Hyperbilirubinaemia Treatment Outcome

ORIGINAL ARTICLE

Orient Journal of Medicine Vol 32[3-4] Jul-Dec, 2020

Treatment Outcome of Hyperbilirubinaemia Among Icteric Neonates in
Jos: The Impact of Glucose-6-Phosphate Dehydrogenase Status

Ezra D JATAU!

Bose O TOMA?

Julie O EGESIE!
Obadiah D DAMULAK1
Victoria T MA’AN1

Department of Haematology
and Blood Transfusion
2Department of Paediatrics

Jos University Teaching
Hospital
Jos, NIGERIA

Author for Correspondence
Dr Jatau Ezra DANJUMA
Department of Haematology and
Blood Transfusion

Jos University Teaching
Hospital

Jos, NIGERIA

Phone: +234 806 540 3375
Email: ezradjatau@gmail.com
Jatauez@unijos.edu.ng

Received: May 12, 2020
Accepted: July 14", 2020

DISCLOSURE
No conflict of interest
declared by the authors

ABSTRACT

Background: Hyperbilirubinaemia is a common clinical
manifestation of several neonatal disorders, one of which is
Glucose-6-Phospate Dehydrogenase(G6PD) deficiency.

Objective: To  determine the treatment outcome of
hyperbilirubinaemia in relation to the G6PD status of icteric
neonates in our environment.

Methodology: This was a cross sectional study of 150 icteric
neonates enrolled consecutively as they were admitted into the
Special Care Baby Units (SCBUs) of the Jos University Teaching
Hospital, Bingham University Teaching Hospital, and the Plateau
State Specialist Hospital. The neonates were reviewed clinically for
fever, jaundice, cyanosis among other features. Blood sample was
collected for Full Blood Count (FBC), Reticulocyte Count, Serum
Bilirubin (SB) and G6PD assay using the Pointe Quantitative
Diagnostic Kit (USA). G6PD deficiency was defined by enzyme
activity < 6.0 IU/gHb.

Results: Subjects comprise of 92 (61.3%) males and 58 (38.7%)
females (M: F= 1.6:1) with median age at presentation of 3
(Interquartile range-IQR: 1-4) days. One hundred and five (70%)
were delivered at full-term gestation (237weeks) while 45 (30%)
were delivered preterm(37weeks). Twenty-nine (19.3%) had history
of jaundice in siblings. Fifty (35.7%) had birth weight < 2500g while
90 (64.3%) have normal birth weight. Their mean haemoglobin
concentration was 15.90 £ 2.23 g/dl while median reticulocyte
count was 2.5 (IQR: 2-3) %. Sixty-one (40.7 %) of the studied
neonates were GO6PD deficient with mean G6PD activity of
3.99(IQR: 2.72-494) IU/gHb and median concentration of total
serum bilirubin of 205(IQR: 170.0-281.6) pmol/L. Mode of
treatment of hyperbilirubinaemia in 88 (58.7%) of the studied
subjects was by phototherapy, with 36 (59.0%) of them G6PD
deficient. Sixty-two (41.3%) were treated with phototherapy and
exchange blood transfusion. One hundred and twenty-two (81.3%)
of all the subjects were discharged home fully recovered, 2 (1.3%)
had acute bilirubin encephalopathy while mortality was recorded
in14 (9.3%).
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Conclusion: Significant
populations of icteric
neonates in our environment
are G6PD deficient and they

INTRODUCTION

Glucose-6-phosphate dehydrogenase (G6PD)
is a key enzyme in the pentose phosphate
pathway required for the formation of
glutathione, a crucial antioxidant with ability
to effectively counter the damaging and toxic
effect of oxygen on haemoglobin and red
blood cells (RBC).! Individuals with G6PD
deficiency suffer reduced antioxidant activity
with the consequence of haemolysis, anaemia,
attendant

hyperbilirubinaemia and

complications.!

