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Abstract
Objective To describe neonatal survival and long-term
neurological outcome in neonatal hyperbilirubinaemia (NH)
with extreme serum bilirubin (SBR) values.
Design Retrospective chart review, a one-off
neurodevelopmental evaluation.
Setting Special care baby unit in a refugee camp and
clinics for migrant populations at the Thailand–Myanmar
border with phototherapy facilities but limited access to
exchange transfusion (ET).
Patients Neonates ≥28 weeks of gestational age with
extreme SBR values and/or acute neurological symptoms,
neurodevelopment evaluation conducted at 23–97 months
of age.
Main outcome measures Neonatal mortality rate,
prevalence of acute bilirubin encephalopathy (ABE) signs,
prevalence of delayed development scores based on the
Griffiths Mental Development Scale (GMDS).
Results From 2009 to 2014, 1946 neonates were
diagnosed with jaundice; 129 (6.6%) had extreme
SBR values during NH (extreme NH). In this group, the
median peak SBR was 430 (IQR 371–487) µmol/L and
the prevalence of ABE was 28.2%. Extreme NH-related
mortality was 10.9% (14/129). Median percentile GMDS
general score of 37 survivors of extreme NH was poor: 11
(2–42). ‘Performance’, ‘practical reasoning’ and ‘hearing
and language’ domains were most affected. Four (10.8%)
extreme NH survivors had normal development scores
(≥50th centile). Two (5.4%) developed the most severe
form of kernicterus spectrum disorders.
Conclusion In this limited-resource setting, poor
neonatal survival and neurodevelopmental outcomes,
after extreme NH, were high. Early identification and
adequate treatment of NH where ET is not readily available
are key to minimising the risk of extreme SBR values or
neurological symptoms.

What is known about the subject?
►► Extreme values of serum bilirubin (SBR) in the

neonatal period can lead to death and long-term
disability.
►► Subtle disabilities and neurodevelopment delay might occur after recovery of neonatal
hyperbilirubinaemia.
►► Low-income and middle-income countries bear the
highest burden of disease but have limited access
to diagnosis, treatment and supportive care for
disability.

What this study adds?
►► A large majority of neonates with extreme SBR levels

survive after on-site phototherapy but limited access
to exchange transfusion.
►► Long-term neurodevelopmental impairments, more
pronounced in ‘performance’, ‘reasoning skills’ and
‘language’, affect survivors already bearing a heavy
burden of chronic malnutrition and infections.
►► Early recognition and adequate treatment are key to
minimising the risk of extreme SBR values or neurological symptoms.

the disease, producing a vast array of neurological symptoms from mild and reversible to
severe and irreversible. Its physiopathology
is complex; however, prematurity, sepsis,
glucose-6-phosphate dehydrogenase (G6PD)
deficiency and ABO/rhesus incompatibility
contribute to its development.2–5 Neurological
sequelae might progress to kernicterus spectrum disorders (KSD) ranging from subtle to
Background
In the most severe form of neonatal hyper- severe motor and/or auditory dysfunction,6
bilirubinaemia (NH), serum bilirubin (SBR) as well as language delay, attention disorders
levels rise to extreme values, causing a life- or lower executive function capacities.7
A review of the worldwide burden of severe
threatening condition that can lead to lifelong disability.1 Acute bilirubin encephalop- NH published in 2017 reported an incidence
athy (ABE) happens during the early phase of of 251.3 per 10 000 live births in Southeast Asia,
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Methods
Three SMRU SCBU facilities contributed to the data in
refugees (1 January 2009–31 December 201417) and in
migrants (1 January 2011–31 December 2014) (figure 1).
Inclusion criteria
Clinical charts of all liveborn singletons of ≥28 weeks EGA
without major congenital abnormalities born to mothers
attending SMRU antenatal care admitted for a clinical
diagnosis of jaundice were reviewed.
2

