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Abstract
Introduction: The influence of non-technical skills training on resuscitation performance in low-resource settings is unknown. This study investi-

gates combining the Vital Anaesthesia Simulation Training Course with Advanced Cardiac Life Support training on resuscitation performance in

Rwanda.

Methods: Participants in this mixed method study are members of resuscitation teams in three district hospitals in Rwanda. The intervention was

participation in a 2-day Advanced Cardiac Life Support course followed by the 3-day Vital Anaesthesia Simulation Training Course. Quantitative pri-

mary endpoints were time to initiation of cardiopulmonary resuscitation, time to epinephrine administration, and time to defibrillation. Qualitative data

on workplace implementation were gathered during focus groups held 3-months post-intervention.

Results: Forty-seven participants were recruited. Quantitative data showed a statistically significant decrease in time to cardiopulmonary resusci-

tation, epinephrine administration, and defibrillation from pre- to post-Advanced Cardiac Life Support, with times of [43.3 (49.7) seconds] versus

[16.5 (20) sec], p = <0.001; [137.3 (108.9) sec] versus [51.3 (37.9)], p = <0.001; and [218.5 (105.8) sec] versus [110.8 (87.1) sec], p = <0.001;

respectively. These improvements were maintained following the Vital Anaesthesia Simulation Training Course, and at 3-month retention testing.

Qualitative analysis highlighted five key themes: ability to initiate cardiopulmonary resuscitation; team coordination for task allocation; empowerment;

desire for training and mentorship; and advocacy for system improvement.

Conclusion: A modified 2-day Advanced Cardiac Life Support course improved resuscitation time indicators with retention 3-months later. Com-

bining the Vital Anaesthesia Simulation Training Course and Advanced Cardiac Life Support led to better team coordination, empowerment to act,

and advocacy for system improvement. This pairing of courses has promise for improving Advanced Cardiac Life Support skills amongst healthcare

workers in low-resource settings.

ClinicalTrials.gov Identifier: NCT05278884.
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Introduction

Cardiac arrest teams and Advanced Cardiac Life Support (ACLS)

training have improved outcomes following in-hospital cardiac arrest

in high-resource settings.1–4 Outcomes in low-resource settings are

poorer.5 Unique obstacles exist for effective resuscitation in low-
resource settings. Patients routinely present with advanced pathol-

ogy and disease burden less amenable to resuscitation.6 Lack of

essential medications, scarcity of defibrillators, and workforce short-

ages further hinder successful resuscitation.7–9 Therefore, ACLS

courses from high-resource settings may need adaptation for use

in low-resource settings.
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In high-resource settings, non-technical skills (NTS) training is

associated with improved resuscitation team performance and

patient outcomes following in-hospital cardiac arrest.10–12 The influ-

ence of NTS training on resuscitation skills in low-resource settings

is unknown but arguably of greater importance for effective team

function and safe clinical care in this context.13 Simulation-based

education has been used successfully to teach NTS in both high14

and low-resource settings.15–17 In low-resource settings, situational

awareness, anticipation, and planning are especially relevant, as

prevention of cardiac arrest may offer the only chance of survival.18

Hence, there is a rationale for exploring the added value of NTS

training with ACLS.

The Rwandan Ministry of Health would like ACLS skills for health-

care providers in Rwanda.19 Capacity to conduct training is limited by

few educators, lack of curricula relevant for these settings, compet-

ing clinical demands, and scarcity of simulation equipment.20,21

Study co-investigators (ET, AI, CS, JKN) have experience in con-

ducting ACLS training in Rwanda through the Initiative for Medical

Equity and Global Health, a teaching organization providing resusci-

tation courses for different hospitals across Rwanda.22 The Initiative

for Medical Equity and Global Health has conducted 31 training ses-

sions of 5 courses (Basic Life Support, ACLS, Pediatric Life Support,

Vital Anesthesia Simulation Training (VAST), and Safe Anesthesia

from Education Obstetrics), reaching 1,060 healthcare providers

from 11 district hospitals.22

This team has adapted the training curriculum of the National

Health Care Providers Solutions (with permission), which is based

on the recent American Heart Association ACLS guidelines,23 to suit

low-resource settings. Adaptations include highlighting available

resources, modifying course content to extend the duration of Elec-

trocardiogram (EKG) training, and using practical scenarios that

reflect common cases seen in Rwandan hospitals (see Table 1).

To date, there has been no formal assessment of learning from these

courses.