The gene encoding for G6PD is located on the
long arm of the X-chromosome and hence the
enzyme deficiency is inherited as an X-linked
disorder.! G6PD deficiency affects about 1%
of the World's population, with highest
prevalence among males of West African,
South-East
descent.2 Prevalence of G6PD deficiency in

Mediterranean  and Asian
Nigeria ranges from 4-26% in the general
population while jaundiced neonates have a
G6PD prevalence of up to 43%; sometimes
with

hyperbilirubinaemia

features  of
that

presenting severe

could cause

kernicterus or death.34

Management of hyperbilirubinaemia in G6PD
deficient individuals is centered on avoiding
oxidant stress like drugs, chemicals, fava
beans known to trigger haemolysis resulting
in the hyperbilirubinaemia.5> Phototherapy is
the initial specific treatment modality for
neonatal hyperbilirubinaemia but if it fails to
produce a change of 1-2mg/dl (17-34pmol/L)
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turn out with a relatively good treatment outcome irrespective of
their G6PD status.

Key words: Exchange blood transfusion, DAMA, Jaundice, Phototherapy

within 4-6 hours in severe neonatal jaundice,

exchange blood transfusion (EBT) is
recommended.6 Other indications for EBT
include, serum bilirubin (SB) >20mg/dL

(340pmol/L),
septicaemia, and clinical signs of bilirubin

jaundice  to  the feet,
encephalopathy.¢ It is seldom associated with
mortality when closely monitored, however
management of hyperbilirubinaemia in
resource poor settings like ours remains a
challenge with the risk of serious neurologic
complications related to bilirubin toxicity and

sometimes death. 7

We have no knowledge of a previous report

on the outcome of the treatment of
hyperbilirubinaemia in relation to G6PD
activity levels in neonates in Jos. This study is
aimed at determining the influence of G6PD
activity levels on the treatment outcome of
hyperbilirubinaemia in jaundice neonates in
our SCBUs for improve knowledge and better

neonatal management outcome.

METHODOLOGY
Study Area
The study was carried out at the Special Care

Baby Units (SCBU) of Jos University Teaching
Hospital (JUTH), Bingham  University
Teaching Hospital (BhUTH), and Plateau
State Specialist Hospital (PSSH) in the city of
Jos, in North-Central Nigeria. Jos University
Teaching Hospital is a 600 bed tertiary
hospital with an SCBU of 30 beds capacity,
while Bingham University Teaching Hospital
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and the Plateau State Specialist Hospital are
250 and 150 bed tertiary hospitals with 15 and
10 bed SCBUs. respectively.

Study Population

Neonates with jaundice admitted into the
SCBU of the Jos University Teaching Hospital,
Bingham University Teaching Hospital, and
the Plateau State Specialist Hospital.

Study Design and Sampling Technique

This study was a cross-sectional study
conducted from March 2013 to February 2014.
The neonates were recruited using the non-
probability convenience sampling technique
as they present at the SCBUs with jaundice.
They were consecutively enrolled after
obtaining parental consent and certified to
have met the inclusion criteria. Those whose
parents refuse consent, those recently

with

cephalhaematomas, bleeding tendencies and

transfused and those
birth asphyxia were excluded. A standardized
questionnaire was administered to obtain
information on age, weight, and length of the
neonate at birth, gestational age at delivery,
history of jaundice in siblings and of
drugs/chemicals used in pregnancy or after,
as well as other risk factors for developing
neonatal jaundice. Treatments instituted on
admission were noted while outcome was

recorded within the study period.

