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Biliary atresia often neglected as normal transition neonatal jaundice reports high incidence in Pakistan in contrast
to worldwide statistics. In contrast to data reported worldwide high mortality and morbidity rate of Biliary Atresia
was reported within the Faisalabad region of Pakistan which indicates poor disease management. To understand the
exact etiology of this disease, present study undertook a research initiative to define unique causes and clinical risk
factors associated to Biliary atresia which help in early diagnosis. We intended to find strongly associated risk factors
which distinguish it from early onset normal transition jaundice and suggest good prognostic measures for disease
management. Logistic Regression and Pearson chi square test reports high incidence rate of Biliary atresia in newly
born baby boys (64%) than in female peers. Only 27% of survival rate of this disease was recorded. Unique association
of disease with mother child blood group incompatibility (P <0.05) and other simultaneous neonatal infection (P
<0.05) shown to contribute significantly to high neonatal death toll (72.8%). Moreover, mother health status (P<0.05)
and maternal infection like diabetes and/or hypothyroidism (P<0.05) during gestation period are also significant
contributing factors to outcome of Biliary atresia. Based on findings we suggest careful examination of neonates if any
of the reported risk factors is observed in first 3 days of birth to manage Biliary Atresia. Study also emphasizes on the
importance of maternal health care and proper disease management of maternal infections that otherwise predispose

neonates at risk of health disorder.

1. INTRODUCTION

Unlike the data reported worldwide, biliary atresia is not amongst rare
disorders in Pakistan population. Within the Faisalabad region with
adjoining 48 different cities 300 cases were reported within a year which
indicates high incidence rate of this devastation disease. As exact etiology
of neonatal biliary atresia is unknown because of which poor prognosis
ultimate leads to loss of life [1,2]. Neonatal jaundice is a common problem
that designates to all situation in the infants in which the serum bilirubin
is elevated to cause, both, minimally visible yellowing of the skin and
ocular sclera. It affects 60 percent of full-term infants and 80 percent of
preterm infants in the first three days after birth. Normally it is
categorized as physiological jaundice and pathological jaundice. Most
prevalent of them is physiological neonatal jaundice [3]. Of several
reported reasons, most frequently known are increased enterohepatic
circulation of bilirubin with least hepatic uptake of bilirubin from plasma
and defective bilirubin conjugation. Understanding of hepatic and
extrahepatic mechanism of bilirubin metabolism responsible for
physiological jaundice of newborn is essential and would be helpful for
diagnostic and therapeutic decisions [4]. Features that characterize
pathological jaundice from physiological jaundice is that pathological
group occurs within the first 24 hours of birth. The baby may be unwell on
examination; have an enlarged liver or spleen; have a rash; have pale
stools or be pale. Bilirubin level can be very high, >275 mol/l in hemolytic
disease. Jaundice lasting more than two weeks is prolonged jaundice and
requires careful clinical investigations [5]. Prolonged jaundice is clearly
indicative of Biliary atresia (BA). It is a hepatobiliary disorder occurs due
to destruction of both intrahepatic and extrahepatic bile ducts which
initiates the inflammation process in liver. It is considered as a rare
disorder in neonates which is thought to effect one out of 10,000 live

births. It most likely to effect female patients and mostly reported in Asian
population. This life-threatening disease if left untreated can lead to
progressive liver cirrhosis which ends at death of child within 2 years. As
hyperbilirubinemia is common medical condition in infants so it become
difficult initially for some period until and unless become more
pronounced [6].

