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Abstract

Background

In 2019, 2.4 million neonates died globally, with most deaths occurring in low-resource set-
tings. Despite the introduction of neonatal intensive care units (NICUs) in these settings,
neonatal mortality remains high, and caring for sick neonates around the clock can be chal-
lenging due to limited staff and resources.

Objective

To evaluate whether neonatal intensive care admissions during daytime and overnight
hours affects in-hospital neonatal mortality.

Methods

A retrospective case-control study was conducted using 2016 chart data at a University hos-
pital in Ethiopia. Cases were defined as neonates who died in the NICU, and controls were
defined as neonates who survived. Overnight hours were defined as 17:00 to 07:59, and
day hours were defined as 08:00 to 16:59. Univariate and multivariate logistic regressions
were used to investigate the relationship between time of admission and mortality, along
with perinatal characteristics.

Results

A total of 812 neonates, 207 cases and 605 controls, met inclusion criteria. There were 342
admissions during the day and 470 overnight. Neonatal mortality (aOR 1.02, 95% CI [0.64—
1.62], p = 0.93) was not associated with overnight admissions after controlling for maternal
age, parity, C-section, birthweight, and gestational age, respiratory distress, and admission
level of consciousness. Admission heart rate >160 (aOR 0.52, 95% CI [0.30-0.91], p =
0.02) was the only variable significantly associated with overnight admissions.
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Conclusion

Being admitted overnight to the NICU in Gondar, Ethiopia was not associated with increased
mortality, consistent with a constant level of care, regardless of the time of admission. Fur-
ther qualitative and implementation research are needed to understand contextual factors
that have affected these data.

Introduction

An estimated 2.4 million neonates under 28 days of life die every year [1]. Global efforts have
reduced the neonatal mortality rate (NMR) by 47% since 1990 [1]. Neonatal intensive care
units (NICUs) have contributed to the improved survival of neonates. Specific training on neo-
natal resuscitation and the use of medical technology for neonates in NICUs has helped reduce
neonatal mortality in high-income countries [2]. Nonetheless, the neonatal mortality rate in
low- and middle- income countries (LMICs) remains unacceptably high. High quality critical
care services should be available for all neonates, yet NICUs in LMICs lack essential expertise,
medications, and equipment [3-7]. This has contributed to the significant disparities in the
rates of neonatal mortality across regions and countries [8].

Ethiopia is no exception to the high level of neonatal mortality seen in LMICs. In 2019, the
country had a reported NMR of 28 deaths per 1,000 live births, commensurate with the NMR
across Sub-Saharan Africa [9]. Though this rate has been steadily decreasing over the past two
decades, it has declined more slowly compared to mortality rates among infants and children
under five [1]. To address this, there has been a recent push in Ethiopia to improve care in
NICUs across the country [10]. Despite these improvements, however, a neonate born in Sub-
Saharan Africa is ten times more likely to die within the first month of life than a neonate born
in a high-income country [1].

There are known circadian variations with NICU admissions and mortality in high-income
countries. Researchers in Canada found that premature neonates who are admitted to the
NICU during overnight hours may have a higher risk of mortality, after controlling for patient
acuity [11]. Conversely, premature infants admitted overnight to a network of NICUs in Aus-
tralia did not have an increase in neonatal mortality [12]. The association between the time of
NICU admission and neonatal mortality has not been studied in low-income countries. Circa-
dian differences in neonatal mortality by time of admission has the potential to influence the
organization and delivery of healthcare for millions of neonates globally who are admitted to
NICUs overnight.

We investigated the association between time of NICU admission and neonatal mortality
by comparing daytime with overnight admissions in a tertiary care NICU in Ethiopia. We
hypothesized that neonates admitted to the NICU overnight would have increased mortality
compared to those admitted during the day given the documented lack of high-quality critical
care services in many LMICs.

Methods
Study design

This study was a retrospective case-control study of prospectively collected data. Patients were
recruited from the NICU registry from January 1, 2016 to December 31, 2016. The study was
reviewed and exempt from the institutional review board (IRB) at the Stanford University
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School of Medicine and the University of Gondar Hospital IRB. Data were extracted between
4/2018 to 6/2018. No personal identifiers were recorded to maintain anonymity and confi-
dentiality of participants. Medical records were accessed with permission of the University of
Gondar Hospital and the University of Gondar IRB. The need for written informed consent
from patients was waived because the retrospective nature of the study, and this study was part
of a hospital-based quality improvement project and posed no risk to patients or their privacy.
Patient records were anonymized and de-identified prior to analysis.

