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Abstract

Background

A novel filtered-sunlight phototherapy (FSPT) device has been demonstrated to be safe

and efficacious for treating infants with neonatal jaundice in resource-constrained tropical

settings. We set out to provide baseline data for evaluating the clinical impact of this device

in a referral pediatric hospital.

Methods

We reviewed the medical records of infants admitted for neonatal hyperbilirubinemia in an

inner-city Children’s Hospital in Lagos, between January 2012 and December 2014 to

determine the pattern, treatment and outcomes during the pre-intervention period. Factors

associated with adverse outcomes were identified through multivariable logistic regression.

Results

Of the 5,229 neonatal admissions over the period, a total of 1,153 (22.1%) were admitted

for neonatal hyperbilirubinemia. Complete records for 1,118 infants were available for anal-

ysis. The incidence of acute bilirubin encephalopathy (ABE) and exchange transfusion (ET)

were 17.0% (95% CI: 14.9%–19.3%) and 31.5% (95% CI: 28.8%–34.3%) respectively. A

total of 61 (5.5%, 95% CI: 4.3%–6.9%) of the jaundiced infants died. Weight on admission,

peak total serum bilirubin (TSB), sepsis and exposure to hemolytic products were predictive

of ABE, while age on admission, peak TSB, ABO incompatibility and ABE were predictive of

ET. Rhesus incompatibility, asphyxia, exposure to hemolytic substances and ABE were

associated with elevated mortality risk, while ET was a protective factor. Lack of routine irra-

diance monitoring and steady energy supply were frequent challenges for conventional

blue-light phototherapy.
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Conclusions

Severe hyperbilirubinemia is associated with high rates of ABE and ET in this setting, and

remains a significant contributor to neonatal admissions and mortality. To be impactful,

FSPT, complemented with improved diagnostic facilities, should effectively curtail jaundice-

related adverse outcomes in this and comparable settings.

Introduction
Some degree of neonatal jaundice is a benign, transitional phenomenon that affects 60%–80%
of newborns worldwide [1,2]. In a proportion of infants, jaundice may become severe, typically
with total plasma/serum bilirubin (TSB)�20mg/dL or 342μmol/L, necessitating prompt hospi-
talization for phototherapy and/or exchange transfusion (ET) to halt potential progression to
acute bilirubin encephalopathy (ABE) or kernicterus [2–4]. Timely detection of infants at risk
of severe hyperbilirubinemia and the optimization of conventional blue-light phototherapy
(CPT) in particular, has significantly curtailed the need for ET in developed nations [5–7].
However, in many low- and middle-income countries (LMICs), late presentation and lack of
effective or intensive phototherapy frequently accounts for excessive rates of avoidable ET,
ABE and kernicterus with substantial risks of mortality and long-term morbidity [8–11]. Spe-
cial/intensive care baby units in many LMICs either lack phototherapy devices due to financial
constraints [12–14], or have ineffective phototherapy as a result of erratic power supply, inade-
quate skin exposure from overcrowding with multiple infants placed under a single device,
sub-optimal irradiance levels, and poor device maintenance [15–17].

As part of the efforts to address these constraints, a low-cost, low-maintenance, filtered-sun-
light phototherapy (FSPT) canopy that requires no electricity has been successfully piloted for
tropical LMICs [18]. The safety and efficacy of the device has been shown to be comparable to
CPT in treating infants with predominantly mild-to-moderate hyperbilirubinemia (TSB�15
mg/dL or 256 μmol/L) prior to hospital discharge [19]. Mothers have also expressed satisfac-
tion with the device as an alternative where CPT is not available [20]. However, the overall
impact of FSPT in reducing ET rates and hyperbilirubinemia-related mortality in a referral
hospital has not been reported.

We set out to report the baseline status and outcomes of infants who were treated for hyper-
bilirubinemia in the pre-intervention period in our pediatric referral hospital as basis for
assessing the potential impact of an FSPT enclosure (Fig 1). The secondary aim was to identify
the risk factors for these outcomes and other service-related issues that typically need to be
addressed to optimize the benefits of the proposed intervention.

