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ABSTRACT

ARTICLE HISTORY

Aim: To evaluate the role of pathway to admission for jaundice among the risk factors for
exchange transfusion in outborn infants in a low resource setting.
Methods: This retrospective case-control study (1:1 ratio) was carried out at the Yankin
Children’s Hospital in Yangon (Myanmar). All cases were neonates admitted for treatment of
jaundice between March 2013 and February 2014 and who required an exchange transfusion.
Each control was the next noncase neonate admitted for treatment of jaundice and treated
with phototherapy. Infant characteristics, pathways of admission and clinically relevant factors
for exchange transfusion were collected.
Results: One hundred thirty-four cases and 134 controls were included in the study. Among
cases, home was the most common place of birth while public hospital was the most frequent
source of referral. Among controls, private/public hospitals were the commonest places of birth
and referral. At multivariable analysis, homebirth was associated with increased likelihood of
receiving exchange transfusion at admission (OR 3.30, 95% C.I. 1.31–8.56).
Conclusion: Homebirth was an independent risk factor for exchange transfusion at admission
for jaundice in a low-resource setting. Appropriate health education of pregnant women and
traditional/home birth attendants may contribute to reduce the need for exchange transfusion
in low-resource settings.
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Background
Severe neonatal hyperbilirubinemia (SNH) is one of
the most frequent reasons for hospitalization or
readmission in the first week of life worldwide [1].
SNH is an important cause of neonatal morbidity and
mortality, especially in low- and middle-resource countries [2].
Exchange transfusion (ET) is a common and effective treatment for SNH with the goal of preventing bilirubin-induced neonatal mortality and long-term
morbidity, but it is also associated with procedurerelated complications [3,4]. Although improvements in
prevention and in treatment have reduced the
requirement for ET in high-resource countries [5], high
rates of avoidable ET are still reported in low- and
middle-resource countries [6,7].
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In low- and middle-resource countries, facility-based
constraints introduce additional challenges inadequate
risk-assessment and logistical support [8]. In addition,
clinical guidelines for neonatal jaundice do not exist in
many low- and middle-resource countries [6]. The
adaptation of existing guidelines from high-resource
countries is actually limited by the interactions with
multiple causes linked to population and environment
[9]. Therefore, a recent review highlighted the need
for additional knowledge on specific risk factors that
may be relevant in these settings [2]. Understanding
the pathways to admission may provide information
on organizational aspects that could be targeted with
interventions.
The aim of the present study was to evaluate the
role of pathway to admission among the risk factors
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for ET in outborn infants in order to plan adequate
prevention strategies in a low resource setting.

Materials and methods
Study design
This retrospective case-control study (1:1 ratio) was
carried out at the Yankin Children’s Hospital in
Yangon (Myanmar), as part of a research project on
neonatal admission for jaundice. The study was performed in accordance with the Helsinki Declaration of
1975, as revised in 1983, and was approved by the
Ethics Committee on Medical Research Involving
Human Subjects of Myanmar Department of Health
(No. 14/2014).
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glucose-6-phosphate dehydrogenase (G6PD) deficiency [2,12]. The recording of (suspected) infection/
sepsis was at the discretion of the clinician completing the admission paper and was not subjected to
pre agreed diagnostic rules (e.g. laboratory confirmation) [13]. The use of natural/traditional medicine
was also recorded. This form of medicine is very
common in Myanmar and is available at any store
without a prescription. These medicines are plant
based and taken orally by mothers for an unspecified period before and after delivery. Information on
total serum bilirubin (TSB), kernicterus at admission
[14] and phototherapy elsewhere before admission
at YKCH were also retrieved.

Setting

Statistical analysis

The Yankin Children’s Hospital (YKCH) is a tertiary
referral pediatric hospital in Yangon (Myanmar), covering a geographical catchment area of about 8 million
people [10]. In this area, admissions for neonatal jaundice are responsible for around 46% of all hospital
admissions for conditions originating in the perinatal
period [11]. Admissions at YKCH include neonates
born at home, those born in private or public health
facilities and discharged home and those transferred
directly from lower level facilities [10].