Definitions
For this analysis, NH with SBR values rising above levels
that could justify ET, reported in the text as ‘extreme
NH’, was defined as either (1) two consecutive SBR measurements above the ET threshold of the NICE guideline,
(2) SBR levels rising faster than 8.5 µmol/L/hour in
combination with one SBR measurement above the ET
threshold or with clinical symptoms of ABE, or (3) a clinical diagnosis of ABE.15
In the absence of a scoring system for neurological symptoms, a simplified ABE definition was used and consisted
of two or more symptoms mentioned in the chart (‘quiet’,
‘sleepy’, ‘less sucking’, ‘irritable’, ‘lethargic’, ‘floppy’,
‘hypotonic’, ‘rigid’, ‘apnoea’, ‘seizure’ and ‘kernicterus’)
occurring within 2 days of the SBR peak.21
A computerised formula based on the NICE threshold
graphs was used to select charts with SBR measurements
fitting inclusion criteria. Clinical charts and originally
drawn SBR trajectories were cross-checked to confirm
eligibility. The first author and a paediatrician (LT)
reviewed clinical charts for classifying available neurological symptoms, collecting ET referral and possible cause
of death information.
Three available factors aggravating the risk of ABE
other than prematurity (blood group ABO incompatibility, G6PD deficiency measured by fluorescent spot
test22 and neonatal sepsis) were extracted from computerised databases. Clinical diagnoses followed the local
consensus-
based SMRU neonatal guidelines. EGA of
35 weeks defined prematurity in this cohort as it is
commonly used to assess the risk of extreme NH in the
literature.3 12 23 24 In this setting, most pregnancies have
EGA calculated by ultrasound25 or by the best estimate
of gestation available if there is late presentation to antenatal care.26 SBR and G6PD results were provided in near
real time by locally trained, routinely quality controlled
laboratory technicians.
Neurodevelopmental assessment
Children with extreme NH discharged alive from SCBU
were traced using their parents address. For those
consenting to participate, a one-
off appointment was
organised at the nearest SMRU clinic between November
2016 and March 2017. Medical history extracted from
the child’s medical booklet and clinical and neurological examination findings were reported on a standardised form. Maternal concern about the child’s well-
being was evaluated by asking whether the child had
difficulty seeing, hearing, speaking, bathing, dressing or
in terms of mobility, and reported as yes/no. The Griffiths Mental Development Scales—Extended Revised
(GMDS-ER27) was used to assess neurocognitive development: it spanned the possible age distribution of this
cohort and was familiar to the staff who could perform
it in their own language. Test items were scored as ‘pass’
or ‘fail’ on six individual subscales, and percentile scores
were derived from raw scores. A general neurodevelopment score EGA-adjusted was calculated per GMDS-ER
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the second highest after Africa.8 NH-related mortality is
high: 1309 deaths per 100 000 live births in 2016.9 Low-
income and middle-income countries bear the heaviest
burden; two-thirds of deaths and severe sequelae occur in
sub-Saharan Africa and South Asia; 3%–20% of survivors
have normal long-term development.10–13
Most NH-
related research follows the American
Academy of Paediatrics guideline for neonates with an
estimated gestational age (EGA) of ≥35 weeks, in which
SBR levels of >25 mg/dL (428 µmol/L) at age >72 hours
are considered extreme and require exchange transfusion (ET).14 The British National Institute for Health and
Clinical Excellence (NICE) guideline proposes dynamic
treatment thresholds based on postnatal age and varying
with gestational ages from 23 to ≥38 weeks.15 SBR values
considered extreme therefore start as low as 13 mg/dL
(230 µmol/L) for the youngest EGA. However, publications reporting outcomes of neonates treated following
these dynamic treatment thresholds are still rare.16
The Shoklo Malaria Research Unit (SMRU) set up a
special care baby unit (SCBU) in 2008 in Mae La, the most
populous refugee camp along the Thailand–Myanmar
border, to provide basic care for neonates including
oxygen, intravenous antibiotics, nasogastric feeding,
phototherapy and basic laboratory tests.17 Starting 2011,
another two SCBUs were set up in clinics for migrant
populations. Care for neonates with NH improved over
time following the implementation of standardised
guidelines based on the NICE,15 systematic heel prick
SBR measurements with onsite bilirubinometer (Pfaff
Medical Bilimeters 2 and 3) and irradiance level optimisation with the introduction of light emitting diode
(LED) phototherapy units.18 In live births from 2009 to
2014, NH prevalence was 18%; 9% of these neonates had
at least one SBR value exceeding the NICE threshold
at which ET should be considered.18 ET is an intervention with potentially serious complications performed
in an intensive care unit rather than in a primary health
facility.19 20 Due to the inherent difficulties of sending a
refugee or migrant person to a specialised centre, only
some neonates could be referred.
The objective of this review was to evaluate the immediate and long-
term clinical and neurodevelopmental
outcomes of children from a low-resource setting with
SBR values rising to levels considered extreme.

