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ABSTRACT

 Introduction: Extracorporeal membrane oxygenation (ECMO) for 
temporary cardiopulmonary support is one of the most intense and 
technologically complex therapies offered in medicine. It is a high-risk 
procedure that requires specific knowledge and technical skills to 
perform it with good results.
  Objective: The main goal of this study is to describe our extracorpore-
al membrane oxygenation (ECMO) training program based on the 
study of specialized nurses and physicians of a simulation teaching 
experience, conducted in a pediatric cardiac intensive care unit. The 
program was developed as a theoretical-practical course with final 
exam and annual maintenance training sessions, caring for ECMO 
patients, its implementation and results. 
  Methods: A descriptive study for registered nurses, intensivists, and 
cardiac surgeons. A self-administered, anonymous, and voluntary 
survey was conducted to assess the long-term perception about the 
program. Demographic data to describe the population was required, 
and questions about satisfaction and confidence in acquired skills 
and competences were asked. A descriptive statistical analysis was 

performed; patient survival and complications were compared before 
and after ECMO program using chi-square test, and P<0.05 was 
considered statistically significant. 
 Results: Twenty-four training courses were performed for 68 
professionals. More than 88% of the professionals considered the 
course components to be adequate and complete; and 94% felt trained 
to manage the ECMO circuit. Most valued activities were workshops 
and clinical cases. Since the implementation of the training program, 
88 patients were assisted, with a survival rate at discharge of 58%, 
higher than in the previous period (P=0.03).
 Conclusion: More than 80% of the professionals considered the 
workshops and simulations as the most useful components. Reliance 
on the circuit care was higher than in training problem scenarios. Since 
2013 we assisted 88 patients on ECMO, with a survival rate at discharge 
of 58%, within international standards results.
 Keywords: Extracorporeal Membrane Oxygenation. Simulation. 
Continuing Education. Training Courses. Education. Intensive Care 
Units. Demographic Data.

Abbreviations, Acronyms & Symbols

ECMO = Extracorporeal membrane oxygenation

ELSO = Extracorporeal Life Support Organization 

IRB  = Institutional Review Board

IQR = Interquartile range

PCICU = Pediatric cardiac intensive care unit

INTRODUCTION

  Extracorporeal membrane oxygenation (ECMO) for temporary 
cardiopulmonary support is one of the most intense and 
technologically complex therapies offered in medicine. 
Nowadays, it is considered a standard of treatment in congenital 
heart defects repair and 1-2% of the patients are supported with 
it during postoperative care[1]. It is a high-risk procedure 
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that requires specific knowledge and technical skills to perform 
it with good results. At our hospital, 600 patients per year 
undergo congenital heart surgery with a mortality rate of >5%[2]. 
We developed our ECMO program in 2006 and, together with 
surgeons, perfusionists, nurses and cardiac intensivists, cared 
for 123 ECMO patients with a 54% survival rate at discharge[3]. In 
2012, facing the lack of perfusionists, we were forced to develop a 
different mode of care, in which control and monitoring of ECMO 
circuit is performed by trained nurses and physicians supported 
by specialist nurses on-call who provide support on a 24/7 basis. 
Each patient is cared for 24 hours a day by two professionals, one 
of them for the circuit, pump control and monitoring, and the 
other for specific nursing care. To implement this mode of care, 
we developed protocols for ECMO patient care and a training 
program following the Extracorporeal Life Support Organization 
(ELSO) guidelines[4]. We considered that simulation-based 
training would be an appropriated teaching tool to acquire the 
necessary competences to bring qualified care for these patients. 
   The objective of this study is to describe the training program 
and its implementation, to analyze the teaching performance 
from the perspective of the participants, and to review clinical 
outcomes with the new mode of care after 8 years of its 
implementation.

METHODS

Design: Descriptive study about a simulation teaching experience.
Setting: Pediatric cardiac intensive care unit.

