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Abstract
(Boet S, Burns JK, Jenisset E, Papp M, Bourbonnais S, Pignel R. A Delphi study to identify relevant scenarios as the first 
step toward an international hyperbaric medicine simulation curriculum. Diving and Hyperbaric Medicine. 2022 March 
31;52(1):44–48. doi: 10.28920/dhm52.1.44-48. PMID: 35313372.)
Introduction: Evidence across healthcare specialties suggests that simulation-based education improves practices and 
patient outcomes. However, simulation has yet to be widely used in hyperbaric medicine education. We aimed to identify 
the most relevant clinical scenarios for inclusion in a simulation-based curriculum for hyperbaric medicine.
Methods: After ethics approval, we used a modified Delphi consensus method. We assembled an initial questionnaire and 
distributed it online in English and French to an international group of hyperbaric physicians and operators using a snowball 
recruitment technique. Participants rated the list of scenarios using a 5-point scale ranging from 1 (least relevant) to 5 
(most relevant). Scenarios judged by at least 80% of participants to be relevant (score 4 or 5) were automatically included. 
Scenarios that did not meet this threshold and new scenarios suggested by participants during the first round were included 
in a second round.
Results: Seventy-one participants from nine countries, including both physicians and non-physicians, completed the first 
round and 34 completed the second. Five scenarios were identified as relevant: seizure, fire, cardiac arrest, pneumothorax, 
and technical deficiency such as power loss while operating the chamber.
Conclusions: Five scenarios relevant for inclusion in the simulation-based curriculum in hyperbaric medicine were identified 
by expert consensus.

Introduction

Simulation-based education is effective for imparting 
technical and non-technical skills to both individuals and 
teams across many specialties, particularly in acute care.1–4  
Since simulation poses no risk to actual patients, it is used 
across the continuum of education from undergraduate 
and postgraduate training to continuing professional 
development.4–6  Evidence suggests that skills learned 
during simulation transfer to clinical settings, improve team 
performance and, in turn, may improve patient outcomes.3,7

Hyperbaric medicine is widely used to treat patients of 
all ages with elective and urgent conditions.8–12  Effective 
medical management of hyperbaric oxygen treatment 
(HBOT) in the hyperbaric exposure period requires both 
individual and team-level clinical competencies, especially 
in emergency situations or when complications occur.13  
For example, HBOT can involve safety events such as 
hyperbaric chamber fires, acute respiratory failure or seizure, 
and complex cases such as patients who are mechanically 
ventilated.14  When a patient is inside the hyperbaric 
chamber, there is an added layer of complexity as the patient 
cannot be immediately accessed as the chamber must first 
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be decompressed, which may take up to several minutes. 
Therefore, it is imperative that healthcare professionals 
who provide HBOT become proficient in technical and 
non-technical skills; such skills include effective teamwork 
supported by interprofessional collaboration.

Despite the broad implementation of simulation-based 
education in the majority of healthcare areas, simulation has 
yet to be widely used in the context of hyperbaric medicine 
education. In fact, in our recent systematic search of the 
literature, we found only one anecdotal case report published 
in German involving simulation in hyperbaric medicine.15,16  
Without an established curriculum for hyperbaric medicine 
simulation, healthcare professionals may be missing out 
on an important opportunity to improve quality of care and 
patient safety.

In this study, we used a modified Delphi consensus process 
to identify the most relevant clinical situations in hyperbaric 
medicine that would benefit from simulated practice.

Methods

We obtained institutional ethics approval for this project 
from the Ottawa Health Science Network Research Ethics 
Board (OHSN-REB; Protocol #20190203-01H). Participants 
who volunteered to participate in the survey were presented 
with the informed consent document, which explained that 
they implied their consent by completing the survey.