Open access

administration and analysis manuals and categorised as
poor (<10th percentile), delayed (10–49th percentiles)
and normal (50th percentile or above). Visual function
was assessed with the Cardiff cards for visual acuity and
visual contrast.28 All tests were performed by local staff
trained and regularly quality-controlled in clinical neurological examination and neurodevelopmental testing.29 30
Statistics
Analysis was performed using IBM SPSS Statistics for
Macintosh V.24.0.0.1. Continuous data were described by
their median and IQR and compared using the Mann-
Whitney test. Categorical data were described by their
proportion and compared with χ2 test, Fisher’s exact test
or χ2 test for trend as appropriate. Factors associated with

ABE were evaluated in univariate analysis and reported as
OR with 95% CI.
Patient and public involvement
The Tak Province Border Community Ethics Advisory
Board members representing the local community where
the study took place reviewed the protocol and their input
into the design of the project was taken into account.
Results
Between 2009 and 2014, 13538 SMRU antenatal attendees
gave birth at ≥28 weeks’ EGA to 12963 congenitally
normal singletons; 2980 (23.0%) neonates were hospitalised in the SCBU; 1946 were diagnosed with jaundice;

Wouda EMN, et al. BMJ Paediatrics Open 2020;4:e000641. doi:10.1136/bmjpo-2020-000641

3

bmjpo: first published as 10.1136/bmjpo-2020-000641 on 28 May 2020. Downloaded from http://bmjpaedsopen.bmj.com/ on January 19, 2021 by guest. Protected by copyright.

Figure 1 Location of the three SMRU clinics. The three clinics are Mae La clinic for refugees, Wang Pha clinic and Maw
Ker Thai clinic for migrant population. The SMRU main office is located in Mae Sot town. Photo credit: Daniel Parker. SMRU,
Shoklo Malaria Research Unit.
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and 129 fulfilled the criteria of extreme NH (figure 2).
Extreme NH incidence among neonates delivered in
SMRU birthing units (110/10398) was estimated at 105.8
per 10000 live births (95% CI 87.0 to 127.4).
The general characteristics of the 129 neonates are
summarised in table 1. The majority (70.5%) were from
the refugee camp as expected given the longer data
period; almost half (46.5%) were born from primigravid
mothers and 37 (28.7%) were <35 weeks’ EGA. Sepsis
was clinically diagnosed prior to onset of NH in 26.4% of
hospitalisations.
The median (IQR) value of the SBR peak was 430 (371–
487) µmol/L and occurred at a median of 97 (68–136)
hours of life. Five neonates were referred; four successfully underwent ET; one died of sepsis without confirmation of ET being attempted.
Mortality and ABE
Extreme NH case fatality rate was 10.9%, giving a
mortality rate of 108.1 per 100 000 live births (95% CI
4

59.1 to 181.4); neurological symptoms compatible with
ABE were reported in 28.2% of the clinical charts of
neonates not transferred for ET (35/124). All deaths
occurred among neonates with ABE.
The odds of developing ABE was higher among
neonates born <35 weeks’ EGA (41.6%, 15/36, vs 22.7%,
20/88, OR 2.4 (95%CI 1.1 to 5.7)) or treated for clinical sepsis prior to onset of NH (51.6%, 16/31, vs 20.4%,
19/93, OR 4.2 (95% CI 1.8 to 9.9)) but not for those with
blood group ABO incompatibility or G6PD deficiency.
Long-term outcomes
Thirty-
seven children survivors of extreme NH were
present for neurodevelopmental assessment, including
three who received ET. Their neonatal and maternal
characteristics were similar to those of the 78 unavailable
or untraceable children (table 2).
Clinical, visual, neurological and neurodevelopmental
outcomes are presented in table 3. While none of the
children seen were acutely ill, 30.6% reported more than
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Figure 2 Flowchart representing the selection of neonates with extreme hyperbilirubinaemia (NH). aMajor congenital
abnormality was defined as an abnormal finding on surface examination and/or auscultation of the heart and lungs reported in
the medical chart and confirmed by a medical doctor. NH, neonatal hyperbilirubinaemia; SCBU, special care baby unit.
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Table 1 Characteristics of neonatal period of 129 neonates with extreme NH
Characteristics
Year of admission