Intervention

  The training program began in 2013 and was addressed to 
pediatric cardiac intensive care unit (PCICU) physicians and 
nurses. We developed a theoretical-practical course with a final 
exam, and periodical maintenance training sessions. In-person 
and online lessons, readings and videos were available in our 
virtual campus, followed by workshops to address ECMO circuit 
operation, and simulation of emergency scenarios performed 
in our Simulation Center. Participant requirements were to 
be a pediatric intensive care certificated physician, pediatric 
critical care registered nurse, or perfusionist with more than two 
years’ experience in our unit. Minor changes were made along 
the years without affecting the basic structure of the training 
model organized into basic course, advanced course, and 
periodic training sessions to maintain skills. The most relevant 
chapters of the ELSO training manual were translated for better 
understanding and used as mandatory bibliography.
  To complete the training course, professionals were required 
to pass a final theoretical multiple-choice exam and a practical 
exam of acquired skills in two simulation scenarios developed 
with the team. A detailed curriculum of the program is outlined in 
Appendix 1. For quality assessment, at the end of each course we 
conducted two satisfaction and self-confidence surveys (Figure 1).
 Once approved, the professionals of the course joined 
the ECMO team, with increasing responsibilities in patient 
connection and disconnection, circuit monitoring, replacement, 
and patient transport. Members of the ECMO team must repeat 

the advanced course annually and take care for at least two 
ECMO patients per year (credentialing maintenance) (Figure 2).
   To evaluate the long-term perception of the training program, 
a self-administered, anonymous, and voluntary survey was 
conducted to all nurses and physicians of the PCICU (RedCap) 
after 8 years of continuing education activities. A small 
set of demographic data to describe the population was 
required, and questions addressed to evaluate satisfaction and 
confidence in acquired skills and competences throughout 
the program were asked. The educational resources evaluated 
in a 4-point Likert scale included: didactic material, theoretical 
classes, workshops, clinical cases, and simulation sessions.    
A reminder after two weeks to maximize the response 
rate was emailed. The survey is outlined in Appendix 2.
  This study was approved by the Institutional Review Board 
(IRB) of our hospital, who waived the need for informed consent 
(protocol investigation No. 1272).
   To assess the impact of the program in patient outcomes, we 
compared ECMO patient survival in two periods: 2006-2012 and 
2013-2020. Descriptive and statistical analyses were performed; 
results are expressed as absolute values and percentages or 
median and interquartile range (IQR) as appropriated. Results were 
compared by chi-square tests, considering a P<0.05 as significant.

RESULTS

    Overall, we performed 24 courses (9 basic and 15 advanced), 
and different activities related to maintenance training. Seminars 
with specialists from other centers, technology updating 
workshops, and organization of the 1st interactive symposium 
with simulation scenarios for specific issues, workshops on 
surgical management and specific nursing care for children on 
ECMO. 
  Sixty-eight professionals attended the courses: 32 intensivists 
and 36 critical care registered nurses, all of them with more than 
2 years of experience in the PCICU. Sixty percent of them (41) are 
still participating in the ECMO maintenance training program.
Regarding the survey results, 68% of the responses (70/102) were 
received. Eighty-eight percent of the respondents attended to 
ECMO training activities from the beginning of the program, and 
currently 50% of them are members of the ECMO team.
  Seventy percent of the nurses (35/70) cared for ECMO patients 
between 2012-2020; 57% took care of more than 10 patients/
circuits, 37% between 5 and 10 patients, and only 6% less than 
5 patients. More than 88% considered the campus teaching 
resources, theoretical lessons, and simulation sessions adequate 
and complete; 94% considered useful in patient care. More than 
50% felt well trained in managing ECMO circuit, although some 
differences according to the scenario were observed (Figure 
3). General opinion of the course was: 12% excellent, 51% very 
good, 34% good, and 2.4% fair. Workshops and clinical cases 
were the most valued activities of the course (Figure 4).
 Since 2006, when the program was launched, 123 patients 
were assisted with ECMO, for a median time of 3 days (IQR 
1-12), median length of stay of 20 days (IQR 1-34) with 54% 
survival at discharge[5]. Twenty-two percent of the patients were 
neonates, and 11% of the entire population had single-ventricle 
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Fig. 1 - Survey after each teaching activity.
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Fig. 2 - ECMO training program stages.

Fig. 3 - Perceived skills to solve situations after training. Confidence 
in ECMO circuit care was higher than in other situations.

Fig. 4 - Course components usefulness assessment (%). The most 
valued components were clinical cases and priming workshops.

physiology. Complications were extremely frequent; 72% of the 
patients had at least one, bleeding in first place (56.9%), and 
46% required renal replacement therapy.
  We found no significant differences between the two 
periods. Proportion of neonates was similar in both periods 
(P=0.5), and survival at discharge was slightly higher in 2013-
2020 (P=0.03), Table 1.