Laboratory Procedures
Samples were collected by the researcher with

assistance from the paediatric units’" House
officers and Registrars. Neonates arms were
inspected and antecubital venepuncture done
aseptically. Three milliliters of venous blood
was taken into an EDTA sample bottle, for
full blood count (FBC) using the 3-part
Sysmex haematology auto-analyser (KX-21N
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2007 model) and was analysed within 6 hours.
Reticulocyte count was manually performed
using freshly prepared methylene blue as
described by Dacie and Lewis.? G6PD enzyme
activity was determined using the EDTA
blood sample with reagents manufactured by
the Pointe Reagent Company (USA) with
G6PD deficiency defined by enzyme activity
< 6.0 IU/gHDb.10 Assay for G6PD activity was
mostly carried out within 6 hours but
2-8°C
analysed within 48 hours. Two milliliter of

occasionally refrigerated at and
blood sample was also collected into a plain
bottle and analysed immediately for bilirubin
assay by the Jendrassik and Grof method
using the Roche/Hitachi 902 SN 1694-019-
1996 Where

bilirubin assay was not possible, sample were

auto analyzer. immediate
stored at 4°C in a light tight box and assayed

within 24 hours of sample collection.

Data Analysis
The data collected was analyzed using EPI-

info Version 6 software. Some results were
tables,
percentages. Mean with standard deviation
(SD)
variables while significance between means of

reported in proportions, and

were used to describe continuous
two groups was assessed by the student t-test.

distributed
variables were reported as median with

Non-uniformly continuous
interquartile (IQR) range and compared using
the Kruskal Wallis test. Chi-square was used
to compare categorical variables. A p-value of
<0.05 was considered statistically significant.

Ethical Consideration
Ethical approval was obtained from the

Health Research Ethical Committees of the Jos
(JUTH),
Bingham  University —Teaching Hospital

University Teaching Hospital
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and Plateau State
(PSSH) Jos.
consent was obtained from the parent or

(BhUTH),
Hospital

Specialist
Informed written

parents of the neonates with no consequence
if they choose to decline.

RESULTS

Clinical and Laboratory Parameters of All
Subjects and G6PD Status

One hundred and fifty icteric neonates made-

up of 92 (61.3%) males and 58 (38.7%) females
(M: F= 1.61)
presentation of 3 (Interquartile range-IQR: 1-

with a median age at

4) days were studied. One hundred and five
(70%) were delivered at full-term gestation
(237weeks) while 45 (30%) were delivered
preterm (<37 weeks). Twenty-nine (19.3%)
had history of jaundice in siblings compared
to 121 (80.7%) with no such history. Fifty
(35.7%) had birth weight of less than 2500g
while 90 (64.3%) were of normal birth weight.
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All subjects studied had mean haemoglobin
and haematocrit concentration of
15.942.2g/dL and 0.47+0.06% respectively
while the G6PD deficient neonates in this
study had a mean haemoglobin concentration
of 16.3 + 2.6g/dL with a haematocrit of 0.47 +
0.07 (Table 1). Mean values of both the
haematocrit and haemoglobin concentration
in relation to G6PD activity level showed no
statistically significant difference (p-value of
0.06 and 0.56 respectively). Mean reticulocyte
count for the G6PD deficient neonates was
2.4(IQR: 2-3) % and 2.5(2-3) % for the G6PD
normal neonates with no statistically
significant difference (p-value of 0.67), as

shown in Table 1.

Median total serum bilirubin of all the
neonates was 204.0(IQR: 168.3-255.5) umol/L
with the median total serum bilirubin

concentration of the G6PD deficient icteric

Birth weight of 10 (6.7%) of the study subjects neor;atEs being  205.0(IQR: 170.0-281.6)
was unknown because they were delivered at umol/L.
home (Table 1).
Table 1. Clinical and Laboratory parameters of all subjects and G6PD status
Parameters All Subjects G6PD deficient G6PD Normal P-value
n= 150 n= 61 n= 89
Age(days): Median(IQR)  3(1-4) 2(1-4) 3(1-4) 0.52
Sex: n (%)
Male 92(61.3) 45(73.8) 47(52.8) 0.01
Female 58(38.7) 16(26.2) 42(47.2)
Duration of
Pregnancy(Weeks):
Full Term: n (%) 105(70.0) 45(73.8) 60(67.4) 0.40
Preterm: n (%) 45(30.0) 16(26.2) 29(32.6)
History of jaundicein  19(12.7) 10(34.5) 19(65.5) 0.45
siblings: n (%)
Birth weight: gm (%)
<2500 50(35.7) 16(28.1) 34(41.0) 0.12
>2500 90(64.3) 41(71.9) 49(59.0)
www.orientjom.com 100
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G6PD activity level: 7.2(4.6-10.7) 4.0(2.7-4.9) 9.4(7.6-13.6)

