
1. Materials and Methods

Following the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-

Analyses) scoping guidelines [1], this scoping review aims to identify characteristics and 

specific training media to include in ECMO simulations and simulators (ECMO sims). In 

addition, desk research was carried out to gather relevant literature for recent develop-

ments [2-13] and commercially available ECMO sims [14-27]. 

1.1. Desk Research 

The in- and exclusion criteria for the literature collection were as follows: 

• Research material is derived from (online) databases, including: PubMed, Web of

Science Core Collection, and Google (Scholar);

• Research material is taken from its original source;

• The literature contains information regarding ECMO sims;

• The information applies to the comparison of ECMO sims;

• The literature has not been retracted;

• No case studies are used unless the importance of the study can be argued;

• No review studies are included in the literature to process specific device develop-

ments;

• The language of the literature material should be available in English.

A list of key concepts related to ECMO sims was created, and for each key concept

synonyms, narrow terms, and broader terms were drawn up and used in search queries 

(Table 1). 

Table S1. List of key concepts with accompanying synonyms, narrower terms and broader terms 

used to make search queries in (online) databases, such as PubMed, Web of Science Core Collection, 

and Google (Scholar). 

Key Concepts Synonyms Narrower Terms Broader terms 

Simulation Model Computation  Artificial 

Modeling Computational Copy 

Simulator Computer-simulation Imitation 

Numerical simulation Mock-up 

Physical simulation Resemblance 

Mannikin Substitute 

Physical Material Artificial blood Authentic 

Substantial Artificial tissue Real 

Tangible Un-imaginary 

ECMO Air support Acute life support ICU 

Artificial lung Gas exchange Hospital 

Breath support Jetted outflow Ventilator 

ECLS Lungs 

Oxygenator Non-physiological flow 

Respiratory support 



Lung Pneumonic system Alveoli Air 

Pulmonary system Bronchial tubes Breathing 

Pulmonic system Bronchioles Organ 

Respiratory system Bronchus Oxygen 

Capillary (network) 

Pulmonary artery  

Pulmonary vein 

Trachea 

Device Apparatus Mechanics Innovation 

Gadget Software Invention 

Instrument System Mechanics 

Machine Tactic 

Mechanism Technology 

Tool 

Production Construction Assembly Creation 

Fabrication Attach Design 

Manufacture Constrain Establish 

Fixate Generate 

Machinery Invent 

Mould Organize 

The search results’ relevance was noted in a table to keep an overview of the pro-

cessed work. E.g. the search query TITLE-ABS-KEY(ecmo AND Simulator) in Scopus Else-

vier was sorted by relevance and gave 38 results of which 10 were relevant. The bibliog-

raphy of all the relevant literature was read thoroughly to identify all the applicable liter-

ature. Selected literature was then reviewed by all authors and relevant information was 

summarized in the literature database. Examination of this literature lead to an overview 

of the developed and commercially available ECMO sims. 

1.2. Fidelity classification 

To distinguish the level of fidelity between the ECMO sims, fidelity was categorized 

into: low-fidelity, mid-fidelity, and high-fidelity. Furthermore, the overall fidelity was de-

rived from the median of the definition-based fidelity, component fidelity, and customi-

zation fidelity. 

1.2.1. Definition-based fidelity 

To determine the fidelity classification of ECMO sims, existing definitions were used 

when possible, i.e. definition-based fidelity (DBF). These definitions have been derived 

from established dictionaries, standards, and literature, such as the oxford dictionary, the 

International Organization for Standardization (ISO), and The ELSO Red Book [28] (Table 

A1). According to the Healthcare Simulation Dictionary [29], DBF can be divided into four 

sub-categories: conceptual fidelity, functional fidelity, physical fidelity, and psychological 

fidelity. For conceptual fidelity, differentiation between computational, physical, or a 

combination of both was determined. This was deduced from the available information 

about the ECMO sim. The level of functional, physical, and psychological fidelity was 

assigned by the authors educated guess based on the available ECMO information. When 

the level of fidelity was determined to be low, a minus (-) was assigned. When mid, a plus-

minus (+/-) was appointed, and a plus (+) was set to the ECMO sim when high. Eventually, 

the median of these last three fidelities was calculated to determine the DBF classification 

and agreed upon with all co-authors. As DBF classification is subjective, this classification 



was weighed alongside the component fidelity and the customization fidelity for im-

proved objectiveness.  

1.2.2. Component fidelity 

Component fidelity is based on the main components of ECMO: diagnostics, circuit 

priming, circuit monitoring, cannulation, connection ECMO/oxygenator, gas exchange, 

hemodynamics, weaning, decannulation, and (clinical) scenarios [30]. Based on the avail-

able information about the ECMO sim, the authors determined whether a component was 

included in the design or not. In case a component was included, it was specified if it was 

included computationally (C), physically (P), or as a combination of both. A total score 

out of 10 possible components determined whether the component fidelity is low, mid, or 

high. Low-fidelity was assigned to ECMO sims when the total ECMO components were 

≤ 3, mid-fidelity was assigned when the total ECMO components was 4 to 7, while high 

fidelity was assigned when the total amount of ECMO components were ≥ 8. 