Continuous data were expressed as medians and interquartile ranges (IQRs), and categorical data as number
and percentage. Continuous data were compared
between cases and controls using the Mann–Whitney
test, and categorical data using Fisher’s test. A logistic
regression model was estimated to identify independent predictors of ET among the pathway of admission,
clinically relevant factors (age at admission, natural/
traditional medicine) and known risk factors for hyperbilirubinemia (listed in Variable section). Time of referral was not included in the model due to large
quantities of missing data. Use of natural/traditional
medicine was included because local health providers
suggested its possible role in delaying the treatment.
Model selection was performed by minimizing the
Akaike information criterion (AIC). A p value less than
.05 was considered statistically significant. Statistical
analysis was performed using R 3.2.2 (R Foundation
for Statistical Computing, Vienna, Austria) [15].

Patients
The cases were all consecutive neonates admitted at
YKCH for treatment of jaundice between 1 March
2013 and 28 February 2014 and who required ET
according to local protocols based on AAP guidelines
[3]. The case-control ratio was 1:1. Each control was
the next noncase neonate admitted for treatment of
jaundice and treated with phototherapy. All neonates
were followed until discharge or death during hospital stay.

Results
Variables

Patients

Infant characteristics (gestational age, birth weight,
sex, age at admission and weight at admission), the
pathway of admission to YKCH (birthplace, referral
source, and timing of admission) and risk factors for
hyperbilirubinemia were collected from local medical
records. The risk factors included gestational age
<38 weeks, significant bruising, previous sibling
receiving phototherapy, feeding poorly, asphyxia, sepsis, ABO incompatibility, rhesus incompatibility and

In total, 134 cases and 134 controls were included in
the study (Table 1). ET was not performed in 14 cases
due to patient instability (13 cases) or to parental
refusal (one case). ET was performed in 120 cases at a
median of 6.2 hours after admission (IQR 4.3–9.0) and
reduced TSB from median 26.2 mg/dl (IQR 24.3–28.0)
to median 14.9 mg/dl (IQR 12.2–19.3). All controls
received phototherapy at admission, while 25 cases
received phototherapy before ET.
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Table 1. Patient characteristics at admission.
Number of subjects
Exchange transfusion
No
Required and performed
Required but not performed
Phototherapy elsewhere, prior to admission
Yes
No
Unclear
Phototherapy at admission
Yes
No
TSB at admission
TSB at admission, mg/dla
Kernicterus at admission
Signs of impeding kernicterusb
Signs of kernicterusc

Cases

Controls

134

134

0
120
14

134
0
0

29 (21.6)
42 (31.4)
63 (47.0)

31 (23.1)
54 (40.3)
49 (36.6)

25 (18.7)
109 (81.3)

134 (100.0)
0

25.6 (20.9–28.0)

16.8 (14.3–20.0)

21 (15.7)
17 (12.7)

0
0

Data expressed as n(%) or amedian (IQR). Exchange transfusion (ET) was planned but not performed in
14 cases due to patient instability (13 cases) or to parental refusal (one case). TSB: total serum bilirubin.
b
Presence of lethargy, floppiness and poor feeding. cPresence of opisthotonos, high-pitched cry and
convulsions.

Pathway to admission
Among cases, home was the most common place of
birth (43.3%) while public hospital was the most frequent source of referral (41.8%) (Table 2). Among controls, private and public hospitals were the
commonest places of birth (41.0% each) and the commonest source of referral (40.3 and 33.6%) (Table 2).
Overall, infants were referred directly from their birthplace in 198 instances (91, 67.9% in cases versus 107,
79.9% in controls; p ¼ .04). The proportion of selfreferral among infants born at home was similar in the
two groups (29 out of 58, 58% in cases versus 12 out
of 20, 60% in controls; p ¼ .60).