In biliary atresia gender biasness, has been reported in various studies and
newly born baby girls are among the remarkably affected members of this
diseases. Maternal health status is directly related to child birth weight.
ABO incompatibility between maternal and child blood group cause
massive hemolysis in the fetus. If the baby survived to be delivered, it
would often be severely anemic, grossly jaundiced, and critically ill, with
frequent neurological consequence [7,8]. If mother is suffering from over
activity of thyroid hormones, or from cell mediated immune destruction
of thyroid glands during pregnancy, it will directly affect the child growth.
Specifically, if mother is suffering from hypothyroidism during the third
trimester of pregnancy it would badly effect birth weight of child. Risk of
neonatal jaundice will also be high if a mother is suffering from diabetes
during its pregnancy. Maternal health and maternal age are also one of the
contributing factors for jaundice in neonate [9]. In infant-mother dyads
increased risk of developing jaundice seems greatly associated with
maternal factors but no clear association has been established with BA till
now [10]. Misconception of normal transition of unconjugated bilirubin
level in infants greatly effects prognosis of BA. In healthy infants, it
normally takes few days to eliminate but if prolonged more than two
weeks or appears after two weeks of birth may indicate presence of BA
[11]. Early-onset infection ie. fever, bacterial infections predispose
majority of neonates to prolonged jaundice [7]. Complication in diagnosis
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of biliary atresia has increases the incidence of this deadly disease among
neonates of South East Asian population [2].

In contrast to research reported worldwide about the risk factors of
Biliary Atresia worldwide no such study has been reported so far in
Pakistani population. Looking at high incidence and maximum number of
reported cases current study was design to investigate the role of risk
factors to diseases occurrence in neonates. To develop a convincible
association of disease symptoms in infants to biliary atresia and
distinguish its clinical presentation from commonly occurring
physiological jaundice in Pakistani population we collected multifactorial
data of neonates who had their HIDA scan and treatments from PINUM
hospital Faisalabad. This study aimed at dealing with the clinical challenge
of distinguishing neonates with susceptibility of biliary atresia based on
clinical presentation data. Implication of neonatal health relevant factor
(birth weight, gender, ABO incompatibility, other neonatal infection, age
at disease presentation, age at diagnosis and time to recover after
diagnosis) and maternal factors (maternal health, maternal infections,
maternal age) on neonatal mortality and morbidity of was evaluated in
terms of biliary atresia. Additionally, study also focuses on assessment of
awareness of BA among attendants of neonates by peeking into difference
between the age at disease presentation and age of diagnosis.

2. MATERIALS AND METHODS
2.1 Patients

Cross sectional comparative study was conducted on 184 neonates during
one-year period and prospectively identified neonates of few days to one
year who had their Hepatobiliary scintigraphy from Pakistan Institute of
Nuclear Medicine (PINUM). We categorized the patient’s data into two
groups, one in which biliary atresia was ruled out after treatment and
subsequent HIDA scan and while the other is biliary atresia not ruled out
group in which disease tends to persist.

2.2 Inclusion Exclusion Criteria

Based on all questions positively answered, we selected 184 patients from
300 files which were later categorized in to two groups. Out of our selected
patients 90 cases belongs to biliary atresia’s ruled out group and 94 were
from biliary atresia not ruled out group. In addition to this, neonate who
got diagnosed of biliary atresia within 28 days of birth were included in
the study.

2.3 Attendants Consent

The aim of the study was explained to the attendants of the neonates.
Interviews were scheduled for those who were willing to participate in the
study and gave their written consent.

2.4 Data Collection

All cases were subjected to the following; careful history was recorded
related to factors that might lead to prolonged jaundice. Factors including
maternal infection i.e. hyperthyroidism, diabetes, age at presentation of
disease, age when first diagnosed, duration of jaundice to assess time of
recovery, maternal ABO for detection of in-compatibility, maternal age and
health status during child birth, child gender, birthweight and presence
any other neonatal infection during the time when he/she is suffering from
biliary atresia. From hospital record files and interviews of minor’s
attendants we gathered information against factors given in Table 1. To
assess the age of presentation of disease, date of birth and date of HIDA
Scan report were further matched. We collected data related to age at
presentation of disease in neonates and time when first diagnosed of
Biliary atresia to assess the awareness among people about this disease.
Along with this, status of child whether alive or dead was recorded to
measure the survival rate from this disease within the Faisalabad region.

Once data collection was completed we performed statistical analysis in
SPSS version 13.0. For statistical analysis, all the parameters were further
categorized into groups shown in Table 1. Frequency distribution of the
selected cases was calculated and shown graphically.