1.2.3. Customization fidelity 

Customization fidelity was based on the ability to adjust ECMO sim parameters to 

create more diverse patient-related scenarios. Similar to the component fidelity, the au-

thors, based on the available ECMO sim information, determined whether a parameter 

was included in the design. The six parameters considered for ECMO sims were: sex, age, 

body size, race, disease and/or anatomy, and BMI / fat percentage. These parameters were 

chosen to influence the ECMO procedure. Race was left out of a secondary classification 

for computational or a combination of computational and physical ECMO sims without 

representation of the patient, resulting in five parameters. Low customization fidelity was 

based on ≤ 2/6 or 1/5, mid-fidelity customization was between 2/6 and 5/6 or between 

1/5 and 5/5, while high fidelity customization was achieved when ≥ 5/6 or 5/5.  

1.2.4. Overall fidelity 

Finally, the median of the outcomes of all these fidelity types was calculated for each 

ECMO sim to determine the overall fidelity. Based on these outcomes, the ECMO sims 

were compared to each other and allocated to overall low-, mid-, and high-fidelity ECMO 

sims.



Appendix A 

Established nomenclature based on existing literature (Table A1, left column) and slight changes based on our expert opinion 

when these definitions are applied to the field of ECMO simulation 

Table A1. Nomenclature created out of existing definitions. The first column shows the word, second column cites the definition found in literature, 

the third column displays the source in which the definition was found, and the fourth column presents an altered definition in case the literature 

definitions did not correlate with the specific application of ECMO. 

Word Literature definition Source Our definition 

Cannulation “A thin tube inserted into a vein or body cavity to administer medica-

tion, drain off fluid, or insert a surgical instrument”. 

“Cannulae are integral parts of the circuit and provide the intravascu-

lar connections to the patient”. 

[31] 

[30] 

Technique to insert a tube, also known as cannulae, into a vessel (vein 

or artery). Cannulae are integral parts of the circuit and provide the in-

travascular connections to the patient. 

(Clinical) Scenarios “A deliberately designed simulation experience (also known as a 

case), that provides participants with an opportunity to meet identi-

fied objectives. The scenario provides a context for the simulation and 

can vary in length and complexity, depending on the objectives.” [32-

36] 

Taken 

from 

source(s) 

in [37] 

A deliberately designed simulation experience (also known as a case), 

that provides participants with an opportunity to meet identified objec-

tives. The scenario provides a clinically plausible context for the simula-

tion and can vary in length and complexity, depending on the objec-

tives. 

Circuit priming “The prime is recirculated through a reservoir until all bubbles are re-

moved”. “The ECLS circuit is primed under sterile conditions”. 

[28] The prime is recirculated through a reservoir until all bubbles are re-

moved (de-airing) before connection to the patient”. “The ECLS circuit

is primed under sterile conditions” 

Circuit monitoring “a device used for observing, checking, or keeping a continuous rec-

ord of something”. 

“Circuit monitoring is required to ensure the proper functionality of 

the circuit and to guide proper management. Common circuit moni-

toring techniques include flow, pressure, and saturation monitoring 

through integrated or external sensors”. 

[31] 

[30] 

A method used for observing, checking, or keeping a continuous record 

of flows, pressures, blood features and other attributes.  

Circuit monitoring is required to ensure the proper functionality of the 

circuit and to guide effective patient management. Common circuit 

monitoring techniques include integrated or external sensors to detect 

blood flow, pressures, pump speed (rotations per minute), and oxygen 

saturation. 

Component fidelity N/A N/A Fidelity based on the main components of ECMO: diagnostics, circuit 

priming, circuit monitoring, cannulation, connection ECMO/oxygen-

ator, gas exchange, hemodynamics, weaning, decannulation, and (clini-

cal) scenarios [42] 



Computational (simulator) “using or relating to computers” 

“relating to the process of mathematical calculation” 

[31] A simulation relating to the process of mathematical calculations per-

formed by a computer. 

Conceptual fidelity “In health care simulation, ensures that all elements of the scenario 

relate to each other in a realistic way so that the case makes sense as a 

whole to the learner(s) (For example: Vital signs are consistent with 

the diagnosis)”. 

[29] N/A 

Connection oxygenator “the action of linking one thing with another”, in this case the oxy-

genator with the accompanying equipment. 

[31] N/A 

Customization (fidelity) “modify (something) to suit a particular individual or task” [31] “modify (something) to suit a particular individual or task”, in this case

the patient simulator related parameters: sex, age, size, race, disease

and/or anatomy, and fat percentage/BMI. 

Decannulation “Extubation of a cannula” [38] Removal of a cannula. 

Diagnosis/diagnostics “The identification of the nature of an illness or other problem by ex-

amination of the symptoms”. 

