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ABSTRACT

Objective To assess the impact of mobile virtual

reality (VR) simulations using electronic Helping Babies
Breathe (eHBB) or video for the maintenance of neonatal
resuscitation skills in healthcare workers in resource-
scarce settings.

Design Randomised controlled trial with 6-month follow-
up (2018-2020).

Setting Secondary and tertiary healthcare facilities.
Participants 274 nurses and midwives assigned to labour
and delivery, operating room and newborn care units were
recruited from 20 healthcare facilities in Nigeria and Kenya
and randomised to one of three groups: VR (eHBB +digital
guide), video (video +digital guide) or control (digital guide
only) groups before an in-person HBB course.
Intervention(s) eHBB VR simulation or neonatal
resuscitation video.

Main outcome(s) Healthcare worker neonatal
resuscitation skills using standardised checklists in a
simulated setting at 1 month, 3 months and 6 months.
Results Neonatal resuscitation skills pass rates were
similar among the groups at 6-month follow-up for bag-
and-mask ventilation (BMV) skills check (VR 28%, video
25%, control 22%, p=0.71), objective structured clinical
examination (OSCE) A (VR 76%, video 76%, control

72%, p=0.78) and OSCE B (VR 62%, video 60%, control
49%, p=0.18). Relative to the immediate postcourse
assessments, there was greater retention of BMV skills at
6 months in the VR group (-15% VR, p=0.10; —21% video,
p<0.01,-27% control, p=0.001). OSCE B pass rates in
the VR group were numerically higher at 3 months (+4%,
p=0.64) and 6 months (+3%, p=0.74) and lower in the
video (—21% at 3 months, p<0.001; —14% at 6 months,
p=0.066) and control groups (—7% at 3 months, p=0.43;
—14% at 6 months, p=0.10). On follow-up survey, 95%
(n=65) of respondents in the VR group and 98% (n=82)

in the video group would use their assigned intervention
again.

Conclusion eHBB VR training was highly acceptable

to healthcare workers in low-income to middle-income
countries and may provide additional support for neonatal

Strengths and limitations of this study

» This study was a multicentre, randomised controlled
trial of mobile virtual reality or video to support neo-
natal resuscitation skills retention in nurses and
midwives who provide neonatal resuscitation in two
low-income to middle-income countries.

» The study used an evidence-based Helping Babies
Breathe second edition curriculum designed for
neonatal resuscitation training in resource-scarce
settings.

» Healthcare workers accessed the digital interven-
tions on mabile phones in the 6 months following
in-person Helping Babies Breathe training.

» Healthcare workers were recruited from second-
ary and tertiary healthcare settings in urban and
semi-urban resource-scarce settings, so the study
findings may not apply to healthcare workers in
high-resource, primary healthcare or rural settings.

resuscitation skills retention compared with other digital
interventions.

INTRODUCTION

In 2019, there were 2.4 million deaths among
infants under 28 days of age.1 ® These neonatal
deaths now account for 47% of global under
5 years child mortality,” and most cases are
preventable.” The majority of these deaths
occur in low-income to middle-income
countries (LMICs). Nigeria, with a neonatal
mortality rate of 36 deaths per 1000 live births
and Kenya at 21 deaths per 1000 live births in
2()19,1 are at significant risk of failing to meet
the United Nations Sustainable Development
Goal 3 to reduce neonatal mortality to 12 per
1000 live births by 2030.”
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Intrapartum asphyxia or lack of breathing at birth is a
leading cause of neonatal mortality.’ ” Training health-
care workers in neonatal resuscitation using the Helping
Babies Breathe (HBB) curriculum builds competency and
reduces newborn morbidity and mortality.*"* However,
neonatal resuscitation skills are quickly lost after train-
ings that use the traditional approach of small group
facilitated classroom training."*™"” For this reason, peri-
odic refresher training with ‘low-dose high frequency’
manikin-based simulations are recommended to support
neonatal resuscitation skills retention.*” *! Unfortunately,
access to manikin-based simulation is limited by trainer,
space and equipment availability.”* * Yet, the high pene-
tration of smartphones and cellular network connectivity
in urban and rural areas in LMICs, makes innovative simu-
lation training feasible using mobile virtual reality (VR)
simulations for healthcare workers (HCWs) who provide
care in health facility and community-based settings.