Methods
This observational chart review was conducted at Massey Street Children’s Hospital (MSCH)
in inner-city Lagos, Southwest, Nigeria. MSCH is a 100-bed, state-owned referral hospital that
provides critical pediatric care to several private and public hospitals within and outside its
catchment area. It is the first children’s specialist hospital in Nigeria. We manually reviewed
the medical records of all neonates who were admitted for hyperbilirubinemia or developed
hyperbilirubinemia while on admission from January 2012 to December 2014.

The standard protocol in the hospital was to place all infants presenting with severe jaundice
(evidenced by generalized icterus extending to the palms and soles, or features of ABE) under
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phototherapy while the TSB was measured within one to three hours using the Advanced Bili-
rubin Stat-Analyzer (Model BR 2) (Advanced Instruments Inc, Norwood, CA). Blood samples
were obtained from child for immediate laboratory investigations to determine baseline com-
plete blood count, total and indirect serum bilirubin based on standard procedures [21]. Blood

Fig 1. Proposed filtered sunlight phototherapy enclosure with embedded films.

doi:10.1371/journal.pone.0151375.g001
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grouping and cross-matching were also determined from mother and child blood samples.
When indicated, clinical diagnosis of infection (proven by positive blood culture and/or signs
and symptoms consistent with sepsis) and neonatal encephalopathy (frequently termed as
“birth asphyxia”) was routinely documented based on World Health Organization (WHO)
guidelines for management of illnesses in resource-limited settings [22]. Since all infants were
out-born, diagnosis of neonatal encephalopathy was based on birth history and physical state
of the infant on admission. Tests for direct antiglobulin and glucose 6-phosphate-dehydroge-
nase (G6PD) status were not available during the study period. However, use of common
hemolytic substances such as menthol-based baby products and naphthalene (camphor) balls
was routinely elicited and documented on admission [23,24].

Because of the high prevalence of G6PD deficiency in this population [23], phototherapy
was commenced at approximately TSB�12 mg/dL (204 μmol/L) in otherwise healthy normal
weight (�2500 g) babies [24]. The exchange transfusion level, as in most other local centers,
was typically set at TSB�20 mg/dL (340 μmol/L) in apparently healthy near-term and term
infants (gestational age�35 weeks or birthweight>2.2 kg) and at TSB<20 mg/dL in very ill
term infants with or without features of ABE [24]. ET was indicated in preterm (gestational age
<35 weeks) or low birthweight (�2.2 kg) infants at TSB>10 mg/dL per kilogram body weight.
The procedure was initiated immediately following the clinical diagnosis of ABE or kernicterus;
or whenever phototherapy did not significantly lower TSB levels below the exchange threshold
for postnatal age. ABE was indicated by any of the following symptoms in severely jaundiced
infants: poor sucking, decreased alertness/lethargy, high-pitched cry, hypertonia of the exten-
sor muscles, hypotonia, apnea, fever, retrocollis, opisthotonus or seizures [25]. The term “ker-
nicterus” was reserved for chronic and permanent clinical sequelae of bilirubin toxicity,
typically diagnosed after the first weeks of life. The hospital protocol mandated double-volume
ET using fresh whole blood with the push-pull technique. Prophylactic antibiotics were rou-
tinely administered for all infants undergoing ET because of the risk of infection from the
procedure.

We extracted the following data for each patient: gender, age and weight on admission or
diagnosis of hyperbilirubinemia, peak total serum bilirubin (TSB), diagnosis of acute bilirubin
encephalopathy (ABE), treatment with ET and outcome. Results of laboratory investigations
were reviewed for positive history of ABO incompatibility (mother with O blood group and
newborn with A, B or AB blood group) and Rhesus isoimmunization (Rhesus negative mother
and Rhesus positive newborn). Other relevant medical conditions were also extracted.

Ethics statement
This study was conducted under the institutional ethical approval (Reference No: SHMB/728/
Vol. VI, dated 23 January 2015) from Lagos State Health Service Commission, the Ethics
Review Board of all hospitals owned and managed by the Lagos State Government of Nigeria.
As a retrospective chart review without prior individual consent, all patient records were anon-
ymized and de-indentified prior to analysis.