Members of the Initiative for Medical Equity and Global Health

(ET, AI, CS, JKN) are also Vital Anaesthesia Simulation Training

(VAST) Course facilitators. They sought collaboration with VAST to

investigate the impact of combining the VAST Course and ACLS

training, with the aim of resuscitation skills development and capacity

building for resuscitation teams in Rwanda. VAST is a not-for-profit

organization with a mission of advancing perioperative patient safety

through supporting the use of simulation-based education in low-

resource settings.24

The 3-day VAST Course, uses low-cost, immersive simulation to

teach NTS and core clinical practices to peri-operative teams with a

focus on topics relevant to low-resource settings such as obstetrics,

paediatrics, trauma, general surgery, and pre- and postoperative

care (see VAST curriculum in Table 1). The core learning objectives

are for participants to be able to apply clinical frameworks for sys-

tematic practice and to develop skills for effective peri-operative

team function. The VAST course is endorsed by the University of

Rwanda, the Rwanda Society of Anesthesiologists, and the World

Federation Society of Anaesthesiologists.25 Participants from 18

countries to date have attended VAST Courses. The VAST Course

has demonstrated capacity to improve participants’ NTS.26

The purpose of this study is to evaluate learning following the

pairing of a modified ACLS program with the VAST Course in

Rwanda.
Methods

This manuscript adheres to both the Strengthening the Reporting of

Observational Studies in Epidemiology (STROBE) guidelines and

Standards for reporting qualitative research (SRQR) guidelines.27,28

Ethical considerations

This study was approved by ethical review boards at the University of

Rwanda, College of Medicine and Health Sciences (No 221/CMHS-

IRB/2022) and the Hospital for Sick Children, Canada

(REB:1000079474). The three selected Rwandan district hospitals

granted permission for the training and research. Written informed

consent was obtained from all study participants before participation.

Participation in the study was not a pre-requisite for training. All train-

ing attendees consented to participate in the study.

Study design

The quantitative component of this mixed method study used a pre-

designed data collection tool29 (Appendix 1) to assess performance

during simulated resuscitation scenarios at four time points: Pre-A

(immediately before the ACLS course); Post-A (immediately after

the ACLS course); Post-AV (immediately after the VAST Course,);

and Retention (3-months post-training). The study used four cardiac

arrest scenarios with ventricular fibrillation due to four different diag-

noses (anaphylaxis, asthma attack, post-partum hemorrhage (PPH),

and hyperkalemia). At each testing point, all four scenarios were ran-

domly allocated to different participants. Randomization software

allocated a different scenario to each participant for each of the four

time points; therefore, each participant was exposed to each of the

four scenarios during training but in a random order to minimize

the possibility of sharing the content of scenarios among fellow

participants.

The scenarios were of equivalent complexity and had been pre-

viously reviewed for context suitability by three Rwandan anesthesi-

ologists not involved in the study.

The qualitative component used a semi-structured interview

guide (Appendix 2) to conduct focus-group interviews 3-months fol-

lowing training to explore participants’ experiences with implementa-

tion of resuscitation skills in their workplaces.

Study participants

Inclusion criteria were multi-disciplinary healthcare providers (i.e.,

physicians, nurses, midwives, and non-physician anaesthetists)

who are members of resuscitation teams caring for adult patients

at one of the three selected hospitals. Non-physician anaesthetists

have three or four years of anaesthesia training post-secondary

school.

Exclusion criteria were having participated in a VAST Course or

resuscitation training course within four months of the study. No

study participant had prior VAST training.

Setting

This study was conducted in three district hospitals in Rwanda, all

with services in general surgery, gynecology and obstetrics, internal

medicine, and pediatrics. These hospitals perform between 1,200

and 2,500 Cesarian deliveries each year.30 Each hospital has a

resuscitation team composed by anesthesiologist or non-physician

anaesthetists, medical officers, and nurses. The resuscitation team



Table 1 – Training program for the intervention.

Day Core topic (Modified topic in bold)

ACLS 1 Welcome/orientation*

Introduction to ACLS*

Systems of care/team dynamics*

Tachyarrhythmias*

Bradyarrhythmias*,#

Cardiac arrest/pulseless electrical

activity*,#

Acute Coronary Syndrome*,#

Stroke*,#

Airway Management+

Post cardiac arrest care*,#

2 EKG review*

Cardiac arrest cases/practice#

Post course cardiac arrest scenario

testing

VAST

COURSE

3 Welcome*

Non-technical skills+

Pre-briefing/simulation demonstration*

Crisis resource management+

Pre-operative assessment#

Pain management*

Unanticipated difficult intubation+

Rapid sequence intubation#

Neonatal resuscitation+

4 Obstetric anesthesia*

Obstetric pre-operative assessment#

C-section under spinal anesthesia#

General anesthesia for C-section#

Intra-partum hemorrhage#

Post-partum hemorrhage#

Post-operative sepsis#

Healthcare provider wellbeing*

5 Pediatric anesthesia*

Pediatric pre-operative assessment#

Pediatric post-extubation laryngospasm#

Trauma primary survey*

Trauma primary survey – road trauma#

Trauma re-assessment#

Action items/commitment to change*

The type of session is indicated by the superscript:
* Group discussion.
+ Practical workshop.
# Simulation scenario.
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changes with every shift. Defibrillators should be available in each

hospital; however, they are often not maintained or are missing dis-

posable components and staff have insufficient training in their use.

