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Paediatric critical care (PCC) or intensive care is an evolving medical 
subspecialty especially in low- and middle-income countries (LMICs).[1] 

PCC requires highly skilled clinical staff including paediatric intensivists, 
nurses, visiting subspecialists and surgeons as well as other members 
of the medical team to carry out multidisciplinary management of 
patients with life-threatening illnesses by supporting organ functions 
and averting further deterioration. Although intensive care unit (ICU) 
services can reduce mortality of acutely ill children often encountered 
in resource-limited settings, ICU bed spaces are often in short supply.[2,3] 
There is a need for provision of critical care services outside the four 
walls of ICUs, especially in acute care areas.[4,5] Emergency department 
critical care or emergency critical care (ECC) service is an attempt to 
bridge this gap. It enables prompt delivery of relevant critical care to 
acutely ill children before an ICU transfer.[6,7] ECC has the potential to 

enhance the monitoring, treatment and outcome of critically ill children 
especially in health facilities running mixed ICUs with limited paediatric 
bedspaces.[5,7] In addition, the prohibitive cost of ICU admissions is 
often unaffordable to many patients in this environment, which often 
results in undue delays of admission into ICU even when bed spaces 
are available. This delay highlights the need for provision of short-
term critical care services outside the enclave of ICUs, considering 
that healthcare delivery is predominantly by out-of-pocket spending in 
the sub-region.[8,9] Hence, emergency department (ED) critical care is 
pertinent to promptly optimising the care of acutely ill children.

However, there are limited ECC training opportunities for clinical staff 
in paediatric EDs because critical care is not a major part of paediatric 
training curricula at present.[10,11] This is undesirable because significant 
proportions of children being managed by paediatric practitioners in 
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the sub-region are critically ill.[3] This limited staff exposure to critical 
care training as well as inadequate physical resources obviously worsen 
the outcomes of severe childhood illnesses in our setting.[3,12] While 
efforts are being made to avert late presentation of children to health 
facilities, there is a need to improve specialised healthcare delivery at 
paediatric EDs.[3,11] This will ensure early and optimal management of 
an acutely ill child before ICU admission is achieved, if unavoidably 
required.[13] Canarie et  al. highlighted the dearth of paediatric critical 
care skills in our medically-underserved region.[14] Bjorklund et  al. 
opined that collaboration in the exchange of skills is essential to promote 
pediatric critical care in our sub-region.[15] In a recent nation-wide 
survey, Enyuma et al. found that a majority of medical and nursing staff 
in paediatric EDs in Nigeria have not completed relevant subspecialty 
training.[16] Likewise, Abiodun et  al. found that less than a fifth of 
paediatric trainees in Nigeria had certification in a paediatric advanced 
life support (PALS) course.[3] This can undermine ECC preparedness 
and worsen the prevalent poor health indices in this setting.

Considering the foregoing and the ongoing strategic upgrading of 
critical care facilities in our centre, there is a need to build the ECC 
capacity of our frontline clinical staff. Hence, regular on-the-job training 
in critical care for clinicians in our paediatric ED is timely. The present 
study aims to evaluate the impact of structured bedside training on the 
staff ’s understanding and skills in invasive/non-invasive ventilation 
at our Children’s Emergency Room (CHER). We hypothesise that this 
up-skilling training will enhance the clinical knowledge and ECC 
practice of medical staff in theCHER.

Methods
Study setting and participants
This study took place at the Critical Care Bay of the CHER of the 
University of Benin Teaching Hospital (UBTH) in southern Nigeria. 
The study period was from May to July 2022. Multiparameter monitors, 
an automated external defibrillator (AED), bubble continuous positive 
airway pressure (CPAP) devices, high-flow nasal cannula (HFNC) 
oxygen delivery systems (Airvo2; Fisher & Paykel) and Siaree paediatric 
ventilators (Siaretron 2000 and Falco 202 EVO) were available in the 
critical care bay. Also, there were manikins for simulation.

Participants were clinical staff/trainees working or taking calls in the 
CHER who were mainly house officers, nurses and paediatric residents. 
Visiting clinicians and paramedic students were excluded.

Study design
This was a prospective quasi-experimental study using a pre- and post-
test design as depicted below (Fig. 1).

Pre-test
A pretested feedback form was administered to every participant in 
the study in the pre-intervention period to document their knowledge 
and self-reported practice of respiratory support (CPAP, HFNC and 
mechanical ventilation) 6 weeks prior to the training. This form 
described their baseline scope of practice and skills.

