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ABSTRACT

Background: The use of extracorporeal membrane oxygenation (ECMO) has grown
rapidly over the past decades because of evolving indications, advances in circuit
technology, and encouraging results from modern trials. Because ECMO is a complex
and highly invasive therapy that requires a multidisciplinary team, optimal education,
training, and credentialing remain a challenge.

Objective: The primary objectives of this study were to investigate the prevalence and
application of ECMO education and ECMO practitioner credentialing at ECMO
centers globally. In addition, we explored differences among education and
credentialing practices in relation to various ECMO center characteristics.
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Methods: We conducted an observational study of ECMO centers worldwide using a
survey querying participants in two major domains: ECMO education and ECMO
practitioner credentialing. Of note, the questionnaire included ECMO program
characteristics, such as type and size of hospital and ECMO experience and volume,
to explore the association with the two domains.

Results: A total of 241 (32%) of the 732 identified ECMO centers responded to the
survey, representing 41 countries across the globe. ECMO education was offered
at 221 (92%) of the 241 centers. ECMO education was offered at 105 (98.0%)
high–ECMO volume centers compared with 136 (87.5%) low–ECMO volume centers
(P=0.005). Credentialing was established at 101 (42%) of the 241 centers. Credential-
ing processes existed at 52 (49.5%) high–ECMO volume centers compared with 51
(37.5%) low–ECMO volume centers (P=0.08) and 101 (49.3%) Extracorporeal Life
Support Organization centers compared with 1 (2.7%) non–Extracorporeal Life
Support Organization center (P, 0.001).

Conclusion: We found significant variability in whether ECMO educational curricula
are offered at ECMO centers. We also found fewer than half of the ECMO centers
surveyed had established credentialing programs for ECMO practitioners. Future
studies that assess variability in outcomes among centers with and without standardized
educational and credentialing practices are needed.
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Extracorporeal membrane oxygenation
(ECMO) is a form of mechanical
respiratory and/or circulatory support
used to manage patients with refractory
respiratory and/or cardiac failure. The
use of ECMO has grown rapidly over the
past decades because of evolving indica-
tions, advances in circuit technology, and
encouraging results from modern trials

(1–7). Although there has been a signifi-
cant increase in hospitals reporting data to
the Extracorporeal Life Support Organiza-
tion (ELSO) registry, the number of hospi-
tals providing ECMO globally remains
unknown (8). Despite this increase in utili-
zation, availability, and experience, there
remains wide variability in global out-
comes and complications (8, 9).
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Because ECMO is a complex and highly
invasive therapy that requires a
multidisciplinary team (e.g., physicians,
nurses, respiratory therapists, and
perfusionists), optimal education, training,
and credentialing remains a challenge.
Founded in 1989, ELSO is a global
nonprofit organization with four
international chapters. In 2018, the
ELSOed Taskforce, consisting of 40
healthcare practitioners with expertise in
ECMO management and education, was
created to describe the state of ECMO
education and identify opportunities for
standardization and collaboration (10).
To sustain a global perspective, the
taskforce consisted of members
representing all ELSO chapters as well
as a multidisciplinary group representing
the different specialties and disciplines
involved in ECMO care. Despite ECMO
being widely used in intensive care units
around the world, little is known about
education and credentialing practices of
ECMO centers.

The primary objectives of this study
were to investigate the prevalence and
application of ECMO education and of
ECMO practitioner credentialing at
ECMO centers globally. In addition,
we set out to explore differences among
education and credentialing practices in
relation to ECMO center characteristics,
such as hospital type, hospital size,
ECMO experience, ECMO volume, and
ELSO membership, with the hypothesis
that significant variability exists in ECMO
education and credentialling practices
globally.

METHODS

This study, which was titled
“Extracorporeal educational practices,
results of an international survey,” was
approved as exempt from the Washington

University Human Research Protection
Office Institutional Review Board on
October 29, 2020 (FWA00002284).

Survey

Survey design. A systemic approach was
used to develop the survey questionnaire
(11,12). Seven members of the ELSOed
Research Workgroup developed the initial
questionnaire. Using in-person focus group
sessions, the workgroup identified two
major domains, ECMO education and
ECMO practitioner credentialing, to
address the research questions. Of note,
the questionnaire included ECMO pro-
gram characteristics, such as type and size
of hospital and ECMO experience and
volume, to explore the association with
the two domains. Within the education
domain, the questionnaire evaluated the
role of different educational modalities,
such as in-person or online didactics and
hands-on training, including water drills
and simulations. Within the credentialing
domain, the questionnaire evaluated
credentialing requirements for ECMO
practitioners, including maintenance of
credentialing and barriers to credentialing.
Furthermore, using a 5-point Likert scale,
we assessed the perceived importance of
didactic and hands-on education as well as
perspectives on minimum competency
requirements for ECMO credentialing in
the future.