There is no Intensive Care Unit capacity in any of the three hospitals.

Intervention

The intervention was pairing 2-day ACLS training with a 3-day VAST

Course (Table 1). These paired courses were offered once at each

hospital, to multi-disciplinary groups of 15–16 participants/site (47

in total). Refresher training was offered 3-months after the interven-

tion, coinciding with the timing of focus-group interviews (Fig. 1). The

focus group interviews were conducted immediately prior to

refresher course training. The refresher training discussed essential
topics from both ACLS (team dynamics and cardiac arrest) and

VAST (non-technical skills, crisis resources management, and com-

mitment to change) courses.

Sample size calculation

Prior studies have shown that, after training, time to initiation of chest

compressions can be reduced by up to 23 seconds.31,32 Using a con-

servative estimate of a 12 second improvement, a power analysis

using the Wilcoxon signed-rank test (matched pairs) revealed that

38 participants were needed to detect a significant difference (Pre-

A to Post-AV) with the alpha error of 0.05, power of 80%, and effect

size of 0.5. Anticipating a 15% rate of technical difficulties or major

protocol deviations we planned to include 44 participants in

total.31–33 Given there has been no prior combination of the VAST

Course and ACLS training, it was not possible to conduct a power

analysis to detect sample size needed for demonstrating significant

improvement Post-A to Post-AV.

Data collection

Quantitative

The study data collection tool was developed based on previous

studies that showed high quality resuscitation skills lead to return

of spontaneous circulation (ROSC) and improved survival at dis-

charge, one year, and five years.34 Bircher et al. determined that

delays in starting cardiopulmonary resuscitation (CPR), administer-

ing epinephrine, and defibrillation all lead to worse outcomes in in-

hospital cardiac arrest.35 Therefore, we selected “time to CPR” as

the primary endpoint, with “time to epinephrine administration” and

“time to defibrillation” as secondary endpoints. The final tool was

obtained by combining the existing tool from Meaney et al.20 and

these 3 endpoints above from Bircher et al.35

Prior to data collection, raters were calibrated in the use of the

data collection tool by watching three simulated resuscitation videos

and rating performance of advanced resuscitation skills. Videos were

different from study scenarios and were obtained from resuscitation

training in high-resource settings.36–38 Adequate inter-rater reliability

was achieved to 0.9 after rating of three different scenarios over a 4-

hour training period.

Before the first scenario, participants were oriented to the simula-

tion workspace and given a briefing on physical and psychological

safety. They watched a demonstration scenario to show expected

performance during simulation activities. Each scenario required par-

ticipants to function as team leader in their usual clinical role. Scenar-

ios lasted a maximum of 5 minutes; all involved a witnessed cardiac

arrest occurring 30 seconds from scenario onset. The cardiac arrest

was evident by a distinct change in the patient’s condition (e.g., ven-

tricular fibrillation trace on electrocardiogram). Timing for recording

primary and secondary outcomes began at the onset of cardiac

arrest. A working defibrillator was used, and the study participant

was required to follow defibrillation steps as if using a live defibrilla-

tor. For epinephrine delivery, the participant was required to verbal-

ize it and use an empty labelled syringe to simulate delivery of

epinephrine. The timer was stopped if all 3 primary time outcomes

and the 10 resuscitation actions (team leader identified, scene

orderly and quiet, cognitive aid used, CPR started, monitors applied,

defibrillator applied safely, pauses in CPR delivery minimized, CPR

of subjectively high quality, airway secured efficiently, and re-

evaluation done frequently) were completed. Otherwise, the timer

was stopped at the end of the scenario at 5 minutes. One rater com-

pleted the study data collection tool while a second rater timed par-



Day 1 - ACLS 
Assessment 1 

Pre-ACLS 

Day 2 - ACLS 
Assessment 2  

Post-ACLS 

Days 3 - 5 VAST 
Assessment 3 

Post ACLS + VAST                

 
3 Months - Retention 

Assessment 4  

Retention 

 

Fig. 1 – ACLS-VAST program timeline Assessment 1: Pre ACLS skills assessment; Assessment 2: Post ACLS skills

assessment; Assessment 3: Post ACLS-VAST skills assessment; Assessment 4: Retention skills assessment; and

Focus group interviews.
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ticipants. If the participant failed to start CPR by 2 minutes after car-

diac arrest, a prompt to begin CPR was given by a confederate.

A low-cost part task trainer was used to simulate the patient.

Patient monitoring was provided by using SimMon software

(https://simmon-app.com) and Bluetooth pairing two iPads (Apple

Inc., Cupertino, CA, USA), establishing a remotely controllable

patient monitor. A simulation technician played a resuscitation team

member supportive role, following a pre-determined script. After

completion of scenarios at each study time point, a 15–20-minute

debriefing was held for all participants using the VAST debriefing

framework, adapted from the Scottish Centre for Simulation and Clin-

ical Human Factors debriefing framework and which blends several

conversational techniques.39,40

Qualitative

Three months post-course, three focus group interviews (each with

6–8 participants) were conducted by videoconferencing to explore

the barriers and enablers to implementing resuscitation skills in the

workplace after training (Table 5). We selected participants ensuring

representation of all professional profiles (physicians, nurses, mid-

wives, and non-physician anesthetists). The focus groups were

audio-recorded with data de-identified during transcription. Partici-

pants were free to express themselves in English or Kinyarwanda,

with immediate translation to English.