Study setting

The University of Gondar is in the Amhara region of Ethiopia, approximately 700 km from
the capital, Addis Ababa. It is one of the largest referral and academic hospitals in the country,
providing care to over 7 million people and approximately 10,000 children every year. The
NICU in Gondar is a 40-bed unit that has the capacity for phototherapy, nasogastric tube feed-
ings, thermoregulation, IV fluids, blood transfusions, oxygen via nasal cannula, and bubble
continuous positive airway pressure (CPAP). The NICU admission criteria include the follow-
ing: birthweight less than 2000 grams, gestational age less than 34 weeks, suspected or con-
firmed infection, temperature instability, respiratory distress, apnea, cyanosis, electrolyte
derangements, birth trauma, seizures, birth asphyxia, altered mentation, feeding problem, bil-
ious emesis, signs of bowel obstruction, hyperbilirubinemia, ABO and Rh incompatibility,
anemia, polycythemia, bleeding disorder, cardiovascular disease requiring monitoring or
interventions, any baby whom the physician or nurse feels requires observation or treatment,
and social issues like abandoned babies [13]. There is no neonatologist; rather, the NICU is
staffed by nurses, sixth-year medical students, pediatric residents, and general practitioners,
and supervised by an attending pediatrician. During the day, there are approximately 12
interns, 5 residents, and 12-15 nurses in the NICU. Overnight, the NICU is staffed by approxi-
mately 5 interns, 2 residents, and 6-8 nurses.

Patient selection

Cases were defined as neonates who died in the NICU, and controls were defined as neonates
who survived. Patients older than 28 days, outside of the accrual period, and revisits were
excluded. We recruited approximately three times as many controls as cases. Data abstracters
were not blind to the predictors or the outcome.

Outcome variable

The main outcome variable was daytime versus overnight admission. Daytime admission was
defined as NICU admission occurring between 08:00 and 16:59. Overnight admission was
defined as NICU admission between 17:00 and 07:59 the following day, corresponding to the
time house staff in the NICU are on call.

Predictor variables

The following predictor variables were extracted from paper charts of neonates based on
review of the literature, clinical usefulness, and biological plausibility: age at admission, gender,
gestational age, type of delivery, duration of labor, duration of rupture of membranes, APGAR
scores, birth weight, head circumference, and length of the baby. Clinical values included
admission heart rate, respiratory rate, temperature, mental status, and respiratory distress.
Vital signs upon NICU admission were extracted as a continuous variable. Temperature
and birth weight were classified according to WHO definitions [14]. Normal respiratory rates
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and heart rates were defined according to established ranges [15]. Respiratory distress was cat-
egorized as none; mild distress had subcostal and intercostal retractions; moderate distress had
grunting, subcostal, intercostal, and nasal flaring; severe distress had grunting, subcostal, inter-
costal, and nasal flaring with perioral cyanosis. Since routine prenatal ultrasounds are not rou-
tinely available, the gestational age of each infant was determined using the New Ballard score.

Small-for-gestational age (SGA), appropriate-for-gestational age (AGA), large-for-gesta-
tional age (LGA), microcephalic, normocephalic, and macrocephalic were defined according
to the reference distributions for gender and birthweight [16]. SGA was defined as birthweight
below the 10" percentile for gestational age, AGA was defined as birthweight between the 10™
and 90™ percentiles for gestational age, and LGA was defined as birthweight above the 90™
percentile for gestational age. Microcephalic was defined as head circumferences below the
10" percentile for gestational age, normocephalic was defined as head circumference between
the 10™ and 90" percentiles for gestational age, and macrocephalic was defined as head cir-
cumference greater than 90™ percentile for gestational age.

Case mix, or severity of illness upon NICU admission, was assessed using the Neonatal
Mortality Score (NMS), a validated measure of NICU mortality risk designed specifically for
LMICs and derived from the study population [13]. The score ranges from 0 to 52, and incor-
porates admission level of consciousness, admission respiratory distress, gestational age, and
birthweight (Table 1). Scores greater than 12 correspond to a 50% probability of in-hospital
mortality [13].

Sample size

No prior estimates were available that could be used to calculate the sample size for the study.
Hence, the rule of thumb of 10 events per variable for logistic regression prediction models
was used to estimate the sample size [17]. Since there were approximately 20 candidate

Table 1. Neonatal mortality score.

Characteristic Score

Admissions Level of Consciousness

Alert 0
Irritable 6
Lethargic 11
Comatose 16

Admission Respiratory Distress

None 0
Mild (subcostal and intercostal retractions) 3
Moderate (subcostal and intercostal retractions, nasal flaring, and grunting) 11
Severe (subcostal and intercostal retractions, nasal flaring, grunting, and perioral cyanosis) 14
Gestational Age
> 37 weeks 0
32-36 weeks 1
<32 weeks 10
Birthweight
>2500 grams 0
1500-2499 grams 5
<1500 grams 12
Maximum Score 52

https://doi.org/10.1371/journal.pone.0264926.t001
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variables considered and 10 events per variable, the estimated number of cases for the study
was 200.

