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ABSTRACT
Background  Most of the deaths among neonates in 
low-income and middle-income countries (LMICs) can be 
prevented through universal access to basic high-quality 
health services including essential facility-based inpatient 
care. However, poor routine data undermines data-
informed efforts to monitor and promote improvements in 
the quality of newborn care across hospitals.
Methods  Continuously collected routine patients’ data 
from structured paper record forms for all admissions to 
newborn units (NBUs) from 16 purposively selected Kenyan 
public hospitals that are part of a clinical information 
network were analysed together with data from all 
paediatric admissions ages 0–13 years from 14 of these 
hospitals. Data are used to show the proportion of all 
admissions and deaths in the neonatal age group and 
examine morbidity and mortality patterns, stratified by 
birth weight, and their variation across hospitals.
Findings  During the 354 hospital months study period, 
90 222 patients were admitted to the 14 hospitals 
contributing NBU and general paediatric ward data. 46% 
of all the admissions were neonates (aged 0–28 days), but 
they accounted for 66% of the deaths in the age group 
0–13 years. 41 657 inborn neonates were admitted in the 
NBUs across the 16 hospitals during the study period. 
4266/41 657 died giving a crude mortality rate of 10.2% 
(95% CI 9.97% to 10.55%), with 60% of these deaths 
occurring on the first-day of admission. Intrapartum-
related complications was the single most common 
diagnosis among the neonates with birth weight of 2000 g 
or more who died. A threefold variation in mortality across 
hospitals was observed for birth weight categories 1000–
1499 g and 1500–1999 g.
Interpretation  The high proportion of neonatal deaths 
in hospitals may reflect changing patterns of childhood 
mortality. Majority of newborns died of preventable 
causes (>95%). Despite availability of high-impact low-
cost interventions, hospitals have high and very variable 
mortality proportions after stratification by birth weight.

INTRODUCTION
Two and half million neonates die annu-
ally accounting for 47% of all under-five 
deaths, with 98% of the neonatal deaths 
occurring in low-income and middle-income 

countries (LMICs).1 Most of these deaths 
can be prevented through universal access to 
basic high-quality health services including 

Key questions

What is already known?
►► Quality of inpatient care for small and sick newborns 
in low-income and middle-income countries (LMICs) 
is poor.

►► Poor routine data undermines efforts to monitor and 
promote improvements in the quality of newborn 
care across hospitals in LMICs.

What are new findings?
►► Neonates (aged 0–28 days) account for almost half 
and two-thirds of the admissions and deaths, re-
spectively, in the age group 0–13 years in Kenyan 
county hospitals.

►► Neonatal fatality rate in newborn units (NBUs) is 
high and variable across hospitals and birth weight 
categories. Nevertheless, meaningful comparison 
of neonatal morbidity and mortality across differ-
ent hospitals in low-resource settings is a major 
challenge.

►► Lack of technologies to accurately estimate the ges-
tation age (GA) makes birth weight categories pre-
ferred over GA when stratifying the risk of neonatal 
mortality. However, use of birth weight is inaccurate 
as low birth weight conflates both premature birth 
and the occurrence of small for gestational age that 
carry different risks of mortality.

►► Inconsistent admission criteria in NBUs and kanga-
roo mother care (KMC) wards, compounded by limit-
ed or lack of KMC facilities, may lead to admission of 
stable preterm babies to the NBUs thus lowering the 
neonatal fatality rates.

What do the new findings imply?
►► To allow for comparison of NBU fatality rates across 
different settings in addition to developing well-
functioning information systems that operate at 
scale, there is need to harmonise: (1) GA assessment 
methods, (2) data capture on early neonatal deaths 
that occur in labour wards, (3) diagnostic criteria for 
common neonatal conditions and (4) standardise 
NBU and KMC admission criteria.
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essential facility-based inpatient care. To improve popu-
lation health, Kenya has embraced universal health 
coverage and increased facility-based deliveries to 86%, 
although with wide geographic disparities (46%–99%).2 
However, in many LMICs, poor routine data limit our 
understanding of neonatal outcomes among those 
requiring hospital admission. This challenges evidence-
based planning and resource allocation and undermines 
data-informed efforts to monitor and promote improve-
ments in the quality of newborn care across hospitals.3 
Such data are important in Kenya where hospital manage-
ment has been devolved to county (subregional) govern-
ments that vary in their fund allocations to maternal, 
newborn and reproductive health.4 Ideally, individual 
patient-level data would enable analysis of service use 
and outcomes and indicate which conditions or facili-
ties should be the targets of improvement interventions, 
including allocation of human resources. Exploring vari-
ation in mortality might also help us understand specific 
regional risks or learn improvement lessons from positive 
deviants.5 To begin to address some of these information 
needs, we established the Clinical Information Network 
for neonates (CIN-Neonatal) building on a successful 
model established for paediatric wards6 and early work in 
one urban newborn unit (NBU).3 7 8 We use routine CIN-
Neonatal data from a 2-year period spanning 16 Kenyan 
county hospitals to describe current neonatal mortality 
and morbidity patterns in non-tertiary settings.