Data analysis

Quantitative

Descriptive statistics are reported as raw percentages, means, and

standard deviations. Numerical outcomes (the 3-time variables) were

analyzed using linear mixed models with time as a dummy-coded

predictor and random intercepts to account for the repeated mea-

sures using the Ime4 package in R software version 1.1–33.40

Categorical outcomes (10 action variables) were analyzed with

Bayesian generalized linear mixed models with time as a dummy-

coded predictor, assuming a binomial distribution with a logit link,

and random intercepts using the bglmer package in R software.41

Because there was complete separation in some cases (i.e.,

100% success rates for some actions which caused computational

problems) we used a Bayesian maximum a posteriori approach with
a weak prior on the fixed effects as a correction to ensure model con-

vergence.42 Omnibus tests were calculated using Wald statistics,

and post-hoc tests used the Tukey method to adjust for familywise

error rate inflation.

Post-hoc tests were only conducted if the associated omnibus

test was statistically significant. Marginal R2 was used as a standard-

ized effect size measure for all outcomes.31,32,43

Qualitative

Thematic analysis followed an inductive approach according to meth-

ods described by Braun and Clarke.44 Two co-investigators (PL, TS)

read focus group transcripts to identify frequently used words or

phrases and to become familiar with the data. Coding was derived

from focus group transcripts based on the research questions.

Codes were analysed and grouped into categories that highlighted

the underlying themes.

Results

Quantitative results

Forty-seven out of 48 participants completed all 4 study scenarios;

64% had >5 years of clinical experience and 66.1% were nurses

and midwives (Table 2). For the primary outcome, time to CPR,

there was improvement from a mean (SD) of 43.3 (49.7) sec

Pre-A to 16.5 (20) sec Post-A (p < 0.001). Similarly, the secondary

endpoints (time to epinephrine administration and time to defibrilla-

tion) had significant improvements from Pre-A to Post-A (Table 3).

Further improvement was not shown Post-A to Post-AV or Post-AV

to Retention (Tables 3 and 4). Time to carry out primary and sec-

ondary endpoints was maintained at retention testing (Table 3).

Raw percentages, Ns and Wald test statistics for secondary out-

comes are in Table 4. As with time endpoints, dichotomous out-

come resuscitation skills were carried out more often at all three

post intervention measures when compared to pre-A. Post-A,

Post-AV, and Retention tended not to differ from each other. How-

ever, there was one skill “was re-evaluation done frequently” with a

statistically significant improvement Post-AV in comparison to Post-

A (Table 4).

https://simmon-app.com
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Qualitative results

Qualitative analysis identified five key themes: ability to initiate CPR;

team coordination for task allocation; empowerment; desire for train-

ing and mentorship; and advocacy for system improvement. These

themes are discussed below with illustrative quotes from focus group

transcripts.

Ability to initiate CPR: Participants described improvement in cri-

sis recognition and having the skills to initiate CPR rather than delay-

ing for help to arrive. They found that algorithms and systematic

practice, reinforced during simulation, helped to consolidate knowl-

edge. Despite this, participants felt there was a need for more prac-

tice with newer skills such as defibrillation.“After this course, I had a

case. I remember, I was on night shift at the Emergency Depart-

ment. We had a patient who had a cardiac arrest. I was around

and I called the nurses. What I remember is that we did every-

thing we learned, we recognized the arrest on time, and we

had EKG in place. The anesthetist was around too, we gave adre-

naline and we did CPR. The patient recovered. I remember I

informed [anesthesiologist] and we transferred the patient to

[hospital]. Actually, for me, it was my first successful resuscita-

tion, yeah. And I found that if you recognize it on time, yeah,

you can save the patient, yeah.”

Team coordination for task allocation: Prior to the training, partic-

ipants reported that they often felt alone, unsure how to get help in a

crisis. Post-training, they expressed strong appreciation for working

in teams. This included descriptions of resuscitations with colleagues

who had received the training and comments about the better task

allocation, closed loop communication, and task delegation.

“Before training, if I get a patient in cardiac arrest, I was unable to

task someone, do this, do this. But after training, they taught us

close loop communication, how to be a good team leader, the

medications to use, and how to be careful in everything we are

doing. Before there was chaos and lack of organization, but

now we are better organized and coordinated.”
Table 2 – Participants characteristics, N: 47.