VR simulations are effective educational tools and can
be engaged at the learner’s convenience, on their own
smartphone, with game-based automated feedback that is
ideal for episodic learning.***® However, little is known of
their feasibility, acceptability or effectiveness for neonatal
resuscitation skills retention in LMICs. We hypothesised
that mobile VR simulation refresher training would
address challenges to the quality of newborn resusci-
tation related to the maintenance of HCW knowledge
and skills over time addressing the lack of standardised
dissemination of updates to recommended practice and
high rates of staff turnover. The objective of this study was
to evaluate the impact of eHBB VR used with in-person
neonatal resuscitation training on neonatal resuscitation
educational indicators and performance outcomes, in
comparison to other digital refresher training modalities.

METHODS

Study setting

The study was conducted in Lagos, Nigeria and Busia,
Western Kenya. Twelve healthcare facilities (nine
secondary and three tertiary) were located in Nigeria
while eight facilities were located in Kenya. The health-
care facilities were located in urban and semi-urban areas
and all have maternal and newborn services with newborn
bed capacity ranging from 2 to 80 beds and delivery and
neonatal unit staffing capacity from 7 to 124 nurses (see
online supplemental file 1).

Participants

Study participants consisted of nurses and nurse-midwives
assigned to labour and delivery, operating room and
newborn care units. Site coordinators or research assis-
tants requested contact numbers, units and wards of
potential participants from head nurses at identified
facilities. Research assistants contacted individuals to
determine eligibility and obtained consent (see online
supplemental file 2).

Inclusion criteria

Nurses and midwives who participate in deliveries and
who provide neonatal resuscitation to inborn or outborn
infants and provide study consent.

Exclusion criteria

Those who had attended a neonatal resuscitation training
course in the lyear preceding the study; individuals who
did not provide neonatal resuscitation as part of their
duties or would be unavailable or unwilling to partici-
pate in follow-up study activities throughout the 6-month
postinitial training period.

Randomisation

Study IDs generated for each country site were randomly
assigned via a computer-generated algorithm to the VR,
video and control groups by a US-based study coordinator.
Participants were enrolled and assigned a study ID before
the HBB course by local study coordinators. Each partic-
ipant received an Android study phone, preloaded with
permission-based access linked to their study ID, via the
mobile Helping Babies Survive powered by District Health
Information System (DHIS2) app (mHBS/DHIS2), to
the participant’s assigned digital intervention. The data
analysis team was blinded to the study assignments.

HBB course structure

The HBB provider course (second edition)27 was taught
by study HBB master trainers as 1 day, 8-hour long sessions
from December 2018 to August 2019. A 30 min orientation
was provided on use of the mHBS/DHIS2 app, including
how to access the assigned digital intervention. All partic-
ipants had access to a digitised HBB provider manual
through the mHBS/DHIS2 app. The VR group in addi-
tion accessed the eHBB VR simulations which consisted of
three interactive three-dimensional simulation scenarios
representing care of a newborn requiring routine care,
some resuscitation and prolonged resuscitation with posi-
tive pressure ventilation. The features of eHBB VR have
been previously described and the application is available
for free download.?® ® The neonatal resuscitation video
used by the video group featured preparation for delivery
and the resuscitation of a newborn requiring positive
pressure ventilation.” None of the interventions required
internet for use. A total of 274 HCWs participated in the
in-person HBB training.

