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Background: Phototherapy is paramount in the management of high total serum bilirubin
(TSB). Whether its effectiveness can be improved with ursodeoxycholic acid (UDCA) has
not been evaluated among newborns of African descent.

Methods: A double-blind-controlled study was used to evaluate the effect of UDCA on the
management of high TSB in neonates. Recruited neonates were categorized into the experi-
mental group (given UDCA plus phototherapy) and the control group (phototherapy and
plain syrup), and their TSB and conjugated bilirubin levels were measured. The data were
analyzed using SPSS version 20. Statistical significance was set at a p-value of <0.05.
Results: The mean (SD) percentage reductions in TSB after 24 hrs were 40.73% (18.1) and
10.21% (7.1) in the experimental and control groups, respectively, and the difference was
statistically significant (p=0.001). The mean (SD) durations on therapy were 3.0 days (0.58)
in the experimental group and 5.5 days (1.35) in the control group (p=0.001).
Conclusions: Phototherapy is still effective in the management of neonatal hyperbilirubi-
nemia, but inclusion of UDCA accentuates the reductive effect of phototherapy on the TSB
in neonates, reducing the duration of treatment and in-patient care.
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Introduction
Neonatal jaundice is common among newborn babies.' Jaundice is caused by
yellowing of the baby’s skin, eyes, and other tissues due to deposition of bilirubin,
which is a product of metabolism of red blood cells. Newborns cannot easily get rid
of the bilirubin and it can accumulate in the blood and other tissues and fluids of the
baby’s body and give rise to hyperbilirubinemia. The bilirubin can be conjugated in
the liver which some proportion not being conjugated. If the proportion of uncon-
jugated bilirubin is high and untreated, it can cross the blood-brain barrier and
cause bilirubin-induced neurologic dysfunction.” Although the risk of neurodeve-
lopmental damage correlates with the increase in the level of unconjugated bilir-
ubin, cases of neurological damage have been reported even at lower levels.>*
Thus, every case requires prompt review and institution of adequate management.
The mainstay of treatment in Nigeria is hospital-based phototherapy and in
severe cases exchange blood transfusion, since the option of home-based photo-
therapy is not available.>® This has both huge economic and psychological burdens
on the parents/caregivers. Phototherapy is very efficient but emerging pieces of
evidence have identified some pharmaceutical products that can augment its
efficacy.”® Among some drugs that can augment phototherapy is ursodeoxycholic
acid (UDCA), a bile extract that has been in use for the management of neonatal
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cholestasis.”'® UDCA is more hydrophilic than the bile
acids, and when administered, it gradually displaces the
more hydrophobic ones in the bile that accumulate during
cholestasis. This helps improve the flow of bile out of the
liver/gall bladder. It is metabolized by intestinal bacteria to
an insoluble form that is then excreted in feces. It has been
found to have the potential to protect the newborn brain
and liver cells from the damaging effects of unconjugated
bilirubin.'""'? The UDCA induces biliary flow and reduces
intestinal reabsorption of biliary acids.'? It also inhibits the
apoptotic effect of unconjugated bilirubin on both hepato-
cytes and neuronal cells.'* In view of the abovementioned
attributes of UDCA, its inclusion as adjuvant therapy in
the management of neonatal jaundice may not only protect
the brain from the damaging effect of high bilirubin levels
but may also reduce the duration of treatment with
phototherapy.

The reductive effect of UDCA on unconjugated hyper-
bilirubinemia in neonates receiving phototherapy has been
documented by Honar et al,'> Hassan et al'® and Jafari
et al.'” Unfortunately, none of these studies was conducted
among newborn of African newborn who are more likely to
be genetically different and varied in skin complexion. It
has been shown that different skin colors manifest different
traits to light exposure.'® Skin color is primarily determined
by melanin that is synthesized in the melanosome.
Melanosomes in dark skin (African) are larger and more
heavily pigmented than those in light skins (Asian and
Caucasian). Since melanin can present a significant compe-

titive absorber of visible light,'**

thus reducing the pene-
tration of light down through the skin, neonates with black
skin may need more intensive phototherapy. Therefore, the
need for an intervention which has the capacity to reduce
the duration of phototherapy in the newborns of African
parents. In this study, we tested the hypothesis that inclusion
of UDCA in phototherapy management of neonatal jaun-
dice would not increase the rate of reduction in the serum
bilirubin levels with a resulting reduction in the duration of
treatment. The outcome of this study will be necessary for
the review of treatment protocols for neonatal hyperbiliru-

binemia among our African babies.