Risk factors for requiring exchange transfusion at
admission for jaundice
At admission, cases were younger than controls
(median age 81 versus 100 hours, p ¼ .0006). Median
birth weight was 3000 grams (IQR 2778–3500) in cases
and 3076 grams (IQR 2800–3466) in controls (p ¼ .43),
while median weight at admission was 3000 grams
(IQR 2500–3200) in cases and 3000 grams (IQR
2800–3350) in controls (p ¼ .03). Risk factors for ET are
shown in Table 2. Place of birth and source of referral
were different in the two groups (Table 2), with
shorter time of referral in cases (median 50 versus
70 hours in controls, p ¼ .0002). Use of natural medicine during pregnancy was similar in the two groups
(p ¼ .99). Significant bruising (p ¼ .004), feeding poorly
(p < .0001), sepsis (p < .0001) and G6PD deficiency
(p ¼ .005) were more frequent in cases than in controls
(Table 2).

Multivariable
analysis
(Table
3)
identified
homebirth (OR 3.30, 95% C.I. 1.31–8.56), sepsis (OR
8.57, 95%C.I. 4.22–18.26), feeding poorly (OR 7.52,
95%C.I. 3.64–16.26), significant bruising (OR 3.79,
95%C.I. 1.12–14.41) and G6PD deficiency (OR 3.26,
95%C.I. 1.57–7.07) as independent predictors for
requiring ET at admission for jaundice. Older age at
admission (OR 0.995, 95%C.I. 0.990–0.999) was associated with lower likelihood of requiring ET (Table 3).

Outcome at discharge
The median length of stay was shorter in cases than
in controls (median 132 [IQR 96–251] versus 61 [IQR
46–107] hours, p < .0001). Mortality was 26.1% in cases
and 0.7% in controls. The cause of death included kernicterus (28 cases), sepsis (20 cases and one control),
encephalopathy (eight cases), hyperbilirubinemia
(seven cases), respiratory failure or asphyxia (two
cases) and congenital heart defect (one case).

Discussion
The present study investigated the role of pathway to
admission among the risk factors for receiving ET for
jaundice in outborn infants in a low resource setting.
Homebirth, but not source of referral, was an independent risk factor for ET at admission. Sepsis, feeding
poorly, significant bruising and G6PD deficiency were
also associated with increased likelihood of receiving ET.
Neonatal jaundice is common and usually benign,
but SNH can lead to kernicterus or chronic bilirubin
encephalopathy. Kernicterus results from injury to the
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Table 2. Univariate analysis of risk factors for requiring exchange transfusion at admission for jaundice.
At admission
Males
Age at admission, hoursa,b
Natural/traditional medicine
Pathway of admission
Place of birth:
Home
Other public facilities
Public hospital
Private hospital
Source of referral:
Home
HC/clinic
Public hospital
Private hospital
Time of referral (from referral source to Yankin), hoursa,c
Selected risk factors for hyperbilirubinemia
Gestational age <38 weeksd
Significant bruising
Previous sibling had phototherapy
Feeding poorly
Asphyxia
Sepsis
ABO incompatibility
Rhesus incompatibility
G6PD deficiency

Cases (n ¼ 134)

Controls (n ¼ 134)

87 (64.9)
81 (58–110)
59 (44.0)

90 (67.3)
100 (74–177)
60 (44.8)

p value
.80
.0006
.99
<.0001

58
14
43
19

(43.3)
(10.4)
(32.1)
(14.2)

20
4
55
55

(15.0)
(3.0)
(41.0)
(41.0)

36
17
56
25
50

(26.9)
(12.7)
(41.8)
(18.6)
(26–80)

21
14
45
54
70

(15.7)
(10.4)
(33.6)
(40.3)
(46–109)

12
21
7
87
10
89
25
3
59

(9.2)
(15.7)
(5.2)
(64.9)
(7.5)
(66.4)
(18.7)
(2.2)
(44.0)

13
6
7
17
3
21
37
5
36

(9.8)
(4.5)
(5.2)
(12.7)
(2.3)
(15.7)
(29.6)
(3.7)
(26.9)

.001

.0002
.99
.004
.99
<.0001
.08
<.0001
.11
.72
.005

Data expressed as n (%) or aMedian (IQR). Data not available in bone, c53 and d5 subjects. G6PD: glucose-6-phosphate dehydrogenase.