Precourse and postcourse assessments

Standardised knowledge and skills assessments were
conducted by trained research assistants. The HBB knowl-
edge check (15 of 18 multiple-choice questions, >80%
required to pass) and bag-and-mask ventilation skill check
(BMV; 14 of 14 items required to pass) were conducted
precourse and postcourse along with the objective struc-
tured clinical examination (OSCE) A checklist on prepa-
ration for delivery and initial steps of resuscitation (9 out
of 12 items and 3 required items to pass). In addition, the
postcourse assessment included the OSCE B checklist on
prolonged newborn resuscitation (17 out of 23 items and
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Precourse period

Open access

Follow-up period

Baseline Randomization to | Precourse Immediate 1-month 3-month 6-month
assessment study assessment = postcourse postcourse | postcourse @ postcourse
intervention assessment  assessment assessment | assessment
VR Knowledge VR + Digital Knowledge Knowledge Knowledge Knowledge Knowledge
test HBB provider’s test, test, test, test, test,
guide simulation simulation simulation simulation simulation
performance | performance | performance | performance | performance
VR + Digital HBB provider’'s guide
+ LDHF manikin practice
Video Knowledge Video + Digital Knowledge Knowledge Knowledge Knowledge Knowledge
test HBB provider’s test, test, test, test, test,
guide simulation simulation simulation simulation simulation
performance | performance | performance | performance | performance
Video + Digital HBB provider’'s guide
+ LDHF manikin practice
Standard Knowledge Digital Knowledge Knowledge Knowledge Knowledge Knowledge
practice test HBB provider’s test, test, test, test, test,
(control) guide only simulation simulation simulation simulation simulation
performance | performance | performance | performance | performance
Digital HBB provider’'s guide
+ LDHF manikin practice
Figure 1 Study diagram. BMV, bag-and-mask ventilation; HBB, helping babies breathe; LDHF, low-dose high frequency; VR,

virtual reality.

6 required items to pass). HBB checklists are available
for free download from the American Academy of Pedi-
atrics.” A demographic survey was completed (figure 1).

Postcourse interventions and follow-up

Following the course, participants were encouraged to use
their assigned digital intervention weekly and to engage
in standard bag-and-mask skills practice with a manikin
at the HBB practice corner set up at their facility. Post-
course assessments were repeated at 1, 3, and 6 months
after the class. A follow-up survey was completed.

Data collection

Data were collected in person by study staff who had
completed a HBB second edition master trainer course
by experienced HBB master trainers. Staff used the
mHBS/DHIS2 tracker app for offline data collection.*
The mHBS tracker app contained digitised HBB knowl-
edge check, BMV skill check and OSCE A and OSCE B
checklist and was used by the participants to report their
HBB corner practice. The mHBS trainer app separately
tracked educational interventions access and use. To stan-
dardise data collection and feedback to study participants,
an enhanced neonatal simulator, called NeoNaialie Live
(Laerdal Medical) was used for BMV. Compared with the
low-fidelity NeoNatalie simulators used for HBB training
(including the HBB practice corners in this study),
NeoNatalie Live manikin can be programmed to simulate
key physiological parameters, such as variable rates of

lung stiffness and heart rate and provides auditory and
visual cues, in the form of ‘crying’ and increased heart
rate when the end-user provides BMV.*' In addition, brief
automated feedback for the end-user is provided using
a Bluetooth-connected tablet device at the end of the
assessment as ‘well done’ or ‘needs improvement’ based
on bag and mask performance. The use of the NeoNatalie
Livemanikin software enabled the correlation of observer
collected metrics with manikin collected data. The auto-
mated feedback provided by Neonatalie Live was the only
feedback provided following each assessment.”

Patients or public involvement

Patients or the public were not involved in the design,
or conduct, or reporting, or dissemination plans of our
research.

Sample size calculations

We hypothesised that there will be at least a 20% differ-
ence in the proportion of subjects who pass OSCE B at the
6-month evaluation between the VR group or video group
and the control group. A sample size of 83 subjects per
group would provide 80% power to detect a difference in
pass rates between groups if the true pass rates were 85%
and 65%, respectively, based on a two-sided 0=0.05. The
required total sample size for the three groups (VR, video
and control) was 249. We recruited 274 participants total
to allow for 10% dropout over the 6-month follow-up
period.
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(394)

Nurses/nurse mid-wives who attend deliveries
or care for newborns in targeted facilities

Nurse/nurse-midwives recruited
(394)

Excluded nurse/nurse-midwives

\ 4

> -recent HBB training
-unavailable to complete 6-
month follow-up

Nurse/nurse-midwives enrolled
(274)

(120)

l l

1

Assigned to eHBB
plus digital guide

Assigned to video
plus digital guide

Assigned to control
(digital guide only)

(91) (95) (88)
Dropout/Lost Dropout/Lost Dropout/Lost
to follow-up — {0 fOllOW-up ——) {0 follow-up
4) (3) 2)
v v \ 4
Completed 6- Completed 6- Completed 6-
month follow-up month follow-up month follow-up
(87) (92) (86)

Figure 2 Consolidated Standards of Reporting Trials diagram. eHBB, electronic Helping Babies Breathe.

