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Background: Prematurity contributes greatly to the neonatal mortality burden in sub-
Saharan Africa. This study evaluated the proportion of preterm neonatal death, medical
conditions at admission, and determinants of mortality of preterm neonates in the neonatal
intensive care unit (NICU) of a tertiary hospital in Western Uganda.

Materials and Methods: A prospective cohort study of 351 consecutively enrolled preterm
neonates was conducted from March to June 2019. Interviewer-administered questionnaires and
physical assessment of neonates were used to obtain socio-demographic and clinical data for
mothers and their preterm neonates. Descriptive statistics for participants’ characteristics were
generated, while bivariate and multivariate logistic regression models were fitted so as to establish
the determinants of mortality outcome. A p-value <0.05 was considered statistically significant.
Results: In-hospital neonatal mortality of 31.6% (95% CI: 26.9-36.7) was noted, with
65.8% of deaths occurring within 72 hours from admission. The most common medical
conditions at admission were: hypothermia (67.2%), respiratory distress syndrome (43.0%),
small for gestational age (15.7%), and perinatal asphyxia (14.5%). Under multivariate
regression modelling, maternal age >35 years (AOR: 4.5; 95% CI: 1.35-15.31), no antenatal
care (AOR: 4.7; 95% CIL: 1.05-21.21), >4 ANC visits (AOR: 5.3; 95% CI: 1.88-15.21),
neonatal resuscitation (AOR: 3.4; 95% CI: 1.66—6.82), outborn status (AOR: 2.3; 95% CI:
1.20-4.50), singleton pregnancy (AOR: 3.7; 95% CI: 1.74-7.89), <28 weeks’ gestation
(AOR: 12.0; 95% CI: 2.24-64.27), and male sex (AOR: 2.0; 95% CI: 1.04-3.74), respiratory
distress syndrome (AOR: 2.6; 95% CI: 1.22-5.70), apnea (AOR: 6.2; 95.5% CI: 1.09-35.38),
hypothermia (AOR: 2.3; 95% CI: 1.09—4.92), and small for gestational age (AOR: 4.7; 95%
CI: 2.06-10.74) were significantly associated with mortality.

Conclusion and Recommendations: In-hospital mortality of preterm neonates was high.
We identified various maternal and neonatal risk factors, indicating a need for stakeholders to
enhance efforts towards prevention of preterm-associated complications and optimize facil-
ity-based continuum of care.
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Background

The World Health Organization (WHO) defines a preterm birth as any birth before
37 completed weeks of gestation.! Worldwide, an estimated 15 million preterm
babies were born in 2010, with over 60% of preterm births occurring in sub-
Saharan Africa and South Asia where 9.1 million births are estimated to be preterm

annually.” In 2015, neonatal mortality accounted for 2.7 million (45.1%) of the
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5.9 million under-five deaths globally, and complications
of prematurity were responsible for approximately one-
third of deaths during the first 28 days of life.* Preterm
birth complications are the third leading cause of neonatal
mortality in sub-Saharan Africa, after severe neonatal
infections and perinatal asphyxia.* Whereas significant
progress has been made to lower under-five mortality, the
decline of neonatal mortality has been slow, especially in
many low-income countries where only 30% of babies
born at 28 to 32 weeks survive and almost all (>90%)
those born at <28 weeks die in the first few days of
life.>>® Unfortunately, health-care providers and families
in many countries still perceive the death of any premature
baby as inevitable.’

Preterm babies account for 0.7% of all hospital admis-
sions in Uganda, and yet are responsible for 11.1% of
under-five deaths, and 5% of deaths among children of
all ages.” With an estimated neonatal mortality rate of 21.4
[17.2, 26.5] per 1000 live births, stakeholders and health
workers need to scale up efforts to address preterm birth
and improve the care of preterm babies if Uganda is to
achieve the Sustainable Development Goals era target
(SDG 3.2) of reducing neonatal mortality rate (NMR) to
12 deaths/1000 live births or less by 2030.%°

Preterm neonates are physiological immature and have
limited compensatory responses to the extra-uterine
environment.'® Consequently, they have a higher risk of
morbidities such as hypothermia, perinatal asphyxia,
respiratory distress syndrome (RDS), apnea, hypoglyce-
mia, jaundice, transient tachypnea, and patent ductus arter-
iosus, intracranial hemorrhage, necrotizing enterocolitis
(NEC), and feeding difficulties.'' '* Preterm neonates are
also likely to have a prolonged hospital stay, and their care
imposes a high financial burden to families and health
facilities.'>'®