METHODS
Study design and participants
We conducted a retrospective cohort study that used 
paediatric and neonatal inpatient data between 1 April 
2018 and 31 March 2020. CIN-Neonatal data spans 16 
purposively selected public hospitals (H1–H16) in 12 of 
the 47 counties in Kenya. For the purposes of some anal-
yses, we also use inpatient records of all children aged 
0–13 years including those admitted to hospitals’ general 
paediatric wards in 14 hospitals (H1–H14). We excluded 
data from H15 and H16 in the analysis of the burden of 
all neonatal admissions and mortality among all admis-
sions 0–13 years because only NBU data were collected 
from these two hospitals. Kenya introduced a curfew and 
other measures to control the SARS-CoV-2 pandemic on 
27 March 2020 and had 59 confirmed cases among all 
age groups by 31 March 2020. Our data are unlikely to 
have been affected by the pandemic.9

Setting
CIN-Neonatal
The Clinical Information Network (CIN) was estab-
lished in 2013 as a collaboration between the Ministry 
of Health (MoH), Kenya Paediatric Association, KEMRI 
Wellcome Trust Research Programme, University of 
Nairobi and participating hospitals. The aim of CIN is to 
improve quality of patients’ data and their utilisation; it 
had an initial focus on general paediatric wards.10 11 CIN 

expanded stepwise in 2018 to hospitals’ NBUs,8 which led 
to two functionally and administratively linked networks: 
CIN-Paediatrics (CIN-Paeds) and CIN-Neonatal. CIN-
Paeds generates data from the general paediatric wards 
(all medical admissions of children 0–13 years in hospi-
tals H1–H14), while CIN-Neonatal generates data from 
16 hospitals’ NBUs’ admissions. In each hospital, three 
staff act as focal persons to link the researchers and 
hospital teams: the paediatrician, the nurse in charge 
of the NBU and the senior health records information 
officer. They promote sustained use of codesigned struc-
tured patient record forms and encourage better docu-
mentation of clinical practices that enable high-quality 
retrospective data collection.6 10 11 The county hospitals 
are administratively and financially supported by their 
respective county governments, including their comple-
ment of health workers, supply of drugs and equipment.

Development of data collection tools and study procedures
In 2014, we began development of neonatal data collec-
tion tools and procedures in a large hospital providing 
exclusive maternity and neonatal services.8 We further 
piloted the data collection tools and methods in three 
county hospitals from June 2017 revising the tools iter-
atively to obtain those deployed in 2018. These include 
structured newborn admission record (NAR) and NBU 
exit forms that are endorsed by MoH and that are primary 
data sources for this study. CIN-Neonatal uses data 
collection and quality assurance methods that are fully 
described elsewhere.6 10 In brief, CIN-Neonatal supports 
one data clerk in each hospital to abstract biodata, admis-
sion and discharge diagnoses, and outcome (alive or 
dead) from the paper hospital records each day for all 
patients after discharge. The data are entered directly 
into a non-proprietary Research Electronic Data Capture 
tool with inbuilt range and validity checks.12 Data entry 
is guided by a standard operating procedure manual 
and error-checking systems that form the basis of the 
data clerks’ training. To ensure no record is missed, 
the research team benchmarks the admission numbers 
entered in the CIN-Neonatal database with the aggregate 
statistics submitted to MoH. External data quality assur-
ance is done by research assistants who visit each hospital 
every 3 months and re-enter data from 5% of randomly 
selected records to check consistency with the data clerks’ 
entries. The overall concordance of the external data 
quality audits has been ranging between 87% and 92%. 
Feedback is given to the data clerks and any challenges 
addressed for continuous improvement of data quality.

