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Introduction

Effective neonatal resuscitation is essential in reducing mor-
talities and morbidities attributable to birth asphyxia.1 In 
low- and middle-income countries (LMICs), where over 
95% of neonatal deaths occur, ineffective basic resuscitation 
or a delay in resuscitation response contributes to the signifi-
cant burden of neonatal mortality and morbidity.2 Training of 
healthcare workers (HCWs) in LMICs has been directly 
linked with the improvement of neonatal outcomes.3,4 
Multiple standardized neonatal resuscitation training pro-
grams have been specifically designed for use in LMICs set-
ting to address the high burden of neonatal mortality, such as 
Emergency Triage Assessment and Treatment (ETAT+), 
Emergency Obstetric and Neonatal Care (EmONC), and 
Helping Babies Breathe (HBB).5–7 However, the dissemina-
tion of knowledge gained from neonatal resuscitation train-
ing programs is not clearly known.

In a retrospective cohort study based in Kenya, a study 
team found that approximately 10% of neonates delivered 
within a hospital setting and admitted to a neonatal care 

setting died within their first month of life, although this 
percentage varies by hospital settings (5%–17%), with 
intrapartum-related complications being the leading cause 
of death in this setting.8,9 Within the county of Uasin Gishu, 
Kenya, a total of 31,547 babies were born in 2020 and 458 
died in their first month of life, an estimated mortality rate 
of 1.4%.10 Within Uasin Gishu County, a large teaching and 
referral hospital trains student nurses and clinical practition-
ers on appropriate neonatal resuscitation techniques as part 
of their curriculum and advanced newborn resuscitation 
equipment is available. However, within the sub-county 
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hospitals, less is known about the HCWs’ competence and 
capacity to perform neonatal resuscitation.

This study sought to assess the competence of the HCWs 
on basic neonatal resuscitation at the six sub-county hospi-
tals in Uasin Gishu County, Kenya. We specifically assessed 
their knowledge and skills using a written examination and a 
skills assessment, explored the factors associated with hav-
ing the appropriate knowledge and skills, and assessed for 
the availability and condition of basic resuscitation equip-
ment at each hospital.

Methods

Study design and population

This was a descriptive cross-sectional study conducted 
between 1 January and 31 July 2016 in six sub-county hospi-
tals within Uasin Gishu County, Kenya: Huruma, Ziwa, 
Kesses, Burnt Forest, Uasin Gishu, and Kapteldon. Ziwa and 
Huruma sub-county hospitals have the highest average num-
ber of annual newborn deliveries (up to 1200 deliveries per 
year—considered “high volume”), followed by Uasin Gishu 
sub-county hospital (approximately 760 deliveries per year—
“intermediate volume”). Kesses and Burnt Forest sub-county 
hospitals perform on average 440 deliveries per year (“inter-
mediate volume”). Kapteldon sub-county hospital performs 
the least average number of deliveries at 250 per year (con-
sidered “low volume”).

At the time of this study, there were a total of 57 HCWs 
assigned to labor and delivery units within the six hospitals, 
which included registered nurses, enrolled nurses, clinical 
officers, and medical officers. Forty-six HCWs were present 
during the study period and recruited into the study whereas 11 
were on leave during that time; no sample size analysis was 
completed. Due to differences in training requirements for 
HCWs internationally, we outline the training required for each 
role: an enrolled nurse undergoes 2.5 years of post-secondary 
training, and is considered at a certificate level. A registered 
nurse completes 3.5 years of post-secondary training, and is 
considered at a diploma level, which is less education than a 
bachelor’s degree. A medical officer is a non-specialized physi-
cian who has completed a 6-year bachelor’s degree in medicine 
and 1 year of internship. A clinical officer completed 3 years of 
post-secondary training, is considered at a diploma level in 
clinical medicine, and is supervised by a medical officer.

The standardized neonatal resuscitation training programs 
are designed for LMICs and are applicable across the cadres of 
nurses, medical officers and clinical officers. These trainings 
are similar in how they use didactic and simulation approaches 
to education of basic newborn resuscitation, but their adminis-
tration may differ. Some trainings may be incorporated in for-
mal post-secondary educational training while others are 
offered as refresher courses for healthcare providers.

Ethical approval to conduct the study was given by the 
Institutional Research and Ethics Committee (IREC) of Moi 

University/MTRH, and permission was granted by the Uasin 
Gishu County Ministry of Health. All HCWs provided writ-
ten consent to participate in the study.