STUDY DESIGN

We used a modified Delphi consensus process to identify 
the most relevant clinical situations that would benefit 
from simulated practice. The Delphi approach is a widely 
used, rigorous, and accepted method in healthcare for 
obtaining expert consensus through an iterative ranking 
process.17  The Delphi survey was distributed online using 
SurveyMonkey rather than through an in-person consensus 
meeting to facilitate participation among diverse healthcare 
professionals who often have busy and conflicting schedules 
and who are located around the world.17

PRIORITISATION OF SCENARIOS

The initial Delphi survey containing nine scenarios 
was assembled by the team of co-investigators who are 
practicing clinicians in hyperbaric medicine, including 
hyperbaric medicine physicians and non-physicians (e.g., 
nurses, respiratory therapist, technicians – depending on 
the healthcare system) (Appendix 1). The survey was pilot 
tested with members of the target population to ensure it was 
comprehensible, interpreted consistently across respondents, 
and provided enough information to allow respondents to 

make informed decisions. The survey was available either 
in French or in English at the participant’s discretion.

Participants rated which HBOT scenarios they considered 
to be relevant to simulation-based education, based on 
two criteria. First, the clinical scenario should be either 
high stakes (i.e., if an optimal course of action is not 
implemented in a timely manner, the patient may suffer 
severe consequences) or lower stakes but with a high 
potential for becoming critical if the optimal actions are not 
followed (e.g., intubated and ventilated child who undergoes 
HBOT). Second, training on the clinical scenario should be 
best done with the use of a full-body mannequin versus other 
potential educational modalities.

During Round 1, participants were also invited to suggest 
additional scenarios at the end of the survey. We collected 
participants’ institutional email addresses to ensure their 
participation could be tracked across each survey round and 
to enter them into a draw for a gift card valued at $200. Email 
addresses were unlinked from specific survey responses to 
preserve privacy.

RECRUITMENT

Our target population was hyperbaric physicians and 
operators. We recruited participants from hospitals 
internationally across a range of hyperbaric medicine units 
using a snowball sampling technique. Each participant was 
invited to forward the survey to their colleagues.

To facilitate international recruitment, we obtained 
endorsement of our project from several hyperbaric medicine 
international organisations (e.g., Canadian Undersea and 
Hyperbaric Medicine Association [CUHMA]; Association 
Internationale des Centres Hyperbares Francophones 
[ICHF]), which distributed the initial recruitment email to 
their members. Through this network we also assembled a 
group of international volunteer centres who committed to 
assist with recruitment and participation.

SAMPLE SIZE

When using the Delphi process, the appropriate sample size 
depends on the characteristics of the target population. A 
smaller sample size (20–30) can result in stable response, 
provided that the population is homogenous, such as 
participants with similar training and expertise.18  Since 
this was the case in our population, we aimed to recruit 
a minimum of 30 participants who would complete both 
rounds. Assuming a 50% response rate, we planned to 
sample at least 60 healthcare professionals in the first round 
(60 x 0.50 = 30). We determined a priori to stop recruitment 
after we have collected the sample size targeted at each round 
(Round 1 – 60 participants; Round 2 – 30 participants).

Footnote: * Appendix 1 is available on DHM Journal's website: https://www.dhmjournal.com/index.php/journals?id=293
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ANALYSIS AND CONSENSUS

Scenarios rated as relevant (score of 4 or 5) by at least 80% 
of participants were automatically included for curriculum 
development; scenarios that did not meet this threshold and 
new scenarios that were suggested by participants during the 
first round were included in the second round. The survey for 
the second round included the median rating each scenario 
received in the first round.

Results

PARTICIPANTS

Seventy-one hyperbaric medicine professionals from nine 
countries completed the first round of the survey, and 
34 completed the second round. Participants included 
hyperbaric medicine clinicians, both physicians and non-
physicians. The vast majority of respondents were on staff as 
opposed to trainees. Detailed demographics of participants 
are reported in Table 1.