Several authors have reported an association between
maternal age, level of education, occupation, income,
place of residence, and antenatal care (ANC), with preterm
neonatal mortality.'”2° In other studies, place of delivery,
lower gestation age, low birth weight, male sex, low Apgar
score at five minutes, prolonged resuscitation, small for
gestational age (SGA), and intraventricular hemorrhage,
sepsis, NEC, RDS, and hypoglycemia were significantly
associated with mortality.'**'>

Studies regarding preterm newborn mortality in the
NICU have been conducted in the Central and Eastern
regions of Uganda, but there exists a dearth of information
in the Western region. Therefore, the present prospective

study was conducted to document the proportion of pre-
term neonatal death, medical conditions at admission, and
determinants of mortality among hospitalized preterm neo-
nates at a tertiary level NICU in Western Uganda.

Materials and Methods

Study Design, Setting, and Population

A hospital-based prospective cohort study involving all
inborn and outborn preterm neonates (aged <28 days of
life) admitted in the NICU of Fort Portal Regional Referral
Hospital (FPRRH) was conducted between March 1 and
June 30, 2019. The hospital is located in Kabarole district
in Western Uganda, approximately 320 kilometers west of
Kampala, the capital city of Uganda. It is a public hospital
that serves more than eight districts and offers both general
and specialized medical services, and is also a training
facility for several medical schools within the region.
The NICU provides neonatal care services to both inborn
and outborn term and preterm neonates, and also admits
critically ill preterm neonates who require advanced
respiratory and cardiovascular support. The care available
for preterm babies includes thermoregulation using six (6)
incubators and five (5) radiant warmers, ventilatory sup-
port using improvised nasal-bubble continuous positive
airway pressure and oxygen therapy using three (3) oxy-
gen concentrators and two (2) cylinders, three (3) photo-
therapy units for hyperbilirubinemia, intravenous fluid and
drug therapy, blood transfusion, and gavage feeding. It
also has six (6) cribs, five (5) chairs for Kangaroo mother
care (KMC) and two (2) cardiorespiratory monitors. The
unit however lacks facilities for mechanical ventilation,
exchange blood transfusion, infusion pumps, continuous
positive airway pressure (CPAP) machine and parenteral
nutrition.

Inclusion and Exclusion Criteria

Preterm neonates admitted to the NICU of FPRRH during
the time of data collection were included in the study;
while those with no immediate caregiver were excluded.

Sample Size Determination and Sampling

Procedure

The sample size of 351 preterm neonates was determined
using the modified Daniel’s formula. Based on the
assumptions of a proportion of preterm neonatal mortality
of 0.354 from a study conducted in Kiwoko hospital,
central Uganda;** 95% level of confidence; 5% margin
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of error; and power of 80%. It was anticipated that no
study participant would withdraw from the follow-up.
Study participants were consecutively recruited into the
study until the required sample size was attained.

Data Collection and Follow-Up

A pre-tested interviewer-administered questionnaire and
checklist were used to collect the data. The tool was
developed in English, informed by reviewing different
published literature, and translated into the local language
(Rutooro). The information was collected at the time of
admission of the preterm neonates. Mothers of preterm
neonates were interviewed by an investigator, who also
obtained additional information from the mothers’ clinical
records such as antenatal care card, delivery notes, and/or
hospital referral form. Using a pre-standardised checklist,
the investigator performed a clinical examination of the
preterm neonate to establish the medical condition at
admission. Random blood glucose was performed for pre-
term neonates who presented with apnea, lethargy, or
convulsions.”> The investigator made a daily follow-up
of the neonates in the NICU to identify if they had been
discharged; died; referred; or lost to follow-up. Follow-up
was continued until discharge or death of the neonate, up
to a maximum of 28 days of life, whichever came first.

Study Variables

The mortality of preterm neonates was the dependent
variable. Regarding the independent variables for this
data
demographic status, maternal economic status, obstetric,

study, were collected on maternal socio-
and medical characteristics, and medical diagnosis at
admission of preterm neonates. These variables included
maternal age, district of residence, marital status, religion,
level of education, occupation, monthly income, and par-
ity, history of abortion and/or preterm birth, ANC visits,
human immunodeficiency virus (HIV) status, pregnancy,
and labor complications. In addition, information on place
of delivery, mode of delivery, gestation type, type of birth
attendant, and antenatal corticosteroid use, neonatal post-
natal age at admission, gender, gestational age, birth
weight, 5S-minute APGAR score, and resuscitation history

were collected.