We obtained basic descriptive data on hospital infra-
structure and resources from the Kenya Harmonized 
Health Facility Assessment conducted in 2018/2019, the 
District Health Information System version 2 and directly 
from CIN’s focal persons.13

Expansion of the CIN-Neonatal
By April 2018, 12 hospitals had joined CIN-Neonatal. One 
hospital (H7), though in CIN-Paeds, was not enrolled 
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until November 2018, and with guidance from MoH, 
one other hospital was added in November 2018 (H15) 
and two in December 2018 (H1 and H4). These three 
new hospitals were selected on the basis of having rela-
tively high-volume NBUs. All the 16 NBUs aim to provide 
specialty care for small and sick newborns with capacity 
to provide bag and mask ventilation and oxygen, use of 
radiant warmers or incubators (often shared), intrave-
nous antibiotics, intravenous fluids and nasogastric or 
orogastric breast milk feeding, kangaroo mother care 
(KMC) and phototherapy. All the 16 NBUs are higher 
volume non-tertiary facilities that are aspiring to reach 
the intermediate level of neonatal care.14 15

Study analysis procedures
We use CIN-Neonatal and CIN-Paeds’ data to create two 
populations, population A and population B, for anal-
yses.

Population A: includes hospital admissions that contribute 
to both the CIN-Neonatal and CIN-Paeds databases (H1–14), 
thus excluding data for H15 and H16. We use data for all 
ages (0–13 years) to show the proportion of all admissions 
and deaths in county hospitals that are in the neonatal age 
group (figure 1A).

Population B: includes only neonates admitted to all 
the 16 NBUs who are also born in the same hospital, thus 
excluding outborn neonates. We defined an ‘outborn’ 
neonate as one either born at home, referred into the 
NBUs from another facility or admitted from home 
after discharge from a facility-based birth. We excluded 
all outborn neonates from this analysis because our aim 
was to examine a relatively comparable population of 
newborns from each hospital. We used this population 
to describe characteristics of all inborn neonates disag-
gregated by hospital and examine morbidity patterns, 
mortality rates stratified by birth weight and inpatient 
survival over time (figure 1B).

For analysis of the inborn neonates, population B, we 
used the birthweight categories described by the WHO16 but 
expanded this to include those 1500–1999 g and 2000–2499 g 
as separate categories as our earlier work showed these 
groups have considerably different outcomes.7 We used 
funnel plots to illustrate variation in mortality by birthweight 
category across hospitals. We plotted cumulative probability 
of mortality using a competing risks approach to examine 
in-hospital mortality for inpatient stays of up to 4 weeks post-
natal age stratified by birth weight. Data were not available 
on outcomes after a baby’s discharge if this occurred before 
28 days of age. We made several adaptations to our anal-
ysis approach due to limited diagnostic capacity in LMICs 
(box 1).

Patient and public involvement
This study uses routine secondary data. Although 
members of the public/patients provided routine data 
required for care provision, no patients or the public 
were directly involved in the design, conduct, reporting 
or dissemination plans of this research.

RESULTS
Characteristics and resources for newborn care in the 16 
CIN hospitals are described in table  1. Data on 54 668 
neonates were available from the hospitals: 12 hospitals 
contributed data from 1 April 2018, two hospitals from 
November 2018 (H7 and H15) and two from December 
2018 (H1 and H4) until 31 March 2020, a total of 354 
hospital-months.

Burden of all neonatal (population A; inborn and outborn) 
admissions and mortality among all admissions 0–13 years in 
14 hospitals (H1–H14)
During the study period, a total of 88 578 patients were 
admitted in the NBUs and general paediatrics wards 

Figure 1  (A) Entire patient population aged 0–13 years admitted in H1–H14 during study period (population A). (B) Inborn 
newborns admitted in the 16 NBUs during the entire study period (Population B). NBU, newborn unit.
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of the 14 hospitals (excluding H15 and H16) that 
contribute to both CIN-Neonatal and CIN-Paed data. 
After excluding 896 patients whose age was missing and 
132 who were aged >13 years, we obtained 87 550 patients 
aged 0–13 years (population A) (figure  1A). Among 
these patients, 40 183 (46%) were aged 0–28 days, with 
88% (35 416/40 183) of the neonates aged 0–6 days. The 
percentage of neonatal admissions among the inpatient 
population aged 0–13 years across the 14 hospitals widely 
varied (range 20%–74%) (figure 2A).