Data analysis

An intention-to-treat analysis was performed, where
participants were grouped according to their randomly
allocated experimental group (VR, video or control)
regardless of their actual exposure. Fisher’s exact test
was used to test for any differences in pass rates among
the three groups for each of the study evaluations: BMV
skills assessment, and standardised simulations of routine
care and initial resuscitation (OSCE A) and prolonged
resuscitation (OSCE B). Post hoc pairwise comparisons
and comparisons between demographic groups were
also performed using Fisher’s exact test. Within-group
comparisons of evaluation results between timepoints
were performed using the sign test. Participant exposure
to the interventions (time in the mHBS trainer app) and

self-reported clinical activity during the follow-up period
were compared between experimental groups using
the Kruskal-Wallis test and Wilcoxon rank-sum test. All
statistical calculations were conducted with the statistical
computing language R (V.4.0.0; R Foundation for Statis-
tical Computing, Vienna, Austria). Throughout, two-
sided tests were used, with statistical significance defined
as p<0.05.

RESULTS

Recruitment, training and follow-up were conducted
concurrently at participating sites from December 2018
to August 2019 with follow-up continuing until February
2020. Of the 394 nurses and nurse-midwives identified
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Table 1

Demographics of study participants

All VR +digital guide Video+digital guide Digital HBB guide only

Demographics n=274 n (%) n=91 n (%) n=95 n (%) n=88 n (%)
Age, years, mean (SD) 38 (9) 37 (9) 41 (10) 37 (9)
Gender

Female 250 (91.2) 82 (90.1) 88 (92.6) 80 (90.9)
Profession*

Nurse 133 (48.5) 43 (47.3) 46 (48.4) 44 (50.0)

Nurse-midwife 135 (49.3) 48 (52.7) 44 (46.3) 43 (48.9)

Midwife 5(1.8) 0 (0.0) 5(5.3) 0(0.0)
Country

Kenya 128 (46.7) 44 (48.4) 42 (44.2) 42 (47.7)

Nigeria 146 (53.3) 47 (51.6) 53 (55.8) 46 (52.3)
Wardt

Labour/Delivery ward 188 (71.8) 62 (71.3) 63 (70.8) 63 (73.3)

Postnatal ward 48 (18.3) 15(17.2) 15 (16.9) 18 (20.9)

Newborn unit/NICU 17 (6.5) 6 (6.9) 7(7.9) 4(4.7)

Operating theatre 9 (3.4) 4 (4.5) 4 (4.5) 1(1.2)
Post-training experience (years)f

<5 65 (23.9) 22 (24.4) 17 (18.1) 26 (29.5)

5-10 83 (30.5) 34 (37.8) 24 (25.5) 25 (28.4)

11-15 40 (14.7) 1(12.2) 16 (17.0) 3(14.8)

16-20 32 (11.8) 1(12.2) 13 (13.8) 8(9.1)

>20 52 (19.1) 2 (13.3) 24 (25.5) 16 (18.2)
Prior HBB training 52 (19.0) 6(17.6) 23 (24.2) 13 (14.8)
Owns a smartphonet 222 (92.5) 2(91.2) 75 (91.5) 74 (94.9)

*Missing value=1.
TMissing value=12.
FMissing value=34.

HBB, Helping Babies Breathe; NICU, neonatal intensive care unit; VR, virtual reality.

who attended deliveries at the participating sites, 274
consented to participate in the study. Of the 274 partici-
pants, 265 (97%) completed a 6-month assessment, with a
similar dropout rate in each group (p=0.52 for the differ-
ence between groups, figure 2).