Table 1: Neonatal and Maternal Health Related Factors Understudy for Biliary

Atresia Disease Analysis.
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Factors Associated to Neonate Health
Factors Categories
Gender
Male Female
ABO Incompatibility Yes No
Neonatal Infection Yes No
Birth weight (kg)
<=2.5 2.6-2.7 2.8+
Age at Disease Presentation (days) <=30 31-60 61-90 91+
Age When First Diagnosed (days) <=3 4-7 8-14 days 15+
Time to Recover (days) <=60 61-120 121-180 181+
Status Alive Death
Factors Associated to Mother’s Health
Maternal _age (years) <=24 25-30 31-36 37+
Maternal Infection Hyperthyroidism Diabetic None
Maternal health Obese Weak Normal

2.5 Pearson Chi Square Test

Relationships of all the factors with the two groups of neonatal jaundice
were calculated through Pearson chi square test [12]. We separately
applied Pearson chi square test to assess whether maternal health
associated factors contribute to the outcome of Biliary Atresia in neonates
or not.

2.6 Binomial Logistic Regression

Moreover, binomial logistic regression was applied on all factors
previously studied through Pearson chi square test, to evaluate the most
significant factor contributing to mortality and morbidity in neonates due
to Biliary Atresia [13]. For logistic regression, we took neonates status i.e.
Alive or death as dependent variable and encoded them with values 0 and
1 respectively. To evaluate the direct association of following
characteristics i.e. Age at disease presentation, Birth weight, time when
first diagnosed, Maternal age, Gender, ABO Incompatibility, Neonatal
infection, maternal infection and maternal health we took them as
categorical and independent variables in the first step, encoded them
applied them in equation stepwise. With each step progression, most non-
significant variable with has high significance value was removed.

2.7 Descriptive Statistics for Age at Disease Presentation and
Recovery Time

To calculate mean age of the disease presentation in neonates and how
much average time they take to recover after disease diagnosis descriptive
statistics were applied at 95% confidence interval.

3. RESULTS

To anticipate the likelihood of BA and to establish convincible association
of neonatal health associated and maternal factors to early diagnosis of
biliary atresia statistical study was carried out. Maternal infections,
maternal health status and other neonatal infections strongly correlate
with the early onset of biliary atresia in neonates. Percentage and
frequency distribution of 184 cases in terms of neonate’s gender, birth
weight, ABO incompatibility, infections other than prolonged jaundice and
status of child whether dead or alive is given in Figure 1.
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Figure 1: Graphical illustration of percentage distribution of neonatal
health associated risk factors i.e. Gender, ABO Incompatibility, Neonatal
infection, Birth weight and child status based on clinical data of 184 Biliary
Atresia patients.

Out of 184 cases 36% cases were reported in baby girls while 64 % cases
were observed in baby boys. Huge percentage difference of males (64%)
and females (35.9%) showed the gender biasness/male disadvantage
theory but Pearson chi square test results doesn’t conform to this theory.
Although a study reports high incidence of biliary atresia in females and
associate the delay of cognitive skills in females to their high bilirubin level
due to biliary atresia but in our data male peers were found more
vulnerable to this disease [5,14]. For variable birthweight; 38% neonates
were less than or equals to 2.5 kg, 36% neonates weigh between 2.6-2.7
kg while 32% cases were reported to have more than 2.8 kg weight at the
time of birth. In case of blood group incompatibility, 57% neonatal blood
group was found incompatible with the maternal blood group while rest
of the case (43%) were having same blood group as of mother. Various
studies reported that low birth weight as a risk factor in case of early
neonatal jaundice but in BA data it showed non-significant association to
both the groups [3,7]. In neonates, low birthweight might be a contributing
factor for early onset of hyperbiliruenemia but it doesn’t significantly
affect to disease burden in case of biliary atresia. Work by Madan and
coworkers reported 31% incidence of ABO incompatibility in terms of
prolonged jaundice in neonates which strong confirms results of our study
[8,14,15]. Remarkable ratio and strong association of mother child blood
group incompatibility has been reported in our analyzed data. A study
demonstrated that, in ABO incompatible neonates especially neonates of
A blood group born to O positive mother becomes more incompatible and
hemolyzed. Highly morbidity and mortality rate reported in our data
suggest early transfusion of ABO-specific red blood cells in neonates of less
than 4 months to deal with incompatibility [16-18]. About 55% of the
subjects have been reported to be simultaneously suffering from other
disease infections during the progression of biliary atresia while 45%
neonates only had the problem of prolonged jaundice during that tenure.
Respondent’s interviews revealed that out of our selected cases 73%
neonates could not survive once diagnosed for biliary atresia not ruled
status after HIDA scan shown in Figure 1. Likewise, we represented the
percentage distribution of maternal health associated parameters
graphically which shows that in 23 % of the neonates, their mothers were
diabetic during pregnancy, 10% neonatal mothers were suffering from
hypothyroidism while in 67% cases mothers remained healthy given in
Figure 2(A). In maternal health variable 41% such cases were reported in
which mother was physically weak during pregnancy as they were
underweight, in 17% neonates’ maternal obesity was while in 42% cases
mothers were found physically healthy shown in Figure 2.
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Figure 2: Graphical illustration of percentage distribution of maternal
health associated risk factors i.e. maternal age, maternal health and
maternal infections based on clinical data of 184 Biliary Atresia patients.