Interventions
The intervention comprised structured bedside training sessions on 
critical care equipment and case-based discussions (CBDs) over a 
6-week period (May/June 2022). The equipment used in the training 
included CPAP, Airvo2 and Siaree mechanical ventilators. The 
participants were scheduled in groups of 8 - 10 for bedside clinical 
instructions and 2 - 4 persons for hands-on practice sessions: 1 hour 

on Thursdays (08h00 - 09h00) and 30 minutes thrice weekly during 
hand-over afternoon rounds. Components of the bedside training 
include setting up of the equipment, selection of appropriate patient 
interfaces, selection of appropriate modes and ventilation parameters, 
adjustment of ventilator settings, interpretation of ventilator waveforms, 
trouble-shooting, and weaning procedures. Participants focused on 
their scope of practice during training. AED use and endotracheal 
intubation were simulated on low-fidelity manikins that were available 
in the unit and the departmental simulation laboratory. Case-based 
discussions were virtually done using de-identified patient information 
and clinical scenarios. In addition, flexible self-learning was encouraged 
among participants during the period guided by the unit’s standardised 
ECC checklists on invasive and non-invasive ventilation as well as 
manufacturers’ instructional videos for quality assurance.[17,18]

Post test
The feedback form was again administered to participants to document 
their knowledge and self-reported practice of respiratory support using 
CPAP, HFNC and mechanical ventilation (MV) in the 6-week period 
after completion of training. Participants’ overall proficiency was 
assessed on a 100 mm uncalibrated visual analogue scale (VAS).

Sample size
This was a total population study of all consenting clinical staff 
working or taking call duties at the paediatric emergency department 
during the five-month study period. Participants were purposively 
recruited.

Excluded 
(n=7)

Paramedic trainees 
on <3 weeks' ED rotation

Paediatric ED sta� 
assessed for eligibility, 

N=44

Recruitment

Included (N=37):
Residents (n=21)

Nurses (n=10)
HOs (n=4)

Consultants (n=2)

Pre-intervention assessment 
(N=37):

Knowledge/practice 
preceding 6 weeks; baseline survey

Intervention 
(n=37):

CPAP, HFNC, MV training, 
endotracheal intubation simulation

Post intervention assessment 
(N=37):

Knowledge/practice 
preceding 6 weeks; baseline survey

Analysed
n=37

Fig. 1. Flow chart of the progression of participants in the quasi-experimental 
study. (ED=emergency department ; HO=house officer; CPAP=continuous 
positive airway pressure; HFNC= high-flow nasal cannula; MV=mechanical 
ventilation.)
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Data collection
This was done using a feedback form comprising sections on each 
participant’s baseline information, perception of bedside ECC training, 
perceived ECC proficiency, self-reported ECC practice and perceived 
challenges/recommendation. The preliminary form was pretested and 
found satisfactory among paediatric staff who attended the maiden 
ECC didactic teaching at the department of child health seminar room 
in 2021. The feedback form was administered twice to every participant: 
as a pretest and a post-test.

Data analysis
The data were analysed using SPSS version 26.0 statistical software for 
Windows (IBM, USA). Fisher’s exact test or the chi-square was used 
to compare categorical data such as gender and type of institution. 
A weighted mean score was computed for variables on each sub-scale. 
Adequate perception was defined with a cut-off point of 2.5 on a 
4-point Likert scale. Self-reported ECC practices pre and post training 
were evaluated, including proficiency on an uncalibrated 100 mm 
visual analogue scale (VAS). VAS scores ≥50 were rated as adequate, 
while scores ≥70 were considered excellent. The F-test (or Student’s 
t-test where appropriate) was used to detect significant differences 
among weighted mean scores while Scheffé’s post hoc test identified 
significantly different weighted mean scores on the F-test. p<0.05 was 
considered significant.

Ethical consideration
Participation was entirely voluntary; names and identifying numbers 
were not required. Ethical clearance for the study was obtained from 
the Ethics and Research Committee of the College of Medical Sciences, 
University of Benin (ref. no. CMS/REC/2023/344).

Results
Baseline characteristics of participants
A total of 37 clinical staff took part in the beside training, comprising 
9 (24.3%) paediatric registrars, 12 (32.5%) senior registrars, 10 (27.0%) 
nurses, 4 (10.8%) house officers and 2 (5.4%) paediatric consultants 
(Table  1). The male:female ratio of the participants was 1:1.6, and 
their mean (SD) age was 33.24 (6.30) years. Six (16.2%) participants 
stated that they had certification in basic life support while 2 (5.4%) 
were certified in paediatric advanced life support. Thirteen (35.1%) 
participants indicated that they daily attended to critically ill children in 
their units; other details are in Table 1. Seven paramedic students took 
part in the baseline survey but were excluded from all analysis because 
they could not complete the training owing to a change in their clinical 
rotation from the emergency unit.