Most participants were female (91%), nurse-midwives
or midwives (51%), who worked in the labour and delivery
ward (72%). Nearly all owned a smartphone (table 1).
Neonatal resuscitation knowledge and skills assessments
were conducted immediately after the in-person course.
There were no differences in knowledge check scores (VR
18 (17-18), video 18 (17-18), control 18 (17-18), p 0.76)
or pass rates on the BMV (VR 46% (n=83), video 46%
(n=84), control 52% (n=79), p=0.72), OSCE A (VR 76%
(n=91), 78% (n=95), 72% (n=88), p=0.63) and OSCE B
(VR59% (n=91), video 73% (n=95), control 62% (n=88),
p=0.13) assessments across groups on the immediate
postcourse assessments.

Neonatal resuscitation knowledge and skills on follow-up
assessments

Neonatal resuscitation skills assessments were conducted
at 1, 3 and 6 months after the in-person course. Differ-
ences in pass rates on the BMV, OSCE A and OSCE B
checklists across groups on the 6-month postcourse assess-
ments were not statistically significant (table 2).

To determine whether pass rates were impacted by
years of experience, age, profession, ward or prior HBB
training, BMV skills, OSCE A and OSCE B pass rates were
compared between groups, one at a time. Participants
with <5 years of experience performed better on the
OSCE A and OSCE B immediate postcourse assessments
(p=0.022and p=0.034, respectively). Nurse-midwives
performed better on BMV skills (p<0.001), OSCE A
(p<0.001) and OSCE B immediate postcourse assessments
(p=0.011) compared with nurses, although pass rates were
similar for all three tests at 6 months (p=0.14-0.89). Ward
assignment to newborn unit, neonatal intensive care unit
(NICU) or postnatal ward was also associated with greater
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% immediate postcourse pass rate on BMV skills (p<0.001),
% © OSCE A (p=0.001) and OSCE B assessments (p<0.001). At
n>. Q o the 6-month follow-up assessment, there were no signifi-
N ° B cant differences in BMV skills, OSCE A or OSCE B pass
U 9 rates by country site, years of experience, age, ward and
e I © HBB training >1year prior to the study (table 3).
- — ©
— I
gl= 5;’ % kel Neonatal resuscitation performance changes over time
519 ,é % X There was a decline in performance on neonatal resusci-
: % =] © : tation skills assessments at 1 month across all groups with
é el ld a variable degree of recovery of skills by the 3-month and
o 6-month assessments (figure 3).
o X XK
3 222 BMV skill pass rates
=< T BMV skills showed a decline at the 1-month assessment
and remained significantly lower than the immediate
*
[ postcourse baseline in all groups at 3 months (-23% VR,
t_>v ® -2 p=0.001, -25% video, p<0.001, -31% control, p<0.001)
o|loc oo and in the video and control groups at 6 months (-15%
S VR, p=0.10, -21% video, p<0.01, -27% control, p=0.001).
X o &
g w p 0SCE A pass rates
5 2 ‘c“) While pass rates decreased on the OSCE A assessments
B 5 E °\L:> E across all groups at 1month, the groups improved over
£ 0o © time and OSCE A pass rates were close to the immediate
8 5’_ i?, 0 3‘/ postcourse baseline at 6 months (-1% VR, -1% video, 0%
@ control, p=0.83), with the VR group demonstrating an earlier
g © ¢ recovery of skills (-2% VR, -9% video, 7% control, p=0.52 at
> E’O o Co\l 3 months). At 6 months, the VR group showed good perfor-
o 0 o © > . group 5 p
>| - £ mance on questions: prepares the area for ventilation and checks
£ Sfunction of bag, mask and suction device (VR 92% (n=87), video
Y 5 g 89% (n=92), control 84% (n=86), p=0.25), recognises baby is
% N.B 3 = crying and breathing well (VR 100% (n=87), video 99% (n=92),
® n>. =SS ‘_: c control 95% (n=86), p=0.07) and communicates with mother
%‘ £ 5 (VR 94% (n=87), video 86% (n=92), control 86% (n=86),
> - § }‘E p=0.12), although these differences were not statistically
5 % £ 'E significant.
o <
=| |£ £ 5
8 5o = 2 % OSCE B pass rates
P £/8 8 & 3 %‘E OSCE B pass rates were higher than the immediate post-
T dle gy g E)% course baseline at 3 and 6 months in the VR group (+4%
@ L5 at 3 months, p=0.64; +3% at 6 months, p=0.74) and lower
= & 50 3 in the video (-21% at 3 months, p<0.001; -14% at 6
’ S « iz months, p=0.07) and control groups (-7% at 3 months
2 % s o6 25 % p=0.43; —-14% at 6 months, p=0.10). Across groups, the
% glece 5 & L performance was sustained on some items of the OSCE
a S~k w| e’ skills checklist that are necessary to improve ventilation
8 '-“0“325 B skills checklist th y to imp ilati
sz g 28 such as reapply mask and reposition head, while other recom-
g 9; < g ﬁg mended steps such as clear mouth and nose of secretions, open
S| a ‘E o ca| 225 the mouth and squeeze bag harder, showed a greater decline
BlalT|¥ESL cEE in performance (figure 4). On post hoc analysis of OSCE
Sl © | aQE p 8 p Y
50> © © g g § B assessments at the 6-month follow-up, there was a statis-
'% o % x tically significant difference between the VR and control
g— é ge¢g groups on the frequency of performing the steps: opens
Q = © g9z mouth slightly (54% vs 37%, p=0.03) and squeezes bag harder
(@) o X3
olE cm| %50 (75% vs 59%, p=0.04) and providing the target ventilation
P Q 2wl © _3 rate of 30-50 breaths per minute (86% VR vs 73% control,
< = 3 @ E 2 S p=0.04). Differences in performance between the video
= >|[@ o] o and control groups were not statistically significant on
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Table 3 Pass rates compared between demographic groups