Data Quality Control

Pre-testing of the questionnaires was done using ten (10)
caretakers of preterm neonates in an NICU of similar
status to the study participants and enabled clarifications

of questions prior to approval of the final version of the
that
information was not included in the data analysis. Only

questionnaire was finally implemented. This
a well-trained clinician assessed the patients’ presenting
problem(s), perinatal events including gestational age
using the mother’s last normal menstrual period (LNMP)
or the new Ballard score (for neonates aged 3 days or less)
for mothers who do not know the date of the first day of
their LNMP, Apgar score, birth weight, and physical
examination. The digital weighing scale was calibrated
and validated daily using the same object of known
weight, and was placed on a firm flat surface before each
weight measurement. Standard treatment protocols were
used by all doctors and nurses to ensure uniformity in
patient care. Data were checked for completeness, accu-
racy, clarity, and consistency before the interview was
terminated. Proper coding and categorization of data
were maintained for the quality of the data to be analyzed,
and double data entry was used to ensure reliability of data

entry and compared with the original data.

Statistical Analysis

Data were entered in a Microsoft Excel 2016 database and
all statistical analysis was performed using Stata® software
(v.13, College Station, Texas, USA). Maternal and preterm
neonatal characteristics were described using means for
continuous variables and proportions for categorical vari-
ables. The primary outcome of the study was in-hospital
mortality of preterm neonates within the first 28 days of
hospital admission. The proportion of preterm neonates
who died during hospitalization was calculated at 3 time
points: less than 24 hours, 24 hours and less than 72 hours,
and 72 hours or more since admission. The survival time
was calculated in hours between the date of admission and
the date of death. The proportions of preterm neonates
admitted in the NICU that had each type of medical con-
dition was calculated. Using Chi-square test, the frequen-
cies of each medical condition as diagnosed at admission
were compared across gestational age categories.
A significance level of 5% was used. In bivariate analysis,
Chi-square test and logistic regression were used to com-
pare maternal or preterm neonatal factors with death of
preterm neonates. Crude odds ratios with their correspond-
ing 95% CI were obtained. A variable was considered
significant in this analysis if it had a p<0.05. All factors
with p-value <0.2 and those which are biologically plau-
sible with in-hospital death of preterm neonates were

considered in the multivariate analysis which was
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performed to control confounding. Assumptions for use of
multiple logistic regression, for example, the absence of
multicollinearity among the independent variables, were
explored. A manual back-ward stepwise selection method
was used in establishing the final multivariate analysis
model with factors that bear an independent significant
association with death of preterm neonates. The factors
in the final multivariate model were then reported together
with their adjusted odds ratios and 95% confidence inter-
vals. A variable was considered significant in this analysis
if it had a p<0.05.

Ethical Considerations

We obtained ethical approval from the Research Ethics
Review Committee of Kampala International University
(reference number UG-REC-023/201,907). Permission to
execute the study was granted by the Hospital Director of
FPRRH. Consent for participants aged less than 18 years
was approved by the ethics committee to provide written
informed consent on their own behalf, and the study was
conducted in accordance with the ethical principles and
regulations set in the Declaration of Helsinki, regarding
biomedical research involving human subjects.

Operational Definitions

In this study, gestational age was calculated from the
LNMP to the date of delivery. If the mother did not
remember her LNMP, gestational age was estimated
using the new Ballard score, for preterm neonates who
were less than 72 hours of age.”® The preterm neonates’
medical conditions at admission were defined as follows:
temperature instability as an axillary temperature of less
than 36.0°C (hypothermia) or higher than 37.5°C (fever);
hypoglycemia as glucose below 40 mg/dL (<2.2 mmol/l)
in a capillary or venous sample, using a glucometer, and
hyperbilirubinemia as yellowing of the eyes and/or body
requiring phototherapy based on the WHO criteria.?’
Apnea was defined as a cessation of respiration for more
than 20 seconds or any duration if accompanied by cya-
nosis, bradycardia (<100 beats per minute) or pallor;?’
while perinatal asphyxia was diagnosed when a neonate
had an Apgar score of 6 or less at five minutes.”®*® For the
diagnosis of RDS, being preterm with any of the following
signs and symptoms; fast breathing, grunting, subcostal
and intercostal recession, cyanosis and reduced air entry
in bilateral lung fields starting in the first four hours of
life.?” A clinical diagnosis of sepsis was made according
to the WHO’s Integrated Management of Childhood

Illness (IMCI) guidelines, defined as the presence of the
following: history of difficulty feeding, history of convul-
sions, movement only when stimulated, respiratory rate of
>60 breaths per minute, severe chest retractions, or
a temperature of >37.5°C or <35.5°C.**> Anthropometric
measurements were interpreted using the Lubchenco
curve.””