Statistical analysis
Cross-tabulation of the variables for each year was done to provide a descriptive overview of the
study participants. All infants with incomplete data were excluded. Continuous variables were
presented as mean and standard deviation (SD) for normally distributed data, or median
(25th–75th percentiles) for skewed data, as assessed by the Kolmogorov-Smirnov, and Shapiro
Wilks tests. Univariate associations between the variables and ABE, ET and mortality were
explored with Pearson’s chi-square or Fisher’s exact tests (categorical variables) and with
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Student’s t-test (continuous variables). Strength of association was estimated by odds ratios
(OR) and the corresponding 95% confidence intervals (CI) as an approximation of the relative
risk. Statistical significance was set at a critical level of p<0.05. Factors significantly associated
with each outcome in the univariate analysis were entered into the respective multivariable
logistic regression model. Factors that did not significantly (p�0.05) contribute to the model
were eliminated by backward stepwise method to derive adjusted odds ratios (AOR). The
model for ET was adjusted for ABE while that of mortality was adjusted for both ABE and ET.
Model performance was assessed by the c-statistic (as shown by the area under the receiver
operating characteristic curve) [26]. There were no a priori hypotheses for interaction terms so
these were not investigated. We also examined the relationship between infants with at least
one risk factor for neurotoxicity (ABO incompatibility, Rhesus incompatibility, sepsis and/or
perinatal asphyxia) and ABE, ET and neonatal mortality. IBM SPSS Statistics for Windows soft-
ware, Version 21.0 (Armonk, NY: IBM Corporation, USA) was used for all statistical analyses.

Results
The total neonatal admissions for the three year period was 5229 out of which 1153 (22.1%)
were admitted for hyperbilirubinemia. Thirty five infants were excluded because of incomplete
data, leaving a total of 1118 infants for the present analysis (Table 1). The proportion of infants
admitted for hyperbilirubinemia increased from 21.5% in 2012 to 24.9% in 2013, but declined
to 17.4% in 2014. Male infants with hyperbilirubinemia were consistently almost twice as
many as their female counterparts. The age on admission ranged from 1 day to 17 days with an
overall median of 5 (IQR: 3–5) days. On average, over three-quarters of the infants presented
in the first week of life, and about two-thirds between days 3 and 7. Infants with birth weight of
2.2kg or less averaged 8.7% of all infants admitted for hyperbilirubinemia. Approximately 30%
of infants were born outside health facilities, mostly in residential homes and traditional mater-
nity homes (data not shown). The peak TSB ranged from 2.1 mg/dL to 67 mg/dL with an over-
all median of 16.1 (IQR:12.0–22.6) mg/dL. The incidence of ABE and ET averaged 17% (95%
CI: 14.9%–19.3%) and 31.5% (95% CI: 28.8%–34.3%) of infants admitted for hyperbilirubine-
mia respectively. Some 13.9% (49/352) of the infants had repeat ET. An average of 118
exchange transfusions were done per year, translating to some 2 to 3 ETs per week. Almost half
(46.0%) of infants who received ET had no ABE. About half (51.1%) of all infants had at least
one risk factor for neurotoxicity. The average mortality rate was 5.5% (95% CI: 4.3%–6.9%).
There were no significant differences in these factors year-on-year, except for the significant
drop in the number of parent-reported use of hemolytic substances as from 2012 (p<0.0001)
and the sharp rise in mortality rate from 4.3% in 2013 to 8.2% in 2014 (p = 0.028). Cephalhe-
matoma was reported only in four infants, biliary atresia in one infant, and intracranial hemor-
rhage in one infant during the study period.

Factors associated with ABE are presented in Table 2. Of all infants with ABE 30 (15.8%)
had peak TSB�20 mg/dL. All factors were significantly associated with ABE in the univariate
analysis. However, after adjusting for the confounding effects of covariates, weight on admis-
sion (p = 0.041), peak TSB level (p<0.0001), sepsis (p<0.0001) and exposure to hemolytic sub-
stances (p = 0.012) were predicitive of ABE. Risk of ABE was elevated with increasing peak
TSB, and highest at TSB>30 mg/dL (AOR: 306.13, 95%CI:105.47–888.59). The regression
model had a strong discriminatory power as shown by the c-statistic estimate of 0.902 (95% CI:
0.879–0.925), suggesting that these factors can accurately predict ABE 90% of the time in this
population.