BMV skills check* OSCE A* OSCE B*
Immediate 6-month Immediate 6-month Immediate 6-month

Demographic n (%) n (%) n (%) n (%) n (%) n (%)
Years of experience

<5 36 (62.1) 18 (28.6) 57 (87.7) 49 (77.8) 50 (76.9) 37 (568.7)

5-10 27 (41.5) 11 (16.4) 47 (65.3) 52 (77.6) 41 (56.9) 42 (62.7)

11-20 20 (44.4) 17 (32.7) 39 (75.0) 38 (73.1) 29 (55.8) 25 (48.1)

20+ 35 (45.5) 20 (24.7) 62 (74.7) 58 (71.6) 57 (68.7) 46 (56.8)

P valuet 0.11 0.18 0.02 0.79 0.03 0.45
Age (years)

20-30 39 (60.0) 22 (31.0) 60 (83.3) 54 (76.1) 53 (73.6) 42 (59.2)

31-40 36 (45.0) 14 (16.7) 66 (75.9) 59 (70.2) 59 (67.8) 44 (52.4)

41-50 29 (42.0) 20 (26.0) 54 (66.7) 61(79.2) 50 (61.7) 49 (63.6)

51+ 14 (43.8) 10 (30.3) 26 (76.5) 24 (72.7) 16 (47.1) 16 (48.5)

P valuet 0.16 0.16 0.13 0.60 0.05 0.36
Profession

Nurse 31 (27.7) 34 (26.6) 87 (65.4) 95 (74.2) 76 (57.1) 79 (61.7)

Nurse-midwife 87 (64.9) 32 (23.4) 119 (84.4) 103 (75.2) 102 (72.3) 72 (52.6)

P valuet <0.001 0.57 <0.001 0.89 0.01 0.14
Ward

Labour/Delivery ward or operating 77 (42.8) 49 (24.6) 147 (71.7) 150 (75.4) 120 (58.5) 113 (56.8)

theatre

NBU/NICU or postnatal ward 39 (70.9) 13 (24.1) 53 (93.0) 37 (68.5) 51 (89.5) 30 (55.6)

P valuet <0.001 >0.99 0.001 0.30 <0.001 0.88
Prior HBB training

Yes 22 (561.2) 14 (28.6) 40 (76.9) 38 (77.6) 29 (55.8) 29 (569.2)

No 96 (47.3) 52 (24.1) 166 (74.8) 160 (74.1) 149 (67.1) 122 (56.5)

P valuet 0.74 0.58 0.86 0.72 0.15 0.75

*Values are no (%) if not otherwise specified.
TFisher’s exact test comparing pass rates between groups.