Participants’ perception of bedside training and 
perceived ECC proficiency
Table  2 shows participants’ agreement levels with statements on ECC 
bedside training. They fully agreed that it was relevant to their clinical 
practice and career. Their pre- and post-test results in perceived 
proficiency in paediatric mechanical ventilation improved significantly 
on an uncalibrated 100 mm visual analogue scale (VAS) (45.26+31.99 
v. 63.26 (22.26); p=0.038). Also, there was a significant increase in their 
perceived proficiency in paediatric analgesia/sedation on the VAS (30.83 
(29.86) v. 49.83 (23.90); p=0.029). On sub-analysis, doctors’ perceived 
proficiency in invasive ventilation significantly increased post training 
(35.36 (23.24) v. 63.26 (22.26); p=0.001); likewise, nurses showed 
improved proficiency in non-invasive ventilation post training (p=0.02). 

There was no baseline variable that independently predicted a VAS score 
>70 among participants (p=0.08).

Effects of bedside training on participants’ 
actual ECC practice
There was improved adherence to the unit checklist on choice of 
ventilator settings by participants in the post-training period. Table  3 
shows the self-reported ECC practice of participants in the 6-week 
periods before and after training. They recognised significantly more 
children requiring endotracheal intubation in the post-training period 
(p=0.002) and they intubated more children during the period (p=0.001). 
Reasons given by participants for failure to intubate in the post-training 
period were inappropriate size of laryngoscope blade (n=3  (8.1%)), 
malfunctioning laryngoscope (n=3 (8.1%)) and absence of a free 
ventilator (n=2 (5.4%))

Participants’ proficiency on ECC equipment 
and interfaces
Table 4a shows the effect of bedside training on participants’ proficiency 
in using the CPAP device, HFNC device (Airvo2, Fisher and Paykel) 
and Siaree ventilators (Sietron 2000 and Falcom 500). Participants’ 
understanding of testing the CPAP circuit, connecting to the patient and 
weaning significantly improved following training (p=0.004). Likewise, 
their capacity to select appropriate Airvo2 parameters improved 
(p=0.013) and there was a significant increase in their competence in all 
aspects of paediatric invasive ventilation (p<0.05; Table 4a).

Overall, participants’ aggregate understanding of each of the three 
types of respiratory support equipment significantly improved following 
training, (p<0.05). At baseline, their understanding of invasive ventilation 
was much less than their competency in non-invasive ventilatory supports 
(CPAP and Airvo2) as shown in Table 4b (F=8.287; p=0.001). However, 

Table 1. Baseline characteristics of participants (N=37)
Characteristics n (%)
Gender

Male 14 (37.8)
Female 23 (62.2)
Mean age (SD) years 33.24(6.30)

Job description
Registrar 9 (24.3)
Senior registra 12 (32.5)
Nurse 10 (27.0)
House officer 4 (10.8)
Consultant 2 (5.4)

Certification related to emergency/critical care
Yes 10 (27.0)
No 17 (46.0)
No response 10 (27.0)

If yes, specify
BLS 6 (16.2)
PALS 2 (5.4)
None specified 2 (5.4)

How often do you treat critically ill children?
Daily 13 (35.2)
Twice-weekly 6 (16.2)
Weekly 8 (21.6)
Less frequent 10 (27.0)

BLS=basic life support; PALS=paediatric advance life support; SD=standard deviation.
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post training, their perceived competency in invasive respiratory support 
improved, comparable to their competency in non-invasive supports 
(F=1.949; p=0.155).

Challenges to ECC beside training and 
recommendations by participants 
The challenges and recommendations for ECC bedside training given 

by participants are listed below, following thematic analysis (Box 1). 
Pre- and post-training lists of perceived challenges (χ2=30.440; df=21; 
p=0.83) and recommendations for improvement (χ2=42.444; df=31; 
p=0.83) by participants were similar.