RELEVANT SCENARIOS

One scenario, ‘Seizure in the hyperbaric chamber’, met the 
prespecified threshold to be included after the first round. 
Eight main new scenarios were suggested by participants 
during round one. The co-investigators reviewed all the 
suggested scenarios and combined similar scenarios, 
resulting in five new scenarios added to round two (Table 2).

At the end of the second round, four more scenarios met the 
threshold for inclusion in the final list of scenarios: ‘Cardiac 
arrest in the chamber’; ‘Fire in or immediately outside of the 
chamber’; ‘Pneumothorax in the chamber’; and ‘Technical 
deficiency such as power loss while operating the hyperbaric 
chamber’.

The detailed scores for each scenario across each round are 
presented in Table 2.

Discussion

Via expert consensus this Delphi study identified five 
scenarios relevant for inclusion in a future simulation-based 
curriculum in hyperbaric medicine.

This is the first step toward the creation of an evidence-based 
international hyperbaric medicine simulation curriculum. 
Our prespecified thresholds allowed us to make clear 
decisions on the most relevant scenarios to hyperbaric 
medicine based on participants’ clinical experience and 
expertise. The Delphi technique also allowed for suggestions 
of possible relevant scenarios directly from participants. This 
is an important advantage of the Delphi method as it may 
improve the buy-in from participants when the time comes 
to implement the simulation-based curriculum.

Identifying relevant scenarios is only the first step for 
creating and implementing a simulation-based curriculum. 
Following the same consensus-based approach, future steps 
should include the design of the five identified scenarios, 
and the pilot test of the simulations in several centres with 
various degrees of simulation experience. Scenarios will 
need to include human factors and the possibility to use 
cognitive aids in order to best adapt to local practices. 
Finally, debriefing is crucial for effectiveness of learning 
in simulation-based education.19,20  Solid debriefing guides 
will be required to maximise the learning opportunities for 
all, regardless of simulation expertise in centres.

Our study has several limitations. First, we had a limited 
number of participants. However, we reached our target 
sample size. Also, given the range of professions and 
countries of practice among our participants, we are 
confident in the external validity of our findings. Second, we 
recognise that the threshold to include or exclude a scenario 
from the curriculum is arbitrary. We suggest considering 
the five scenarios identified in this study as a starting point 
for a curriculum development in hyperbaric medicine and 
certainly not an end point. Finally, in the clinical setting, 
scenarios often present with a ‘symptom’, e.g., sudden onset 
hypotension, or hypoxaemia, or a combination of symptoms 
rather than a clear definitive diagnosis. It will be key to 

Characteristics
Round 1
(n = 71)

Round 2
(n = 34)

Profession
Physician 31 (44%) 15 (44%)
Non-physicians 40 (56%) 19 (56%)
-Registered nurse 28 12
-Respiratory therapist 4 2
-Hyperbaric operator 4 4
-Licenced practical nurse 2 0
-Clinical healthcare technician 1 0
-Hyperbaric therapist 1 0
-Hyperbaric safety director 0 1
Trainee status 6 (8%) 1(3%)

Country of practice
   Australia 4 0
   Belgium 8 6
   Canada 8 3
   France 28 11
   New Zealand 1 0
   Switzerland 12 13
   Tanzania 1 0
   Tunisia 1 0
   United States 7 1
   Not specified 1 0

Years in practice
   Mean 13.6 15.6
   Median 12 11
   Interquartile range 7−19 7−25

Table 1
Characteristics of study participants
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design simulation scenarios that account for the uncertainty 
over the diagnosis and the need to simultaneously diagnose 
and treat the problem.

Conclusions

Relying on a well-established and rigorous Delphi method, 
this study identified five scenarios relevant for inclusion 
in an evidence-based, simulation-based curriculum in 
hyperbaric medicine. Next steps should include designing 
these scenarios and implementing them into a simulation 
curriculum for hyperbaric medicine that will allow teams 
to train and optimise their practices.