The questionnaire was reviewed by the
remaining four members of the ELSOed
Research Workgroup for validation. First,
it was pilot tested by the group to ensure
clarity, relevance, and flow. Subsequently,
it underwent clinical sensibility testing for
comprehensiveness and face validity using
a standardized assessment approach. Each
step was followed by questionnaire revision
with subsequent repetition until all
concerns were addressed. A total of five
questions were removed from the
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questionnaire because of redundancy or
ambiguity. The final questionnaire
consisted of 10 questions on demographics,
15 in the education domain, and 10 in the
credentialing domain.

Survey sample. Global ECMO centers
were identified using two approaches.
First, we queried the ELSO registry for
registered ECMO centers. A total of 578
ELSO ECMO centers were identified
from the database. Second, to identify
ECMO centers not registered with the
ELSO database, ECMO clinicians were
identified using targeted campaigns on
social media platforms (Twitter, Facebook,
LinkedIn, and Instagram) and past ELSO
conference participant registries. A
preliminary survey (see data supplement)
was sent to all identified ECMO clinicians
to assess for interest in study enrollment,
and an additional 154 non-ELSO centers
were identified. A total of 732 ECMO
centers remained after crosschecking for
duplication.

Survey administration. The survey was
hosted on Google Forms (Alphabet Inc.;
www.docs.google.com/forms) and distrib-
uted in June 2019. Only one survey was
collected per program, and we did not
incentivize participation. To maximize the
response rate, an electronic reminder was
sent to all participants at 1-week intervals
for 3weeks. When multiple responses were
received from the same institution, we
only included the survey from the first
respondent.

Statistical Analysis

Statistical analyses and figure generation
were performed using R and RStudio
version 1.4.1106 (2009–2021 RStudio,
PBC). Qualitative variables are reported
as number and percentage, and
quantitative variables are reported as

median and interquartile range unless
otherwise specified. To assess the
educational and credentialing practices in
general, we first performed a descriptive
analysis of the frequency and percentage
of all responses. We then performed
comparative analyses based on the
respondents’ institution type, institution
volume, ELSO membership, ECMO
volume, and ECMO experience to assess
for any differences in either educational or
credentialing practices based on these
distinguishing criteria. To aid in the
comparative analysis, 500–hospital bed
volume was used to categorize large insti-
tution size, a cutoff of 30 annual ECMO
runs was used to identify centers with high
ECMO volume, and 5 years of ECMO
experience was used to identify centers
with long ECMO experience. Mann-
Whitney U test was used when comparing
continuous variables and chi-square test
for categorical variables. A P value of
,0.05 was considered statistically
significant.

RESULTS
ECMO Program Characteristics

A total of 241 (32%) of the 732 identified
ECMO centers responded to the survey,
representing 41 countries across the globe
and all six inhabited continents (Figure 1).
One hundred forty-four (60%) of the cen-
ters were from North America, 53 (22%)
from Europe, 24 (11%) from Asia, 8 (3%)
from South America, 8 (3%) from Austra-
lia/New Zealand, and 2 (1%) from Africa,
matching the global distribution of
ECMO centers within the ELSO registry.
Respondents included 87 nurses (36%), 32
perfusionists (15%), 24 respiratory specia-
lists (10%), 22 intensivists (9%), 20
anesthesiologists (8%), 12 nurse practi-
tioners (5%), 12 cardiac surgeons (5%),
and 29 others (12%). A total of 205 (85%)
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of the ECMO centers were ELSO centers.
Table 1 summarizes the ECMO centers’
demographics and characteristics.

ECMO Education

Among survey respondents, ECMO
education was offered at 221 (92%) of the
241 centers. Education was offered at 105
(98.0%) high–ECMO volume centers
compared with 136 (87.5%) low–ECMO
volume centers (P=0.005), 198 (96.6%)
ELSO centers compared with 23 (63.9%)
non-ELSO centers (P, 0.001), and 135
(93.1%) academic institutions compared
with 87 (90.6%) nonacademic institutions
(P=0.64). Additional data on education
offering when compared by other center
characteristics are listed in Table 2.