Factors associated with ET are shown in Table 3. Of all infants who received ET 88 (25%)
had peak TSB�20 mg/dL. All factors, including ABE but excluding weight on admission and
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sepsis were significantly associated with ET in the univariate analysis. However, only infant’s
age on admission, peak TSB, ABO incompatibility and ABE were predictive of ET. Risk of ET
was significantly correlated with increasing magnitude of peak TSB. Infants with ABE had sig-
nificantly higher odds of repeat ET (OR:11.98, 95% CI: 6.44–22.29). These four factors were
strongly predictive of ET (c-statistic: 0.925, 95% CI: 0.909–0.940). Male sex was associated
with, but not independently predictive of ABE and ET.

Factors associated with neonatal mortality are summarized in Table 4. All factors except
infant’s gender, age and weight on admission, ABO incompatibility and sepsis were significantly

Table 1. Profile of infants admitted for significant neonatal hyperbilirubinemia.

Category 2012 2013 2014 Total

n = 348 (%) n = 464 (%) n = 306 (%) n = 1118

Gender

Male 234 (67.2) 289 (62.3) 194 (63.4) 717 (64.1)

Female 114 (32.8) 175 (37.7) 112 (36.6) 401 (35.9)

Age on admission (days)

1–2 40 (11.5) 98 (21.1) 54 (17.6) 192 (17.2)

3–7 252 (72.4) 293 (63.1) 203 (66.3) 748 (66.9)

8–14 56 (16.1) 73 (15.7) 48 (15.7) 177 (15.8)

Above 14 0 (0) 0 (0) 1 (0.3) 1 (0.1)

Median (Interquartile range) 5.0 (3.0–7.0) 4.0 (3.0–6.0) 4.0 (3.0–6.0) 5.0 (3.0–6.0)

Weight on admission (kg)

2.2 kg or less 30 (8.6) 36 (7.8) 31 (10.1) 97 (8.7)

Above 2.2kg 318 (91.4) 428 (92.2) 275 (89.9) 1021 (91.3)

Median (Interquartile range) 2.8 (2.5–3.3) 2.9 (2.5–3.3) 2.9 (2.6–3.2) 2.9 (2.5–3.3)

Peak total bilirubin (mg/dL)

<16 162 (46.6) 232 (49.8) 134 (43.8) 527 (47.1)

16–20 84 (24.1) 97 (20.9) 66 (21.6) 247 (22.1)

21–25 44 (12.6) 53 (11.4) 43 (14.1) 140 (12.5)

26–30 30 (8.6) 31 (6.7) 22 (7.2) 83 (7.4)

>30 28 (8.0) 52 (11.2) 41 (13.4) 121 (10.8)

Median (Interquartile range) 16.2 (11.3–21.9) 15.5 (11.6–21.9) 16.7 (12.6–23.7) 16.1 (12.0–22.6)

Parent reported exposure to hemolytic agents/chemicals

No 329 (94.5) 461 (99.4) 298 (97.4) 1088 (97.3)

Yes 19 (5.5) 3 (0.6) 8 (2.6) 30 (2.7)

Acute bilirubin encephalopathy

No 284 (81.6) 393 (84.7) 251 (82.0) 928 (83.0)

Yes 64 (18.4) 71 (15.3) 55 (18.0) 190 (17.0)

Had exchange transfusion

No 247 (71.0) 321 (69.2) 198 (64.7) 766 (68.5)

Yes 101 (29.0) 143 (30.8) 108 (35.3) 352 (31.5)

Had repeat exchange transfusion

No 334 (96.0) 439 (94.6) 296 (96.7) 1069 (95.6)

Yes 14 (4.0) 25 (30.8) 10 (3.3) 49 (4.4)

Mortality

No 332 (95.4) 444 (95.7) 281 (91.8) 1057 (94.5)