Data collection

Each study participant completed a questionnaire, written 
examination, and skill assessment over the span of 7 days. 
Each of the six sub-county hospitals was also assessed for 
availability of equipment used for neonatal resuscitation.

The questionnaire included basic questions about the 
HCWs’ training and experience with neonatal resuscitation 
(Supplemental Appendix 1). The written examination 
included knowledge-based questions which covered basic 
newborn resuscitation skills, including immediate resuscita-
tion steps, methods of airway clearance, and ventilatory 
techniques. The answers to these questions were formatted 
as multiple-choice options, and the content was derived from 
the Neonatal Textbook of Resuscitation, Sixth Edition 
(Supplemental Appendix 2).11 A neighboring sub-county 
hospital in Mosoriot is staffed by HCW with similar training 
and backgrounds as those within this study site. Twenty-five 
per cent of HCW in Mosoriot were selected to pre-test the 
questionnaire, to ensure the question items were clear. For 
this study, the written examination was administered to the 
study participants during clinical duty hours. All examina-
tions were performed under the supervision of the Principal 
Investigator whose initials are P.T.K. and Research Assistant, 
A.S. Both were resident physicians in pediatrics and trained 
in ETAT+ neonatal resuscitation, with A.S. having more 
substantial experience in training HCWs on ETAT+ neona-
tal resuscitation. If a patient care need arose during the 
examination period, the study participant was allowed to 
attend to the patient and complete the exam unsupervised 
within 7 days of beginning the examination. A score of 80% 
or above on the six-question examination (missing only one 
or no items) was considered to be a passing grade.

After the written examination, the skills assessment was 
administered, using an infant manikin. When possible, these 
skills and written assessments were completed on the same 
day, but if that was not possible, the skills assessment was 
administered within 7 days of the written examination. The 
skills assessment was comprised of two common neonatal 
scenarios (Supplemental Appendix 3), adopted from ETAT+ 
curriculum and modified to suit the objectives of the study.5 
Of note, at the time of this study, neonatal resuscitation pro-
tocol (NRP) recommended routine suctioning for the resus-
citation of a non-vigorous newborn with meconium, but has 
since been updated to immediate care similar to a newborn 
delivered in clear fluid.12 P.T.K. and A.S. read the scenario 
prompt to the participant and would request the participant 
read back the scenarios to ensure that it was understood. The 
participant was then prompted to demonstrate the appropri-
ate next steps of action on the manikin, or their thought pro-
cess, if applicable. The critical steps were drying the baby, 
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assessing the airway, assessing for breathing, calling for 
help, and giving 30 ventilations in 1 min. In cases where the 
participant did not immediately verbalize the next step, they 
were prompted with questions. P.T.K. and A.S. then indepen-
dently scored the participant based on whether each step was 
achieved or not achieved. In instances of incongruity, the AS 
score was used given their previous experience with ETAT+ 
trainings. After the completion of the second scenario, the 
participants were commended on the steps achieved and cor-
rected on the steps that were not achieved.

The resuscitation equipment was then assessed for 
availability and functionality at each hospital (Supplemental 
Appendix 4) by P.T.K. This included a resuscitation table, 
radiant warmer, two towels, suction machine, bulb syringe, 
self-inflating bag, face mask (size 0 and 1), and a clock or 
stopwatch. Equipment kept in the stock room was consid-
ered absent.

Statistical analysis

Frequency listings and percentages were used for sociode-
mographic data and knowledge scores. Performance on 
skills assessment was presented in frequency listings. The 
measure of agreement between the two assessors on skills 
was compared using intraclass correlation coefficient 
(ICC3). The Pearson chi-square test was used to test for 
association between knowledge performance and HCW 
characteristics, and Bayesian generalized linear modeling 
was used to assess predictors for passing rates on knowl-
edge assessment. We looked at different models: (1) passing 
rates with newborn resuscitation frequency and hospital as 
predictors and (2) passing rates with newborn resuscitation 
frequency and work years as predictors. We used a Bayesian 
generalized linear model rather than basic logistic regres-
sion because of the limited numbers within cells.13 Data 
were analyzed using STATA version 14 at 95% confidence 
interval, and p-value < 0.05 was considered statistically 
significant.