Variable Number (%)

Sex

Male 22 (46.8)

Female 25 (53.2)

Experience (years)

�5 17 (36)

6–10 22 (47)

11–15 5 (10.6)

>15 3 (6.4)

Speciality

General practitioner 9 (19.1)

Nurse 22 (47)

Midwife 9 (19.1)

Non-Physician Anesthetist 7 (14.8)

Previous ACLS

Yes 33 (70.2)

No 14 (29.8)

Previous BLS

Yes 42 (89.4)

No 5 (10.6)
Empowerment: Participants felt empowered to initiate CPR with-

out waiting for orders, to make changes in the workplace (e.g., imple-

menting cognitive aids, adding adrenaline to the emergency trolley)

to take leadership roles during resuscitation, and to use existing

resources more effectively. Participants advocated for equipment,

medications, and human resources for better resuscitation.

“If it was before training, I would not have started CPR or given

adrenaline especially that there was no doctor’s orders.”

Desire for training and mentorship: There was a consistent desire

to improve outcomes for patients by making training available to all

members of the healthcare team and receiving more training and

mentorship, both from partners and within hospitals.

“If we get another chance, we can have more staff to join the

training. They need to have those skills. They see changes. If

someone in our team is in the department, he trains others and

he performs resuscitation differently. Others need this training,

that [is] why in our recommendation we requested you to keep

this program and go to all departments.”

Advocacy for systems improvement: Participants were able to

advocate for essential equipment and medications. Advocacy was

easier when senior management, such as matrons and quality

improvement officers, were involved in the training. These leaders

could make changes to improve the provision of equipment and med-

ications, implement cognitive aids and support staffing for resuscita-

tion teams. Despite some positive changes, participants expressed

ongoing shortages of materials, medications, and trained staff.

“Another addition is that we have the administration support, it’s

very helpful. I remember we had a case in gynecology, the patient

arrested on table, we recognized that we need to use the AED

which was in the office of Director of Nursing. He brought it but

unfortunately, we missed the cable. At least we were together

when we learned this course. He recognizes the importance of

having the AED in OR rather in the office.”

“After this course, now the matron is more aware that we must

find medications for the emergency trolley, but before it was a

fight.”
Discussion

Resuscitation training for healthcare providers in low-resource set-

tings requires a contextually appropriate approach. Learners in

low-resource settings have limited access to ACLS training pro-

grams.45 This study demonstrates that a modified 2-day ACLS

course can lead to significant improvements in time to CPR, time

to epinephrine administration, and time to defibrillation in simulated

resuscitation scenarios. These three time-based practices may

improve survival after in-hospital cardiac arrest.35 Following ACLS

training, participants improved in nine of ten dichotomous indicators

of the ‘quality’ of resuscitation. Participation in both ACLS and VAST

Courses led to greater empowerment to apply resuscitation skills in

the workplace, task coordination, and advocacy for systems

improvement.



Table 3 – Time to CPR, epinephrine, and defibrillation pre and post training (ACLS and VAST) among healthcare
providers in Rwanda.

Actions (N) Pre-A (Mean,

SD)

Post-A (Mean,

SD)

Post-AV (Mean,

SD)

Retention (Mean,

SD)

Wald Statistic, p-value, and R2

Time to CPR (sec) 43.3 (49.7) 16.5 (20) 11.4 (20.8) 9.5 (14.3) Χ2(3) = 44.49, p <.001,

R2 = 0.19

Time to epinephrine

(sec)

137.3 (108.9) 51.3 (37.9) 59.6 (70.2) 47.9 (60.5) Χ2(3) = 51.75, p <.001,

R2 = 0.20

Time to defibrillation

(sec)

218.5 (105.8) 110.8 (87.1) 69.5 (48.4) 72.8 (83.8) Χ2(3) = 105.21, p <.001,

R2 = 0.34

Table 4 – Resuscitation skills performance during pre and post training (ACLS and VAST) by healthcare providers
in Rwanda.

Actions (N) Pre-A Post-A Post-AV Retention Wald test, p-value and R2

Was the team leader clearly identified? 45 (96%) 46 (98%) 47 (100%) 46 (98%) Χ2(3) = 3.05, p =.38, R2 = 0.03

Was the scene orderly and quiet? 38 (81%) 46 (98%) 47 (100%) 43 (91%) Χ2(3) = 15.74, p =.001, R2 = 0.08

Was a cognitive aid used? 2 (4%) 14 (30%) 22 (47%) 23 (49%) Χ2(3) = 21.42, p <.001, R2 = 0.25

Was CPR started? 45 (96%) 47 (100%) 47 (100%) 47 (100%) Χ2(3) = 4.62, p =.20, R2 = 0.04

Were monitors applied? 43 (91%) 45 (96%) 44 (94%) 47 (100%) Χ2(3) = 3.23, p =.35, R2 = 0.19

Was the defibrillator applied safely? 18 (38%) 43 (91%) 44 (94%) 39 (83%) Χ2(3) = 33.39, p <.001, R2 = 0.30

Were pauses in CPR delivery minimized? 23 (49%) 39 (83%) 45 (96%) 43 (91%) Χ2(3) = 27.19, p <.001, R2 = 0.26

Was CPR of subjectively high quality? 19 (40%) 31 (66%) 32 (68%) 30 (64%) Χ2(3) = 10.24, p =.02, R2 = 0.06

Was an airway secured efficiently? 17 (36%) 30 (64%) 28 (60%) 26 (55%) Χ2(3) = 8.29, p =.04, R2 = 0.05

Was re-evaluation done frequently? 31 (66%) 39 (83%) 47 (100%) 44 (94%) Χ2(3) = 17.77, p <.001, R2 = 0.25

Table 5 – Focus Group Interview Guide.