Missing data

Prediction variables missing 15% or more of data were excluded from the analysis. Missing
categorical data were imputed with the mode, and missing continuous data were imputed with
the median.

Statistical analysis

We conducted a descriptive analysis to compare characteristics of admitted neonates during
daytime and overnight hours by computing the frequencies and percentages for data. Unad-
justed time from NICU admission to death or discharge was evaluated using a Kaplan-Meier
curve. Differences in the in-hospital mortality between neonates admitted during daytime and
overnight shifts were evaluated using the log-rank test. Univariate logistic regression was used
to compare categorical variables. Statistically significant variables (p < 0.05) from the univari-
ate analysis were entered into a multivariate logistic regression model. Characteristics were
selected a priori to adjust for potentially confounding variables, such as gender, maternal age,
type of delivery, gestational size, gestational age, birthweight, admission respiratory distress,
and admission level of consciousness. The case mix upon admission was adjusted by including
the NMS, which predicts in-hospital mortality, in the final model. Data are reported as odds
ratios (ORs) with 95% confidence intervals (CIs). The variables included in the final model
were examined for multicollinearity, and no collinearity among variables was detected. All sta-
tistical analyses were two-sided, and P value less than 0.05 were considered significant. Statisti-
cal analyses were conducted using Stata 15 (StataCorp LP, College Station, TX).

Sensitivity analysis

Sensitivity analyses were conducted to assess how the time of admission compares with the
time of death, with two ways of defining daytime and overnight hours. Time of death reflects
the cumulative care of neonates over days and nights. Among the neonates who died, the time
of death was abstracted from the death certificate. Neonates without a death certificate were
excluded from the sensitivity analysis. In the first sensitivity analysis, duty time was defined as
overnight hours between 17:00 to 07:59 the following day, weekends (Saturday and Sunday),
and public holidays according to the Ethiopian calendar. Working time was defined as daytime
hours between 08:00 to 16:59 from Monday to Friday and not during public holidays accord-
ing to the Ethiopian calendar. In the second sensitivity analysis, the time of death was analyzed
exclusively between daytime and overnight hours, not accounting for weekends or public holi-
days. Finally, we explored how the acuity of neonates upon admission to the NICU influences
survival by generating a Kaplan-Meier survival curve for neonates identified as high and low
acuity according to the Neonatal Mortality Score.

Results

Among the 812 infants admitted to the NICU during the study period, 342 (42%) were admit-
ted during the day and 470 (58%) were admitted overnight. There were 207 deaths and 605
survivors. The median length of stay for those who died was 26 hours and the median length
of stay for those who survived was 41 hours. There were 276 neonates identified with a high
Neonatal Mortality Score above 12 and 536 neonates with a low Neonatal Mortality Score less
than and equal to 12.
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Fig 1. Kaplan-Meier survival curve comparing daytime and overnight NICU admissions.

https://doi.org/10.1371/journal.pone.0264926.9001

Among the study population, the in-hospital mortality was similar among neonates admit-
ted during overnight and daytime hours (26% vs 25%, respectively, p = 0.89). A Kaplan-Meier
survival curve showed that the unadjusted time from NICU admission to death was compara-
ble (Fig 1, log-rank p = 0.32). The median survival time (50% mortality) for neonates admitted
during overnight and daytime shifts were 151 hours and 150 hours, respectively.

Table 2 shows the univariate analysis of perinatal characteristics and clinical variables. Ges-
tational age, birthweight, maternal age, and parity were similar between the daytime and over-
night groups. Additionally, there was no significant difference in the proportion of infants
delivered by cesarean section between overnight and daytime admissions (30% vs 29%, respec-
tively, p = 0.75). Infants admitted overnight versus daytime were more likely to be suctioned
(22% vs 17%, respectively, p = 0.05) and receive bag-valve-mask ventilation at delivery (19% vs
14%, respectively, p = 0.03). Of admission vital signs, only the admission heart rate greater
than 160 beats per minute was found to be significantly different between overnight and day-
time admissions (8% vs 13%, respectively, p = 0.03). In assessing the case mix, there was no sta-
tistically significant difference among the neonates identified as high risk of mortality from the
NMS between overnight and daytime admissions (34% vs 34%, p = 0.85). Furthermore, there
were no differences in admission level of consciousness, admission respiratory distress, birth-
weight, or gestational age between daytime and overnight admissions. This analysis showed
that the risk factors between overnight and daytime admissions cohorts were similar. The fol-
lowing variables were excluded from the analysis because more than 15% of the data were
missing: duration of labor, rupture of membranes, and APGAR scores at 1 and 5 minutes.