[31] N/A 

Environmental fidelity “The degree to which the simulated environment (manikin, room, 

tools, equipment, moulage, and sensory props) replicates reality and 

appearance of the real environment”. 

[29] N/A 

(Definition-based) Fidelity “The ability of the simulation to reproduce the reactions, interactions, 

and responses of the real-world counterpart. It is not constrained to a 

certain type of simulation modality, and higher levels of fidelity are 

not required for a simulation to be successful”. 

[29] N/A 

Functional fidelity “The degree in which the equipment used in the simulation responds 

to the participant’s actions; e.g., a static ventilator would offer low 

functional fidelity compared to a working ventilator in a simulation 

requiring a ventilator alarm”. 

[29] N/A 

Gas exchange “The ability to simulate lung function through the use of an artificial 

lung”. 

“Oxygen and CO2 diffuse between the gas and the blood as a function 

of the gradient between the partial pressures on each side”. 

[30] 

[28] 

N/A 

Hemodynamics “Relating to the flow of blood within the organs and tissues of the 

body” 

“…the distribution of blood flow and blood pressure in the vascular 

system. The main factors involved are the pulsatile driving pressure 

[31] 

[39] 

Basic measures of cardiovascular function, relating to blood flow and 

pressure in the vascular system, and perfusion within the organs and 

tissues of the body. The main factors involved are the pulsatile driving 

pressure generated by the heart, the flow characteristics of blood, and 

the geometric structure and mechanical properties of the vessels. 



generated by the heart, the flow characteristics of blood, and the geo-

metric structure and mechanical properties of the vessels. … In medi-

cal contexts, the term “hemodynamics” often refers to basic measures 

of cardiovascular function, such as arterial pressure or cardiac out-

put.” 

High-fidelity simulator “A term often used to refer to the broad range of full-body manikins 

that have the ability to mimic, at a very high level, human body func-

tions”. 

[29] A term often used to refer to the broad range of full-body models or

manikins that have the ability to mimic, at a very high level, human

body functions. 

High-fidelity simulation “In health care simulation, high-fidelity refers to simulation experi-

ences that are extremely realistic and provide a high level of interac-

tivity and realism for the learner [40]. It can apply to any mode or 

method of simulation; for example: human, manikin, task trainer, or 

virtual reality.” 

Taken 

from 

source in 

[29] 

N/A 

Immersive simulation “A simulation session influenced by participants’ characteristics, ex-

periences, level of training, and preparation for the case or task,. The 

perceived physical, conceptual and emotional fidelity, the appropri-

ate level of challenge, and the simulators and actors can all affect the 

simulation experience” [41] 

Taken 

from 

source in 

[29] 

N/A 

Low-fidelity “Not needing to be controlled or programmed externally for the 

learner to participate [42]; examples include case studies, role play-

ing, or task trainers used to support students or professionals in 

learning a clinical situation or practice (Adapted from [43])” . 

Taken 

from 

source in 

[29] 

N/A 

Manikin /mannikin “A jointed model of the human body, used in anatomy or as an 

artist's lay figure”. 

[31] N/A 

Mid-fidelity “Use of computer technology to assist learners in developing compe-

tencies in skills” 

[44] Use of (computer) technology to assist learners in developing compe-

tencies in skills. 

Overall fidelity N/A N/A The definite fidelity of an ECMO simulation or simulator derived from 

definition-based, component, and customization fidelity. 

Physical fidelity “The degree to which the simulation looks, sounds, and feels like the 

actual task” [45] 

Taken 

from 

source in 

[29] 

N/A 

Physical (simulator) See also Physical fidelity. N/A Simulations substituting an object (or person) for an, often simplified, 

material representation as a real-life counterpart. 



Psychological fidelity “The degree of perceived realism, including psychological factors 

such as emotions, beliefs, and self-awareness of participants in simu-

lation scenarios” [46]. 

Taken 

from 

source in 

[29] 

N/A 

Realism “Refers to the physical characteristics of the activity, semantical as-

pects of the activity (theories and conceptual relations – if A happens 

then B occurs), and/or the phenomenal aspects of the activity (emo-

tions, beliefs, and thoughts experienced).” 

[29] N/A 

Simulation “A technique that creates a situation or environment to allow persons 

to experience a representation of a real event for the purpose of prac-

tice, learning, evaluation, testing, or to gain understanding of systems 

or human actions”. 

[29] N/A 

Simulation fidelity “The physical, semantic, emotional, and experiential accuracy that al-

lows persons to experience a simulation as if they were operating in 

an actual activity (SSH)” 

[29] N/A 

Weaning “Accustom (someone) to managing without something which they 

have become dependent on” 

“The transition to normal patient circulation and physiology from ex-

tracorporeal circulation”. 

[31] 

[47] 

Accustom (someone) to managing without ECMO which they have be-

come dependent on. Also known as: the transition to normal patient cir-

culation and physiology from extracorporeal circulation. 
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