5 4 (30.8)

>3.0 2 (15.4)

INR: international normalized ratio, Hb: hemoglobin, FFP: fresh frozen plasma.

@ This center reported the other assigned value to be 100,000.

monary resuscitation (ECPR) (32%)"" were lower compared
to the survival rates reported in our study. In this context,
when comparing the survival outcomes with other studies
found in the literature, we observed that the survival rate
among adults with respiratory ECMO support was lower in
our study than in the United Kingdom (74.0%)" in a retro-
spective cohort of 1205 patients between 2011 and 2017.
However, the survival rate was higher than that reported in
a nationwide analysis in Germany conducted between 2007
and 2018."° In pediatric cases, survival data recorded by
the ELSO were consistent with our own findings (74% in pul-
monary ECMO, 61% in cardiac ECMO, and 34% in ECPR)."
Other studies in the pediatric and neonatal population have
also recorded survival rates of 74% at disconnection and 57%
at hospital discharge, with no significant differences accord-
ing to the type of ECMO involved."”

The training of healthcare professionals who assist ECMO
patients is a crucial aspect for both effective functioning
of the center and positive patient outcomes. We recorded
specialists in various areas such as high complexity surgery,
intensive and perioperative care, perinatal maternal care,
and emergency patient care. In addition, the centers have
dedicated personnel in charge of providing ECMO support,
adapting intervention to the natural progression of each
case, with the ultimate goal of securing comprehensive
recovery and rehabilitation. These findings are in line with
the existing literature, which emphasizes that factors asso-
ciated with high-quality ECMO programs include ongoing
education and training for personnel, state-of-the-art facil-
ities and technology, and a well-organized and experienced
ECMO center. In addition, these factors are closely linked to
the number of cases treated annually.'®-%°
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Table 5 Complications in Latin American ECMO centers according to type of ECMO.

Complication

Center (n = 13)

VA \'A%

n (%) n (%)
Harlequin syndrome 9 (69.2) NA
Left ventricular dilatation 9 (69.2) NA
Intracranial hemorrhage 9 (69.2) 6 (46.2)
Infections 9 (69.2) 10 (76.9)
Gastrointestinal hemorrhage 8 (61.5) 8 (61.5)
Pneumothorax 4 (30.8) 6 (46.2)
Decannulation 3(23.1) 4 (30.8)
Cardiac arrest 5 (38.5) 5 (38.5)
Cardiac tamponade 4 (30.8) 0 (0.0)
Circuit-related bleeding and withdrawal of support 5 (38.5) 1(7.7)
Circuit-related bleeding without withdrawal of support 8 (61.5) 8 (61.5)
Bleeding NOT related to the circuit and withdrawal of support 6 (46.2) 3 (23.1)
Bleeding NOT related to the circuit without withdrawal of support 8 (61.5) 8 (61.5)
Circuit thrombosis (cannula, membrane) forcing ECMO suspension. 3(23.1) 6 (46.2)
Acute massive circuit thrombosis requiring urgent circuit replacement 3(23.1) 4 (30.8)
Pump failure 1(7.7) 2 (15.4)
Oxygenator failure 5 (38.5) 9 (69.2)
Air in the circuit 7 (53.8) 9 (69.2)
Recirculation NA 9 (69.2)
Complications during cannulation® 2 (16.7) 4 (30.8)

NA: not applicable.
2 Death, major vascular injury.
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Figure 2  Mortality and survival to decannulation of patients on ECMO therapy in Latin America.

n = Total number of patients decannulated at the date of completion of the survey.
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Regarding the ventilation practices employed in the par-
ticipating ICUs, they consider the use of pressure control,
followed by volume control. In this regard, according to an
international survey conducted in 141 centers in 28 coun-
tries, only 27% of the centers had a specific protocol for
mechanical ventilation in patients undergoing ECMO ther-
apy, the main objective of ventilation being lung rest: In
addition, 76% of the respondents aimed for a target tidal
volume of6 ml/kg or less, applied positive end-expiratory
pressure, and set a positive pressure of 6-10 cm H,0 when
ventilating patients with V-V ECMO.?’