DISCUSSION

  ECMO is a technically challenging procedure that requires a 
wide multidisciplinary teamwork to respond with promptness 
and efficiency, and to deliver continuous care during the whole 
period of circulatory support. Mechanical complications in 
ECMO can diminish the survival by up to 71%, therefore, effective 
training is a necessary strategy to ensure promptness and proper 
intervention in recognizing and solving problems[5]. 
  Our institution started with an ECMO program supported by 
certified perfusionists with satisfactory initial results. Facing 
the increasing number of patients with indication and the 
severe limitation in the availability of specialist technicians, we 
developed a simulation-based training program for physicians 
and nurses with the aim to build an ECMO team to provide 
proper and qualified response to the new requirements. 
  Simulation is a well-accepted educational method related to 
critical care emergencies, team performance, and leadership 
skills[6-9]. It allows students to be centered not only in learning 
and training technical skills, but also in critical thinking, solving 
stressful situations, and teamwork in a safe and risk-free 
environment[10-13]. Simulation-based ECMO training has been 
established as an effective method in initial education and 
maintenance for both individuals as multidisciplinary teams[13-16]. 
ELSO suggests that institutions developing ECMO programs offer 
didactic conferences, simulations, and practices with animals to 
obtain competences. 
  Considering the evidence about traditional education by 
learning models that fails when cases are not very frequent or 
there is a global lack of team experience as in our case, we decided 
to develop a training program following institutional guidelines[4]. 
The concept of deliberate practice and enhanced performance 
is supported in multiples domains of experience. Simulation-
based training has been shown to improve surgical performance 
in neck cannulation, in ECMO specialist technical skills and 
behavior, team performance, attitudes and confidence, and 
allows an appropriate transfer of those skills to real practice[17-19].  
This is even more significant in ECMO programs like ours (<20 
cases per year) where ELSO recommends complementary 
continuing medical education to all team members[4]. As other 
published works, simulation scenarios (80%) and priming and 
troubleshooting workshops were, in our group, the activities 
considered as essential in maintaining skills[14-16]. 
   The implementation of the simulation-based training program 
would provide our ECMO team, especially nurses, with the 
necessary competences to provide continuous care to these 
critical patients. This training used multiple learning formats, 
including basic courses with high theoretical content, workshops 
with traditional simulation and deliberate practice, resolution 
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Table 1. ECMO survival at discharge, comparison between the two periods.

2006-2012 
(n=35) % 2013-2020 

(n=88) % OR (CI 95%) P-value

Neonatal patients 9 25.7 18 20.5

Pediatric patients 26 74.3 70 79.5 1.3 (0.5-3) 0.5

Survival at discharge 15 42.9 51 58 0.4 (0.18-0.95) 0.03

There were no differences in the proportion of neonates over the two periods. Survival at discharge was higher in 2013-2020.

of high-fidelity health care simulation scenarios with high 
realism and discussions based on reflection about the practice. 
   Chan et al.[19] demonstrated in their study about prospective 
assessment in novices that all participants described didactic 
education and simulation scenarios as useful to improve their 
perception on general knowledge, capacity to accomplish 
critical criteria required in simulated emergencies, and general 
confidence. Similarly, analyzing our team perception, it was 
found that more than 80% considered the training highly useful, 
but we noticed a difference in the perception of it to the different 
scenarios proposed. This leads us to think about the need to 
reinforce the features and frequencies of training encounters. 
A combination of these formats seems to be a proper structure 
and well-received by the participants. Balancing active repetition 
with the inherent cognitive load, especially in leadership roles 
and in those sessions mainly cognitive based, allows for stress 
reduction and the incorporation of physiological concepts that, 
finally, must be applied at the patient's bedside. With our program, 
training not only improved the immediate performance. The 
follow-up of participants showed the continuous incorporation 
of the concepts learned and trained during the training to the 
patient’s real experience. This is proven by survival results and 
similar complications during the initial implementation in the 
first years with certified perfusionists. 
   Lastly, it is important to note that the continuity of the training 
program is based on ECMO team participants who organize the 
training of the new ones and oversee periodical training of its 
members. It is important to mention that outcomes showed 
no significant differences between the two periods, the first 
exclusively with perfusionists and the last with specialist nurses 
caring for the patients. The improvement in survival in the last 
years is probably due to the increasing experience of the whole 
team in this procedure. As the main goal of this paper was to 
present our training program, we did not focus on detailed 
outcomes that were published in a previous report[3].