1. How has your practice of resuscitation changed since the training (Prompt for examples)?

2. What difficulties have you encountered with resuscitation team performance in your hospital since the training (Probe for examples)?

3. What supports have you found for resuscitation team performance in your hospital since the training (Probe for examples)?

4. Is there anything else you would like to add about resuscitation team performance in your hospital since the training?
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This study found significantly more frequent patient re-evaluation

after the VAST Course compared to completing ACLS training only.

Findings from focus-group interviews mirror the essential NTS and

clinical frameworks taught on the VAST Course. These include

improvement in confidence during crisis management, enhanced

awareness of team function, and advocacy for patient safety in

everyday practice. This is consistent with results from a previous

study evaluating the impact of the VAST Course on participants’

knowledge, and skill translation.26

Non-significant results from this study were of interest. The VAST

Course did not lead to a significant stepwise improvement in time-

based resuscitation skills. However, the average time measurements

in all three post-intervention periods (Post-A, Post-AV and Retention)

for time to CPR, time to epinephrine, and time to defibrillation were

well within the recommended standards of 60 seconds, 180 seconds,

and 180 seconds respectively.35,46

Due to resource constraints, the study was not able to provide

quantitative assessment of CPR quality (depth of compressions,

rate, interruptions). Whilst there was significant improvement in the
number of interruptions to chest compressions once CPR was

started, the quality of CPR improved post training, but subjectively,

still had room for improvement. This may highlight the potential need

for additional training, and we recommend further focus on teaching

of quality CPR delivery in future ACLS courses.

Contrary to results from a prior study,47 the use of cognitive aids

did not significantly improve after ACLS-VAST training (50%) versus

ACLS training only (30%). In part, this may be explained by a lack of

contextually appropriate cognitive aids, and their infrequent use in

routine practice.48 This highlights the need for development of clini-

cal resources specifically for use in low-resource settings.

In high-resource settings, resuscitation performance in simulation

is improved when combined with NTS training49; it is now common-

place to integrate NTS training into ACLS.49–51 Whilst this study did

not demonstrate a significant stepwise improvement in simulated

resuscitation performance after the VAST Course, skill improve-

ments made immediately following ACLS were maintained 3-

months later. This contrasts to the rapid skill decay commonplace

in resuscitation skill training.52–57 Refresher training is challenging
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in low-resource settings due to limited funding, lack of trainers, and

workforce shortages.49,50 The possibility that additional training in

the VAST Course supports skills retention is an important finding that

requires further exploration.

Likewise, in low-resource settings, NTS skills developed during

the VAST Course may be valuable in improving response to the

deteriorating patient and prevention of in-hospital cardiac arrest,

given the potential for poor outcomes after cardiac arrest has

occurred.

VAST contributed added value to team dynamics and communi-

cation taught in conventional ACLS training as it involves case sce-

narios commonly seen in low-resource settings and highlights

essential NTS. There are opportunities for feedback, self-reflection,

and application of learning in future scenarios. The course offers

guidance on advocacy for essential medications and equipment.

VAST is designed to be relevant for healthcare providers without

prior training in NTS; this is essential in low-resource settings where

the number of specialists is still low and opportunities for this type of

training are limited.

During our literature review and based on our experience, this

was the first study to combine ACLS training with a specific NTS

course in low-resource settings especially in Sub-Saharan Africa

where patients’ characteristics, team structure, and availability of

specialists, equipment, and drugs are different. Also, the hierarchical

culture in most Sub-Saharan Africa and other low- and middle-

income countries makes the application of NTS different especially

for low-level professionals such as nurses, non-physician anes-

thetists, and junior doctors. VAST provides an added opportunity

to promote graded assertiveness, ability to challenge authority, and

a commitment to patient safety.

The ACLS program was adapted to meet the challenges of prac-

ticing in low-resource settings. The lack of some ACLS drugs was

addressed by using alternative cheaper drugs as first lines of com-

mon conditions (e.g., lidocaine and amiodarone for management of

tachyarrhythmias); the shortage of acute medicine specialists was

addressed by providing specific training (e.g., EKG interpretation)

to non-physician anaesthetists and nurses; and scenarios were mod-

ified to focus on patient presentations common in low-resource set-

tings (e.g., infections, trauma, and pregnancy complications).