Yes 16 (4.6) 20 (4.3) 25 (8.2) 61 (5.5)

Neonatal admissions 1612 1863 1754 5229

doi:10.1371/journal.pone.0151375.t001
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associated with mortality in the univariate analysis. After adjustment for covariates, rhesus
incompatibility, asphyxia, exposure to hemolytic substances and ABE were predictive of mor-
tality. Infants who received ET had 69% probability of survival. The discriminatory power of
the final model was also strong (c-statistic: 0.922, 95% CI: 0.893–0.957). High bilirubin levels
(OR:1.11, 95% CI:1.07–1.14), exposure to hemolytic substances (OR:7.73 95% CI:3.16–18.91)
and rhesus incompatibility (OR:6.13 95% CI:2.44–15.43) were predictive of mortality among
infants with concomitant ABE (data not shown). Infants with at least one risk factor for

Table 2. Factors associated with acute bilirubin encephalopathy.

Factors No ABE ABE

n = 928 (%) n = 190 (%) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Gender

Male 580 (62.5) 137 (72.1) 1.55 (1.10–2.19)

Female 348 (37.5) 53 (27.9) Reference

Age on admission (days)

1–2 183 (19.7) 9 (4.7) Reference

3–7 601 (64.8) 147 (77.4) 4.97 (2.49–9.95)

8–21 144 (15.5) 34 (17.9) 4.80 (2.23–10.33)

Median (Interquartile range) 4.0 (3.0–6.0) 5.0 (4.0–6.0)

Weight on admission (kg) p = 0.041

2.2 kg or less 73 (7.9) 24 (12.6) 1.69 (1.04–2.77) 1.92 (1.03–3.60)

Above 2.2kg 855 (92.1) 166 (87.4) Reference Reference

Median (Interquartile range) 2.9 (2.5–3.3) 2.8 (2.5–3.1)

Peak total bilirubin (mg/dL) p<0.0001

<16 523 (56.4) 4 (2.1) Reference Reference

16–20 221 (23.8) 26 (13.7) 15.38 (5.31–44.59) 15.82 (5.43–46.04)

21–30 148 (15.9) 75 (39.5) 66.26 (23.84–184.15) 62.33 (22.27–174.40)

>30 36 (3.9) 85 (44.7) 308.72 (107.16–889.39) 306.13 (105.47–888.59)

Median (Interquartile range) 14.6 (11.2–18.9) 29.6 (23.1–34.8)

ABO incompatibility

No 806 (86.9) 144 (75.8) Reference

Yes 122 (13.1) 46 (24.2) 2.11 (1.44–3.09)

Rhesus incompatibility

No 901 (97.1) 176 (92.5) Reference

Yes 27 (2.9) 14 (7.4) 2.65 (1.37–5.16)

Sepsis p<0.0001

No 655 (70.6) 105 (55.3) Reference Reference

Yes 273 (29.4) 85 (44.7) 1.94 (1.41–2.67) 2.12 (1.39–3.24)

Perinatal asphyxia

No 842 (90.7) 187 (98.4) Reference

Yes 86 (9.3) 3 (1.6) 0.16 (0.05–0.50)

Exposure to hemolytic agents/chemicals p = 0.012

No 917 (98.8) 171 (90.0) Reference Reference

Yes 11 (1.2) 19 (10.0) 9.26 (4.33–19.81) 3.44 (1.32–8.99)

Model performance: c-stastic: 0.902 (95% CI: 0.879–0.925)

ABE: acute bilirubin encephalopathy; OR: odds ratio; CI: confidence interval; SD: standard deviation

doi:10.1371/journal.pone.0151375.t002
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neurotoxicity were significantly at risk of ABE (OR:1.97, 95% CI: 1.42–2.72) and hyperbilirubi-
nemia requiring ET (OR:2.35, 95% CI: 1.81–3.05) but not neonatal mortality (OR:1.31, 95% CI:
0.78–2.20) (data not shown).

Although infants with severe hyperbilirubinemia were routinely placed under CPT on
admission whether or not ET was indicated, no data was available on the duration of treatment

Table 3. Factors associated with severe hyperbilirubinemia leading to exchange transfusion.