ECMO education delivered through both
didactics and simulation was perceived as
very important or extremely important by
the majority (95%) of respondents. No
center reported didactics or simulation
education as not important. High–ECMO
volume centers attached a higher impor-
tance to simulation-based training versus
low–ECMO volume centers. There was a
significant difference in perceived impor-
tance of both didactics and simulation
education among ELSO compared with
non-ELSO centers for importance of
didactics and simulation education
(Figure 2).

ECMO volume, regular interval simulations,
clinical protocol developments, and quality
improvement initiatives were deemed more
important to maintain ECMO competency

Figure 1. Geographical distribution of extracorporeal membrane oxygenation centers participating in the survey. (A) Response count by countries.
(B) Geographic display and response count by continents. (C) Response count in percentage by continents.
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than attendance at journal clubs, attendance
at national ECMO conferences, or
conducting ECMO research. Compared
with respondents from lower–ECMO vol-
ume centers, those from high–ECMO

volume centers attached lower importance
to involvement in writing or publishing
ECMO guidelines and protocols (P=0.017)
but higher importance to membership in sci-
entific societies (P=0.04). Furthermore,

Table 1. Baseline characteristic of participating extracorporeal membrane
oxygenation centers

Demographics and Characteristics n (%)

ECMO Program

Adult only 124 (51)

Pediatric only 4 (2)

Neonate only 7 (3)

Mixed 106 (44)

ECMO configuration

V–A and V–V 229 (95)

V–A only 5 (2)

V–V only 6 (3)

Annual ECMO volume

.30 ECMO 105 (44)

,30 ECMO 131 (54)

Total hospital bed count

0–300 beds 31 (13)

301–500 beds 67 (28)

.500 beds 100 (41)

ECMO center experience, yr

0–2 14 (6)

3–5 44 (18)

6–10 45 (19)

11–20 56 (23)

.20 81 (34)

Registered ELSO center

Yes 205 (85)

No 36 (15)

Definition of abbreviations: ECMO=extracorporeal membrane oxygenation; ELSO=Extracorporeal Life
Support Organization; V–A=veno-arterial; V–V= veno-venous.
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respondents from ELSO centers reported
higher importance to the number of ECMO
patients treated, regular skills and
simulation-based training, and involvement
in the ECMO guidelines and protocols com-
pared with those from non-ELSO centers
(P=0.048, 0.048, and 0.049, respectively).
Most centers either agreed or strongly
agreed with the usefulness of ELSO
resources such as the Red Book (204
[84.6%]), Specialist Training Manual (193
[80%]), and online guidelines (192 [79.7%]).

Credentialing Practices

Among survey respondents, 101 (42%)
centers have established credentialing
processes for ECMO practitioners.
Credentialing processes existed at 52
(49.5%) high–ECMO volume centers
compared with 51 (37.5%) low–ECMO
volume centers (P=0.08), 101 (49.3%)
ELSO centers compared with 1 (2.7%)
non-ELSO center (P, 0.001), and 60
(41.4%) academic institutions compared
with 43 (44.8%) nonacademic institutions

(P=0.69). Additional data on credential-
ing when compared by other demo-
graphics are listed in Table 3. For centers
with credentialing practices, responsibility
for credentialing fell under the ECMO
program director (51%) or occurred at the
hospital level (30%). There were variable
frequencies for recredentialing depending
on the type of ECMO practitioner. Recre-
dentialing was required every 2–5 years
for physicians (52.6%) and every year for
nurses or nurse practitioners (83.3%),
perfusionists (73.5%), and respiratory
therapists (85.4%).

Barriers to Credentialing

Lack of funding, infrastructure, and time
were identified by respondents as the main
barriers to ECMO credentialing. Low-
volume centers reported ECMO volume,
training expertise, and simulation expertise
to be a greater barrier to ECMO
credentialing relative to high-volume cen-
ters (Table 3). Similarly, centers with longer
ECMO experience attached higher

Figure 2. (A) Perceived importance of didactic and simulation extracorporeal membrane oxygenation (ECMO) education among Extracorporeal
Life Support Organization (ELSO) and non-ELSO centers. (B) Perceived importance of didactic and simulation ECMO education among high and
low ECMO volume centers.
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importance to ECMO volume, training
experience, and simulation expertise than
centers with shorter ECMO experience. In
addition, respondents from nonacademic
centers attached slightly higher importance
to ECMO volume, training experience,
and simulation expertise. There were no
other differences in the perceived barriers
to credentialing when compared by
ECMO center characteristics. Non-ELSO
centers perceived lack of funding, training
expertise, and simulation expertise to be a
greater barrier to ECMO credentialing
compared with ELSO centers (Table 3).