Status

Extreme NH (N=129)
2009

22 (17.0)

2010

26 (20.2)

2011

12 (9.3)

2012

24 (18.6)

2013

27 (20.9)

2014

18 (14.0)

Refugee

91 (70.5)

Migrant

38 (29.5)

Gender (male)

75 (58.1)

Gestational age ≥35 weeks*
Place of delivery

92 (71.3)
SMRU clinic
Tertiary hospital
Home

Birth weight (kg) (n=125), median (IQR)†

110 (85.3)
4 (3.1)
15 (11.6)
2.53 (1.96–2.90)

Small for gestational age (n=125)‡

23 (18.4)

Poor start to life§

15 (11.6)

Mother primigravid

60 (46.5)

Normal vaginal delivery

114 (88.4)

Age at admission (days), median (IQR)

1 (0–4)

Duration of admission (days), median (IQR)
Extreme NH category¶

6 (4–11)
Two SBRs above ET
Rapid SBR rise+ABE signs
Clinical diagnosis of ABE

Duration of phototherapy (hours), median (IQR)
Peak SBR (µmol/L), median (IQR)

101 (78.3)
27 (20.9)
1 (0.8)
76 (48–124)
430 (371–487)

Age at peak SBR (hours), median (IQR)

97 (68–136)

Peak SBR at <72 hours of life

41 (31.8)

Underwent ET

4 (3.1)

Potential blood group ABO incompatibility** (n=126)

24 (19.0)

G6PD-deficient male†† (n=75)

33 (44.0)

Polycythaemia‡‡

10 (7.8)

Birth trauma (visible bruising after birth recorded in the chart)
Clinical diagnosis of sepsis prior to onset of NH§§

6 (4.7)
34 (26.4)

Data shown in number and percentage (%) unless stated otherwise.
*Gestational age: based on first trimester ultrasound.25
†Birthweight: weight measurement considered valid if done in the first 72 hours of life.
‡Small for gestational age: defined as birth weight below the 10th percentile for gestational age and sex, calculated with the INTERGROWTH-
21st newborn size application tool (https://intergrowth21.tghn.org).
§Poor start to life: Apgar score<7 at 5 min and/or clinical suspicion of meconium aspiration and/or resuscitation at birth with at least five
inflation breaths.
¶Extreme NH categories: (1) two consecutive SBR measurements above the ET threshold of the NICE guideline, (2) SBR levels rising
faster than 8.5 µmol/L/hour in combination with one SBR measurement above the ET threshold or with clinical symptoms of acute bilirubin
encepalopathy, and (3) a clinical diagnosis of ABE.
**Potential blood group ABO incompatibility: mother–foetus pairs with mother blood group ‘O’ and neonate blood group ‘A’ or ‘B’. Rhesus
factor and Coombs test were not available.
††Diagnosed by G6PD fluorescent test.22
‡‡Polycythaemia: two consecutive haematocrit values>70% from a capillary sample or a diagnosis of polycythaemia recorded in the clinical
chart.
§§Clinical diagnosis of sepsis: sepsis reported as clinical diagnosis treated at least 5 days by intravenous antibiotics (blood culture
confirmations were not available).
ABE, acute bilirubin encepalopathy; ET, exchange transfusion; G6PD, glucose-6-phosphate dehydrogenase; NH, neonatal hyperbilirubinaemia;
NICE, National Institute for Health and Clinical Excellence; SBR, serum bilirubin; SMRU, Shoklo Malaria Research Unit.
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Characteristics

Present
(n=37)

Untraceable
(n=78)

P value

Gender (male)
Year of birth (2012–2014)

20 (54.1)
24 (64.9)

47 (60.3)
41 (52.6)

0.529
0.214

Refugee status

23 (62.1)

54 (69.2)

0.452

First born

20 (54.1)

44 (56.4)

0.812

EGA (weeks+days), median (IQR)

37+4 (34+5–38+3)

37+4 (35+1–38+6)

0.578

EGA<35 weeks

11 (29.7)

18 (23.1)

0.443

Small for gestational age

5/35 (14.3)

14/75 (18.7)