Results

Characteristics of the HCWs

Of the 46 HCWs, 38 (82.6%) were registered nurses and 
one was an enrolled nurse. Approximately half of the 
HCWs (n = 21) had previously received in-service training 
on newborn resuscitation. The majority (n = 16, 73%) of 
those who were not trained in neonatal resuscitation 
reported that they had never heard about the trainings, 6 
(24%) reported that they were too busy at work to attend 
the trainings, 2 reported that they were not interested, and 
1 reported that it was too expensive. All who had not been 
trained indicated that they wished to be trained in newborn 
resuscitation. The majority of the respondents (n = 39, 
85%) reported performing less than 5 newborn resuscita-
tions in the past 3 months, which was noted to be spread 

equally across the high and low volume hospitals. The 
demographics of the HCWs are reported in Table 1.

Scores of the written examination and skills 
assessment

More than half (n = 25, 54%) of the HCWs failed to achieve 
a passing score on the written examination. The responses to 
each of the six questions of neonatal resuscitation are 
reported in Table 2 to identify areas in which the HCWs’ 
knowledge was deficient. The most common incorrect 
answer was proper head positioning for positive pressure 
ventilation (PPV), with 65% of participants answering incor-
rectly. This was followed by ventilation rate with 41% par-
ticipants answering incorrectly.

In comparing the demographics of the HCWs and their 
ability to pass the written examination, there was no signifi-
cant difference in role, years of experience, or prior neonatal 
resuscitation training (Table 3).

The performance among the HCWs in each hospital was 
compared, and there was no significant difference in pass-
ing rates of HCWs between the high volume delivery hospi-
tals and low volume hospitals (p-value = 0.698, Figure 1). 
Furthermore, within our two modeling strategies to examine 

Table 1. Characteristics and training background of the 46 
healthcare workers.

n (%)

Designation
 Medical officer 2 (4)
 Clinical officer 5 (11)
 Registered nurse 38 (83)
 Enrolled nurse 1 (2)
Age (years)
 Under 25 1 (2)
 25–35 23 (50)
 >35 22 (48)
Gender
 Female 36 (78)
 Male 10 (22)
Years of experiencea

 Under 2 14 (30)
 2–5 14 (30)
 >5 18 (39)
Trained in neonatal resuscitation
 No 25 (54)
 Yes 21 (46)
Type of traininga

 None 25 (54)
 ETAT+ 1 (2)
 EmONC 18 (39)
 Essential newborn care 2 (4)

n: number; ETAT+: Emergency Triage Assessment and Treatment; 
EmONC: Emergency Obstetric and Neonatal Care.
aDue to rounding, total percentages add to 99.



4 SAGE Open Medicine

Table 2. Newborn resuscitation written examination results.

Question Correct answer 
achieved, n (%)

Indication for resuscitation 42 (91)
Indication for airway suction 40 (87)
Indication for newborn stimulation 33 (72)
Order of resuscitation steps 43 (94)
Head positioning for PPV 16 (35)
Ventilation rate 27 (59)

n: number; PPV: positive pressure ventilation.

Table 3. Knowledge performance and associated factors in 
healthcare workers.

Variable Pass (%) p-value (χ2)

Role 0.4110
 Medical officer 0 (0)  
 Clinical officer 2 (40)  
 Registered nurse 19 (50)  
 Enrolled nurse 0  
Years of experience 0.519
 Under 2 5 (36)  
 2–5 8 (57)  
 >5 8 (44)  
Trained in neonatal resuscitation 0.979
 No 9 (46)  
 Yes 9 (43)  
Number of newborn resuscitations 
performed in past 3 months

0.173

 <5 20 (51)  
 5–10 1 (20)  
 >10 0  

passing rates with newborn resuscitation frequency and 
either hospital or work years as predictors, none of these 
were predictors for passing rates.

A total of 42 HCWs were scored during the skills assess-
ment, as four participants dropped out of the study after the 
written test. Table 4 details each step of the skills assessed 
during simulation. For each step, the skill was assessed as 
the participant described their thought process or if applica-
ble, performed the skill.

The steps most commonly performed were warming the 
baby, with 81% of HCWs performing it, and drying the baby, 
performed by 71%. Effective ventilation (giving 30 breaths 
for 1 min) and observing tone, color, and respiratory effort 
were the least frequently performed, with only 5% of the 
HCWs demonstrating these skills. None of the HCWs were 
able to perform all eight parts of the skills assessment for 
both scenarios, and therefore, further analysis in comparing 
results by level of training or prior neonatal resuscitation 
training was not completed.