Results

Out of 352 eligible preterm neonates admitted in the NICU
during the study recruitment period, 351 were included in
the study, hence a response rate of 99.7%. One neonate
died before consent could be obtained and none was lost to
follow-up.

Socio-Demographic and Economic

Characteristics of Mothers

The mean maternal age was 25.6 = 5.9 years. The majority
(86.3%) of the mothers were aged between 18 and 34 years,
91.4% were married, and 58.4% had attained primary level
education. Other characteristics are shown in Table 1.

Obstetric Characteristics and Medical

Conditions Among Mothers
As shown in Table 2, primiparous mothers were 68
(19.4%), multiparas were 200 (57.0%), and grand multi-
paras were 83 (23.6%). Majority (90.3%) of mothers had
no history of abortion or previous preterm birth (92.6%).
Twenty-one (6.0%) did not attend ANC. Among those
who attended ANC, 53.2% had their first visit at >4
months gestation. Two hundred preterm neonates
(57.0%) were inborn, 229 (65.2%) were singleton preg-
nancies and the majority (90.9%) were delivered by skilled
health workers who included doctors, midwives and
nurses. Two hundred and fifty-three deliveries (72.1%)
were vaginal, most mothers, 319 (90.9%) did not receive
prenatal corticosteroids, and 46 (13.1%) were positive for
HIV. Pregnancy and labor complications were reported in
134 (38.2%), and 66 (18.8%) of the mothers, respectively.
Complications included PROM, urinary tract infections,
pre-eclampsia, malaria, and

eclampsia, antepartum

hemorrhage.

Characteristics of Preterm Neonates

Baseline characteristics of preterm neonates are presented in
Table 3. The mean postnatal age of preterm neonates at
admission to the NICU was 12.6 + 26.4 hours. The majority
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Table | Baseline Socio-Economic and Demographic Table 2 Baseline Obstetric Characteristics and Medical
Characteristics of the Mothers of Preterm Neonates Conditions Among Mothers of Preterm Neonates
Variables Frequency (N=351) Percentage Variables Frequency (N=351) Percentage
Maternal age (years) Parity
<8 20 57 | 68 19.4
18-24 150 42.7 24 200 57.0
25-34 153 43.6 25 83 23.6
235 28 8.0
History of abortion
District of residence Yes 34 9.7
Kabarole 226 64.4 No 317 90.3
Ntoroko I 3.1
Bundibugyo 2 71 Previous preterm birth
Kyenjojo 32 9.1 ves 26 74
Kasese 10 2.9 No 325 26
Kamwenge 7 20 Number of ANC visits
Kyegegwa 21 6.0 None 21 6.0
Bunyangabu 17 4.8 1-2 124 353
Other 2 0.6 34 173 49.3
Marital status >4 3 4
Single 30 8.6 First ANC visit
Married 321 91.4 <4 months 160 46.8
Religion 24 months 182 53.2
Catholic 218 62.1 HIV status
Anglican 72 20.5 Positive 46 13.1
Muslim 18 5.1 Negative 305 86.9
Pentecostal 22 6.3
Seventh Day Adventist | 21 6.0 Pregnancy complications
Yes 134 382
Education level No 217 61.8
No formal education 28 8.0
Primary 205 584 Labor complications
Secondary 109 31.0 Yes 66 188
Tertiary 9 2.6 No 285 812
Occupation (n=339) Place of delivery
Peasant 209 617 Inborn 200 370
Business I 327 Outborn 5] 430
Formal employment 19 5.6 Mode of delivery
Monthly income Vaginal 253 72.1
None 49 14.0 Cesarean section 98 27.9
<100,000 235 67.0 Type of gestation
2100,000 67 19.0 Singleton 229 65.2
Multiple 122 348
(85.2%) had a postnatal age of less than 24 hours at admis- Type.Of birth attendant
sion. Females comprised 51.0% (179/351) of admissions. ﬂ:!::Ie J 2;9 ZOI9
Basing on gestational age, 35 (10.0%) were extremely pre-
term (<28 weeks of gestation), 102 (29.0%) very preterm | /\ntenatal corticosteroids
(2831 weeks), 82 (23.4%) moderate preterm (32-33 :T: §T9 Zlol.9
weeks), and 132 (37.6%) were late preterm (34-36 weeks).
Pediatric Health, Medicine and Therapeutics 2020:1 | submit your manuscript 413
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Table 3 Baseline Characteristics of Preterm Neonates

Variables Frequency Percentage
(N=351)
Postnatal age at admission (days)
<l 299 85.2
2| 52 14.8
Gender
Females 179 51.0
Males 172 49.0
Gestational age (weeks)
<28 35 10.0
28-31 102 29.0
32-33 82 234
34-36 132 37.6
Birth weight (kg)
<l 29 83
1-1.4 74 21.1
1524 239 68.1
225 9 2.5
APGAR score at 5 minutes*
<7 47 15.0
27 267 85.0
Resuscitation
Yes 93 26.5
No 258 735

Note: *Apgar score at 5 minutes was documented for 314 preterm neonates.