ECMO support in critically ill patients, as a widely imple-
mented intervention worldwide that moreover increased
during the COVID-19 pandemic, faces substantial challenges
in our region. A notable strength identified in this study
is the high response rate to the invitation to participate.
Although the invitation was not extended to all existing units
in the region but to those that formed part of a closed
group created through social networks, the participating
ICUs with ECMO service were distributed throughout Latin
America, offering indirect knowledge about the practices
implemented in different countries. According to the cur-
rent literature, ECMOsupport has increased greatly in the
last two decades. In this regard, the COVID-19 pandemic
was a period that allowed the opening of new ECMO centers,
and at the same time consolidated the technique in those
centers that were already using it. As a result, the present
study does not include centers that have recently become
operational, as well as some centers with experience that
did not participate in the survey. Nevertheless, this initial
survey reflects efforts to adhere to and maintain the ELSO
standards for appropriate patient care. In addition, based
on the survival results, the participating centers were able
to provide care comparable to that afforded by ECMO units
in high-income countries.

Given the retrospective nature of this study, the avail-
ability of data referred to certain variables of interest may
be limited, including the criteria for starting ECMO sup-
port. Although there are clinical criteria that help define the
initiation of extracorporeal circulatory support, including
patient weight, days on mechanical ventilation, ventila-
tory mode and many more, these criteria vary according to
the different intensive care groups and the clinical condi-
tion of the patient. It thus would be important for future
reports to include aspects which, in the light of current evi-
dence, are considered to represent good clinical practice,
such as low tidal volumes, neuromuscular blocking agents
and prone positioning, among others. Therefore, continued
efforts should focus on maintaining adequate and standard-
ized registers of centers and patients, allowing comparisons
with other ECMO units.

ECMO therapy is a complex and high-risk treatment indi-
cated in patients with the most severe forms of acute
respiratory failure and cardiogenic shock, as well as in
highly complex cardiovascular surgery scenarios. Despite the
intrinsic risks associated with ECMO therapy, morbidity and
mortality can be reduced in centers with specific manage-
ment protocols and strict patient selection criteria.?>?

Conclusions

Between 2016 and 2020, the ICUs with ECMO service par-
ticipating in this study and located in Latin America have

taken care of critically ill adult, pediatric and neonatal
patients. Such care has been provided in an organized man-
ner, allowing similar survival outcomes to those obtained in
other ECMO units (regionally and in other continents). This
allows us to compare ourselves with the international stan-
dards referred by the ELSO. It is necessary to strengthen a
communication and information network at the Latin Amer-
ican level to collect data on ECMO practices, which will
facilitate scientific and academic support among the dif-
ferent groups, thus promoting the use of the technique in
the region. This initiative aims to generate greater interest
in the reporting and publication of ECMO cases, which will
increase the visibility of the region and provide clinical evi-
dence on its care practice. Future initiatives such as this will
seek to generate more interest and allow for subgroup anal-
yses according to models of care or types of ECMO support
applications.

Latin America is making progress in the implementation
of ECMO therapy with ELSO support, which facilitates the
generation of local information and the comparison of global
results. However, it is crucial to continue optimizing data
recording to improve the monitoring and evaluation of treat-
ments. This study represents a preliminary effort to gather
evidence on the structural and functional capabilities of
ECMO units in Latin America.

CRediT authorship contribution statement

Camilo Pizarro: conception and design of the study, data
acquisition, analysis and interpretation of the data, revision
of the draft article and critical review of the intellectual
content, final approval.

Anderson Bermon: conception and design of the study,
data acquisition, analysis and interpretation of the data,
revision of the draft article and critical review of the intel-
lectual content, final approval.

Silvia Plata Vanegas: conception and design of the study,
data acquisition, analysis and interpretation of the data,
revision of the draft article and critical review of the intel-
lectual content, final approval.

Claudia Colmenares-Mejia: conception and design of the
study, data acquisition, analysis and interpretation of the
data, revision of the draft article and critical review of the
intellectual content, final approval.

Claudia Marcela Poveda: data acquisition, analysis and
interpretation of the data, revision of the draft article and
critical review of the intellectual content, final approval.

René D. Gomez Gutiérrez: data acquisition, analysis
and interpretation of the data, revision of the draft arti-
cle and critical review of the intellectual content, final
approval.

Jorge Arturo Ramirez Arce: data acquisition, analysis and
interpretation of the data, revision of the draft article and
critical review of the intellectual content, final approval.

Sonia Villarroel: data acquisition, analysis and interpre-
tation of the data, revision of the draft article and critical
review of the intellectual content, final approval.