Median(IQR) IU/gHb

Serum Bilirubin:

Median(IQR) pmol/L

Total Serum Bilirubin 204.0(168.3-255.5) 205.0(170.0-281.6)  200.0(168.0-244.0) 0.14
Unconjugated Bilirubin 184.5(144.5-233.2) 190.4(149.6-261.2)  179.9(144.5-223.0) 0.22
Haemoglobin Conc.

g/dL 15.9+2.2 16.3+2.6 15.6+1.9 0.06
Mean+SD

Haematocrit

Mean+SD 0.47+0.06 0.47+0.07 0.46+0.00 0.56
Reticulocyte

Median(IQR) 2.5(2-3) 2.4(2-3) 2.5(2-3) 0.67
G6PD: glucose-6-phosphate dehydrogenase; IQR: interquartile range; ~ RBC: red blood cell
hyperbilirubinaemia with a mean serum status did not show any statistical

bilirubin of 132.3 + 24.6 umol/L and 135.8 +
28.9 umol/L
hyperbilirubinaemia in relation to G6PD

respectively. Severity of

significance with p-values of 0.49, 0.78 and
0.28. (Table 2)

Table 2. G6PD status and severity of hyperbilirubinaemia of all subjects

Hyperbilirubinaemi G6PD status
a

Deficient Normal

n %  Mean SB n % Mean SB t p
Mild 22 36.1 1323+246 40 449 1358+289 0.70 0.49
Moderate 24 39.3 2056+266 36 404 203.7+242 029 078
Severe 15 246 383.1+1101 13 146  3389+1004 110 0.28
Total 61 100 89 100

SB= Serum bilirubin in pmol/L

G6PD Status and Treatment Modality for
Hyperbilirubinaemia in All Subjects
Mode of treatment of hyperbilirubinaemia in

88 (58.7%) of the studied subjects was by
phototherapy alone while 62 (41.3%) were
treated with phototherapy and exchange
blood transfusion (Table 3). Twenty-five

(41%) of the neonates with G6PD deficiency
were treated with exchange blood transfusion
and phototherapy. Thirty-seven (41.6%) of the
G6PD normal subjects had exchange blood
transfusion and phototherapy. Treatment
modality with respect to G6PD status was not
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statistically significant (p= 0.94) as shown in

Table 3.
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Table 3. G6PD status and treatment modality for hyperbilirubinaemia in all subjects

Treatment modality G6PD status Total Y2 P value
Deficient Normal
n (%) n (%)
Phototherapy 36 (59.0) 52 (58.4) 88 0.005 0.94
Phototherapy + EBT 25 (41.0) 37 (41.6) 62
Total 61 (100) 89 (100) 150

G6PD Status and Outcome of Treatment for
Hyperbilirubinaemia in All Subjects

One hundred and twenty-two (81.3%) of the
subjects

were discharged home

(1.3%)
encephalopathy, 12 (8.0%) were discharged

fully

recovered, 2 had acute bilirubin

against medical advice. Fourteen (9.3%) of
these neonates died with 5 (8.2%) being G6PD
deficient while 9 (10.1%) were G6PD normal.
No statistically significant difference was
found between the two groups (p- value 0.97)
Table 4.