Overall, 9% (7806/87 550) of all patient admis-
sions aged 0–13 years in these hospitals died. Neonates 
(0–28 days old) comprised of 66% (5142/7799) of these 
deaths, with 91% (4668/5142) of the neonatal deaths 
occurring among neonates aged 0–6 days. The contribu-
tion of neonatal deaths to all inpatient deaths aged <13 
years also varied widely across hospitals (range 40%–87%) 
(figure 2B).

Characteristics of the inborn newborns admitted to NBUs of 
16 hospitals (population B)
After excluding 6120 outborn neonates, we obtained data 
on 41 657 inborn neonates (aged 0–28 days) admitted in 
NBUs across the 16 hospitals during the study period 

(figure 1B). In table 2, we describe characteristics of the 
41 657 neonates (population B). The denominator for 
each variable excludes neonates with missing informa-
tion for the corresponding variable. Females accounted 
for 45% (18 411/41 112) of all NBU admissions (range 
42%–48% across the hospitals). Overall, 90% (36 603/40 
851) of inborn NBU cases were admitted on their first 
day of life. Gestational age (GA) was recorded by the 
admitting clinician in 84% (35 009/41 647) cases. 
Based on GA estimates, 30% (10 666/35 009) of these 
neonates were preterm (gestation age <37 weeks), with 
3% (926/35 009), 7% (2521/35 009), 6% (2162/35 009) 
and 14% (5057/35 009) of admissions with GA <28 weeks, 
28–<32 weeks, 32–<34 weeks and 34–<37 weeks, respec-
tively. Likewise, 30% (12 202/41 166) of NBU admissions 
who had birth weight documented were low birth weight 
(<2500 g). Out of the 41 166 neonates with birth weight 
documented, 2% (range across hospitals 1%–4%) had 
birth weight <1000 g, and 5% (4%–11%), 11% (7%–18%) 
and 12% (9%–14%) had birth weight 1000–1499 g, 1500–
1999 g and 2000–2499 g, respectively.

Four per cent (1688/38 835) of the neonates in whom 
HIV maternal status was documented were HIV exposed. 
Although, in two sites (H4 and H8), about 15% of NBU 
admissions were HIV exposed.

Morbidity patterns among inborn NBU admissions in the 16 
hospitals in CIN-Neonatal (population B)
There were 53 047 diagnoses/reasons of NBU admis-
sions recorded at admission and/or discharge among 
the 41 657 inborn neonates. Five conditions accounted 
for 80% of the diagnoses in the NBUs. These included 
intrapartum-related complications (30%), respira-
tory distress syndrome (18%), neonatal sepsis (15%), 
jaundice (12%) and uncomplicated low birth weight 
(LBW)/prematurity (5%). Intrapartum-related compli-
cations was the most common (34%, 12 534/37 321) 
diagnosis among neonates with birth weight ≥2500 g, 
while respiratory distress syndrome (RDS) was the most 
common disorder (37%, 3285/8772) among those 
<2000 g. Neonatal sepsis and jaundice accounted for 17% 
(6 301/37 312) and 13% (5 009/37 312) of the disease 
episodes in neonates with birth weight ≥2500 g, respec-
tively, vis-a-vis 9% (832/8772) and 7% (589/8772) of 
the disease episodes among neonates with birth weight 
<2000 g (online supplemental figure 1; online supple-
mental table S1). Comorbidities were common (online 
supplemental figure 2).