References

1	 Dawe SR, Pena GN, Windsor JA, Broeders JAJL, Cregan PC, 
Hewett PJ, et al. Systematic review of skills transfer after 
surgical simulation-based training. Br J Surg. 2014;101:1063–
76. doi: 10.1002/bjs.9482. PMID: 24827930.

2	 Watterson L, Flanagan B, Donovan B, Robinson B. Anaesthetic 
simulators: training for the broader health-care profession. 
Aust NZ J Surg. 2000;70:735–7. doi: 10.1046/j.1440-
1622.2000.01942.x. PMID: 11021488.

3	 Fung L, Boet S, Bould MD, Qosa H, Perrier L, Tricco A, et 
al. Impact of crisis resource management simulation-based 
training for interprofessional and interdisciplinary teams: a 
systematic review. J Interprof Care. 2015;29:433−44. doi:10

Clinical scenario

Round 1 Round 2

Number 
of votes

Score 4 
or 5 (%)

Decision
Number 
of votes

Score 4 
or 5 (%)

Decision

Seizure in the chamber 69 81.2
Final

Inclusion
Already included in Round 1

Fire in or immediately outside 
of the chamber

68 76.5
Included for 

Round 2
34 97.1

Final
Inclusion

Cardiac arrest in the chamber 70 71.4
Included for 

Round 2
34 82.4

Final
Inclusion

Pneumothorax in the chamber 70 71.4
Included for 

Round 2
34 82.4

Final 
Inclusion

Intubated and ventilated patient 
in the chamber

71 64.8
Included for 

Round 2
32 78.1 Exclusion

Chest pain in the chamber 72 58.3
Included for 

Round 2
34 73.5 Exclusion

Shortness of breath in the
 chamber

72 52.8
Included for 

Round 2
11 54.6 Exclusion

Onset of (non-seizure)
neurological symptoms such as 
anxiety or hypoglycaemia while
in the chamber

70 47.1
Included for 

Round 2
34 50.0 Exclusion

Newborn patient in the chamber 68 32.4
Included for 

Round 2
30 23.3 Exclusion

Technical deficiency such as
power loss while operating the
chamber

Scenario suggested during round 1 34 85.3
Final

Inclusion

Haemodynamic instability 
while in the chamber

Scenario suggested during round 1 30 63.3 Exclusion

O
2
 problem in the chamber such

as O
2
 breakdown

Scenario suggested during round 1 28 57.1 Exclusion

Ear pain while in the chamber Scenario suggested during round 1 34 52.9 Exclusion

Nausea while in the chamber Scenario suggested during round 1 34 17.7 Exclusion

Table 2
Decision process and final decisions for proposed clinical scenarios

https://doi.org/10.1002/bjs.9482
https://pubmed.ncbi.nlm.nih.gov/24827930/
https://doi.org/10.1046/j.1440-1622.2000.01942.x
https://doi.org/10.1046/j.1440-1622.2000.01942.x
https://pubmed.ncbi.nlm.nih.gov/11021488/
https://doi.org/10.3109/13561820.2015.1017555


Diving and Hyperbaric Medicine  Volume 52 No. 1 March 202248

.3109/13561820.2015.1017555. PMID: 25973615.
4	 Khanduja PK, Bould MD, Naik VN, Hladkowicz E, Boet S. 

The role of simulation in continuing medical education for 
acute care physicians: a systematic review. Crit Care Med. 
2015;43:186–93. doi: 10.1097/CCM.0000000000000672. 
PMID: 25343571.

5	 Gaba DM. The future vision of simulation in health care. 
Qual Saf Heal Care. 2004;13(Suppl 1):i2–i10. doi: 10.1136/
qhc.13.suppl_1.i2. PMID: 15465951. PMCID: PMC1765792.

6	 Sturm LP, Windsor JA, Cosman PH, Cregan P, Hewett PJ, 
Maddern GJ. A systematic review of skills transfer after 
surgical simulation training. Ann Surg. 2008;248:166–79. 
doi:10.1097/SLA.0b013e318176bf24. PMID: 18650625.