Most neonates (68.1%) had a birth weight of 1.5-2.4 kg, with
a mean weight of 1.72 £ 0.49 kg. Among the 314 preterm
neonates with a documented 5-minute Apgar score, 85.0%

had a 5-minute Apgar score of >7. Resuscitation was per-
formed for 26.5% of preterm neonates studied.

Medical Conditions Among Preterm

Neonates at Admission

Overall, the leading medical conditions among preterm
neonates at admission were hypothermia (67.2%), RDS
(43.0%), SGA (15.7%) and perinatal asphyxia (14.5%).
(n=2),
omphalocele (n=2), cleft lip and palate (n=1), hypospadias

Congenital anomalies included gastroschisis
(n=1), spina bifida (n=1), polydactyly (n=7) and microce-
phaly (n=1). Table 4 shows the stratification of medical
conditions at admission by gestational age of preterm
neonates. The prevalence of RDS, apnea, and hypother-
mia, significantly decreased with increasing gestational
age, p<0.001, while the prevalence of sepsis was higher

among neonates with higher gestational age, p<0.039.

Outcomes of Preterm Neonates

In this study, 31.6% (95% CI: 26.9-36.7) of admitted
preterm neonates died, and 68.4% (95% CI: 63.3-73.1)
survived. Gestational age was inversely related to mortal-
ity (p<0.004). Preterm neonates who survived included
those who recovered and were discharged (97.1%); left
against medical advice (0.4%) or were referred to
a national referral hospital (2.5%). Two-thirds (73/111)
of preterm neonatal deaths occurred less than 72 hours
from admission (Figure 1).

Table 4 Distribution of Medical Conditions at Admission by Gestational Age of Preterm Neonates

Medical Condition All Neonates (N=351) Gestation Age (Weeks) P-value
<28 28-31 32-33 34-36
(n=35) (n=102) (n=82) (n=132)
n (%) n (%) n (%) n (%) n (%)
NEC 2 (0.57) 1 (2.9) 1 (1.0) 0 (0.0 0 (0.0 0.190
RDS 151 (43.0) 26 (74.3) 73 (71.6) 36 (43.9) 16 (12.1) <0.001
Jaundice 8 (2.3) 1 (2.9) 1 (1.0) I (1.2) 5(3.8) 0.460
Perinatal asphyxia 51 (14.5) 8 (22.9) 13 (12.8) I (13.4) 19 (14.4) 0513
HDNB 6 (1.7) 0 (0.0) 3(29) 0 (0.0 3 (23) 0.361
SGA 55 (15.7) 6 (17.1) 21 (20.6) 6 (7.3) 22 (16.7) 0.096
Apnea 32 (9.1) 23 (65.7) 9 (8.8) 0 (0.0 0 (0.0 <0.001
Hypothermia 236 (67.2) 33 (94.3) 80 (78.4) 51 (62.2) 72 (54.6) <0.001
Sepsis 29 (8.3) 1 (2.9) 6 (5.9 4 (4.9) 18 (13.6) 0.039
Hypoglycemia 5(1.4) 0 (0.0) 1 (1.0) I (1.2) 3(23) 0.717
Congenital anomalies 15 (4.3) 2 (5.7) 2 (2.0) 33.7) 8 (6.1) 0.454

Notes: Frequencies and percentages do not add-up to 100% because some preterm neonates had more than one medical condition at admission. Percentages reflect the
number of neonates with a particular medical condition who were recorded and analyzed as a proportion of the total number of neonates in a particular category.
Abbreviations: NEC, necrotizing enterocolitis; RDS, respiratory distress syndrome; HDNB, hemorrhagic disease of the newborn; SGA, small for gestational age.
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Figure | Distribution of preterm neonatal deaths based on duration of hospital stay.