Mortality among inborn NBU admissions in 16 hospitals in CIN-
Neonatal (population B)
There were 4266 neonates who died among 41 657 
inborn neonates admitted in NBUs giving a crude fatality 
rate of 10.2% (95% CI 9.97% to 10.55%) with wide varia-
tion in the hospital-specific neonatal fatality rates (range 
5%–14%). Of the babies who died, 4132 (97%) had birth 
weight documented. In those with a birth weight <1000 g, 
median mortality was 79% (range 53%–95%), with a 

Box 1  Adaptation in analysis approach due to limited 
diagnostic capacity in low income setting

1.	 We preferred to use birth weight over gestation age (GA) to stratify 
our analysis because GA data are often missing and when recorded 
suffers from the following limitations: (1) it is often estimated from 
mothers’ report of last menstrual period, (2) routine first trimester 
ultrasound estimation is rarely done in Kenyan public hospitals and 
(3) use of recognised clinical assessment tools for estimating ges-
tation are not in regular use.7

2.	 Morbidity patterns are based on all causes of illness/reasons for 
admission on NBU as documented in the neonates’ admission and/
or discharge notes by clinicians. All the NBUs have structured ad-
mission records and discharge summary forms that promote the 
use of common terms for common diagnoses/illness classification. 
We therefore neither attempted to refine the diagnoses made by 
the attending clinicians nor to assign a single cause of admission or 
death. A large majority of diagnoses are based on clinical features 
supported by only infrequent access to a limited range of diagnostic 
tests. Some diagnoses imply clinical syndromes or simply reason 
for admission to NBU rather than formal diagnoses based on the 
International Classification of Diseases (ICD)-10 system. Thus, our 
morbidity/reason for admission analysis allows for more than one 
diagnosis per neonate and thus primarily indicates the need for ser-
vices or interventions.

3.	 In the specific case of a recorded diagnosis of low birth weight 
or preterm birth or of being HIV exposed, we considered these as 
the admission diagnosis only if no comorbidity was recorded. We 
describe the former as ‘uncomplicated low birth weight or preterm 
birth’ if no comorbidity.

4.	 Clinical diagnoses of birth asphyxia, hypoxic ischaemic encepha-
lopathy and meconium aspiration were collectively categorised as 
‘intrapartum related complications’.

5.	 The day of birth was considered as day 1. There was poor docu-
mentation of time of admission in the NBU.
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marked decrease to 43% (range 32%–60%) for those 
with birth weight 1000–1499 g and further decreases 
for those with birth weight 1500–1999 g, 2000–2499 g, 
2500–3999 g and ≥4000 g where median mortality rates 
were 14% (range 7%–24%), 9% (range 5%–17%), 6% 
(range 3%–12%) and 2% (range 0%–14%), respectively. 
The median and hospital-specific mortality rates are 
illustrated using funnel plots. One hospital (H10) and 
two hospitals (H1 and H7) had consistently lower and 
higher mortality, respectively, for babies with birth weight 
1000–1999 g. The funnel plots suggest a threefold varia-
tion in mortality observed for inborn populations with 
birth weights of 1000–1499 g and 1500–1999 g (figure 3; 
online supplemental table S2). This may be greater than 
expected by chance, although with only 16 hospitals 
contributing to the observations, caution is required in 
this interpretation. Among the 4132 deaths whose birth 
weight was documented, 62% (2544/4132) were LBW 
(<2500 g). Considering the limited capacity to manage 
extreme LBW (ELBW) and very LBW (VLBW) as shown 
in table 1, our data raise concern that 64% (2653/4132) 
of all deaths among the inborns neonates occurred 
among neonates with birth weight >1500 g, while 22% 
(911/4132) and 14% (568/4132) were in those with 
birth weight 1000–1499 and <1000 g, respectively. This 
may be expected given that 93% (38 330/41 166) of all 
inborn neonates had birth weight >1500 g.

Many deaths were among inborn neonates with multiple 
diagnoses and over 95% were associated with five diagnoses: 
intrapartum-related complications, uncomplicated prema-
turity/LBW, RDS, neonatal sepsis and jaundice. As with the 
pattern observed for morbidity, however, babies with higher 
birth weights who died were more likely to have a diagnosis of 
intrapartum-related complications (57% of the 1588 babies 
with birth weight ≥2500 g who died had a single diagnosis of 
intrapartum-related complications). In contrast, of the 2107 
inborns neonates with birth weights <2000 g who died, 29% 
had diagnoses of uncomplicated prematurity/LBW, while 
35% had prematurity/LBW complicated by RDS (online 
supplemental figure 2). Data were available for length of stay 

in NBUs for 98% (4197/4266) of the inborn neonates who 
died. Of these 4197 deaths, 60% occurred on the first day of 
admission, 82% and 91% in 0–3 days and 0–6 days, respec-
tively, of admission to NBUs. The probability of death was 
highest in the first 3 days of admission in all birth weight cate-
gories (online supplemental figure 3).