To have an estimate of the awareness about biliary atresia amongst
community we recorded three parameters i.e. age at disease presentation,
age at diagnosis and time of recovery after diagnosis. Frequency
distributions in Figure 3 (A) shows that symptoms of jaundice appear in
64% of neonates within 3 days of birth while 3% and 6% neonates showed
symptoms in 4-7 days and 8-14 days respectively. In about 26% patients,
obvious symptoms of this disease appeared in more than 15 days. In more
than 28.2% disease symptoms appeared in 30 days, 21.7% showed in 31-
60 days, 21.1% in 61-90 days and 28.8% in more than 90 days. Of the total
27% alive cases 38% neonates recovered within 60 days, 26% neonates
recovered in 61-120 days’ time, while 14 %, and 2% neonates took longer
time of 121-180 days and more than 180 days respectively for recovery
from biliary atresia. In both the groups majority cases were diagnosed in
less than 3 weeks’ time which shows a healthy trend about neonatal health
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Figure 3: illustrating bar graphs based on percentage distribution of age
at presentation of disease (A), Age at diagnosis (B) and age at recovery (C)
calculated from data of 184 neonates suffered from Biliary Atresia.

While huge difference of mean age of diagnosis and time of recovery in
Table 5 and Table 6 upsurge the need for better prognosis and efficient
communication between the pediatrician and care takers could lead to
early recovery from this disease. Recently a study reported significant
difference in the median age of the biliary atresia presentation and its time
of recovery while in our data same effect has been observed in both the
parameters (age at disease presentation and age at recovery) [19].

To find out the association/ significance of all those factor that are related
to neonatal health with the both the groups of prolonged jaundice; biliary
atresia ruled out and biliary atresia not ruled out group, we applied
Pearson chi square test. Results given in Table 2 indicate that ABO
incompatibility between neonate and maternal blood and other
immediate infections after jaundice in neonates were major contributing
factors to disease severity as their P values are less than 0.05 significance
level defined during Pearson chi square test application. While of three of
maternal factors under study, maternal infection and maternal health
during pregnancy are strongly associated with the neonatal jaundice
which may prolong due to biliary atresia (Table 3).

Table 2: Percentage Distribution of Neonates Health Associated Risk
Factors Between Both Groups of Biliary Atresia and Their Association
Analysis with Disease Through Pearson Chi Square Test.