Table 4. G6PD status and outcome of treatment for hyperbilirubinaemia in all subjects

Outcome G6PD status Total x2 P-value
n (%)*
Deficient Normal
n (%) n (%)
Normal 50(82.0) 72(80.9) 122(81.3) 0.23 0.97
Encephalopathy 1(1.6) 1(1.1) 2(1.3)
DAMA 5(8.2) 7(7.9) 12(8.0)
Died 5(8.2) 9(10.1) 14(9.3)
Total 61(61) 89(100) 150(100.0)

DAMA = Discharged against medical advice

(%)*= Percentage of column total

DISCUSSION
Prevalence of G6PD deficiency among the

icteric neonates in this study was found to be
40.7 % and is comparable to the report from
Zaria North West, Nigeria, Ilorin in the North
Central region of Nigeria as well as in Egypt
and India.11121314 These findings are however
lower than the prevalence of 62% reported in
Ibadan, South West These
differences in prevalence may not be

Nigeria.15

unrelated to the report by several geneticists
that the of Go6PD
deficiency in populations is a reflection of

varying prevalence

adaptation to malarial environments.’
Cultural and probably religious practices may
in the

prevalence even within the same environment

also be a factor differences in

as documented by Cartwright-Jones.?”
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Prevalence of G6PD deficiency among males
in this study was 48.9 % while the females
had a G6PD deficiency prevalence of 27.5%
with an approximate male: female ratio (M: F)
of 3:1 similar to a finding in Iraq and some
other parts of the World.181° This reaffirmed
the natural history of G6PD deficiency being
an X-linked recessive disorder, and the fact
that
homozygotes or hemizygotes as in Turners’

male  hemizygotes and female
syndrome or X-chromosome inactivation are

often times affected.19.20

The major clinical presentation of these
subjects from our laboratory findings was
established hyperbilirubinaemia of varying
degrees requiring different management
protocols. The modalities of management
ranged from withdrawing agents identified as
icterogenic ~ to  antimicrobial  therapy,
phototherapy and various forms of blood
transfusion aimed at reducing morbidity and
mortality. Although the frequency of using
phototherapy was high in this study, the need
blood

coincidentally the

transfusion  was
G6PD

deficient and the G6PD normal neonates.

for exchange
same for the

Similar findings to this was reported by Frank
et al. who stated that phototherapy and EBT in
G6PD deficient icteric neonates was not
significantly higher than in the G6PD normal
icteric neonates.2! This is not surprising as the
protocol and modality of the management of
icteric neonates is most often based on serum
bilirubin levels and not on G6PD activity
level. It may also be a reflection of the fact
that there was no significant difference in the
levels of hyperbilirubinaemia in relation to
G6PD status in this study despite other factors
like preterm delivery and low birth weight.

Orient Journal of Medicine
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This observation differs from the finding by
Onyearugha et al. in Abakaliki, who reported
that phototherapy and EBT were more in
G6PD deficient icteric neonates than in other
icteric neonates.?2 The finding was based on
the fact that apart
immaturity of bilirubin conjugation, G6PD

from the natural

deficiency is associated with even less
efficient bilirubin conjugation ability due to
its deficiency in the hepatocytes resulting in
severe hyperbilirubinaemia.?? Irrespective of
the statistical finding regarding mode of
treatment of hyperbilirubinaemia and G6PD
status in this study, high rate of EBT was
recorded. This might be due to varying
indications for EBT like rate of SB rise (>
Img/dL/hour), clinical signs of bilirubin
encephalopathy, concomitant anaemia(<10-
12g/dl), septicaemia, SB (in mg/dl) that is ten
times baby’s weight in kilogram for preterm
and low birth weight neonates. This therefore,
calls for a viable blood transfusion services in
the interim while concerted effort is being
made for neonatal screening, early detection
of jaundice and treatment using other modes
of therapy.