Methods

Site selection

The study took place in the newborn special care units of
University of Nigeria Teaching Hospital (UNTH), Enugu,
and Enugu State and Federal Medical Centre (FMC),

Umuahia, Abia State. Both hospitals have functional new-
born special care units with an average admission of about
10—15 neonates weekly. The units have functional photo-
therapy machines that are routinely serviced.

Study design

The study was a prospective, randomized, double-blinded,
controlled study conducted from May 2017 to November
2017. All full-term neonates with serum bilirubin levels
that could be managed with phototherapy alone were
included in the study. The systematic random sampling
was used to assign subjects into either of the two groups:
experimental or control group. Each of the groups received
phototherapy and an oral medication. The content of the
medication was blinded to the researchers. After analysis,
18 jaundiced neonates were in the experimental group that
received UDCA with phototherapy while 22 others were in
the control group that received phototherapy and placebo
(simple syrup). Neonates who were not jaundiced or who
were jaundiced but on nil-per-oral were excluded from the
study.

All the jaundiced neonates received at least 10 hrs of
intensive phototherapy daily. A four-letter code in a sealed
envelope was drawn by the researcher each time, to
ascribe a neonate to either of the study groups. Both the
caregivers and the researchers were unaware of the med-
ication administered as the UDCA and placebo were dis-
tributed in identical plastic bottles. The nurses in the
newborn special care unit were trained on how to admin-
ister the medication daily and document having done so.

The experimental group received UDCA, 10 mg/kg/
day in two divided doses given every 12 hrs as a com-
pounded mixture from capsule UDCA (Laboratorio Estedi
S.L, Monsey, Barcelona-Espana) to a concentration of 50
mg/5ml, while the control group received a placebo of
simple syrup. The simple syrup was made out of purified
water and sucrose according to specification in the British
Pharmacopoeia.”! The effectiveness of each medication
was measured by the rate of decline of total serum bilir-
ubin (TSB) levels on days 2 and 3. The total duration the
patient spent on admission before discharge was
documented.

At baseline, all the neonates underwent a clinical eva-
luation, and their mothers’ blood groups and the likely
cause of the jaundice were investigated and documented.

The indirect agglutination test (indirect Coomb’s test)
was used to make the diagnosis of ABO incompatibility.
The diagnosis of sepsis was based on the presence of fever

submit your manuscript

350

Dove

Clinical and Experimental Gastroenterology 2019:12


http://www.dovepress.com
http://www.dovepress.com

Dove

Ughasoro et al

or hypothermia and elevated total white blood cell count
on complete blood count.

The baseline serum bilirubin level was documented,
classified and managed according to the recommendations
of the American Academy of Pediatrics.?> Those neonates
with significant hyperbilirubinemia were treated with
intensive phototherapy (minimum irradiance of 30 uW/
cm?/nm).** The bilirubin levels of the neonates were mon-
itored daily according to the existing protocol in the units.
Neonates with TSB level of >25 mg/dL or bilirubin >10
mg/dL per kg body weight or those who failed to respond
to phototherapy had an exchange blood transfusion and
were excluded from this study. There was a provision of
other ancillary treatment like intravenous fluid therapy and
appropriate antibiotics.

Sample size, data collection and analysis
The sample size was calculated using the formula for
bioequivalents and bilirubin decrease rate of 2 mg/dL/
week according to Brown and Kim**

N =(0)*(Zoo+2p)* /d*

where N = is the size of sample for each group of treat-
ment, o = standard deviation of the effectiveness of treat-
ment (0.45), Zo =1.64, ZB =1.28, d = is the difference
between the effects of normal (phototherapy only) and
new treatment (UDCA and phototherapy) that is being
considered clinically significant =15% (2x0.15=0.3).
Therefore,

N =(0.45)*(1.64 + 1.28)*/(0.3)*= 19.1 patients

An addition of 10% attrition of 2 was added to give a
minimum sample size of 21.

One milliliter of venous blood was collected in a
lithium heparin microtainer tube protected from light and
processed immediately. Estimation of total and conjugated
serum bilirubin levels was performed using Diazo method
and reported in mg/dL. he period spent under photother-
apy. This was achieved by documenting the time any child
was put under phototherapy and the time the child was
taken out or the phototherapy was switched off. Also, a
questionnaire was used to collect information on gesta-
tional age at birth, the day of life jaundice manifested,
diagnosis, the baseline bilirubin before phototherapy was
commenced, the parents’ occupation, and parents’ blood

group.