Credentialing Requirement

Respondents identified knowledge tests,
practical tests, and simulation training as
being of greater importance than ECMO
volume or research as minimum
requirements for ECMO credentialing;
54% of centers believed attendance at an
ELSO or ELSO-endorsed ECMO course
should be a part of the clinician
credentialing requirement.

DISCUSSION

As the first international study evaluating
global ECMO education and
credentialing practices, the primary
findings are: 1) there is significant
variation in ECMO educational offerings
among high–ECMO volume centers com-
pared with low-volume centers as well as
ELSO and non-ELSO centers; 2) fewer
than half of ECMO centers have estab-
lished credentialing programs for ECMO
practitioners; and 3) lack of funding, infra-
structure, and time are the primary bar-
riers to credentialing.

Given the rapid growth of ECMO, our
findings are important and timely. ECMO
remains a highly complex and resource-
intensive intervention requiring specialized
knowledge, quick decision making, and

interdisciplinary teamwork. Variations in
educational opportunities at high-volume
compared with low-volume centers as well
as ELSO and non-ELSO centers were
anticipated, but the difference in the per-
ceived importance of education was unex-
pected. Whether this difference reflects
greater accessibility to educational
resources and better program infrastruc-
ture or is a consequence of the greater
perceived importance of ECMO educa-
tion is unclear. Our study’s findings are
consistent with prior reports of varied edu-
cational practices in the United States
(13–15). Recently, Schwartz and collea-
gues reported that coordinating best
ECMO practices through education
reduced complications and improved rates
of ECMO weaning and survival to dis-
charge, without additional cost, across
ECMO programs within a healthcare sys-
tem (16). Similarly, Anderson and collea-
gues demonstrated that ECMO education
improved cognitive, technical, and behav-
ioral skills in both ECMO simulation and
real-time practice (17). In addition, Bur-
khart and colleagues documented
improved confidence scores and crisis
management in a simulation-based
ECMO training program (18). It is likely
that improving access to critical educa-
tional resources and collaboration among
ECMO centers could facilitate improved
educational initiatives and possibly
ECMO outcomes (19–23).

Certification is a vital process for
healthcare practitioners to ensure that a
minimum level of education or training
with associated competency has been met.
In contrast with licensure, which is a
statutory or regulatory requirement,
certification is a voluntary process that is
meant to confer recognition of clinical
excellence. We found that fewer than half
of ECMO centers had established
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credentialing programs, with significantly
fewer credentialing practices at non-ELSO
compared with ELSO centers. Our study’s
findings are consistent with prior reports
of varied credentialing practices (24). At
the hospital level, several barriers to
credentialing, including lack of funding,
infrastructure, and time, were identified.
Although these hurdles pose significant
challenges to overcome, ELSO recently
outlined a standardized ECMO education
and practitioner certification pathway in
hopes of facilitating hospital-level
credentialing of ECMO practitioners (25).

Limitations

The present study should be interpreted in
the context of certain limitations. First,
although the study sample primarily reflects
responses from U.S. and European centers,
the response rate matches the global
distribution of ECMO centers within the
ELSO registry. Second, every effort was
made to include both ELSO and non-
ELSO centers. Despite this, there are likely
many institutions practicing ECMO that
are not represented, and we recognize that
a larger sample of non-ELSO centers may

yield different results. Finally, given the
lack of standardization for ECMO educa-
tion and credentialing, individual interpre-
tation of the terms could vary among
centers based on local regulations.

Conclusions

Our study identifies important deficits in
ECMO education and credentialing
practices around the world. Development
of appropriate educational standards for
ECMO practice has the potential to
decrease care variability and improve
patient outcomes. A standard educational
training pathway and certification process
presents a challenge to encompass the
varied practices worldwide. There is a clear
need for the development of a standardized
ECMO education and training pathway to
achieve a minimum level of competency.
Future studies that assess the association
between ECMO center outcomes and the
presence or absence of standardized
educational and credentialing practices
would be welcomed.

Author disclosures are available with the
text of this article at www.atsjournals.org.

REFERENCES
1. Davies A, Jones D, Bailey M, Beca J, Bellomo R, Blackwell N, et al.; Australia and New Zealand

Extracorporeal Membrane Oxygenation (ANZ ECMO) Influenza Investigators. Extracorporeal
membrane oxygenation for 2009 influenza A(H1N1) acute respiratory distress syndrome. JAMA

2009;302:1888–1895.