BMV, bag-and-mask ventilation; HBB, Helping Babies Breathe; NBU, newborn unit; NICU, neonatal intensive care unit; OSCE, objective

structured clinical examination.

these metrics: opens mouth slightly (47% vs 37%, p=0.23),
squeezes bag harder (73% vs 59%, p=0.06) and ventilation
rate of 30-50 breaths per minute (85% video vs 73% control,
p=0.06).

Participant exposure to interventions and clinical activities

Participants were assigned access to study interventions
through the mobile Helping Babies Survive (mHBS) app
and were encouraged to self-report HBB corner prac-
tice and deliveries assisted during the follow-up period.
The median user time spent in the mHBS trainer app
was 103 (85-126) min. This software reported metric
reflected the time spent accessing the educational inter-
ventions in all groups. There was no difference between
groups in number of minutes spent using the mHBS
trainer 103 (85-126) over the 6-month follow-up period
(VR 101 (81-120), video 108 (87-133), control 102
(87-126), p=0.36). There was no significant difference

in self-reported clinical activities with median number
of deliveries assisted (VR 25 (5-64), video 25 (12-75),
control 28 (7-108), p=0.51) and median deliveries
requiring BMV (VR 9 (3-20), video 10 (4-24), control 9
(4-26), p=0.67). The median HBB corner practice days
were also similar across groups (VR 16 (6-42), video 20
(7-38), control 16 (7-51), p=0.86)).

Participant feedback

Participant feedback indicated overall positive impres-
sions of the VR and video refresher training interventions.
On a 6-month follow-up survey with a Likert scale of 1-5
with 1 being strongly disagree and 5 being strongly agree,
VR group participants agreed/strongly agreed that eHBB
VR was easy to use (92%, n=82), realistic (90%, n=81) and
provided valuable clinical practice (92%, n=81) and feed-
back (90%, n=68). A majority of the video group partici-
pants also agreed/strongly agreed that the video was easy
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to use (88%, n=83), realistic (96%, n=81) and valuable
for clinical practice (85%, n=81). If given the opportu-
nity, 95% (n=65) of VR and 98% (n=82) of video respon-
dents would use their assigned intervention again.

DISCUSSION
This is the first randomised controlled trial that assesses
the impactof mobile VR training for neonatal resuscitation

M Reapply mask M Reposition head

skills retention in HCWs in a resource-scarce setting after
standard in-person HBB training. Mobile VR training was
highly feasible and acceptable to HCWs in a LMIC setting.
Previous reports on neonatal resuscitation training using
the HBB curriculum have demonstrated a decline in
skills within months of training which may interfere with
transfer of skills to clinical practice.*"° **** In this study
of digital interventions for neonatal resuscitation skills
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retention, we found that digital interventions such as VR
and video used for refresher training supported the reten-
tion of neonatal resuscitation skills in HCWs in Nigeria
and Kenya. While the 6-month postcourse performance
was similar across groups, when compared with imme-
diate postcourse performance, the decreases in BMV
skills pass rates over time were significant in the video and
control groups but not in the VR group. Also, contrary to
the expected decline in performance over time, OSCE
B pass rates were higher at 3 and 6 months than imme-
diately postcourse in the VR group, suggesting that the
VR training may provide additional support for the skills
needed for prolonged neonatal resuscitation.