DISCUSSION
We sought to describe the characteristics, disease patterns 
and outcomes of inborn neonates admitted in NBUs in a set 
of Kenyan counties’ referral hospitals. This study has demon-
strated that even in low-resource settings, it is possible to 
have clinical networks enabling multisite data collection that 
yields quality data that could inform policy and help in plan-
ning newborn services that are context sensitive. Neonates 
contribute to almost half (46%) of all admissions among 
medical patients aged 0–13 years, although this proportion 
considerably varies across hospitals. The reasons for this 
variation are likely to be complex and depend on admis-
sion policies in NBUs and paediatric wards, different disease 
patterns in paediatrics wards (eg, prevalence of malaria) and 
local referral patterns especially for outborn neonates.10 For 
example, we have previously demonstrated considerable 
variation in classification of paediatric illnesses’ severity (eg, 
malaria and pneumonia) in Kenyan hospitals. This may lead 
to higher admission rates in paediatric wards in some settings 
that result in a relatively lower proportion of newborn admis-
sions.17–19 Importantly, neonates contribute to two-thirds of 
the mortality among all patients aged 0–13 years admitted 
in CIN hospitals. This high proportion of deaths may reflect 
changing patterns of mortality at a population level in Kenya 
especially among children aged 1–4 years.1 This is important 
as hospitals in general may not be well equipped, staffed or 
organised to cater for the needs of the large proportion of 
small and sick neonates admitted in either paediatric wards 
or NBUs.20–22

Five conditions, all to some degree preventable, accounted 
for 80% of the disease episodes at admission among inborn 
neonates in NBUs, with intrapartum-related complications 

Figure 2  (A) Admissions in the 14 CIN hospitals of all patients aged 0–13 years (population A) disaggregated in age 
categories. (B) Mortalities in the 14 CIN hospitals of all patients aged 0–13 years (population A) disaggregated in age 
categories. CIN, Clinical Information Network.
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being the most common (30%) cause of admission. 
Reducing intrapartum-related complications means having 
a functional health system to provide quality care during the 
antenatal period, labour, childbirth and immediate postnatal 
period.23–25 Other common causes of admission are LBW/
prematurity-related complications such as RDS, a condition 
that hospitals were poorly prepared to manage. Majority 
(10/16) of the NBUs had none or just one continuous posi-
tive airway pressure (CPAP) machine. Managing RDS with 
conventional oxygen therapy, as high-income countries 
(HICs) practised in 1960s, is estimated to be associated with a 
survival rate of less than half that associated with high-quality 
care supported by CPAP.26

However, while better technologies may help in the 
management of these common neonatal conditions, they 
need to be carefully introduced. Where human resources 
for health (HRH) are limited, adding new tasks can 
exacerbate existing challenges of delivering high-quality 
care.20 While half (8/16) of the CIN NBUs (often in 
large county hospitals) had a paediatrician dedicated to 
the NBU, the other half had a paediatrician who was also 
responsible for providing daily services to the paediatric 
wards. Only 7/16 NBUs had at least one neonatal nurse. 
Upgrading these facilities means that HRH challenges 
must be addressed in tandem to efforts to upgrade the 
equipment.14 27

There is high in-patient neonatal fatality in the NBUs 
studied across all birth weight bands. However, ELBW 
(<1000 g) with median mortality of 80% is almost five 
times higher that of HICs, while median mortality of 
VLBW (1000–1499 g) of 40% is about 10 times higher 
that of HICs.28 Given the limited resources in Kenya and 
many LMICs, it seems the considerable room for improve-
ment in survival of VLBW infants should be given greater 
priority than efforts to tackle mortality in those with birth 
weights <1000 g. However, it is also worth noting that in 
our study, two-thirds of the babies who died had a birth 
weight >1500 g, with intrapartum-related complication 
being the leading cause of death. This is a reversal of 
what is observed in HICs where babies with GA <33 weeks 
account for about four-fifths of neonatal deaths.28