Factors No ET ET

n = 766 (%) n = 352 (%) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Gender

Male 473 (61.7) 244 (69.3) 1.40 (1.07–1.83)

Female 293 (38.3) 108 (30.7) Reference

Age on admission (days) p<0.0001

1–2 139 (18.1) 53 (15.1) 1.13 (0.71–1.79) 4.82 (2.37–9.78)

3–7 494 (64.5) 254 (72.2) 1.52 (1.05–2.20) 1.96 (1.17–3.29)

8–21 133 (17.4) 45 (12.7) Reference Reference

Median (Interquartile range) 4.0 (3.0–7.0) 5.0 (3.0–6.0)

Weight on admission (kg)

2.2 kg or less 59 (7.7) 38 (10.8) 1.45 (0.94–2.23)

Above 2.2kg 707 (92.3) 314(89.2) Reference

Median (Interquartile range) 2.9 (2.5–3.3) 2.8 (2.5–3.2)

Peak total bilirubin (mg/dL) p<0.0001

<16 511 (66.7) 16 (4.5) Reference Reference

16–20 175 (22.8) 72 (20.5) 13.14 (7.44–23.20) 13.67 (7.41–25.23)

21–30 60 (7.8) 163 (46.3) 86.76 (48.63–154.80) 97.91 (50.57–189.59)

>30 20 (2.7) 101 (28.7) 161.28 (80.80–321.93) 149.64 (66.34–333.02)

Median (Interquartile range) 13.6 (10.6–16.6) 24.8(20.4–31.5)

ABO incompatibility p<0.0001

No 716 (93.5) 234 (66.5) Reference Reference

Yes 50 (6.5) 118 (33.5) 7.22 (5.03–10.37) 6.43 (3.82–10.83)

Rhesus incompatibility

No 744 (97.1) 333 (94.6) Reference

Yes 22 (2.9) 19 (5.4) 1.93 (1.03–3.61)

Sepsis

No 532 (69.5) 228 (64.8) Reference

Yes 234 (30.5) 124 (35.2) 1.24 (0.95–1.62)

Perinatal asphyxia

No 691 (90.2) 338 (96.0) Reference

Yes 75 (9.8) 14 (4.9) 0.38 (0.21–0.69)

Exposure to hemolytic agents/chemicals

No 753 (98.3) 335 (95.2) Reference

Yes 13 (1.7) 17 (4.8) 2.94 (1.41–6.12)

Acute bilirubin encephalopathy p<0.0001

No 720 (94.0) 208 (59.1) Reference Reference

Yes 46 (6.0) 144 (40.9) 10.84 (7.52–15.63) 2.01 (1.25–3.22)

Model performance: c-stastic: 0.925 (95% CI: 0.909–0.940)

ET: exchange transfusion; OR: odds ratio; CI: confidence interval; SD: standard deviation

doi:10.1371/journal.pone.0151375.t003
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Table 4. Factors associated with mortality among infants admitted for significant neonatal hyperbilirubinemia.

Factors Alive Dead

n = 1057 (%) n = 61 (%) Unadjusted OR (95% CI) Adjusted OR (95% CI)

Gender

Male 673 (63.7) 44 (72.1) 1.48 (0.83–2.62)

Female 384 (36.3) 17 (27.9) Reference

Age on admission (days)

1–2 182 (17.2) 10 (16.4) Reference

3–7 702 (66.4) 46 (75.4) 1.19 (0.59–2.41)

Above 7 173 (16.4) 5 (8.2) 0.53 (0.18–1.57)

Median (Interquartile range) 5.0 (3.0–7.0) 5.0 (3.0–5.0)

Weight on admission (kg)

2.2 kg or less 92 (8.7) 5 (8.2) 0.94 (0.37–2.40)

Above 2.2kg 965 (91.3) 56 (91.8) Reference

Median (Interquartile range) 2.9 (2.5–3.3) 2.9 (2.7–3.0)

Peak total bilirubin (mg/dL)

<16 519 (49.1) 8 (13.1) Reference

16–20 241 (22.8) 6 (9.8) 1.62 (0.55–4.71)