Both VR and video have been described for training in
HCWs.** ** Video is a familiar medium but has been
long considered a passive learning modality which should
be combined with an active learning modality such as
manikin-based practice or simulation.”*! Virtual simula-
tion, an active learning modality, is thought to support
learning through repetition, user engagement and iden-
tity formation.”” * Although the overall performance
of the video and VR groups was similar at the 6-month
assessment, the VR group demonstrated an increased
performance over time on some neonatal resuscitation
skills that have been demonstrated gaps in educational
simulation-based settings such as the steps to improve
BMV.* In settings where in-person refresher training is
costly and potentially challenging, and may be even more
difficult within the context of COVID-19 concerns, digital
and telehealth interventions may adequately support the
retention of neonatal resuscitation knowledge and skills.*

Little is known about the feasibility and acceptability of
VR as a novel educational modality for training HCWs in
resource-scarce settings. Previous descriptions of mobile
VR use with school-age children in LMICs suggest that
mobile VR simulations can be used to demonstrate real-
world phenomena, illustrate abstract concepts and moti-
vate learners.*® After using VR, students asked questions
that reflected a deeper level of curiosity, engagement and
reflection on lesson topics. They also took ownership of
the programme by recharging mobile devices and creating
their cardboard viewers.”® Digital interventions such as
VR may provide engaging, individualised and incentiv-
ised practice opportunities.” A survey of HCWs’ perspec-
tives on simulation-based training in Nigeria showed a
lack of awareness of VR training, but willingness to use
VR simulations if they were available.*” Computer-based
simulations have been used in high-resource settings as
an adjunct to in-person neonatal and paediatric resuscita-
tion training.** VR may support the transfer of knowledge
to practice through interactive learning, problem-solving
and standardised feedback.*®*’ Connections that emerge
between the participant’s offline and in-game identity,
and the actual interactions with virtual newborns and
mothers within the VR simulation, may modify attitudes
and behaviours that relate to clinical practice.”””” The
HCWs in our study responded positively to mobile VR
training.

Recently, Erdsal et al* described recommendations to
improve the implementation of training programmes
like HBB by establishing a system for training HCWs
and conducting low-dose high frequency practice that
is tailored to needs, incentivised and self-reflective. This
practice should emphasise both cognitive and psycho-
motor skills important for successful neonatal resuscita-
tion. For practising healthcare providers, the preparation
of delivery and initial steps of resuscitation covered by
OSCE A checklist are frequently performed in clinical
practice, as approximately 10% of all babies born require
some resuscitation.”” A number of digital innovations
have been developed, over the past decade, to support
HBB education and training.*® > °® Based on our find-
ings, after initial training, basic neonatal resuscitation
skills may be supported by a range of digital training
including VR, video and even digital guide only. However,
prolonged resuscitation (represented by the OSCE B
scenario) occurs in only 1% of deliveries, so the perfor-
mance of these skills is less common in clinical practice,
particularly in low-volume healthcare facilities. Simula-
tion practice is important for skills retention in HCWs
at these facilities and low-dose high frequency practice
at a facility-based HBB corner is recommended.” Pass
rates on bag and mask skills were higher at 6 months in
the VR group. Improvements in BMV performance over
time were specifically seen in the critical skills needed
to improve ventilation in a baby who is not responding.
Resuscitation actions to improve ventilation like opening
the mouth of the baby are notably hard to reinforce on
manikin-based training because the manikin’s mouth is
designed to be always open.”™

This study had several limitations. We only recruited
participants from secondary and tertiary healthcare
facilities urban and semi-urban resource-scarce settings.
The study findings may not apply to HCWs who work
in high-resource settings, at primary healthcare facili-
ties or in rural settings. Although a majority of the study
participants reported owning a mobile phone, to ensure
uniform access to the study interventions, all participants
were provided a study phone to enable access to the
digital resources. VR applications are compatible with a
wide range of low-cost mobile phones, but not all phones
can run VR applications. Participants were asked to access
the digital interventions weekly, but the average frequency
of access to the application was monthly and may have
impacted study findings. The optimal frequency of access
is unknown and is an opportunity for future study.

CONCLUSION

Digital interventions supported the retention of neonatal
resuscitation knowledge and skills for HCWs in Nigeria
and Kenya. eHBB VR training was highly feasible and
acceptable to HCWs in LMICs. eHBB VR may provide
additional support for neonatal resuscitation skills reten-
tion when compared with other digital interventions.
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