Risk Factors for Mortality of Preterm

Neonates

Preterm neonates whose mothers were aged 35 years and
above were 4.5 times more likely to die, when compared
to those whose mothers were aged 25-34 years (AOR: 4.5;
95% CI: 1.35-15.31). Preterm neonates whose mothers did
not enroll for ANC had 4.7 times more likelihood of death
(AOR: 4.7; 95% CI: 1.05-21.21), while those whose
mothers attended more than four ANC visits were 5.3
times more likely to die than those whose mothers
attended 3—4 visits (AOR: 5.3; 95% CI: 1.88-15.21).
Compared to inborn preterm neonates, outborns had
a 2.3 times more likelihood of death (AOR: 2.3; 95% CI:
1.20-4.50). In addition, singleton deliveries had a 3.7
times higher odds of mortality compared to multiple gesta-
tions (AOR: 3.7; 95% CI: 1.74-7.89); whereas extremely
preterm neonates had a 12 times higher likelihood of death
compared to late preterm neonates (AOR: 12.0; 95% CI:
2.24-64.27). In this study, male neonates were 2 times
more likely to die compared to females (AOR: 2.0; 95%
CI: 1.04-3.74). The odds of mortality were 3.4 times
higher among preterm neonates who were resuscitated at
birth compared to those who were not resuscitated (AOR:
3.4; 95% CI: 1.66-6.82). Similarly, preterm neonates who
were diagnosed with RDS (AOR: 2.6; 95% CI: 1.22-5.70),
SGA (AOR: 4.7; 95% CI: 2.06-10.74), apnea (AOR: 6.2;
95% CI: 1.09-35.38), or hypothermia (AOR: 2.3; 95% CI:
1.09-4.92) at admission were likely to die. Details are
shown in Table 5.

Discussion

This study evaluated the proportion of neonatal death,
medical conditions at admission, and determinants of mor-
tality among preterm neonates in a tertiary level NICU in
Western Uganda. Overall, nearly one-third (31.6%) of the

43

38

25 30 35 40 45 50

admitted preterm neonates died. This is consistent with the
findings in the University of Gondar Comprehensive
Specialized Hospital in Ethiopia (28.8%),'* Alex
Ekwueme Federal University Teaching Hospital, Nigeria
(31.5%),*" and Jimma University Specialized Hospital
(34.9%) in Ethiopia.”* This is higher than 27.4%, 24.0%,
22.1%, and 11.4% that were reported in Fatemieh hospital,
Iran,>> University of Nigeria Teaching Hospital in
Nigeria,”* Mulago National Referral Hospital in central

35 and Nairobi hospital in Kenya®® respectively.

Uganda,
In contrast, the mortality was lower than 37.9% in Dessie
Referral Hospital in Ethiopia,”’ and 35.2% in Kiwoko
hospital in central Uganda.** This marked disparity in
mortality could be due to inequalities in neonatal care.
Some preterm neonates could have been treated in more
specialized and equipped facilities compared to the sub-
optimal care provided in inadequately equipped NICUs.
With respect to the timing of mortality, the results indi-
cated that 27%, and approximately two-thirds (65.8%) of
preterm neonates die within the first 24 hours and 72 hours
of admission, respectively. These findings are similar to those
by other studies.*’® The first 7 days are the most critical
period of a neonate’s life,”® which warrants close observation.
With decreasing frequency, medical conditions at
admission included hypothermia (67.2%), RDS (43.0%),
SGA (15.7%), perinatal asphyxia (14.5%), apnea (9.1%),
sepsis (8.3%), congenital anomalies (4.3%), jaundice
(2.3%), and hemorrhagic disease of the newborn (1.7%),
hypoglycemia (1.4%), and necrotizing enterocolitis
(0.57%). A study in Ethiopia also found that hypothermia,
hypoglycemia, jaundice, perinatal asphyxia, respiratory
distress, and sepsis were common among preterm neonates
at admission.'® In Bangladesh, a retrospective study
reported jaundice (14.4%), sepsis (6.2%), transient tachyp-
nea (2.3%), RDS (2.9%) and perinatal asphyxia (1.2%) as
common complications,'? while in Tanzania, a prospective
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Table 5 Results of Bivariate
Preterm Neonates

and Multivariate Logistic Regression Analyses of Factors Independently Associated with Mortality of