The multivariate analysis revealed that overnight admissions did not have increased odds of
mortality with an adjusted OR of 1.02 (95% CI 0.64-1.62) (Table 3).

While there were more NICU admissions overnight than during the daytime, the number
of deaths remained largely consistent (Fig 2). There were more admissions between midnight
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Table 2. Comparison of characteristics admitted to the NICU during daytime and overnight hours.

Characteristic Daytime (%) (n = 342) Overnight (%) (n = 470) OR 95% CI P-value
Maternal age, years 0.82
<20 7% 8% 1.12 0.63-2.01
21-29 65% 66% 1
>30 28% 26% 0.93 0.66-1.32
Parity 0.51
1 52% 50% 1
>2 48% 50% 1.10 0.83-1.45
Admission Age, hours 0.62
<1 52% 54% 1
>1 48% 46% 0.93 0.70-1.23
Gender 0.82
Male 60% 60% 1
Female 40% 40% 0.97 0.73-1.29
Gestational Age, weeks 0.97
> 37 66% 65% 1
32-36 23% 24% 1.03 0.74-1.44
<32 11% 11% 1.04 0.65-1.64
Birthweight, grams 0.93
>2,500 57% 57% 1
1,500-2,499 32% 33% 1.00 0.74-1.36
<1,500 11% 10% 0.92 0.57-1.47
Onset of Labor 0.90
Spontaneous 94% 94% 1
Induced 6% 6% 0.96 0.50-1.84
Duration of Labor 0.58
<24 hours 88% 89% 1
> 24 hours 12% 11% 0.87 0.54-1.41
Rupture of Membranes 0.68
< 24 hours 93% 92% 1
> 24 hours 7% 8% 1.14 0.61-2.10
Delivery 0.75
Vaginal 71% 70% 1
C-section 29% 30% 1.05 0.77-1.43
Antenatal Care (>1) 93% 96% 1.62 0.89-2.96 0.12
APGAR Score 1 minute 0.84
<7 41% 40% 0.96 0.67-1.38
>7 59% 60% 1
APGAR Score 5 minute 0.84
<7 18% 17% 0.95 0.60-1.51
>7 82% 83% 1
Suctioned at Delivery 17% 22% 1.42 0.99-2.03 0.05
Bag & Mask at Delivery 14% 19% 1.51 1.03-2.21 0.03
Intubated at Delivery 3% 2% 0.72 0.31-1.68 0.45
CPAP on admission 23% 22% 0.92 0.66-1.29 0.64
(Continued)
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Table 2. (Continued)

Characteristic Daytime (%) (n = 342) Overnight (%) (n = 470) OR 95% CI P-value
Admission Heart Rate 0.03
<100 1% 2% 2.57 0.71-9.28
100-160 86% 89% 1
>160 13% 8% 0.61 0.39-0.96
Admission Respiratory Rate 0.39
<35 6% 8% 1.18 0.67-2.07
35-55 41% 44% 1
>55 52% 48% 0.86 0.64-1.14
Admission Temperature, Celsius 0.89
<36.0 65% 64% 0.89 0.61-1.31
36.0-36.4 11% 11% 0.86 0.50-1.47
36.5-37.5 16% 18% 1
>37.5 7% 7% 0.81 0.43-1.50
Admission Respiratory Distress 0.67
None 49% 49% 1
Mild 8% 8% 1.07 0.62-1.82
Moderate 30% 27% 0.90 0.65-1.25
Severe 13% 16% 1.20 0.79-1.83
Admission Level of Consciousness 0.50
Alert 84% 83% 1
Irritable 2% 3% 1.85 0.71-4.83
Lethargic 12% 11% 0.94 0.61-1.47
Comatose 2% 3% 1.39 0.58-3.32
Gestational Size 0.29
Small for Gestational Age 34% 32% 0.96 0.71-1.29
Appropriate for Gestational Age 62% 62% 1
Large for Gestational Age 4% 6% 1.62 0.84-3.12
Head Size 0.63
Microcephalic 6% 8% 1.28 0.70-2.33
Normocephalic 63% 60% 1
Macrocephalic 31% 32% 1.11 0.80-1.54
Neonatal Mortality Score 0.85
< 12 (low acuity) 66% 66% 1
>12 (high acuity) 34% 34% 1.03 0.77-1.62
Length of stay 0.08
< 24 hours 47% 41% 1
>24 hours 53% 59% 1.28 0.97-1.70

https://doi.org/10.1371/journal.pone.0264926.t1002

and 0900 and the number of admissions decreased starting in the late afternoon before

increasing after midnight.