Daniel Absi: data acquisition, analysis and interpretation
of the data, revision of the draft article and critical review
of the intellectual content, final approval.



C. Pizarro, A. Bermon, S. Plata Vanegas et al.

Marco Antonio Montes de Oca Sandoval: data acquisition,
analysis and interpretation of the data, revision of the arti-
cle draft and critical review of the intellectual content, final
approval.

Fernando Palizas: data acquisition, analysis and interpre-
tation of the data, revision of the article draft and critical
review of the intellectual content, final approval.

Leonardo Salazar: conception and design of the study,
review of the draft article and critical review of the intel-
lectual content.

Funding

This article received no funding from internal or external
institutions.

Declaration of competing interest

All authors contributed to the final version of the
manuscript. The authors declare that they have no conflicts
of interest in relation to the publication of this article.

Acknowledgments

Special thanks to Mary Alejandra Mendoza (Fundacion
Cardiovascular de Colombia), Mariano Norese, Christian
Casabella Garcia, Fernando Palizas (Clinica Bazterrica),
Maria Luisa Pilan, Gisela Ponce (Hospital de Pediatria J.P.
Garrahan), Luiz Fernando Caneo (InCor-HC-FMUSP), Silvio
Fabio Torres (Hospital Austral), Vadim Kotowicz, Luisa Bal-
dini, Mateo Ferrero (Hospital Italiano), Telmo Fernandez
Cadena (Hospital Luis Vernaza. Guayaquil, Ecuador), Jorge
Rufs (Clinica Las Condes) and Walter Mogrovejo Ramos,
Moisés Vidal Lostaunau (Clinica del INCA) for their support
and participation in this study.

References

1. Diaz R, Fajardo C, Rufs J. Historia del ECMO (oxigenacion por
membrana extracorpoérea o soporte vital extracorporeo). Rev
Méd Clin Las Condes. 2017;28:796-802.

2. Fortenberry J, Lorusso R. The history and development of
extracorporeal support. In: Brogan T, editor. Extracorporeal life
support. The ELSO Red Book; 2017. p. 1-11.

3. Schmidt M, Bailey M, Sheldrake J, Hodgson C, Aubron C, Rycus
PT, et al. Predicting survival after extracorporeal membrane
oxygenation for severe acute respiratory failure. The Respira-
tory Extracorporeal Membrane Oxygenation Survival Prediction
(RESP) score. Am J Respir Crit Care Med. 2014;189:1374-82.

4. Schmidt M, Burrell A, Roberts L, Bailey M, Sheldrake J, Rycus PT,
et al. Predicting survival after ECMO for refractory cardiogenic
shock: the survival after veno-arterial-ECMO (SAVE)-score. Eur
Heart J. 2015;36:2246-56.

5. Schmidt M, Zogheib E, Rozé H, Repesse X, Lebreton G, Luyt CE,
et al. The PRESERVE mortality risk score and analysis of long-
term outcomes after extracorporeal membrane oxygenation for
severe acute respiratory distress syndrome. Intensive Care Med.
2013;39:1704-13.

6. Barbaro RP, Bartlett RH, Chapman RL, Paden ML, Roberts LA,
Gebremariam A, et al. Development and validation of the
neonatal risk estimate score for children using extracorporeal
respiratory support. J Pediatr. 2016;173:56-61.e3.

7. Lambden S, Laterre PF, Levy MM, Francois B. The SOFA score-
development, utility and challenges of accurate assessment in
clinical trials. Crit Care. 2019;23.

8. Murkin JM, Adams SJ, Novick RJ, Quantz M, Bainbridge D, Igle-
sias |, et al. Monitoring brain oxygen saturation during coronary
bypass surgery: a randomized, prospective study. Anesth Analg.
2007;104:51-8.

9. Sessler CN, Gosnell MS, Grap MJ, Brophy GM, O’Neal PV, Keane
KA, et al. The Richmond Agitation-Sedation Scale: validity and
reliability in adult intensive care unit patients. Am J Respir Crit
Care Med. 2002;166:1338-44.

10. Harris PA, Taylor R, Minor BL, Elliott V, Fernandez M, O’Neal L,
et al. The REDCap consortium: building an international com-
munity of software platform partners. J Biomed Inform. 2019;
95.