Table 3. Multivariable analysis of risk factors for requiring exchange transfusion at admission for jaundice.
At admission
Pathway of admission

Selected risk factors for hyperbilirubinemia

Variables

p value

Odds ratio (95%C.I.)

Age at admission (hours)
Natural/traditional medicine
Place of birth:
Home
Other public facilities
Public hospital
Private hospital
Source of referral:
Home
HC/clinic
Public hospital
Private hospital
Gestational age <38 weeks
Significant bruising
Previous sibling had phototherapy
Feeding poorly
Asphyxia
Sepsis
ABO incompatibility
Rhesus incompatibility
G6PD deficiency

.03
.65
<.0001

0.995 (0.990–0.999)
–

.46

3.30 (1.31–8.56)
2.55 (0.54–14.23)
1.45 (0.63–3.43)
Reference
–

.48
.04
.53
<.0001
.79
<.0001
.22
.51
.002

–
3.79 (1.12–14.41)
–
7.52 (3.64–16.26)
–
8.57 (4.22–18.26)
–
–
3.26 (1.57–7.07)

G6PD: glucose-6-phosphate dehydrogenase.

brain in areas that are susceptible to bilirubin staining,
including the bilateral globus pallidus, subthalamic
nuclei, brainstem, and cerebellum [16]. This type of
brain injury results in severe quadriplegic cerebral
palsy with the classic extrapyramidal signs of choreoathetosis and/or dystonia. Kernicterus has been referred
to as one of the few preventable causes of cerebral
palsy [17], but it remains a significant burden in lowand middle-resource countries [6]. Moreover, patients

with SNH requiring ET have an increased risk of mortality [2].
In low- and middle-resource countries, additional
challenges are presented by environmental and sociocultural factors, which may affect the pathways to
admission for care [9,10]. In our data, infants requiring
ET were more likely to born at home and referred
from home than those requiring phototherapy.
Interestingly, most infants were referred directly from
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their birthplace, either home or hospital. These findings may suggest the presence of cultural or socioeconomic issues regarding birthplace, given that to
physical access care does not appear to be an issue in
the Yangon geographical area. At multivariable analysis, homebirth, but not referral source, was a risk factor for requiring ET at admission. Homebirth has been
suggested to be a proxy for other factors, rather than
being a risk factor per se [13]. These factors include
racial differences correlated with genetic risk, socioeconomic status, cultural aspects and geographical barriers to facility access [13]. Appropriate training on
essential newborn care for traditional/home birth
attendants, and home visits by nurses/midwives in the
first week of life are crucial [9]. Such interventions
have been planned in Myanmar, but lack of resources
has hampered full implementation [18]. In our study,
one out of four cases selfreferred from home, thus
stressing the need for education of parents on a
selected subset of signs that need urgent selfreferral
to a tertiary referral hospital.
In the present study, sepsis, feeding poorly, significant bruising and G6PD deficiency were also associated with increased likelihood of receiving ET.
Prevention of early-onset infections may contribute to
reducing the need for ET at admission as well as the
associated mortality, but some recommended practices are often not followed in low-resource settings
[19]. Previous studies showed a wide maternal knowledge gap on recognition and care of neonatal jaundice in southeastern Asia [20,21]. In addition,
breastfeeding discontinuation has been observed in
mothers of infants admitted for jaundice [22]. Health
education of pregnant women including teaching the
signs of jaundice (as significant bruising or feeding
poorly) may reduce the failure to recognize clinical
signs. G6PD deficiency can cause SNH through severe
hemolysis if triggered (i.e. by naphthalene or sepsis);
nevertheless, G6PD-deficient infants are at higher risk
of acute and chronic bilirubin encephalopathy even if
not triggered [2]. In areas with a high prevalence of
G6PD deficiency, universal screening has been suggested, but the implementation is limited in many settings due to resource constraints [6,23]. Although TSB
assessment in all newborns before discharge from an
obstetric facility may prevent readmissions for SNH
[24], it may not be readily affordable in many
resource-limited settings [9]. The development and
validation of accurate low-cost devices for TSB assessment should provide an affordable screening system
in these settings [6,25].