Majority (90%) of inborn neonates in the NBUs 
studied are admitted on their first day of life, and three 
out of every five deaths in the NBUs occur on the first day 
of admission. Poor quality of intrapartum and immediate 
postnatal care makes the day of birth the riskiest period for 
a neonate. WHO has developed guidance for continued 
care along the life course by integrating maternal and 
newborn care and promoting maternal perinatal death 
surveillance and response. However, the ‘P’, other than 
newborn resuscitation, is a weak component of these 
strategies.29–31 As in other LMICs, but in contrast to HICs, 

Figure 3  Funnel plots of mortality of inborn newborns by number of inborn newborns admitted in each of the 16 CIN NBUs 
(population B) during the study period. Plots A, B, C and D depict plots for admissions birth weight category <1000 g, 1000–
<1500 g, 1500–<2000 g and 2000–<2500 g, respectively. Each dot represents neonatal mortality of each of the 16 NBUs. Blue 
dots represent H10 that had consistently lower mortality in all weight categories, and red dots represent H1 and H7 that had 
consistently higher mortality for babies in the 1000–2000 g range. The red line within the funnel represents the median mortality 
in the 16 NBUs.
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congenital conditions are not among the top 5 causes of 
admissions/deaths in Kenyan NBUs.28 32 This could be 
explained by the high numbers of preventable causes of 
deaths (>95%) in this study.

There are several limitations to this study. First, these 
16 study hospitals are not a representative sample of 
Kenyan public hospitals. So, we cannot ascertain gener-
alisability of estimates, although there have been other 
reports on high NBU mortality in Kenya.33 Second, we 
have used routine data from records reviewed. These 
can prove to be inaccurate when coupled with missing 
data and imprecise diagnoses due to limited diagnostic 
capacity in these low-resource settings. We tried to address 
these problems by using a stringent data quality assur-
ance system and building leadership in the facilities to 
improve documentation practices.6 10 11 However, we used 
syndromic diagnoses. For example, diagnosis of neonatal 
sepsis was based was on clinical signs as described by 
WHO and national clinical guidelines as all hospitals had 
limited capacity and half had no capacity to do blood 
cultures.34 35 We used birth weight in our analysis instead 
of GA. LBW, though accurate, is a composite measure of 
SGA and prematurity and the proportion that are SGA/
preterm will influence disease pattern and outcome. 
The different survival rates among the VLBWs could, in 
part, be due to variation in occurrence of SGA with lower 
mortality in places with a high prevalence of SGA. We did 
not collect data on stillbirths, but recent work by Hagel 
et al36 indicates that there may be misclassification of very 
early deaths as stillbirth in the study setting, which may 
result in our data underestimating NBU mortality rates. 
Lastly, we excluded the ‘outborn neonates’ in morbidity 
and mortality analysis due the variable admission policies 
for these neonates across hospitals; thus, our data cannot 
be generalised to the whole population of the NBUs. 
However, what we have done is to highlight that hospitals 
must be prepared to provide high-quality care for large 
numbers of small and sick neonates, but often they are 
not.20 22 29 36

In conclusion, neonatal fatality is unacceptably high, 
but the varied KMC and NBU admission policies chal-
lenge comparison of fatality rates across facilities. The fact 
that almost all the deaths are preventable offers opportu-
nities to improve newborn survival. Care of the small and 
sick newborn must be included in efforts to strengthen 
peripartum care, and this goes well beyond neonatal 
resuscitation, which is the current ‘signal newborn care 
function’ for comprehensive emergency obstetric and 
newborn care training. Nevertheless, in view of the high 
burden of intrapartum-related complications, more work 
needs to be done on neonatal resuscitation training of 
the care providers in these health facilities. Neonates 
comprise almost half of all admissions and two-thirds of 
the deaths in the paediatric age group (0–13 years) in the 
hospitals studied. Thus, there is need for governments 
to prioritise newborn care services and appropriate 
resources and staffing as a key element of evidence-based 
hospital care.15 Intentional efforts must therefore be 

made to support generation and capture of high-quality 
patient data that are credible, complete, analysable and 
provide opportunities for learning. CIN has enabled 
generation and use of local clinical information and aims 
to promote adoption of better practices and wider health 
system improvements and performance monitoring as 
part of efforts to reduce neonatal mortality.11
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