11. Extracorporeal Life Support Organization (ELSO). ELSO Interna-
tional Summary of Statistics | ECMO | ECLS [Internet] [accessed
1 Feb 2024]. Available from: https://www.elso.org/.

12. Garcia-Gigorro R, Renes-Carrefio E, Pérez-Vela JL, Marin-Mateos
H, Gutiérrez J, Corrés-Peiretti MA, et al. Mechanical sup-
port with venoarterial extracorporeal membrane oxygenation
(ECMO-VA): short-term and long-term prognosis after a success-
ful weaning. Med Intensiva. 2017;41:513-22.

13. Shaefi S, Brenner SK, Gupta S, O’Gara BP, Krajewski ML, Chary-
tan DM, et al. Extracorporeal membrane oxygenation in patients
with severe respiratory failure from COVID-19. Intensive Care
Med. 2021;47:208-21.

14. Lockhart CE, Garcia CAC, Las Heras M, Matarrese A, Espinosa LF,
Norese M, et al. Characteristics and outcomes in extracorporeal
membrane oxygenation support in COVID-19 patients: a nation-
wide cohort-study in Argentina. Acta Colomb Cuidado Intensivo.
2023;23:8-15.

15. Warren A, Chiu YD, Villar SS, Fowles J, Symes N, Barker J,
et al. Outcomes of the NHS England National Extracorporeal
Membrane Oxygenation Service for adults with respiratory fail-
ure: a multicentre observational cohort study. Br J Anaesth.
2020;125:259-66.

16. Friedrichson B, Mutlak H, Zacharowski K, Piekarski F. Insight
into ECMO, mortality and ARDS: a nationwide analysis of 45,647
ECMO runs. Crit Care. 2021;25.

17. Carpenter JL, Yu YR, Cass DL, Olutoye 00, Thomas JA, Burgman
C, et al. Use of venovenous ECMO for neonatal and pediatric
ECMO: a decade of experience at a tertiary children’s hospital.
Pediatr Surg Int. 2018;34:263-8.

18. Karamlou T, Vafaeezadeh M, Parrish AM, Cohen GA, Welke
KF, Permut L, et al. Increased extracorporeal membrane oxy-
genation center case volume is associated with improved
extracorporeal membrane oxygenation survival among pediatric
patients. J Thorac Cardiovasc Surg. 2013;145:470-5.

19. Freeman CL, Bennett TD, Casper TC, Larsen GY, Hubbard A,
Wilkes J, et al. Pediatric and neonatal extracorporeal mem-
brane oxygenation: does center volume impact mortality? Crit
Care Med. 2014;42:512-9.

20. Noah MA, Peek GJ, Finney SJ, Griffiths MJ, Harrison DA, Grieve
R, et al. Referral to an extracorporeal membrane oxygenation
center and mortality among patients with severe 2009 influenza
A(HIN1). JAMA. 2011;306:1659-68.

21. Marhong JD, Telesnicki T, Munshi L, Del Sorbo L, Detsky M,
Fan E. Mechanical ventilation during extracorporeal membrane
oxygenation. An international survey. Ann Am Thorac Soc.
2014;11:939-44.

22. MaclLaren G, Combes A, Bartlett RH. Contemporary extracor-
poreal membrane oxygenation for adult respiratory failure: life
support in the new era. Intensive Care Med. 2012;38:210-20.

23. Combes A, Brodie D, Bartlett R, Brochard L, Brower R, Conrad
S, et al. Position paper for the organization of extracorporeal
membrane oxygenation programs for acute respiratory failure
in adult patients. Am J Respir Crit Care Med. 2014;190:488-96.

10


http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0005
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0010
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0015
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0020
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0025
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0030
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0035
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0040
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0045
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0050
https://www.elso.org/
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0060
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0065
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0070
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0075
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0080
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0085
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0090
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0095
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0100
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0105
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0110
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115
http://refhub.elsevier.com/S2173-5727(25)00004-9/sbref0115

	Experience with extracorporeal membrane oxygenation support in Latin America between 2016 and 2020
	Introduction
	Patients and methods
	Study design and participants
	Data collection instrument
	Statistical analysis

	Results
	ECMO centers general characteristics
	Health professionals and assistant personnel
	Performed interventions
	Outcomes

	Discussion
	Conclusions
	CRediT authorship contribution statement
	Funding
	Declaration of competing interest
	Acknowledgments

	References