Natural/traditional medicine is still very common
during pregnancy in low- and middle-resource countries [2,7,9]. Although this cultural approach was
believed to limit or delay care-seeking for jaundice
[9,26], it was not associated with increased ET in
our data.
The findings of the present study contribute to
identify areas of intervention in low- and middleresource countries. However, the present study has
some limitations. First, it is a retrospective single-center study, so the generalizability of the findings may
be limited to similar settings. However, our findings
were in broad agreement with previous studies performed in Africa and southeastern Asia, thus contributing to identify possible areas of intervention and
gaps in knowledge. Second, it would be interesting to
evaluate the effect of prophylactic phototherapy on
need for ET for jaundice [27], but this aspect could
not be evaluated due to the lack of clear information
on phototherapy before admission.

Conclusion
Homebirth was a risk factor for ET at admission for
jaundice in a low-resource setting. Sepsis, feeding
poorly, significant bruising and G6PD deficiency were
also risk factors for ET. Recognition of such factors and
appropriate health education of pregnant women and
traditional/home birth attendants may contribute to
reducing the need for ET in low-resource settings.

Disclosure statement
No potential conflict of interest was reported by the authors.

Funding
The study was conducted during a development program in
Myanmar of Amici della Neonatologia Trentina, ANT ONLUS
(Trento, Italy), with cofinancing from the Department of
European Integration and Humanitarian Aid of the Region
Trentino Alto Adige (Italy), in partnership with Thrive
Networks (CA, USA) and Eric Hemel and Barbara Morgen, private donors. The funders had no role in the design, conduct,
or decision to submit the study for publication

References
[1]

[2]

Bhutani VK, Zipursky A, Blencowe H, et al. Neonatal
hyperbilirubinemia and rhesus disease of the newborn: incidence and impairment estimates for 2010 at
regional and global levels. Pediatr Res. 2013;74:
86–100.
Olusanya BO, Osibanjo FB, Slusher TM. Risk factors for
severe neonatal hyperbilirubinemia in low and