CONCLUSION

   In the frame of simulation-based ECMO training program, 24 
courses and several continuing teaching activities were carried 
out over a period of 8 years. Sixty-eight professionals from the 
PCICU were trained, of which 60% are still part of ECMO team. 
More than 80% considered the training program as positive, 
considering workshops and simulation as the most useful 

components of the program. Professional's confidence in the 
care of the circuit was greater than in other situations. Since 
2013, the program allowed us to provide ECMO to 88 patients 
with a 58% survival rate at discharge, results within international 
standards.

No financial support. 
No conflict of interest.

Authors’ Roles & Responsibilities

MLP Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

MK  Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

GEM Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

GMP Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

RER Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

ERD Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

CJC Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

Braz J Cardiovasc Surg 2022;37(5):654-662Pilan ML, et al. - ECMO Pediatric Training Program



659
Brazilian Journal of Cardiovascular Surgery 

REFERENCES

1. Thiagarajan RR. Extracorporeal membrane oxygenation for cardiac 
indications in children. Pediatr Crit Care Med. 2016;17(8 Suppl 
1):S155-9. doi:10.1097/PCC.0000000000000753. 

2. Althabe M, Rodríguez R R, Balestrini M, Charroqui A, Krynski M, Lenz 
AM, et al. Morbidity in congenital heart surgery in a public hospital 
in Argentina. Arch Argent Pediatr. 2018;116(1):e14-8. doi:10.5546/
aap.2018.eng.e14. 

3. Pilan ML, Moreno G, Krynski M, Ponce G, Montonati M, Lenz M, et al. 
Extracorporeal membrane oxygenation in pediatric cardiovascular 
care: experience of a center in Argentina. Arch Argent Pediatr. 
2019;117(3):157-63. doi:10.5546/aap.2019.eng.157. 

4. Extracorporeal Life Support Organization (ELSO). ELSO Guidelines 
for Training and Continuing Education of ECMO Specialists 
[Internet]. Ann Arbor (MI): ELSO, 9 p. Feb 2010 version 1.5 [cited 
2021 Oct 28]. Available from: Archive

5. ECMO – Extracorporeal Membrane Oxygenation. ECLS Registry 
Report International Summary. Ann Arbor (MI): ECMO. Apr 22 2021. 

MMM Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

AML Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

MBD Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

NNB Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

JCV Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

SNS Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

GVR Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

BC Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

MJA Substantial contributions to the conception or design of 
the work; or the acquisition, analysis, or interpretation 
of data for the work; final approval of the version to be 
published

[cited 2022 Jul. 17]. Available from: https://www.elso.org/Registry/
Statistics/InternationalSummary.aspx

6. Boling B, Hardin-Pierce M. The effect of high-fidelity simulation on 
knowledge and confidence in critical care training: an integrative 
review. Nurse Educ Pract. 2016;16(1):287-93. doi:10.1016/j.
nepr.2015.10.004. 

7. Capella J, Smith S, Philp A, Putnam T, Gilbert C, Fry W, et al. Teamwork 
training improves the clinical care of trauma patients. J Surg Educ. 
2010;67(6):439-43. doi:10.1016/j.jsurg.2010.06.006. 

8. Figueroa MI, Sepanski R, Goldberg SP, Shah S. Improving teamwork, 
confidence, and collaboration among members of a pediatric 
cardiovascular intensive care unit multidisciplinary team using 
simulation-based team training. Pediatr Cardiol. 2013;34(3):612-9. 
doi:10.1007/s00246-012-0506-2. 

9. Ford K, Menchine M, Burner E, Arora S, Inaba K, Demetriades D, et 
al. Leadership and teamwork in trauma and resuscitation. West J 
Emerg Med. 2016;17(5):549-56. doi:10.5811/westjem.2016.7.29812.

10. Allan CK, Thiagarajan RR, Beke D, Imprescia A, Kappus LJ, Garden A, 
et al. Simulation-based training delivered directly to the pediatric 
cardiac intensive care unit engenders preparedness, comfort, 
and decreased anxiety among multidisciplinary resuscitation 
teams. J Thorac Cardiovasc Surg. 2010;140(3):646-52. doi:10.1016/j.
jtcvs.2010.04.027. 