The VAST Course curriculum was designed specifically for low-

resource settings with a sustainable model of capacity building of

the local educator workforce, not-for-profit delivery, and donation of

equipment required for running courses on an ongoing basis. The

5-day course duration allowed for easy planning for educators in

comparison to conducting two separate courses (ACLS and VAST)

during different periods. Also, the cost of transportation of equipment

and educators is decreased with this model.

The results of this study may be relevant for other providers,

beyond the anesthesia team, because the ACLS-VAST program

was designed for an inter-professional team and this study included

other providers such as medical officers, nurses, and midwives.

Limitations

Resuscitation performance assessments were conducted in a simu-

lated environment limiting the transferability to clinical practice. While

focus groups gathered participants’ ideas on skills translation to the

workplace, future investigations should evaluate the impact on work-

place performance.
This study examines the combination of ACLS and the VAST

Course on resuscitation performance for three-district hospitals in

Rwanda; results are not necessarily applicable to other settings.

The study may not have been adequately powered to detect a

stepwise improvement in time-based scores across multiple mea-

surements due to the paucity of prior work in this context.

The lack of control group is another limitation of this study. It was

not feasible to have a comparison group at all 4 data collection

points. This would have required a separate group of practitioners

that would have put severe manpower strains on each of the three

hospitals and our priority was in ensuring all participants received

training.

Conclusion

A modified 2-day Advanced Cardiac Life Support course decreased

time to initiation of cardiopulmonary resuscitation, time to epinephr-

ine, and time to defibrillation and it was retained up to 3-months later.

Combining the Vital Anaesthesia Simulation Training Course and

Advanced Cardiac Life Support led to better team coordination,

empowerment to act, and advocacy for system improvement. This

pairing of courses has promise for improving Advanced Cardiac Life

Support skills amongst healthcare workers in low-resource settings.
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46. Soar J, Nolan JP, Böttiger BW, et al. European Resuscitation Council

Guidelines for Resuscitation 2015. Section 3. Adult advanced life

support. Resuscitation 2015;95:100–47. https://doi.org/10.1016/j.

resuscitation.2015.07.016.

47. Andersen PO, Andersen HB. Critical incidents related to cardiac

arrests reported to the Danish Patient Safety Database ଝ.

2010;81:312–16. doi: 10.1016/j.resuscitation.2009.10.018.

48. Tobi KU, Amadasun FE. Cardio-pulmonary resuscitation in the

intensive care unit: An experience from a tertiary hospital in Sub-

Saharan Africa. Nigerian Med J 2015;56. https://doi.org/10.4103/

0300-1652.150694.

49. Dewolf P, Clarebout G, Wauters L. The effect of teaching

nontechnical skills in advanced life support: A systematic review.

Published online 2021:1–20. doi: 10.1002/aet2.10522.

50. Yeung J, Perkins G, Davies R, et al. Introducing non-technical skills

teaching to the Resuscitation Council (UK) Advanced Life Support

Course. Resuscitation 2014;85:S71. https://doi.org/10.1016/j.

resuscitation.2014.03.178.

51. Briggs A, Raja AS, Joyce MF, et al. The role of nontechnical skills in

simulated trauma resuscitation. J Surg Educ 2015;72:732–9. https://

doi.org/10.1016/j.jsurg.2015.01.020.

52. Sutton RM, Niles D, Meaney PA, et al. Low-dose, high-frequency

CPR training improves skill retention of in-hospital pediatric

providers. Pediatrics 2011;128. https://doi.org/10.1542/peds.2010-

2105.

53. Anderson R, Sebaldt A, Lin Y, Cheng A. Optimal training frequency

for acquisition and retention of high-quality CPR skills: A randomized

trial. Resuscitation 2019;135:153–61. https://doi.org/10.1016/j.

resuscitation.2018.10.033.

54. Hamilton R. Nurses’ knowledge and skill retention following

cardiopulmonary resuscitation training: A review of the literature. J

Adv Nurs 2005;51:288–97. https://doi.org/10.1111/j.1365-

2648.2005.03491.x.

55. Semeraro F, Signore L, Cerchiari EL. Retention of CPR performance

in anaesthetists ଝ. Published online 2006. doi: 10.1016/j.

resuscitation.2005.06.011.

56. Smith KK, Gilcreast D, Pierce K. Evaluation of staff’s retention of

ACLS and BLS skills. Resuscitation 2008;78:59–65. https://doi.org/

10.1016/j.resuscitation.2008.02.007.