7	 Boet S, Bould MD, Fung L, Qosa H, Perrier L, Tavares W, et 
al. Transfer of learning and patient outcome in simulated crisis 
resource management: a systematic review. Can J Anaesth. 
2014;61:571–82. doi: 10.1007/s12630-014-0143-8. PMID: 
24664414. PMCID: PMC4028539.

8	 Daly S, Thorpe M, Rockswold S, Hubbard M, Bergman T, 
Samadani U, et al. Hyperbaric oxygen therapy in the treatment 
of acute severe traumatic brain injury: a systematic review. J 
Neurotrauma. 2018;35:623–9. doi: 10.1089/neu.2017.5225. 
PMID: 29132229. PMCID: PMC6909681.

9	 Deng Z, Chen W, Jin J, Zhao J, Xu H. The neuroprotection 
effect of oxygen therapy: a systematic review and meta-
analysis. Niger J Clin Pract. 2018;21:401–16. doi: 10.4103/
njcp.njcp_315_16. PMID: 29607850.

10	 Ding Z, Tong WC, Lu XX, Peng HP. Hyperbaric oxygen 
therapy in acute ischemic stroke: a review. Interv Neurol. 
2014;2:201–11. doi: 10.1159/000362677. PMID: 25337089. 
PMCID: PMC4188156.

11	 Cardinal J, Slade A, McFarland M, Keihani S, Hotaling JN, 
Myers JB. Scoping review and meta-analysis of hyperbaric 
oxygen therapy for radiation-induced hemorrhagic cystitis. 
Curr Urol Rep. 2018;19:38. doi: 10.1007/s11934-018-0790-3. 
PMID: 29654564.

12	 Lansdorp NC, van Hulst RA. Double-blind trials in hyperbaric 
medicine: a narrative review on past experiences and 
considerations in designing sham hyperbaric treatment. Clin 
Trials. 2018;15:462–76. doi: 10.1177/1740774518776952. 
PMID: 29865904. PMCID: PMC6136075.

13	 The Royal College of Physicians and Surgeons of Canada 
[Webpage]. Competency training requirements for the area 
of focused competence in hyperbaric medicine; c2018. [cited 
2021 Jun 21]. Available from: http://www.royalcollege.ca/
rcsite/documents/ibd/hyperbaric-medicine-ctr-e.pdf.

14	 Heyboer M, Sharma D, Santiago W, McCulloch N. Hyperbaric 

oxygen therapy: side effects defined and quantified. Adv 
Wound Care (New Rochelle). 2017;6:210–24.

15	 Boet S, Cheng-Boivin O, Martin L, Hurskainen T, Etherington 
N. Evidence for simulation-based education in hyperbaric 
medicine: a systematic review. Diving Hyperb Med. 
2019;49:209–15. doi: 10.28920/dhm49.3.209-215. PMID: 
31523796. PMCID: PMC6884102.

16	 Dieterich F, Kanstinger A, Erdmann M, Knebel J, Ott B, 
Schöppenthau H. Implementation of regularly performed 
resuscitation training at a hyperbaric treatment center. 
Anaesthesist. 2016;65:203–11. doi: 10.1007/s00101-016-
0138-7. PMID: 26886384. German.

17	 Khodyakov D, Grant S, Barber CEH, Marshall DA, Esdaile 
JM, Lacaille D. Acceptability of an online modified Delphi 
panel approach for developing health services performance 
measures: results from 3 panels on arthritis research. J Eval 
Clin Pract. 2017;23:354–60. doi: 10.1111/jep.12623. PMID: 
27619536.

18	 Akins RB, Tolson H, Cole BR. Stability of response 
characteristics of a Delphi panel: application of bootstrap 
data expansion. BMC Med Res Methodol. 2005;5:37. doi: 
10.1186/1471-2288-5-37. PMID: 16321161. PMCID: 
PMC1318466.