For the sensitivity analysis, 168 out of the 207 neonatal deaths in the study had a time of
death reported in the chart. Among these 168 neonates, 129 deaths occurred overnight and
during public holidays and weekends, and 116 deaths occurred overnight. The only difference
among neonates who died overnight compared with neonates who died overnight and during
public holidays and weekends was an increased odds of the admission heart rate being less
than 100 beats per minute. Other admission vital signs and demographic and perinatal
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Table 3. Multivariate analysis comparing daytime and overnight NICU admissions.

Characteristic 88 coefficient Adjusted OR* 95% CI P-value
NICU Survival

Survived 0 1

Died 0.02 1.02 0.64-1.62 0.93
Gestational Age, weeks

> 37 0 1

32-36 0.03 1.03 0.63-1.68 0.91

<32 0.16 1.18 0.48-2.90 0.72
Birthweight, grams

>2,500 0 1

1,500-2,499 0.16 1.17 0.69-1.99 0.56

<1,500 0.04 1.04 0.41-2.63 0.94
Delivery

Vaginal 0 1

C-section 0.04 1.04 0.74-1.45 0.84
Admission Heart Rate

<100 0.84 2.32 0.59-9.04 0.23

100-160 0 1

>160 -0.65 0.52 0.30-0.91 0.02
Admission Temperature, Celsius

<36.0 -0.33 0.72 0.45-1.16 0.18

36.0-36.4 -0.18 0.84 0.45-1.57 0.58

36.5-37.5 0 1

>37.5 0.006 1.0 0.47-2.18 0.99
Admission Respiratory Distress

None 0 1

Mild -0.03 0.97 0.54-1.76 0.93

Moderate -0.10 0.90 0.56-1.45 0.68

Severe 0.50 1.64 0.81-3.34 0.17
Admission Level of Consciousness

Alert 0 1

Irritable 0.94 2.55 0.77-8.44 0.13

Lethargic -0.16 0.85 0.48-1.53 0.60

Comatose -0.41 0.67 0.22-2.04 0.48
Gestational Size

Small for Gestational Age -0.07 0.93 0.62-1.39 0.72

Appropriate for Gestational Age 0 1

Large for Gestational Age 0.44 1.56 0.72-3.36 0.26
Suctioned at Delivery 0.13 1.14 0.60-2.18 0.69
Bag & Mask at Delivery 0.30 1.36 0.67-2.74 0.40
Neonatal Mortality Score

< 12 (low acuity) 1

>12 (high acuity) -0.15 0.86 0.46-1.61 0.64

* Adjusted for gender, maternal age, and gestational size.

Intercept: 0.50, p = 0.54.

https:/doi.org/10.1371/journal.pone.0264926.t003
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Fig 2. Overall admissions and neonatal deaths by time of NICU admission.

https://doi.org/10.1371/journal.pone.0264926.g002

variables were similar among neonates who died during daytime and overnight hours. Lastly,
a Kaplan-Meier survival curve showed that neonates with a low Neonatal Mortality Score sur-
vived longer than neonates with a high Neonatal Mortality Score (log-rank p<0.001, Fig 3).

Discussion

Our study demonstrates that time of admission is not associated with clinical characteristics of
the neonates, type of delivery, or in-hospital mortality among infants admitted to the NICU at
the University of Gondar. Controlling for the acuity of illness, neonates in our study admitted
overnight were no more likely to die than neonates admitted during the day. As a primary out-
come, we analyzed the time of admission to the NICU because admission is arguably the more
critical time period for seriously ill infants due to the need for stabilization and resuscitation
[18]. In our sensitivity analysis of cases, we found that there was no significant difference in
the severity of illness between neonates dying during working daytime and overnight hours.
This reflects a consistent level of care during the time of admission, during the hospitalization,
and the care prior to death.

These results stand in contrast to previous studies looking at the effect of admission time on
neonatal mortality. In a study of a Canadian NICU network, researchers found that there was
a 60% higher mortality rate among overnight admissions in infants born at <32 weeks’ gesta-
tion, equivalent to 29 deaths per 1,000 infants [11]. A study from Australia showed that infants
born at night (defined as 18:00 to 08:00) had twice the risk of death compared to infants born
during the day [12]. There is also literature suggesting that neonates born on weekends have a
higher risk of dying than infants born on weekdays [19, 20]. It is important to note, however,
that these studies looked at neonatal mortality trends only in high-income countries, which
may not be generalizable to our study population. Additionally, the heterogeneity noted
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Fig 3. Kaplan-Meier survival curve comparing low and high neonatal mortality scores.
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between these studies likely reflects the diverse delivery of care and organizational structure of
the hospitals and ICUs where these studies were carried out.