0.571

Normal vaginal delivery

31 (83.8)

70 (89.7)

0.361

Days in SCBU, median (IQR)

8 (5–16)

7 (4–13)

0.201

Clinical diagnosis of sepsis prior to onset of NH

8 (21.6)

18 (23.1)

0.862

Maternal age, median (IQR)

24 (20–30)

22 (19–28)

0.391

Maternal illiteracy
Maternal smoking

9/27 (33.3)
7 (18.9)

23/57 (40.4)
11 (14.1)

0.536
0.525

Data shown in number and percentage (%) unless stated otherwise.
EGA, estimated gestational age; NH, neonatal hyperbilirubinaemia; SCBU, special care baby unit.

one hospitalisation per year. The proportion of chronic
malnutrition was high (40.5% of children stunted), and
half of the participants had teeth damage with black
staining or cavities. Abnormal visual examination was
reported in 21.6% of children, mostly related to poor
acuity. None of the children wore glasses. Overall, children born <35 weeks’ EGA were reporting similar, if not
slightly better clinical condition than children born term
(differences non-significant).
Two survivors of extreme NH (5.4%), both born at term,
had an abnormal neurological examination compatible
with a severe form of KSD: one with upward and downward gaze paralysis, dystonia and suspected left-
sided
hearing loss, the other with cerebral palsy. Their general
neurodevelopment score was below the first percentile.
The median (IQR) percentile summary score of all
GMDS-ER subscales was low (11 (2–42)), with 16 children (43.2%) scoring below the 10th centile; scores were
particularly poor in the subscales ‘hearing and language’,
‘performance’ and ‘practical reasoning’ (table 3). Differences observed between gestational age groups did not
reach significance level; however, children born <35
weeks’ EGA tended to obtain similar or higher scores
than those born term. Four survivors of extreme NH
(10.8%) had a general percentile score above the 50th
centile, the highest score reaching the 82th centile.
Discussion
This study reports the immediate outcomes and long-
term consequences of extreme NH in a limited-resource
setting. Reflecting on the burden estimates for South-East
Asia of 251.3 per 10 000 live live births and the worldwide
1309 deaths per 100 000 live births presented in the publications by Slusher8 and Olusanya9 both the incidence of
6

extreme NH and its mortality rate during this 6 year evaluation are reassuringly low. This likely reflects the benefit
of onsite SBR measurements and thus an early phototherapy initiation. The case fatality rate among neonates
with extreme NH treated with phototherapy was similar
to that described in tertiary paediatric referral hospitals
in Myanmar.31
Clinical symptoms compatible with ABE were present
in 28.2% of neonates, a proportion within the range
reported in the literature3 32 but with deleterious consequences: all deaths occurred among neonates with ABE
and of the two children with severe neurological impairment at least one was suspected to be ABE sequelae.
Routine recording of clinical symptoms using a system
such as the Bilirubin-Induced Neurological Dysfunction
scales might help capture earlier neurological abnormalities and enhance closer monitoring alongside the
use of dynamic treatment thresholds.21 This, however,
could only be of added benefit if timely referral can be
organised as well. As a first step, emphasising the need
for systematic SBR monitoring, ensuring regular feeds
during phototherapy, and verifying that adequate irradiance levels are provided, are achievable recommendations to minimise ABE risk.18 33
The one-
off neurodevelopmental evaluation results
ranged from severely impaired to developmentally normal
consistent with current published rates.7 Test performance
was particularly poor in domains related to language and
reasoning skills, both plausibly affected by bilirubin neurotoxicity.6 7 34 Reassuringly, survivors of extreme NH <35
weeks’ EGA performed similarly or even better than those
born term despite a higher risk of developing ABE.
Whether children with severe KSD retain a normal
intelligence is debated.1 6 35 As an anecdotal case, and
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Table 2 Neonatal and maternal characteristics of extreme NH survivors present for neurodevelopmental assessment (n=37)
and those unavailable or untraceable (n=78)
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General characteristics
Age at testing (months) (median, IQR)

Gestational age <35 weeks Gestational age
(n=11)
≥35 weeks (n=26)

All
(n=37)

62.5 (36.5–93.0)

43.8 (34–64.5)

51.0 (35–81)

Age <4 years old

3 (27.3)

13 (50.0)

16 (43.2)

Gender (male)

4 (36.4)