Discussion
The present study suggests that short-term bedside training has a 

Table 2. Participants’ agreement with statements on bedside ECC training

Statements on ECC training
Agreement levels

Mean scores SD† Interpretation‡

The ECC training will be helpful to my clinical practice 3.59 0.69 Adequate
It will be helpful to my professional training/career 3.56 0.70 Adequate
Any interested paediatric consultant should attend 3.59 0.69 Adequate
Adult anesthetists/ intensivists should attend 3.52 0.70 Adequate
Paediatric/ICU nurses should attend the meeting 3.63 0.69 Adequate
It should include an online platform (e.g. WhatsApp) 3.22 0.85 Adequate

†Standard deviation.
‡Based on a 4-point Likert scale.
ECC= emergency critical care.

Table 4a. Participants’ proficiency on ECC equipment and interfaces

Statements on equipment and interfaces
Proficiency mean (SD) scores

t-test p-valuePre-training Post-training
Bubble CPAP: I can sterilise circuit and reconnect new circuit 2.57 (1.00) 2.87 (0.69) -1.212 0.231
I can fill the water can and power on the humidifier/warmer 3.11 (0.83) 3.30 (0.56) -0.970 0.337
I can test the circuit, connect patient and wean slowly 2.46 (0.84) 3.13 (0.69) -3.047 0.004
Airvo2: I can select an appropriate Optiflow cannula 2.74 (0.81) 3.00 (0.67) -1.214 0.231
I can select paed mode, adjust flow rate, FiO2 etc. 2.36 (0.99) 3.00 (0.74) -2.580 0.013
Ventilator: I can set up and select unit first-line mode 2.29 (0.90) 3.04 (0.64) -3.404 0.001
I understand setting parameters and output displays 2.43 (1.03) 3.05 (0.58) -2.507  0.016
I can trouble-shoot a de-saturating intubated patient 2.11 (1.07) 2.83 (0.72) -2.760 0.008
I can stepwise wean patient from a ventilator 2.36 (0.99) 2.91 (0.67) -2.297 0.026

CPAP= continuous positive airway pressure.

Table 3. Changes in participants’ ECC practice in the pre- and post-training periods
Actual ECC practice Pre-training Post-training Tests p-value
Done CPR in the past 6 weeks?
Yes 22 (91.7) 21 (91.3) 0.002 1.000†

No 2 (8.3) 2 (8.7)
Recognised need for intubation 1.0 (1.0 - 3.0) 3.0 (2.0 - 5.0) 3.093 0.002‡

Performed endotracheal intubation 2.0 (1.0 - 3.0) 3.0 (2.0 - 4.0) 3.338 0.001‡

†Fisher’s exact test.
‡Mann-Whitney test.
ECC= emergency critical care.

Table 4b. Summary of participants’ proficiency scores on ECC equipment and interfaces

Equipment/interfaces
Proficiency means (SD) scores

t-test p-valuePre-training Post-training
Bubble CPAP 2.71 (0.72)* 3.10 (0.56) -2.105 0.040
Airvo2 2.55 (0.79)*† 3.00 (0.66) -2.171 0.035
Ventilator 2.29 (0.88)‡ 2.96 (0.58) -3.129 0.003
F-test 8.287 1.949
p-value 0.001 0.155

*†‡ Significantly different weighted mean scores on F-test identified by Scheffé post hoc test.
CPAP= continuous positive airway pressure.
ECC= emergency critical care.
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beneficial influence on the critical care proficiency of clinical staff in 
a CHER, as is evidenced by the significant increase in their perceived 
competence in ECC practice; this finding is comparable to earlier 
reports by Asani et al. in Lagos, and Abiodun et al. in Benin City, that 
bedside training improved the clinical competency of undergraduate 
trainees.[19,20] Also, bedside teaching in the emergency department 
has been found to be useful in delivering effective learner-centered 
feedback.[21] Over half of our participants expressed satisfaction with 
the training objectives and agreed that bedside training will enhance 
their future professional development. On-the-job and off-the-job 
training opportunities have been linked to job satisfaction and career 
development of health professionals. Lasebikan et al. in Enugu IN south-
east Nigeria found that health workers expressed low job satisfaction 
when they had limited opportunity for professional training in their 
careerS.[22] This is consistent with findings in other parts of the country 
and elsewhere on the continent.[23,24]