11. Gordon JA, Oriol NE, Cooper JB. Bringing good teaching cases 
"to life": a simulator-based medical education service. Acad Med. 
2004;79(1):23-7. doi:10.1097/00001888-200401000-00007. 

12. Rudolph JW, Raemer DB, Simon R. Establishing a safe container for 
learning in simulation: the role of the presimulation briefing. Simul 
Healthc. 2014;9(6):339-49. doi:10.1097/SIH.0000000000000047. 

13. Johnston L, Oldenburg G. Simulation for neonatal extracorporeal 
membrane oxygenation teams. Semin Perinatol. 2016;40(7):421-9. 
doi:10.1053/j.semperi.2016.08.002. 

14. Muratore S, Beilman G, John R, Brunsvold M. Extracorporeal 
membrane oxygenation credentialing: where do we stand? Am J 
Surg. 2015;210(4):655-60.e2. doi:10.1016/j.amjsurg.2015.06.022. 

15. Di Nardo M, David P, Stoppa F, Lorusso R, Raponi M, Amodeo A, 
et al. The introduction of a high-fidelity simulation program for 
training pediatric critical care personnel reduces the times to 
manage extracorporeal membrane oxygenation emergencies and 
improves teamwork. J Thorac Dis. 2018;10(6):3409-17. doi:10.21037/
jtd.2018.05.77. 

16. Allan CK, Pigula F, Bacha EA, Emani S, Fynn-Thompson F, 
Thiagarajan RR, et al. An extracorporeal membrane oxygenation 
cannulation curriculum featuring a novel integrated skills 
trainer leads to improved performance among pediatric cardiac 
surgery trainees. Simul Healthc. 2013;8(4):221-8. doi:10.1097/
SIH.0b013e31828b4179. 

17. Anderson JM, Boyle KB, Murphy AA, Yaeger KA, LeFlore J, 
Halamek LP. Simulating extracorporeal membrane oxygenation 
emergencies to improve human performance. Part I: methodologic 
and technologic innovations. Simul Healthc. 2006;1(4):220-7. 
doi:10.1097/01.SIH.0000243550.24391.ce. 

18. Anderson JM, Murphy AA, Boyle KB, Yaeger KA, Halamek LP. 
Simulating extracorporeal membrane oxygenation emergencies to 
improve human performance. Part II: assessment of technical and 
behavioral skills. Simul Healthc. 2006;1(4):228-32. doi:10.1097/01.
SIH.0000243551.01521.74. 

19. Chan SY, Figueroa M, Spentzas T, Powell A, Holloway R, Shah S. 
Prospective assessment of novice learners in a simulation-based 
extracorporeal membrane oxygenation (ECMO) education 
program. Pediatr Cardiol. 2013;34(3):543-52. doi:10.1007/s00246-
012-0490-6. 

Braz J Cardiovasc Surg 2022;37(5):654-662Pilan ML, et al. - ECMO Pediatric Training Program



660
Brazilian Journal of Cardiovascular Surgery 

Theoretical contents Practical skills Simulation sessions

ECMO background, physiology,  
indications, contraindications,  
Protocol

Equipment recognition
Roles and functions  
Recognition during connection to ECMO

Roles 
Circuit monitoring  
Anticoagulation  
ECMO patient care

Circuit assembling and priming Timed assembly and circuit priming

Multiple choice exam Practical exam
Pump failure 
Air embolism

Simulation scenarios Goals

Roles and functions  
Recognition during admission of an ECMO patient

Leadership during an emergency 
Recognition of the role of each member 
Effective communication 
Teamwork

Equipment assembly and priming
Leadership during an emergency 
Role recognition: skills, organization, and performance

Pump failure
Problem recognition  
Effective communication 
Troubleshooting

Air entry from venous side
Problem recognition  
Effective communication 
Troubleshooting

The scenarios were performed in a simulated unit with the same equipment (monitor, ventilator, infusion pumps, defibrillator, 
emergency medication, etc.). Each scenario was about 15 minutes long, with a final debrief to analyze performance and identify 
opportunities for improvement.

Appendix 1. ECMO training course program.
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