Data analysis

The analysis was performed using SPSS version 20 (IBM,
USA). The percentage decline in the serum bilirubin level
was calculated based on the difference between the preced-
ing day level (PDL) and the succeeding day level (SDL)
divided by the preceding day level, and multiplied by 100
(PDL-SDL)/PDLx100). The socioeconomic status (SES)
was determined using the method by Oyedeji based on the
product of both parents’ education and occupation.”® The
SES was classified into five groups, where 1 is the highest
SES and 5 is the lowest. Neonates below 37 weeks were
categorized as preterm and excluded from the study.*
Sepsis was diagnosed based on the presence of two or
more of any of these symptoms: a) fever or hypothermia,
b) age-related tachycardia, c) age-related tachypnea, d)
abnormal white blood cell or increase in immature forms.*
A subject was said to have cholestasis if the percentage of
conjugated serum bilirubin was 20% or more. The Student’s
t-test was used to compare the mean of continuous variables
like the percentage reduction in the bilirubin level, while
Pearson’s chi-squared test was used to compare discrete
variables like the proportion that experienced reduction or
rise in the bilirubin level. The confidence interval was set at
95%. Statistical significance was at p-value of <0.05.

Ethical considerations

The study protocol was reviewed and approved by the
Health Research Ethics Committee of UNTH, Enugu, with
an Institutional Review Board registration number of
NHREC/05/01/2008 B-FWA00002458-IRB00002323
the study was

and
conducted in accordance with the
Declaration of Helsinki. The study was explained to the
parents of the neonates and written informed consent was
obtained before enrolling in the study. The recorded infor-
mation was handled with confidentiality and no research

team member was denied access to the data.

Results

Out of the total 46 neonates that enrolled in the study after
consent was given by their parents, 2 left the study due to
early discharge, 4 had incomplete data, thus 40 were
finally analyzed. Among the 40 subjects analyzed, 18
were in the experimental group while 22 were in the
control group (Table 1). The mean age was 5.22 days.
The commonest causes of neonatal jaundice identified
were ABO incompatibility and neonatal sepsis at 46.2%
and 46.2%, respectively. Most mothers (95.5%) were
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Table | Socio-demographic characteristics of the subjects

Variables N %
Age in days
Mean (SD) 5.22 (3.56)
Range =11
Gender
Female 23 57.5
Male 17 42.5
Gestational age in weeks
Mean (SD) 38.53 (1.46)
Range 3740
Weight in kg
Mean (SD) 2.44 (0.62)
Range 1.6-3.5
Household size
Mean (SD) 4.6 (0.94)
Range 3-6
Diagnosis (n=13)
ABO incompatibility 6 46.2
Neonatal sepsis 6 46.2
Impetigo neonatorum | 7.6
Socioeconomic Status (n=38)
| 5.3
2 2 65.8
3 25 237
4 9 5.3
5 0

blood group O rhesus D positive, while most fathers
(76.9%) were blood group B rhesus D positive.

The mean (SD) total bilirubin level for each group on
day 1 was 10.2 mg/dL (3.0) for the experimental group
and 10.5 mg/dL (2.1) for the control group, while on day
2, the experimental group was 6.4 mg/dL (5.8) and 10.8
mg/dL (1.6). The mean percentage fall was 40.73% and
10.21% among the experimental and control groups,
respectively, and the difference was statistically significant
(p=0.0001) as presented in Table 2. On the 2nd day, 14
(77.8%) of the experimental group and 15 (68.2%) of the
control group experienced a drop in their bilirubin level
and the difference was not statistically significant
(»=0.825). On the 3rd day, all the neonates in the experi-
mental group and 18 (81.8%) in the control group experi-
enced a drop in their total bilirubin level. The mean
duration of treatment in both experimental group and con-
trol group were 3.0 days and 5.5days, respectively
(p=0.0001). The experimental group that received UDCA

with phototherapy exhibited a better overall reduction in
TSBlevel as represented in Table 2.