Variables Survived (n=240) Died (n-111) COR (95% CI) AOR (95% CI) P-value
Frequency (%) Frequency (%)
Maternal age (years)
<18 7 (35.0) 13 (65.0) 5.1 (1.89-13.59) 3.2 (0.87-11.96) 0.079
18-24 106 (70.7) 44 (29.3) 1.1 (0.69-1.87) 1.3 (0.63-2.70) 0.467
25-34 112 (73.2) 41 (26.8) | | -
235 15 (53.6) 13 (46.4) 2.4 (1.04-5.39) 4.5 (1.35-15.31) 0.014
Number of ANC visits
None 4 (19.0) 17 (81.0) 22.9 (7.18-73.60) 4.7 (1.05-21.21) 0.043
1-2 69 (55.7) 55 (44.3) 4.3 (2.51-7.41) 1.9 (0.90-3.86) 0.094
34 146 (84.4) 27 (15.6) | | -
>4 21 (63.6) 12 (36.4) 3.1 (1.36-7.01) 5.3 (1.88-15.21) 0.002
Place of delivery
Out-born 85 (56.3) 66 (43.7) 2.7 (1.68-4.25) 2.3 (1.204.50) 0.013
In-born 155 (77.5) 45 (22.5) | | -
Type of gestation
Singleton 147 (64.2) 82 (35.8) 1.8 (1.09-2.94) 3.7 (1.74-7.89) 0.001
Multiple 93 (76.2) 29 (23.8) | | -
Gestational age (weeks)
<28 3 (8.6) 32 (91.4) 53.3 (14.99-189.70) 12.0 (2.24-64.27) 0.004
28-31 63 (61.8) 39 (38.2) 3.1 (1.69-5.68) 1.44 (0.58-3.59) 0.433
32-33 64 (78.0) 18 (22.0) 1.4 (0.70-2.82) 1.4 (0.57-3.36) 0.469
34-36 110 (83.3) 22 (16.7) | | -
Gender
Male 110 (64.0) 62 (36.0) 1.5 (0.95-2.35) 2.0 (1.04-3.74) 0.038
Female 130 (72.6) 49 (27.4) | |
Resuscitation
Yes 45 (48.4) 48 (51.6) 3.3 (2.01-5.42) 3.4 (1.66-6.82) 0.001
No 195 (75.6) 63 (24.4) | | -
RDS
Yes 84 (55.6) 67 (44.4) 2.8 (1.78-4.49) 2.6 (1.22-5.70) 0.014
No 156 (78.0) 44 (22.0) | | -
SGA
Yes 25 (45.5) 30 (54.5) 3.2 (1.77-5.74) 4.7 (2.06-10.74) <0.001
No 215 (72.6) 8l (27.4) | | -
Apnea
Yes 2 (6.3) 30 (93.7) 44.1 (10.30-188.53) 6.2 (1.09-35.38) 0.039
No 238 (74.6) 81 (25.4) | | -
Hypothermia
Yes 142 (60.2) 94 (39.8) 3.8 (2.14-6.80) 2.3 (1.094.92) 0.029
No 98 (85.2) 17 (14.8) | | -

Abbreviations: AOR, adjusted odds ratio; COR, crude odds ratio;

cohort study reported hypothermia (37.4%), followed by
RDS (32.3%), infection (9.1%), perinatal asphyxia (7.1%),
and necrotizing enterocolitis (2.0%).>° These wide

age subcategories of preterm neonates.

Cl, confidence interval; RDS, respiratory distress syndrome; SGA, small for gestational age.

variations in proportions may be due to differences in

diagnostic criteria, and inclusion of varying gestational
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The factors associated with mortality of preterm neo-
nates are multifactorial and diverse. In the current study,
maternal age >35 years was associated with mortality of
hospitalized preterm neonates, which corresponds to the
findings of several studies.!”!® Furthermore, lack of ANC,
and attending more than four ANC visits had a significant
association with mortality. Generally, studies have shown
a protective effect of ANC attendance against neonatal
mortality, although regional differences have been
reported.**! Lack of ANC or less than eight ANC visits
is associated with increased likelihood of preterm birth,
and its associated complications.** It is noteworthy, how-
ever, that there were few mothers who did not attend
ANC, and those who attended more than four ANC visits.
Therefore, the study may lack statistical power to identify
an effect, also reflected in the wide confidence interval of
this outcome at multivariate analysis. It is well recognized
that maternal health during pregnancy significantly
impacts on neonatal survival. Moreover, it is also clear
that unskilled ANC provision and not receiving ANC
during the first twelve weeks of gestation may result in
failure to detect early pregnancy complications, and poor
neonatal outcomes.***

This study revealed that babies from singleton gesta-
tions were more likely to die than those from multiple
gestations. In contrast to this finding, several authors
have reported a significant association of multiple gesta-
tions with preterm mortality.*** A retrospective study of
extreme preterm neonates admitted to NICUs in the
Australian and New Zealand Neonatal Network reported
an insignificant difference in the odds of poor outcomes in
multiple and singleton deliveries in more recent years,*®
while a prospective study in Tanzania found that twin
preterm neonates were less likely to die in the NICU.*
However, this was an in-hospital study that was conducted
over a short follow-up period. Another possible explana-
tion for this difference could be because neonates of multi-
ple gestations are more likely to have a lower birth weight,
and thus require hospitalization.*’

Similar to other studies, mortality of preterm neonates
was inversely proportional to gestational age.'>-*%4%4
Lower gestational age was significantly associated with
increased likelihood of having complications such as
RDS, apnea, and hypothermia. This suggests that preven-
tion of these complications may result in increased survi-
val of babies born too soon.