The ICC, a measure of the reliability of the assessors, 
was 0.66, which translates to good agreement between the 
assessors.

Resuscitation equipment

All of the hospitals had a functional resuscitation table, 
warmer, vacuum machine, bulb suction, and bag mask size 1. 
None of the hospitals had a size 0 face mask. In the hospitals 
without towels and/or clocks, the HCWs reported using the 
mother’s clothes and wristwatch or mobile phone at the time 
of delivery in their place. While all hospitals had functional 
tables, some of these hospitals’ tables were modified from the 
typical resuscitation tables used within high-resourced deliv-
ery settings. These modified tables consisted of a mattress on 
a concrete working surface, placed next to a radiant warmer.

Discussion

We assessed the knowledge and skill of HCWs on labor 
wards in basic neonatal resuscitation, evaluated associations 
on passing rates of the written examination, and assessed the 
availability of required neonatal resuscitation equipment in 
all six sub-county hospitals in Uasin Gishu County, Kenya.

It was found that the majority of the HCWs (n = 25, 54%) 
did not have adequate knowledge on newborn resuscitation 
to pass the written examination. This is aligned in knowledge 
levels found in non-tertiary settings elsewhere in LMICs. In 
rural facilities of Ethiopia and Tanzania, a low level of new-
born resuscitation knowledge among HCWs was identi-
fied.14–16 Conversely, in a tertiary-care hospital in Nepal, all 
HCWs assessed on knowledge prior to training performed 
above average.17 The critical areas of deficiency identified in 
our written assessment included head positioning and venti-
lation rate. In Southern Ethiopia, about 4 in 10 midwives did 
not identify the appropriate head position in newborn resus-
citation in a written assessment, and more than half of pedi-
atric healthcare doctors in Pakistan did not know how to 
maintain the airway.14,18 By identifying these knowledge 
gaps in the HCWs in this study, it provides areas to focus on 
during future trainings.

We found no difference in pass rates between nurses and 
physicians or between years of experience and prior in-
service training. Studies done in Tanzania, Ethiopia, and 
the USA have indicated a positive association between 
adequate knowledge and experience of more than 5 years in 
maternity units, including previous training on newborn 
resuscitation and current NRP training.16,19,20 However, our 
small sample size may have lacked adequate power to iden-
tify predictors of performance on neonatal resuscitation 
knowledge and skills.

On the skills assessment, none of the HCWs performed all 
eight steps of neonatal resuscitation in the correct sequence 
and technique. Notably, demonstration of effective ventila-
tion with bag-valve mask, the most critical step in neonatal 
resuscitation, was achieved by only two (5%) HCWs. This is 
similar to a study in Nepal where none of the HCWs were 
competent in this step prior to training in a simulation setting 
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Figure 1. Knowledge performance across the six hospitals, in terms of pass/fail and number of deliveries per year.

Table 4. Newborn resuscitation skills assessment results.

Skill Correct skill 
achieved, n (%)

Warm baby 34 (81)
Dry babya 30 (71)
Observe tone, color, and respiratory 
effort

2 (5)

Assess airwaya 24 (57)
Assess breathinga 14 (33)
Call for helpa 4 (10)
Give 30 breaths for 1 mina 2 (5)

aIndicates a critical step.

using a manikin.17 In this study, there were no periodic 
reviews on performance, a measure which has been associ-
ated with clinical skill improvements in combination with 
other strategies.17 Other critical steps that were performed by 
only a minority of HCWs in this study include calling for help 
and assessing for breathing, similar to findings from a study 
in Afghanistan where HCWs in delivery rooms only called 
for help in 26% of the cases requiring resuscitation.21 Skills 
related to the universal care for newborns immediately after 
birth (i.e. drying and warming baby) were performed best. 
Similar to our findings, adequate routine newborn care skills 
were more often performed compared to neonatal resuscita-
tion skills in other low-resourced settings.22