57. Lin Y, Cheng A, Grant VJ, Currie GR, Hecker KG. Improving CPR

quality with distributed practice and real-time feedback in pediatric

healthcare providers – A randomized controlled trial. Resuscitation

2018;130:6–12. https://doi.org/10.1016/j.resuscitation.2018.06.025.

https://www.moh.gov.rw/publications/index.php?id=409%26tx_kesearch_pi1%255Bsword%255D=resuscitatio%26tx_kesearch_pi1%255Bpage%255D=1%26tx_kesearch_pi1%255BresetFilters%255D=0%26tx_kesearch_pi1%255BsortByField%255D=%26tx_kesearch_pi1%255BsortByDir%255D=
https://www.moh.gov.rw/publications/index.php?id=409%26tx_kesearch_pi1%255Bsword%255D=resuscitatio%26tx_kesearch_pi1%255Bpage%255D=1%26tx_kesearch_pi1%255BresetFilters%255D=0%26tx_kesearch_pi1%255BsortByField%255D=%26tx_kesearch_pi1%255BsortByDir%255D=
https://www.moh.gov.rw/publications/index.php?id=409%26tx_kesearch_pi1%255Bsword%255D=resuscitatio%26tx_kesearch_pi1%255Bpage%255D=1%26tx_kesearch_pi1%255BresetFilters%255D=0%26tx_kesearch_pi1%255BsortByField%255D=%26tx_kesearch_pi1%255BsortByDir%255D=
https://doi.org/10.1016/j.afjem.2020.07.013
https://imegh.net/on-site-courses/
http://vastlearning.org
http://www.wfsahq.org/resources/update-in-anaesthesia
http://www.wfsahq.org/resources/update-in-anaesthesia
https://doi.org/10.1016/j.bja.2019.10.022
https://doi.org/10.1016/j.bja.2019.10.022
https://doi.org/10.1186/s41077-016-0025-y
https://doi.org/10.1186/s41077-016-0025-y
https://doi.org/10.1097/ACM.0000000000000388
https://doi.org/10.1097/ACM.0000000000000388
https://doi.org/10.1016/j.resuscitation.2010.01.034
https://doi.org/10.1016/j.resuscitation.2010.01.034
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0150
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0150
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0150
http://10.1097/CCM.0b013e3181cf7383
http://10.1186/1471-227X-9-3
http://10.1186/1471-227X-9-3
https://statulator.com/SampleSize/ss2PM.html%23
http://10.1161/CIR.0b013e31829d8654
http://10.1161/CIR.0b013e31829d8654
https://doi.org/10.1097/ALN.0000000000002563
https://doi.org/10.1097/ALN.0000000000002563
https://www.youtube.com/watch?v=XW8-t3Dk898
https://www.youtube.com/watch?v=XW8-t3Dk898
https://www.youtube.com/watch?v=jQYHQr3ebLo%26t=209s
https://www.youtube.com/watch?v=jQYHQr3ebLo%26t=209s
https://www.youtube.com/watch?v=F0KI6t3sJxo
https://www.youtube.com/watch?v=F0KI6t3sJxo
https://doi.org/10.54531/lvxq6860
https://doi.org/10.54531/lvxq6860
https://doi.org/10.1080/00949655.2015.1129539
https://doi.org/10.1007/s11336-013-9328-2
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1098/rsif.2017.0213
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0220
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0220
http://refhub.elsevier.com/S2666-5204(23)00058-9/h0220
https://doi.org/10.1016/j.afjem.2020.07.013
https://doi.org/10.1016/j.afjem.2020.07.013
https://doi.org/10.1016/j.resuscitation.2015.07.016
https://doi.org/10.1016/j.resuscitation.2015.07.016
http://10.1016/j.resuscitation.2009.10.018
https://doi.org/10.4103/0300-1652.150694
https://doi.org/10.4103/0300-1652.150694
http://10.1002/aet2.10522
https://doi.org/10.1016/j.resuscitation.2014.03.178
https://doi.org/10.1016/j.resuscitation.2014.03.178
https://doi.org/10.1016/j.jsurg.2015.01.020
https://doi.org/10.1016/j.jsurg.2015.01.020
https://doi.org/10.1542/peds.2010-2105
https://doi.org/10.1542/peds.2010-2105
https://doi.org/10.1016/j.resuscitation.2018.10.033
https://doi.org/10.1016/j.resuscitation.2018.10.033
https://doi.org/10.1111/j.1365-2648.2005.03491.x
https://doi.org/10.1111/j.1365-2648.2005.03491.x
http://10.1016/j.resuscitation.2005.06.011
http://10.1016/j.resuscitation.2005.06.011
https://doi.org/10.1016/j.resuscitation.2008.02.007
https://doi.org/10.1016/j.resuscitation.2008.02.007
https://doi.org/10.1016/j.resuscitation.2018.06.025
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G L O S S A R Y
ACLS: Advanced Cardiac Life Support

ALS: Advanced Life Support

CPR: Cardio-pulmonary resuscitation

EKG: Electrocardiogram

HOC: Hand on chest

NTS: Non-technical skills
Pre-A: time point immediately before the ACLS course

Post-A: time point immediately after the ACLS course

Post-AV: time point immediately after the VAST Course

Retention: time point 3-months post-training in ACLS and VAST

ROSC: Return of spontaneous circulation

Sec: Seconds

SPSS: Statistical Package for the Social Sciences

VAST: Vital Anaesthesia Simulation Training
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