THE JOURNAL OF MATERNAL-FETAL & NEONATAL MEDICINE

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

middle-income countries: a systematic review and
meta-analysis. PLoS ONE. 2015;10:e0117229.
American Academy of Pediatrics. Management of
hyperbilirubinemia in the newborn infant 35 or more
weeks of gestation. Pediatrics. 2004;114:297–316.
Murki S, Kumar P. Blood exchange transfusion for
infants with severe neonatal hyperbilirubinemia.
Semin Perinatol. 2011;35:175–184.
Steiner LA, Bizzarro MJ, Ehrenkranz RA, et al. A
decline in the frequency of neonatal exchange transfusions and its effect on exchange-related morbidity
and mortality. Pediatrics. 2007;120:27–32.
Olusanya BO, Imam ZO, Emokpae AA, et al. Revisiting
the criteria for exchange transfusion for severe neonatal hyperbilirubinemia in resource-limited settings.
Neonatology. 2016;109:97–104.
Olusanya BO, Ogunlesi TA, Slusher TM. Why is kernicterus still a major cause of death and disability in
low-income and middle-income countries? Arch Dis
Child. 2014;99:1117–1121.
Mabogunje CA, Olaifa SM, Olusanya BO. Facility-based
constraints to exchange transfusions for neonatal
hyperbilirubinemia in resource-limited settings. World
J Clin Pediatr. 2016;5:182–190.
Olusanya BO, Ogunlesi TA, Kumar P, et al.
Management of late-preterm and term infants with
hyperbilirubinaemia in resource-constrained settings.
BMC Pediatr. 2015;15:39.
Arnolda G, Thein AA, Trevisanuto D, et al. Evaluation
of a simple intervention to reduce exchange transfusion rates among inborn and outborn neonates in
Myanmar, comparing pre- and post-intervention rates.
BMC Pediatr. 2015;15:216.
Department of Health. Annual hospital statistics
report: 2010–2011. Nay Pyi Taw, Myanmar:
Department of Health Planning; 2013.
Olusanya BO, Slusher TM. Infants at risk of significant
hyperbilirubinemia in poorly-resourced countries: evidence from a scoping review. World J Pediatr. 2015;
11:293–299.
Arnolda G, Nwe HM, Trevisanuto D, et al. Risk factors
for acute bilirubin encephalopathy on admission to
two Myanmar national paediatric hospitals. Matern
Health Neonatol Perinatol. 2015;1:22.
WHO. Managing newborn problems: a guide for doctors, nurses and midwives. Geneva: WHO; 2003.

[15]

[16]

[17]
[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

1531

R Core Team. R:A language and environment for statistical computing. Vienna, Austria: R Foundation for
Statistical Computing; 2016.
Watchko JF, Tiribelli C. Bilirubin-induced neurologic
damage: mechanisms and management approaches.
N Engl J Med. 2013;369:2021–2030.
Nelson KB. Can we prevent cerebral palsy? N Engl J
Med. 2003;349:1765–1769.
Available from: https://www.unicef.org/myanmar/
NSP_for_Newborn_and_Child_Health_Dev(Final).pdf.
Accessed: 30 April, 2017.
Trevisanuto D, Arnolda G, Chien TD, et al. Reducing
neonatal infections in south and south central
Vietnam: the views of healthcare providers. BMC
Pediatr. 2013;13:51.
Boo NY, Gan CY, Gian YW, et al. Malaysian mothers’
knowledge & practices on care of neonatal jaundice.
Med J Malaysia. 2011;66:239–243.
Owa JA, Ogunlesi TA. Why we are still doing so many
exchange blood transfusion for neonatal jaundice in
Nigeria. World J Pediatr. 2009;5:51–55.
Pound CM, Moreau K, Rohde K, et al. Lactation support and breastfeeding duration in jaundiced infants:
a randomized controlled trial. PLoS ONE. 2015;10:
e0119624.
Olusanya BO, Emokpae AA, Zamora TG, et al.
Addressing the burden of neonatal hyperbilirubinaemia in countries with significant glucose-6-phosphate
dehydrogenase deficiency. Acta Paediatr. 2014;103:
1102–1109.
Eggert LD, Wiedmeier SE, Wilson J, et al. The effect of
instituting a prehospital-discharge newborn bilirubin
screening program in an 18-hospital health system.
Pediatrics. 2006;117:e855–e862.
Coda Zabetta CD, Iskander IF, Greco C, et al. Bilistick:
a low-cost point-of-care system to measure total
plasma bilirubin. Neonatology. 2013;103:177–181.
Le LT, Partridge JC, Tran BH, et al. Care practices and
traditional beliefs related to neonatal jaundice in
northern Vietnam: a population-based, cross-sectional
descriptive study. BMC Pediatr. 2014;14:264.
Okwundu CI, Okoromah CA, Shah PS. Prophylactic
phototherapy for preventing jaundice in preterm or
low birth weight infants. Cochrane Database Syst Rev.
2012;1:CD007966.