There are several reasons that could possibly explain the 
inadequacy of skills among the Kenyan HCWs. First, the 

majority of HCWs had worked in the maternity unit for less 
than 5 years, which has been associated with limited skills in 
neonatal resuscitation.16 Furthermore, most of the deliveries 
at these sub-country hospitals are performed by a single 
HCW; hence, there is no practice of calling for help if there 
is a need for resuscitation, a critical step that we assessed. 
Finally, the majority of the HCWs assessed had not had any 
in-service training on neonatal resuscitation, despite practic-
ing for more than 2 years. Therefore, they had possibly lost 
skills acquired during their professional training. While the 
majority of the HCWs had not been trained or were not 
aware of newborn resuscitation courses, nearly all were will-
ing and interested to be trained. It is imperative that HCWs 
in rural areas get adequate exposure to such trainings to fos-
ter their skills. In contrast to the results of this study, another 
study performed in a neighboring county in western Kenya 
found better performance of neonatal resuscitation skills, 
such as the assessment of breathing, drying and stimulation, 
and initiation of bag and mask ventilation.23 Of note, this 
study, set in Kakamega County, Kenya, performed direct 
observation of HCWs in the labor ward during clinical care, 
rather than within a simulated scenario.23 It is possible that 
our use of a low fidelity simulation assessment may not be 
representative of the true response that HCWs are likely to 
have in real-life scenarios within the delivery room.

The basic resuscitation equipment was largely availa-
ble and functional in all six hospitals, except towels and a 
clock which were lacking in half. Similarly, some facili-
ties in Ethiopia and Vietnam lacked towels and clocks, 
respectively.24,25 Availability of essential equipment has 
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been linked with increased survival of neonates after neo-
natal resuscitation.24 Therefore, our evaluation reveals the 
need for better provision of all essential resuscitation 
equipment among non-tertiary hospitals in order to 
improve the survival rate of neonates. A significant con-
cern that arose was the lack of appropriate mask sizes for 
ventilating preterm newborns, which is a critical step in 
neonatal resuscitation. This is a major gap that needs to be 
addressed in order to improve the care of preterm babies 
at birth, who have a higher need for resuscitation.26

One limitation to this study is that it was carried out in 
only one of the 47 counties in Kenya, and therefore, the 
results may not be generalizable to the rest of Kenya or 
another resource-limited country. However, for local mon-
itoring and evaluation, this study provides critical insights 
on areas to be prioritized for future training needs. In addi-
tion, the HCWs were assessed irrespective of their level of 
experience in the delivery room and the duration from 
their last in-service training. Therefore, the study partici-
pants may not represent a homogeneous group. Yet we 
believe that this study population represents a typical team 
of labor and delivery HCWs in a sub-county hospital in 
Kenya. In addition, we did not complete a sample size 
analysis as we wanted to include all available HCWs from 
the sub-county hospitals. Finally, we did not use an exter-
nally standardized exam for the newborn resuscitation 
knowledge assessment, although the questions were based 
on the NRP training materials and were deemed to be rep-
resentative of knowledge needed to perform neonatal 
resuscitation in a low-resource setting.

Given the low passing rates of the written examination 
and skills assessment and low participation in neonatal 
resuscitation training, more efforts are needed to ensure 
HCWs providing labor and delivery care have regular 
refresher courses to maintain skills over time. From this 
study, it was clear that despite unawareness of newborn 
resuscitation courses, HCWs were willing to be trained. 
This is an opportunity for intervention from the health 
stakeholders in Uasin Gishu County. In many high-income 
settings, NRP requires HCWs working within the labor and 
delivery clinical areas to be recertified every 2 years to 
maintain their knowledge and skills.27 Currently in Kenya, 
Comprehensive Newborn Care protocols are being drafted 
and will include a recommendation for every skilled birth 
attendant to be receive in-service training and regular 
refresher sessions on newborn resuscitation at least once 
every 12 months. Among courses that are taught in the coun-
try, such as HBB, there is no definite frequency of practice 
and refresher training stipulated to maintain proficiency.28 
However, ongoing low-dose high-frequency practice is rec-
ommended to improve performance and competency.28 In 
view of the study findings, we highly recommend training 
of HCWs in newborn resuscitation and a mechanism imple-
mented to ensure skills retention either through refresher 
trainings or ongoing skills practice.

Conclusion

We found critical areas of improvement for neonatal resusci-
tation knowledge and skills within HCWs at six sub-county 
hospitals in western Kenya, with appropriate head position-
ing and PPV being identified as key areas of growth. While 
all of the hospitals had basic functioning equipment for neo-
natal resuscitation, none of the hospitals had the appropriate 
face mask to accommodate ventilation of a premature infant, 
which is a critical and common need within these settings. 
Regular neonatal resuscitation training and equipment evalu-
ations for all HCWs in labor wards are required to optimize 
care for newborns within these settings.
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