We conducted a novel study examining the temporal relationship between NICU admis-
sion and mortality specifically in a low-income country. Determining whether a relationship
exists between the time of admission and clinical characteristics and outcome of neonates is of
particular importance because of the limited access to essential infrastructure and resources in
Ethiopia and other low-income countries [7, 21]. One study out of Ethiopia found that only
two-thirds of health facilities surveyed had the necessary equipment for neonatal resuscitation
[21]. Furthermore, despite the fact that respiratory distress syndrome (RDS) accounts for
almost half of the preterm mortality in the country, chest x-rays are performed infrequently
and interventions specific to RDS, such as CPAP, are lacking [7].

There are several possible explanations for the lack of association between time of admis-
sion and mortality seen at the University of Gondar. Previous studies have shown that due to
lower staffing levels, reduced access to diagnostic and therapeutic services, and fewer experi-
enced providers during overnight shifts than during the day, overnight admissions could be
associated with poorer outcomes [22]. In contrast, the results from our study may be reflective
of a consistent staffing pattern across shifts which is adequate in limiting morbidity and mor-
tality. Overnight, the University of Gondar NICU has one pediatrics resident dedicated to car-
ing for premature neonates and one resident dedicated to term neonates. This resident staffing
pattern may help explain the similar in-hospital NICU mortality between day and overnight
admissions in the study. It has also been postulated in prior studies that a difference in case-
mix may have played a role in the increased mortality overnight [11, 20].

More neonates with bradycardia upon NICU admission were admitted overnight, which
has not been reported in other studies. Furthermore, the odds of admitting neonates with a
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mental status characterized by irritability increased overnight. Overnight, the odds decreased
among neonates with tachycardia upon admission. Nonetheless, there were small numbers of
neonates with these conditions, so these results may be influenced by the low sample size.

The acuity of neonates admitted to the NICU overnight versus during the day was not sub-
stantially different. However, in the sensitivity analysis, we found that neonates with higher
Neonatal Mortality Scores had worse survival in comparison to neonates with lower Neonatal
Mortality Scores, suggesting that acuity on presentation may play more of a role than the time
of admission for in-hospital NICU mortality.

This study has several limitations. First, this is a retrospective study of prospectively col-
lected data, which is susceptible to selection bias and residual confounding. Second, the results
may only be generalized to tertiary care NICUs in Ethiopia at academic hospitals. Third, our
analysis did not account for NICU-specific differences in physician coverage between daytime
and overnight admissions. Our study did not capture neonatal mortality in terms of live births,
so the resulting NMR cannot be compared to the overall NMR in Ethiopia. Finally, our study
was not able to elucidate differences in how long infants received CPAP during daytime versus
nighttime shifts, which could be useful for future studies.

Improving the quality of care of NICUs in low- and middle-income countries will be neces-
sary to achieve substantial reductions in neonatal mortality. NICUs with more favorable health
outcomes, like the one at the University of Gondar, can potentially serve as models for infra-
structure and staffing in hospitals in LMICs. Further qualitative and implementation research
are needed to understand contextual factors that have affected these data. From there, differ-
ences in staffing patterns and other factors influencing the quality of care can be compared
across NICUs both in Ethiopia and in other LMICs.

Supporting information

S1 Checklist. STROBE statement—Checklist of items that should be included in reports of
case-control studies.
(DOC)

S1 Data.
(XLSX)

Acknowledgments
We thank the University of Gondar Hospital for allowing us to conduct the study.

Author Contributions

Conceptualization: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi
Tazebew, Alemayehu Teklu.

Data curation: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi Tazebew,
Alemayehu Teklu.

Formal analysis: Rishi P. Mediratta, Mallika Rajamani, Mulugeta Ayalew, Abdulkadir She-
hibo, Ashenafi Tazebew, Alemayehu Teklu.

Funding acquisition: Rishi P. Mediratta.

Investigation: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi Tazebew,
Alemayehu Teklu.

PLOS ONE | https://doi.org/10.1371/journal.pone.0264926 March 24, 2022 12/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264926.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0264926.s002
https://doi.org/10.1371/journal.pone.0264926

PLOS ONE

Overnight admissions to a neonatal intensive care unit in Ethiopia

Methodology: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi Tazebew,
Alemayehu Teklu.