Discussion

The study revealed that the experimental group (photo-
therapy and UDCA) reported a higher percentage decline
in the bilirubin level compared to the control group
(phototherapy and placebo). The observed difference was
statistically significant. This is similar to what has been
reported in previous studies.'>'® The use of placebo in the
control group of this study has further proven that the
previously reported reductive effect of UDCA on uncon-
jugated hyperbilirubinemia level by Honar et al'> and
Hassan et al'® is a verifiable attribute of UDCA, not a
placebo effect. Furthermore, it also is proven that whatever
may be the effect of differences in skin color and melanin
level, that UDCA has an additive effect on the effective-
ness of phototherapy on newborn of African descent. This
reductive effect of UDCA on serum bilirubin levels could
be attributed to its ability to induce bile flow, reduce
intestinal reabsorption of biliary acids'® and help reduce
bilirubin concentration. In the studies by Maldonado et
al,®® it was reported that combination of phototherapy,
UDCA at the dose of 10 mg/kg/day in two divided doses
given every 12 hrs and polyethylene glycol (PEG)
decrease plasma bilirubin concentration in laboratory ani-
mals (rats) by the acceleration of the gastrointestinal tran-
sit. PEG has been found to be a safe and effective therapy
for constipation in infants at a maintenance dose of 0.78 g/
kg/day. None of the neonates in the experimental group
experienced any bilirubin rise on day 3 compared to the
control group where few still experienced some increase in
bilirubin level despite being on phototherapy.

The average duration of treatment for those in the
experimental group was shorter than those in the control
group and this has been reported by previous studies'>"'®
This may be due to the adjunctive effect of UCDA. This
can be explained by the efficacy of phototherapy being
proportional to the concentration of bilirubin in the skin.
Therefore, as the level of bilirubin is reduced, the relative
effectiveness of phototherapy is reduced. This decline in
efficacy after 48 hrs can be attributed to the fact that
excreted unstable bilirubin isomers (photobilirubin) that
are formed revert to natural bilirubin in the intestine and
are reabsorbed via the enterohepatic circulation and con-
tribute to the bilirubin load the hepatocytes have to
handle.” The UDCA has been shown to inhibit the enter-
ohepatic recirculation.'®> Although phototherapy has been
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Table 2 Comparative analysis of the change in bilirubin level between the experimental and control groups

Variable Experimental group Control group (n=22) (non-UDCA group) 95% CI p-value
n=18 (UDCA Group)
Day | total bilirubin level (mg/dL)
Mean (SD) 10.21 (2.95) 10.54 (2.13)
Median (range) 11.75 (9.30-26.12) 11.45 (8.70-14.50)
Day 2 total bilirubin level (mg/dL)
Mean (SD) 6.38 (2.78) 9.77 (1.57)
Median (range) 7.4 (5.90-19.0) 9.25 (7.30 —12.70)
Mean percentage fall (SD) 40.73% (18.12) 10.21% (10.53) 19.8-41.2 <0.0001
Proportionate change (n, %)
Decrease 14 (77.8) 15 (68.2) 0.825
Increase 4 (22.2) 7 (31.8)
Day 3 total bilirubin level (mg/dL)
Mean (SD) 3.06 (2.0) 8.07 (1.56)
Median (range) 3.75 (3.70 —9.20) 7.15 (5.70-10.20)
Mean percentage fall (SD) 42.07 (24.68) 20.99 (21.02) 9.09-33.19 0.002
Proportionate change (n, %)
Decrease 18 (100%) 18 (81.8) N/A N/A
Increase 0 (0.0 4 (18.2)
Duration of treatment (days)
Mean (SD) 3.0 (0.58) 5.5 (1.35) 1.82-3.18 <0.0001
Range 24 4-7

Notes: Student's t-test: used for mean of continuous variables; X2 used for discrete variables.

Abbreviations: UDCA, ursodeoxycholic acid; N/A, not applicable.

assumed to be an innocuous form of treatment and thus
should be instituted freely and as long as the jaundice
persists, the economic cost of each day spent in the hospi-
tal by both mothers and their neonates has not been eval-
uated. Apart from direct medical costs, other intangible
like
deprived care for the elder siblings of the jaundiced neo-

costs inconveniences, psychological exhaustion,
nate on treatment, etc. can be reduced if the duration of
hospitalization is reduced.

A limitation of this study was lack of follow-up on these
neonates to monitor for rebound bilirubin levels in both
groups as well as to check for any adverse events due to
the use of UDCA. However, studies have shown that the
average rebound bilirubin level after phototherapy is often
below 1 mg per day. Furthermore, previous studies where

UDCA was used for cholestasis reported no adverse events.

Conclusion

Phototherapy is still an appropriate and recommended
management of uncomplicated hyperbilirubinemia in the
newborns. The inclusion of UDCA as an adjuvant to
phototherapy has the capacity to quicken the rate of

reduction of the high bilirubin level and shorten the dura-
tion required to be under phototherapy. This intervention
can improve the parental acceptance of phototherapy con-
sidering the possibility of a reduced hospital stay.
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