Neonates who were resuscitated at birth were more
likely to die. In the current study, preterm neonates who

were resuscitated were also most likely to have had a low
5-minute Apgar score, which is a sensitive indicator for
the quality of resuscitation provided. Moreover, many
health facilities in developing countries are inadequately
prepared, as demonstrated by the lack of essential equip-
ment for neonatal resuscitation.’® Our findings are congru-
ent with studies in Ethiopia,*” Iran,** and Nigeria.”'

We found that outborn babies were 2.3 times more
likely to die compared to their inborn counterparts. In
keeping with these findings, studies in Uganda,*

! and South Africa®® demonstrated that outborn

Nigeria,”
preterm neonates were more likely to die compared to
inborns. This disproportionate mortality is most likely
attributable to the fact that outborn preterm neonates are
more likely to be exposed to certain risk factors for mor-
tality such as hypothermia during transportation, delays in
accessing appropriate healthcare, and to be delivered by
non-skilled birth attendants. This finding may suggest that
mothers in preterm labor are more likely to have their
babies survive when referred to a tertiary health facility
for delivery.

With respect to gender, this study revealed that male
sex is a predictor of mortality, with males being 2 times
more likely to die compared to females. Indeed, several
multicentric ~ studies  have  consistently  reported
a significant survival advantage of female over male
neonates.**>* This was also demonstrated in a study in
Brazil, where male preterm neonates had a 2.99 times
higher likelihood of mortality compared to females.>” In
New South Wales and Australia, male preterm neonates
had 1.29 times higher risk of death before discharge as
compared to females.>® This vulnerability may be influ-
enced by the innate sex-specific differences in genetic,
hormonal, and immunological makeup.>

This study reiterates the contribution of apnea, RDS,
hypothermia, and SGA to preterm neonatal mortality. This
is similar to studies in Nepal,'' New South Wales and
Australian Capital Territory,23 Iran,33 Tanzania,39 and
Ethiopia.*® The preponderance of RDS and hypothermia
in this cohort may be explained by the suboptimal use of
prenatal corticosteroids, lack of delivery room continuous
positive airway pressure, exogeneous surfactant, and
under-utilization of mechanisms to keep preterm neonates

warm during transportation to the NICU.

Strengths and Limitations
This study was conducted prospectively and included pre-
term neonates of all gestation age subcategories. However,
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the findings of this study should be interpreted with con-
sideration of its limitations. This was a single centre study,
and diagnosis of some medical conditions at admission
was solely based on the clinical symptoms and signs,
given the non-availability of investigations such as routine
cranial ultrasound scan, echocardiography, blood culture,
arterial blood gases, and blood pH during the data collec-
tion period. Besides, some preterm neonates developed
other complications during the course of hospitalization,
which could have significantly contributed to their demise.
Preterm neonates were also not followed up after dis-
charge from the NICU.

Conclusions and Recommendations
This study found a high proportion of preterm neonatal
mortality in the NICU. Nearly two-thirds of preterm neo-
nates died within the first 72 hours of admission, and the
most common medical conditions at admission were
RDS, SGA,
Neonatal mortality was significantly influenced by mater-

hypothermia, and perinatal asphyxia.
nal and neonatal factors such as maternal age >35 years,
lack of ANC attendance, >4 ANC visits, and singleton
delivery. Other contributory factors included resuscitation
at birth, outborn status, low gestational age, and male
gender. The main causes of mortality were apnea,
hypothermia, RDS, and SGA.

Based on these findings, special attention should be
directed towards preterm-associated complications, many
of which are preventable. Our study also points to the need
for intensive monitoring of neonates during the first 72
hours of admission to the NICU. In order to improve
preterm newborn survival, stakeholders should reinforce
specific strategies that target improvements in facility-
based continuum of care such as quality ANC, neonatal
resuscitation, respiratory support, and thermal care.
Hospitals need to liaise with catchment institutions and
communities to promote early recognition and referral of

high-risk preterm neonates.
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