Furthermore, the actual number of successful critical care procedures 
including endotracheal intubation performed by the participants 
increased post-training comparable to the report by Al-Wassia et  al. 
in Saudi Arabia that simulation-based training resulted in sustained 
improvement in paediatric residents’ intubation skills.[25] Based on 
the National Emergency Airway Registry for Neonates in the USA, 
Johnston et  al. similarly found that higher clinical experience was 
associated with an increased first-attempt success rate of endotracheal 
intubation by physicians.[26] This highlights the need to incorporate 
regular skill acquisition drills into emergency and critical care training 
in all settings in order to achieve improved access to safer paediatric 
procedures. Regular training of clinical staff can be life-saving in our 
medically-underserved region where delayed presentation and sub-
optimal interventions in health facilities contribute to poor outcome 
of paediatric emergencies.[27,28] Nonetheless, our participants desired 
the opportunity to undergo long-term critical care training including 
clinical rotations in intensive care units which has been found to be 
beneficial to paediatric residents in other settings.[29,30]

Participants’ baseline understanding of respiratory support equipment 
and patient interfaces was low, consistent with earlier reports of 
shortages of critical care resources in (LMICs.[31,32] Moreover, the limited 
availability of PCC equipment in our setting obviously contributed to the 
limited baseline competency and understanding of such devices among 
our participants, as previously found by Abiodun et al. among paediatric 
trainees in Nigeria.[3] Our participants’ insight into invasive ventilation 
was particularly low, perhaps because of the chronic dependence on 
adult intensivists in mixed intensive care units to manage children in the 
setting.[2,3] However, there was a significant increase in understanding of 
the principles and usage of bubble CPAP devices, HFNC oxygen delivery 
systems and invasive mechanical ventilation among our participants 
post training, highlighting the benefits of training and retraining of staff 
on medical devices in clinical practice.[14,18]

Sustaining the acquired skills on the use of critical care equipment and 
accessories in resource-limited setting demands a good maintenance 
culture to keep devices functional at all times.[17] Our participants 
reported an improvement in their capacity to sterilise tubing and 
devices when necessary as well as trouble-shoot for possible causes 
of desaturation in a child being ventilated. Nonetheless, competent 
biomedical engineering services are needed for prompt equipment 
repair, especially in developing settings with the limited quantity of 
respiratory support equipment available in our health facilities.[3,33] 
Unfortunately, biomedical repair services are often not readily available, 
worsening the shortage of functional equipment, especially in rural 
health facilities in the sub-region.[33]

Challenges identified by our participants that hinder ECC training 
include limited physical resources and dedicated manpower, similar 
to earlier reports by Abiodun et al. and Canarie et al. that LMICs have 
limited human and physical resources for paediatric critical care in spite 
of their high burden of critical childhood illnesses.[3,14] Collaboration 
and local innovation can partly bridge these gaps.[15] Also, participants 
recommended more hands-on practice opportunities as well as ICU 
clinical rotations. Consequent to participant feedback on this step-down 
training, a CHER-ICU posting has been commenced for paediatric 
senior registrars at the study centre. Poor healthcare financing was 
stated as a challenge that can be addressed by increased government 
commitment to ECC service delivery and improved health insurance 
coverage for children in the populace; this will mitigate the catastrophic 
effects of healthcare spending on households.

The strength of the present study includes the involvement of different 
cadres of clinical staff in bedside training. Also, real-life equipment and 
patient interfaces were used for training; this enables participants to 
acquire relevant skills in the practice of non-invasive and invasive 
ventilation as well as becoming familiar with those specific devices. 
Such device-specific proficiency cannot be readily acquired via online 
simulation modules, despite their effectiveness as immersive learning 
tools. Nonetheless, a limitation of this study is that trainees’ proficiency 
levels were based on their self-reported feedback rather than onsite 
assessments of trainees’ performances by the trainers or independent 
external assessors. Self-reporting could predispose to a recall bias. 
Moreover, a small sample size limited the extent of sub-analysis of the 
study sub-groups.

Conclusion and recommendations
Bedside paediatric critical care training enhances the perceived 
competency of emergency department staff in performing invasive 
and non-invasive ventilation. There is a need for regular on-the-job 
emergency critical care training and retraining of clinical staff in the 
setting as well as elective ICU posting for paediatric registrars. Also, a 
large multi-centre study focusing on the effects of bedside training on 
paediatric critical care is desirable in the country.

Recommendations
Dedicated bedside nurses in ECC bay
A team of medical and nursing staff for ECC
Small groups per training session
More training and practice sessions
Employ more staff in the emergency unit
Routine clinical posting in anaethesiology
Training of all personnel including technicians

Challenges
Lack of manpower dedicated to ECC
Low commitment of some clinical staff
Overcrowding during training sessions
Insufficient equipment
Poor equipment maintenance
Lack of tubing connectors
Need for retraining
Short duration of practice sessions
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