Project administration: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi
Tazebew, Alemayehu Teklu.

Resources: Rishi P. Mediratta, Mulugeta Ayalew, Abdulkadir Shehibo, Ashenafi Tazebew, Ale-
mayehu Teklu.

Supervision: Alemayehu Teklu.
Writing - original draft: Rishi P. Mediratta.

Writing - review & editing: Mallika Rajamani, Mulugeta Ayalew, Abdulkadir Shehibo, Ashe-
nafi Tazebew.

References
1. UNICEF. Every child alive: the urgent need to end newborn deaths. New York, NY: UNICEF; 2018.

2. Richardson DK, Gray JE, Gortmaker SL, Goldmann DA, Pursley DM, McCormick MC. Declining sever-
ity adjusted mortality: evidence of improving neonatal intensive care. Pediatrics. 1998; 102(4 Pt 1):893—
9. https://doi.org/10.1542/peds.102.4.893 PMID: 9755261

3. GBD 2017 Collaborators. Global, regional, and national comparative risk assessment of 84 behavioural,
environmental and occupational, and metabolic risks or clusters of risks for 195 countries and territories,
1990-2017: a systematic analysis for the Global Burden of Disease Study 2017. Lancet. 2018; 392
(10159):1923-94. https://doi.org/10.1016/S0140-6736(18)32225-6 PMID: 30496105

4. Wrammertd, Kc A, Ewald U, Malqvist M. Improved postnatal care is needed to maintain gains in neona-
tal survival after the implementation of the Helping Babies Breathe initiative. Acta Paediatr. 2017; 106
(8):1280-5. https://doi.org/10.1111/apa.13835 PMID: 28316097

5. BasnetS, Adhikari N, Koirala J. Challenges in setting up pediatric and neonatal intensive care units in a
resource-limited country. Pediatrics. 2011; 128(4):e986-92. https://doi.org/10.1542/peds.2010-3657
PMID: 21930539

6. Dhaded SM, Somannavar MS, Vernekar SS, Goudar SS, Mwenche M, Derman R, et al. Neonatal mor-
tality and coverage of essential newborn interventions 2010-2013: a prospective, population-based
study from low-middle income countries. Reprod Health. 2015; 12 (Suppl 2):S6. https://doi.org/10.1186/
1742-4755-12-S2-S6 PMID: 26063125

7. Muhe LM, McClure EM, Nigussie AK, Mekasha A, Worku B, Worku A, et al. Major causes of death in
preterm infants in selected hospitals in Ethiopia (SIP): a prospective, cross-sectional, observational
study. Lancet Glob Health. 2019; 7(8):e1130—8. https://doi.org/10.1016/S2214-109X(19)30220-7
PMID: 31303299

8. McKinnon B, Harper S, Kaufman JS, Bergevin Y. Socioeconomic inequality in neonatal mortality in
countries of low and middle income: a multicountry analysis. Lancet Glob Health. 2014; 2(3):e165-73.
https://doi.org/10.1016/S2214-109X(14)70008-7 PMID: 25102849

9. United Nations Inter-agency Group for Child Mortality Estimation (UN IGME). A Neglected Tragedy:
The global burden of stillbirths. New York: United Nations Children’s Fund; 2020.

10. Federal Ministry of Health. National Strategy for Newborn and Child Survival in Ethiopia. National Strat-
egy for Newborn and Child Survival in Ethiopia. Addis Ababa: Ethiopia Federal Ministry of Health; 2015.

11. Lee SK, Lee DS, Andrews WL, Baboolal R, Pendray M, Stewart S, et al. Higher mortality rates among
inborn infants admitted to neonatal intensive care units at night. J Pediatr. 2003; 143(5):592—7. https:/
doi.org/10.1067/s0022-3476(03)00367-6 PMID: 14615728

12. Abdel-Latif ME, Bajuk B, Oei J, Lui K, Group NSWatACTNICA. Mortality and morbidities among very
premature infants admitted after hours in an Australian neonatal intensive care unit network. Pediatrics.
2006; 117(5):1632-9. https://doi.org/10.1542/peds.2005-1421 PMID: 16651317

13. Mediratta RP, Amare AT, Behl R, Efron B, Narasimhan B, Teklu A, et al. Derivation and validation of a
prognostic score for neonatal mortality in Ethiopia: a case-control study. BMC Pediatr. 2020; 20(1):238.
https://doi.org/10.1186/s12887-020-02107-8 PMID: 32434513

14. World Health Organization. Thermal Protection of the Newborn: a Practical Guide. Geneva, Switzer-
land: World Health Organization; 1997.