19	 Boet S, Pigford AA, Fitzsimmons A, Reeves S, Triby E, 
Bould MD. Interprofessional team debriefings with or 
without an instructor after a simulated crisis scenario: an 
exploratory case study. J Interprof Care. 2016;30:717–25. 
doi: 10.1080/13561820.2016.1181616. PMID: 27309589.

20	 Lai A, Haligua A, Bould MD, Everett T, Gale M, Pigford A-A, 
et al. Learning crisis resource management: practicing versus 
an observational role in  simulation training – a randomized 
controlled trial. Anaesth Crit Care Pain Med. 2016;35:275–
281. doi: 10.1016/j.accpm.2015.10.010. PMID: 26987738.

Conflicts of interest and funding

Dr Boet was supported by The Ottawa Hospital Anesthesia 
Alternate Funds Association and the Faculty of Medicine, 
University of Ottawa with a Tier 2 Clinical Research Chair.

Submitted: 02 September 2021
Accepted after revision: 26 November 2021

Copyright: This article is the copyright of the authors who grant 
Diving and Hyperbaric Medicine a non-exclusive licence to publish 
the article in electronic and other forms.

https://doi.org/10.3109/13561820.2015.1017555
https://pubmed.ncbi.nlm.nih.gov/25973615/
https://doi.org/10.1097/CCM.0000000000000672
https://pubmed.ncbi.nlm.nih.gov/25343571/
https://doi.org/10.1136/qhc.13.suppl_1.i2
https://doi.org/10.1136/qhc.13.suppl_1.i2
https://pubmed.ncbi.nlm.nih.gov/15465951/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1765792/
https://doi.org/10.1097/SLA.0b013e318176bf24
https://pubmed.ncbi.nlm.nih.gov/18650625/
https://doi.org/10.1007/s12630-014-0143-8
https://pubmed.ncbi.nlm.nih.gov/24664414/
https://pubmed.ncbi.nlm.nih.gov/24664414/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4028539/
https://doi.org/10.1089/neu.2017.5225
https://pubmed.ncbi.nlm.nih.gov/29132229/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6909681/
https://doi.org/10.4103/njcp.njcp_315_16
https://doi.org/10.4103/njcp.njcp_315_16
https://pubmed.ncbi.nlm.nih.gov/29607850/
https://doi.org/10.1159/000362677
https://pubmed.ncbi.nlm.nih.gov/25337089/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4188156/
https://doi.org/10.1007/s11934-018-0790-3
https://pubmed.ncbi.nlm.nih.gov/29654564/
https://doi.org/10.1177/1740774518776952
https://pubmed.ncbi.nlm.nih.gov/29865904/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6136075/
http://www.royalcollege.ca/rcsite/documents/ibd/hyperbaric-medicine-ctr-e.pdf
http://www.royalcollege.ca/rcsite/documents/ibd/hyperbaric-medicine-ctr-e.pdf
https://doi.org/10.28920/dhm49.3.209-215
https://pubmed.ncbi.nlm.nih.gov/31523796/
https://pubmed.ncbi.nlm.nih.gov/31523796/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6884102/
https://doi.org/10.1007/s00101-016-0138-7
https://doi.org/10.1007/s00101-016-0138-7
https://pubmed.ncbi.nlm.nih.gov/26886384/
https://doi.org/10.1111/jep.12623
https://pubmed.ncbi.nlm.nih.gov/27619536/
https://pubmed.ncbi.nlm.nih.gov/27619536/
https://doi.org/10.1186/1471-2288-5-37
https://doi.org/10.1186/1471-2288-5-37
https://pubmed.ncbi.nlm.nih.gov/16321161/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1318466/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1318466/
https://doi.org/10.1080/13561820.2016.1181616
https://pubmed.ncbi.nlm.nih.gov/27309589/
https://doi.org/10.1016/j.accpm.2015.10.010
https://pubmed.ncbi.nlm.nih.gov/26987738/