2. Peek GJ, Mugford M, Tiruvoipati R, Wilson A, Allen E, Thalanany MM, et al.; CESAR trial
collaboration. Efficacy and economic assessment of conventional ventilatory support versus
extracorporeal membrane oxygenation for severe adult respiratory failure (CESAR): a multicentre
randomised controlled trial. Lancet 2009;374:1351–1363.

3. Combes A, Hajage D, Capellier G, Demoule A, Lavou�e S, Guervilly C, et al.; EOLIA Trial Group,
REVA, and ECMONet. Extracorporeal membrane oxygenation for severe acute respiratory
distress syndrome. N Engl J Med 2018;378:1965–1975.

4. Goligher EC, Tomlinson G, Hajage D, Wijeysundera DN, Fan E, J€uni P, et al. Extracorporeal
membrane oxygenation for severe acute respiratory distress syndrome and posterior probability of
mortality benefit in a post hoc Bayesian analysis of a randomized clinical trial. JAMA 2018;320:
2251–2259.

ORIGINAL RESEARCH

| Patel, Said, Justus, et al.: International Survey of ECMO Education and Credentialing 81

http://www.atsjournals.org/doi/suppl/10.34197/ats-scholar.2022-0132OC/suppl_file/disclosures.pdf
http://www.atsjournals.org/doi/suppl/10.34197/ats-scholar.2022-0132OC/suppl_file/disclosures.pdf
http://www.atsjournals.org


5. Yannopoulos D, Bartos J, Raveendran G, Walser E, Connett J, Murray TA, et al. Advanced
reperfusion strategies for patients with out-of-hospital cardiac arrest and refractory ventricular fibril-
lation (ARREST): a phase 2, single centre, open-label, randomised controlled trial. Lancet 2020;396:
1807–1816.

6. Schmidt M, Hajage D, Lebreton G, Monsel A, Voiriot G, Levy D, et al.; Groupe de Recherche
Clinique en REanimation et Soins intensifs du Patient en Insuffisance Respiratoire aiguE (GRC-
RESPIRE) Sorbonne Universit�e; Paris-Sorbonne ECMO-COVID investigators. Extracorporeal
membrane oxygenation for severe acute respiratory distress syndrome associated with COVID-19:
a retrospective cohort study. Lancet Respir Med 2020;8:1121–1131.

7. Alba AC, Foroutan F, Buchan TA, Alvarez J, Kinsella A, Clark K, et al. Mortality in patients with
cardiogenic shock supported with VA ECMO: a systematic review and meta-analysis evaluating the
impact of etiology on 29,289 patients. J Heart Lung Transplant 2021;40:260–268.

8. Extracorporeal Life Support Organization. ECLS registry report: international summary. 2022 Apr
[accessed 2022 Jul]. Available from: https://www.elso.org/Registry/InternationalSummaryandReports/
InternationalSummary.aspx.

9. Whitman GJ. Extracorporeal membrane oxygenation for the treatment of postcardiotomy shock.
J Thorac Cardiovasc Surg 2017;153:95–101.

10. Zakhary B, Shekar K, Diaz R, Badulak J, Johnston L, Roeleveld PP, et al.; Extracorporeal Life
Support Organization (ELSO) ECMOed Taskforce. Position paper on global extracorporeal
membrane oxygenation education and educational agenda for the future: a statement from the
Extracorporeal Life Support Organization ECMOed Taskforce. Crit Care Med 2020;48:406–414.

11. Magee C, Rickards G, A Byars L, Artino AR Jr. Tracing the steps of survey design: a graduate
medical education research example. J Grad Med Educ 2013;5:1–5.

12. Burns KE, Duffett M, Kho ME, Meade MO, Adhikari NK, Sinuff T, et al.; ACCADEMY Group.
A guide for the design and conduct of self-administered surveys of clinicians. CMAJ 2008;179:
245–252.

13. Weems MF, Friedlich PS, Nelson LP, Rake AJ, Klee L, Stein JE, et al. The role of extracorporeal
membrane oxygenation simulation training at extracorporeal life support organization centers in
the United States. Simul Healthc 2017;12:233–239.

14. Gannon WD, Tipograf Y, Stokes JW, Craig L, Semler MW, Rice TW, et al. Rapid training in
extracorporeal membrane oxygenation for a large health system. ATS Scholar 2020;1:406–415.
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