PLOS ONE | https://doi.org/10.1371/journal.pone.0264926 March 24, 2022 13/14


https://doi.org/10.1542/peds.102.4.893
http://www.ncbi.nlm.nih.gov/pubmed/9755261
https://doi.org/10.1016/S0140-6736%2818%2932225-6
http://www.ncbi.nlm.nih.gov/pubmed/30496105
https://doi.org/10.1111/apa.13835
http://www.ncbi.nlm.nih.gov/pubmed/28316097
https://doi.org/10.1542/peds.2010-3657
http://www.ncbi.nlm.nih.gov/pubmed/21930539
https://doi.org/10.1186/1742-4755-12-S2-S6
https://doi.org/10.1186/1742-4755-12-S2-S6
http://www.ncbi.nlm.nih.gov/pubmed/26063125
https://doi.org/10.1016/S2214-109X%2819%2930220-7
http://www.ncbi.nlm.nih.gov/pubmed/31303299
https://doi.org/10.1016/S2214-109X%2814%2970008-7
http://www.ncbi.nlm.nih.gov/pubmed/25102849
https://doi.org/10.1067/s0022-3476%2803%2900367-6
https://doi.org/10.1067/s0022-3476%2803%2900367-6
http://www.ncbi.nlm.nih.gov/pubmed/14615728
https://doi.org/10.1542/peds.2005-1421
http://www.ncbi.nlm.nih.gov/pubmed/16651317
https://doi.org/10.1186/s12887-020-02107-8
http://www.ncbi.nlm.nih.gov/pubmed/32434513
https://doi.org/10.1371/journal.pone.0264926

PLOS ONE

Overnight admissions to a neonatal intensive care unit in Ethiopia

15.

16.

17.

18.

19.

20.

21.

22,

Kliegman R, Stanton B, Schor N, St. Geme J. Nelson Textbook of Pediatrics. 20th ed. Philadelphia,
PA: Elsevier; 2016.

Olsen |IE, Groveman SA, Lawson ML, Clark RH, Zemel BS. New intrauterine growth curves based on
United States data. Pediatrics. 2010; 125(2):e214—-24. https://doi.org/10.1542/peds.2009-0913 PMID:
20100760

Peduzzi P, Concato J, Kemper E, Holford TR, Feinstein AR. A simulation study of the number of events
per variable in logistic regression analysis. J Clin Epidemiol. 1996; 49(12):1373-9. https://doi.org/10.
1016/s0895-4356(96)00236-3 PMID: 8970487

Castrodale V, Rinehart S. The golden hour: improving the stabilization of the very low birth-weight
infant. Adv Neonatal Care. 2014; 14(1):9-14; quiz 5-6. https://doi.org/10.1097/ANC.
0b013e31828d0289 PMID: 24472882

Hong JS, Kang HC, Yi SW, Han YJ, Nam CM, Gombojav B, et al. A comparison of perinatal mortality in
Korea on holidays and working days. BJOG. 2006; 113(11):1235-8. https://doi.org/10.1111/j.1471-
0528.2006.01054.x PMID: 16978232

Luo ZC, Liu S, Wilkins R, Kramer MS, System FalHSGotCPS. Risks of stillbirth and early neonatal
death by day of week. CMAJ. 2004; 170(3):337—41. PMID: 14757669

Worku B, Teka T. Improving newborn survival and health through establishing Newborn Corner in
Health Facilities in Ethiopia. Ethiopian J Pediatrics Child Health. 2014; 9:2.

Assaye AM, Wiechula R, Schultz TJ, Feo R. The impact of nurse staffing on patient and nurse workforce
outcomes in acute care settings in low- and middle-income countries: a quantitative systematic review.
JBI Evid Synth. 2020.

PLOS ONE | https://doi.org/10.1371/journal.pone.0264926 March 24, 2022 14/14


https://doi.org/10.1542/peds.2009-0913
http://www.ncbi.nlm.nih.gov/pubmed/20100760
https://doi.org/10.1016/s0895-4356%2896%2900236-3
https://doi.org/10.1016/s0895-4356%2896%2900236-3
http://www.ncbi.nlm.nih.gov/pubmed/8970487
https://doi.org/10.1097/ANC.0b013e31828d0289
https://doi.org/10.1097/ANC.0b013e31828d0289
http://www.ncbi.nlm.nih.gov/pubmed/24472882
https://doi.org/10.1111/j.1471-0528.2006.01054.x
https://doi.org/10.1111/j.1471-0528.2006.01054.x
http://www.ncbi.nlm.nih.gov/pubmed/16978232
http://www.ncbi.nlm.nih.gov/pubmed/14757669
https://doi.org/10.1371/journal.pone.0264926