21–30 200 (18.9) 23 (37.7) 7.46 (3.28–16.95)

>30 97 (9.2) 24 (39.3) 16.05 (7.01–36.78)

Median (Interquartile range) 15.7 (11.9–21.5) 28.6 (20.6–31.7)

ABO incompatibility

No 903 (85.4) 47 (77.0) Reference

Yes 154 (14.6) 14 (23.0) 1.75 (0.94–3.25)

Rhesus incompatibility p = 0.001

No 1026 (97.1) 51 (83.6) Reference Reference

Yes 31 (2.9) 10 (16.4) 6.49 (3.02–13.96) 5.78 (2.01–16.65)

Sepsis

No 713 (67.5) 47 (77.0) Reference

Yes 344 (32.5) 14 (23.0) 0.62 (0.34–1.14)

Perinatal asphyxia p<0.0001

No 977 (92.4) 52 (85.2) Reference Reference

Yes 80 (7.6) 9 (14.8) 2.11 (1.01–4.44) 17.0 (5.53–52.26)

Exposure to hemolytic agents/chemicals p<0.0001

No 1038 (98.2) 50 (82.0) Reference Reference

Yes 19 (1.8) 11 (18.0) 12.02 (5.43–26.61) 4.61 (1.72–12.39)

Acute bilirubin encephalopathy p<0.0001

No 916 (86.7) 12 (19.7) Reference Reference

Yes 141 (13.3) 49 (80.3) 26.53 (13.77–51.11) 41.22 (13.54–125.48)

Had exchange transfusion p = 0.002

No 737 (69.7) 29 (47.5) Reference Reference

Yes 320 (30.3) 32 (52.5) 2.54 (1.51–4.27) 0.31 (0.15–0.64)

Model performance: c-stastic: 0.922 (95% CI: 0.893–0.951)

OR: odds ratio; CI: confidence interval

doi:10.1371/journal.pone.0151375.t004
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and irradiance monitoring of the devices during the study period. Information on the duration
of ET, the associated adverse events (if any) and post-exchange TSB levels were not available
from the medical records. Public energy supply was frequently unstable necessitating recourse
to alternative power sources for all electrical devices including CPT.

Discussion
This study has shown that hyperbilirubinemia is a significant contributor to neonatal morbidity
and mortality in this population. This is consistent with the findings from a recent systematic
review of studies published from 1960 to 2014 which suggested that neonatal hyperbilirubine-
mia may account for up to 64% of neonatal admissions and 13.1% of neonatal mortality [23].
The drop in admissions in 2014 was due to a statewide strike by doctors. While neonatal hyper-
bilirubinemia remains a significant cause of hospitalization in the first week of life in several
countries [4,5,27,28], bilirubin-induced mortality is rare or extremely low in developed coun-
tries like USA and Europe [29].

Rhesus incompatibility, exposure to hemolytic substances, perinatal asphyxia, ABE and lack
of timely ET emerged as the independent drivers of mortality in this population of infants with
hyperbilirubinemia. These findings are consistent with existing literature [10,11,24,29]. Evi-
dence from developed nations has shown that the burden of rhesus disease can be effectively
controlled through identification of all Rh-negative women before or during pregnancy and
ensuring that they receive Rh immunoprophylaxis postpartum and ideally at the 28th wk of
pregnancy within a well-coordinated framework of obstetric and neonatal care [29]. It is note-
worthy that Rh incompatibility was not an independent predictor of ABE or severe hyperbiliru-
binemia requiring ET in this population.

Exposure to icterogenic agents or oxidant stressors such as insecticides, menthol-based baby
care products, naphthalene-camphor balls, sulfonamides or sulfa-containing drugs and herbal
concoctions have been demonstrated in several studies to trigger severe hyperbilirubinemia
and ABE in infants with marked G6PD deficiency [24,30]. The contribution of polymorphism
of the uridine-diphosphate-glucuronosyl transferase 1A1 gene (UGT1A1) to the severity of
hyperbilirubinemia in these infants has also been reported [31]. Although we were unable to
establish the incidence of G6PD deficiency in our study population, the high prevalence of
G6PD deficiency in our country (estimated national frequency: 16.9%, 95% interquartile range:
14.1–20.2) makes it plausible to implicate G6PD deficiency in the elevated risk of ABE and
mortality among infants exposed to hemolytic substances [23].