Regarding the possible outcome of treatment
for hyperbilirubinaemia in this study, there
was no statistically significant difference
found in relation to G6PD status. The desire
of every physician is to manage and discharge
patient possibly in perfect physiologic state
and at worst with minimal complications.
Frequency of neonates discharged in normal
state is relatively encouraging as majority
presented within the first three days of life
possibly owing to the improved maternal
education on neonatal jaundice as well as the
fact that G6PD deficiency is not a fatal
disorder especially if diagnosed early.2223.24
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The finding in this study as related to the
development of bilirubin encephalopathy
which is associated with kernicterus, agrees
with a report from Saudi Arabia and China by
Gandapour et al. and Loys et al, who stated
that, whereas neonatal hyperbilirubinaemia
were prevalent among G6PD deficient
neonates, yet the condition has not been
associated with significant kernicterus.232¢1It is
however in contrast to some reports from
Sagamu and Zaria, Nigeria where it was
that  G6PD

hyperbilirubinaemia often leads to adverse

demonstrated deficiency

neurologic events compared to G6PD normal
This
mutations specific to different ethnic groups

neonates.2526 may reflect genetic

S0 that in certain populations,
hyperbilirubinaemia due to G6PD deficiency
results in an increased rate of kernicterus and
death when in other populations this has not
been observed.?” It may also be related to the
time of presentation and initiation of
treatment as well as the presence of other co-
like  birth

hypoglycaemia affecting the outcome.

morbidities asphyxia and

Discharge against medical advice (DAMA) is
not uncommon in virtually all specialty of
medical practice cutting across all age groups.
However, a course of concern is when it
involves neonates in the event of life
threatening emergencies. The finding in our
study is comparable with findings from other
climes with probably varying reasons.2
Ibekwe et al. reported a relatively lower
prevalence in a study in Abakaliki, South
Eastern Nigeria while a report in Gujurat,
India showed a much higher prevalence of
25.4%

general findings.2%3 Reasons for DAMA are

with no reason different from the

multifactorial ~ ranging from financial

Orient Journal of Medicine
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constraint due to parental poverty to
hopelessness on disease condition and resort
to native treatment especially in developing
countries like ours.?0 Therefore, this calls for
policy formulation targeted at protecting this
vulnerable group of patients as in other

developed climes.

Overall neonatal mortality rate in icteric
neonates in this study was 9.3% but no
statistically significant difference in relation to
G6PD status was found. Mortality was
however higher amongst the G6PD normal
neonates compared to the G6PD deficient
neonates. This is not surprising as the cause of
death
hyperbilirubinaemia but

may not be  from  the
from associated
disorders of varying severity. Toma et al. in a
previous study on pattern of neonatal
admissions and outcome in Jos reported a
frequency of neonatal mortality rate from

jaundice of 5.4% 3!

The mortality frequency in this study can be
compared with a reported mortality rate
amongst neonates with jaundice in Ilesha,
South Western Nigeria and the Niger Delta
region respectively.3233 However, Ekwochi et
al. reported a comparatively lower rate of
0.06% in Enugu, South Eastern Nigeria, and
this appears to be an aberrant compared to
the report from this study and all the other
reports.3 Report from a research in Pakistan
also showed a mortality rate of 27 per 1000
live birth.3>

Most of the studies on neonatal mortality,
considered other known causes of neonatal
death like prematurity, neonatal sepsis and
birth asphyxia in isolation even though they
are risk factors for neonatal jaundice.?> This
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may have been responsible for the lower
mortality rates from jaundice reported in
those studies compared to the finding in our
study. It should therefore be noted that while
neonatal jaundice can cause neonatal death, it
can present with other conditions that are
independently major causes of neonatal

mortality. This implies that neonates

presenting with jaundice should be properly
investigated and managed appropriately as
G6PD deficiency may not be the only risk
factor for hyperbilirubinaemia and its

attendant complications or even death.

CONCLUSION
Hyperbilirubinaemia of varying degree with

G6PD deficiency as a risk factor is a common
reason for neonatal admission in Jos. Severity
of hyperbilirubinaemia, its complications and
outcome was no different in relation to G6PD
status of our subjects but many had to
undergo treatments like phototherapy and
exchange blood transfusion so early in life
despite the attendant complication and side
effects of these treatment modalities
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