16 (61.5)

20 (54.1)

First born

8 (72.7)

12 (46.2)

20 (54.1)

Received exchange transfusion

0

3 (11.5)

3 (8.1)

Refugee status

7 (63.6)

16 (61.5)

23 (62.2)

Being unwell*

3 (27.3)

8/25 (32.0)

11/36 (30.6)

Stunting†

2 (18.2)

13 (50.0)

15 (40.5)

Teeth abnormality‡

5/10 (50.0)

13/26 (50.0)

18/36 (50.0)

Visual examination abnormality§

1 (9.1)

7 (26.9)

8 (21.6)

Neurological exam abnormality¶

0

2 (7.7)

2 (5.4)

3 (27.3)

3 (11.5)

6 (16.2)

32 (11–42)

7 (<1–42)

11 (2–42)

Poor development (<10th centile)

2 (18.2)

14 (53.8)

16 (43.2)

Delayed development (10-49th centile)

7 (63.6)

10 (38.5)

17 (46.0)

2 (18.2)

Clinical outcomes

Visual and neurological outcomes

Neurodevelopmental outcomes
Maternal perception of child’s development: mother has
worries
General GMDS percentile score, median (IQR)

Normal development (≥50th centile)

2 (7.7)

4 (10.8)

Locomotion score, median (IQR)

34 (19–59)

12 (3–58)

19 (5–58)

Personal and social score, median (IQR)

23 (8–94)

32 (15–64)

26 (11–64)

Hearing and language score, median (IQR)

12 (6–57)

11 (<1–33)

11 (<1–33)

Eye and hand coordination score, median (IQR)

27 (4–46)

14 (4–48)

22 (4–46)

Performance score, median (IQR)
Practical reasoning score, median (IQR)**

26 (6–80)
18 (2–51)

3 (<1–19)
11 (1–43)

4 (<1–40)
14 (2–49)

Data shown in number and percentage (%).
*Being unwell: more than one hospitalisation per year or presence of a chronic disease as reported in the child’s medical booklet.
†Stunting: height-for-age z-scores below −2 as calculated with WHO Child Growth Standards (http://www.who.int/childgrowth/en/).
‡Teeth abnormality: judgement of medical staff looking for the presence of black staining or cavities, confirmed by first author through
photographic records.
§Visual examination abnormality: unconjugated eye movement and Cardiff’s binocular visual contrast and visual acuity lower than the normal
values by age categories (instructions manual for the Cardiff Acuity Test).
¶Neurological examination abnormality: judgement of the medical staff after general observation while moving, and evaluating tone, strength
and sensibility, coordination, gait and posture, and reflexes.
**One child had an adjusted age of <2 years old when tested; therefore, practical reasoning was available for only 10 preterm children.
EGA, estimated gestational age; GMDS, Griffiths Mental Development Scale; NH, neonatal hyperbilirubinaemia; SCBU, special care baby
unit.

even though it was not possible to measure intelligence,
the single child with features compatible with classic
kernicterus appeared frustrated with not being able to
complete the proposed tasks.
The clinical findings of this study confirm the harsh
environment in which the children try to thrive: a high
burden of chronic malnutrition, infections, and poor
visual and dental care.36–40 Moderate to severe delay in
development after surviving extreme NH will add to an
already heavy burden and to the worries of families. In

such a precarious socioeconomic environment, caregivers of neonates with extreme NH should be encouraged to attend a baby clinic to actively identify and treat
nutritional and clinical problems influencing growth and
development, if this is available.
This study’s results might not be extrapolated elsewhere
due to its limitations. ABE symptoms thought to represent abnormal neurological conditions were extracted
from the daily medical notes and the lack of a systematic
checklist means that the proportion of ABE might have
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Table 3 Long-term clinical, visual, neurological and neurodevelopmental outcomes of 37 survivors of extreme NH by
gestational age category
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Conclusion
Extreme NH is a serious neonatal health issue in this
limited-
resource setting and possibly contributes to
delayed development of children already vulnerable to
a heavy burden of chronic malnutrition and infections.
Early identification and adequate treatment of NH
where ET is not readily available are key to minimising
the risk of extreme SBR values or neurological symptoms;
additional efforts are necessary to encourage parents to
attend the baby clinic to identify and treat early concomitant health and nutritional problems.
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