The observation regarding perinatal asphyxia is well-established in the literature and
remains a global health priority for developing countries in general. The Helping Babies
Breathe initiative spearheaded by the American Academy of Pediatrics and the American
Heart Foundation is currently being systematically disseminated nationwide [32]. The current
and future impact of this intervention in our hospital deserves a separate evaluation.

Perhaps the most overarching finding from this report is the potential impact of controlling
the high rates of ABE and ET on neonatal mortality. Our study (Table 3) suggests that curtail-
ing avoidable ET requires timely detection and management of infants with rising TSB levels,
those with neurotoxic risk factors like ABO incompatibility and those with or at risk of ABE.
Reducing the incidence of ABE itself, would require attention to infection control and manage-
ment as well as exposure to hemolytic substances. Late presentation also has to be addressed
because of poor maternal recognition of severe hyperbilirubinemia and cultural predisposition
to traditional therapies before seeking medical attention [11]. The role of prenatal maternal
education in these efforts cannot be over-emphasized [33]. The risk of ABE is well-established
for preterm or low birth weight infants [34].
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Although ET was a protective factor against mortality, the high rates are of concern in this
resource-constrained setting. Timely provision of effective phototherapy reduces the need for
ET. Evidence from comparable studies in LMICs suggests that excessive rates of ET are attrib-
utable to several factors that include late presentation to health facilities, inadequate diagnostic
and monitoring facilities and sub-optimal phototherapy [11,24,35–37]. At our center, the pro-
vision of effective CPT was frequently hampered by unstable power source, frequent device
breakdowns, sub-optimal irradiance and the overwhelming demand on our limited CPT
devices by the number of infants who present with severe hyperbilirubinemia with or without
referrals.

Efficient laboratory support remains an essential component of care [38]. However, com-
plete diagnostic work-up was frequently hampered by lack of modern laboratory facilities. For
example, routine quantitative or qualitative tests for G6PD would have been helpful in profiling
jaundiced infants for the risk of hemolysis. So also is the provision of side laboratory in the neo-
natal unit with facilities for real-time TSB measurement and monitoring. For example, not all
infants who were transfused developed ABE, underscoring the crucial value of timely TSB
monitoring. In fact, it is not unusual to find some infants with very high TSB levels without evi-
dence of any hemolytic disease or ABE [39]. Essential clinical and laboratory support must
therefore, be ensured to optimize the benefits of the proposed intervention. The requisite tasks
and facilities have been detailed in a recent review [40].

A major merit of this paper is the insights provided on critical indices for evaluating the
impact of FSPT on the care of jaundiced infants in this hospital beyond the safety and efficacy
evaluation of the device itself. However, some limitations of this retrospective study are worth
noting. Firstly, like most clinical chart reviews, the available information was limited to what
was considered necessary or attainable at the point of care. As a result some relevant data such
as the G6PD status and maintenance records including irradiance levels of the phototherapy
devices were not available. Secondly, the diagnostic validity of some of the variables could not
be independently evaluated, although no spurious results emerged from our analysis. Thirdly,
it was difficult to evaluate the degree of compliance with the treatment protocol over the study
period. Fourthly, we could not establish baseline data for adverse events associated with ET or
the pattern of post-exchange TSB levels. Notwithstanding, the key findings are indicative of
issues that need to be appropriately addressed in a prospective study to facilitate objective and
reliable evaluation of the impact of FSPT in this and any comparable resource-constrained
population [41].

Conclusions
This study has shown that infants with hyperbilirubinemia account for a significant proportion
of neonatal admissions yearly and are associated with substantial rates of ABE, avoidable ET
and premature death yearly. Several of the contributory factors are amenable to intervention
including the provision of effective phototherapy. FSPT must therefore seek to curtail the pre-
vailing adverse outcomes frequently associated with infants presenting in this hospital to make
the intervention worthwhile.
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