Risk Ruled out % within Not ruled out % within Chi-Square P value
factors the group (n=90) the group (n=94) value
Birth weight(kg)
<=25 37.8(34) 41.5(39)
2.747 0.253
2.6-2.7 289 (26) 31.9(30)
2.8+ 33.3(30) 26.6(25)
Neonatal Infection
Yes 54.4(49) 77.65(73) 11.09 0.0008*
No 45.6(41) 22.34(21)
ABO Incompatibilit
Yes 50.0(45) 69.15(65) 7.0122 0.0081*
No 50.0(45) 30.85(29)
Age at presentation
<=30 34.4(31) 22.3(21)
6.415 0.093
31-60 21.1(19) 22.3(21)
61-90 23.3(21) 19.1(18)
91+ 21.1(19) 36.2(34)
First diagnosed (days)
<=3 65.6(59) 62.8(59)
2.664 0.446
4-7 2.2(2) 4.3(4)
8-14 8.9(8) 4.3(4)
15+ 233(21) 28.7(27)
Gender
Female 41.1(37) 30.9(29) 2.104 0.147
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Male 58.9(53) 69.1(65)
Time recover(days) n=38 n=12
<= 60 36.8(14) 41.7(5)
0.489 0.921
61-120 26.3(10) 25.0(3)
121-180 15.8(6) 8.3(1)
181+ 21.1(3) 25.0(3)

*Show significant association with P values < 0.05 (5% level of
significance) highlighted in bold

Table 3: Percentage Distribution of Maternal Health Related Risk Factors
Between Both Groups of Biliary Atresia and Their Association Analysis
with Disease Through Pearson Chi Square Test

Maternal Ruled out % | Not ruled out % | Chi- P value
Causes/risk within the group within the group Square

factors (n=90) (n=94) value

Maternal age(years)

<=24 33.3(30) 35.1(33) 4.947 0.176
25-30 30.0(27) 40.4(38)

31-36 20.0(18) 17.0(16)

37+ 16.7(15) 7.4(7)

Maternal Health

Normal 28.9(26) 54.3(51) 15.907 0.0001*
Obese 15.6(14) 18.1(17)

Weak 55.6(50) 27.7(26)

Maternal Infection

Diabetic 27.78(25) 28.72(27) 7.3384 0.0255*
Hypo- 14.44(13) 29.79(28)

thyroidism

Normal 57.78(52) 41.49(39)

* Show significant association with P values < 0.05 (5% level of
significance)

Strong association of these four factors predispose newly borne babies to
biliary atresia. Furthermore, logistic regression was applied to explore the

23
ABO -1.597 391 16.680 1 .000 .202
Incompatibility
Neonatal 917 .392 5.466 1 019 2.501
Infection
Maternal -20.915 6898.149 .000 1 998 .000
Infection
Maternal Health -20.079 6898.149 .000 1 998 .000
Constant 21.757 6898.149 .000 1 997 2812696491.548
Step6(a) | ABO -1.573 .387 16.567 1 .000 .207
Incompatibility
Neonatal 918 391 5.506 1 019 2.504
Infection
Maternal -21.039 6879.298 .000 1 998 .000
Infection
Maternal Health -20.216 6879.298 .000 1 998 .000
Constant 21.666 6879.298 .000 1 997 2566890146.556
Step7(a)| ABO -1.383 .358 14.959 1 .000 251
Incompatibility*
Neonatal 710 .352 4.063 1 .004 2.035
Infection*
Constant 1.331 320 17.347 1 .000 3.784

* means most significant factor with least S value (.000 and .004) and
constant value 0.00 in last step

The study also focused to decipher the average age of biliary atresia
occurrence in neonates and to assess how much time it takes to recover
after diagnosis. For that matter descriptive statistical analysis of both
these parameters revealed that in biliary atresia ruled out group; means
time of disease occurrence is 17 days [95%CI: 7.12-0.17.82] while mean
time to recover is 131 days [94.56-167.49]. Likewise, in opposite group of
patients in which biliary atresia has not been ruled out mean age of disease
presentation was calculated to be 18.60 days [95% CI: 10.43-26.76] while
mean recovery times was 138 days [95%CI: 59.13- 217.53] as shown in
Table 5 and 6. No significant difference in terms of both these parameters
was observed between the two group.

Table 5: Descriptive Statistics applied for calculation of Mean Age of
First Diagnosis After Neonatal Jaundice at 95% Confidence Interval.

o | . Variable Group Statistics
most significant and causative factors affecting the outcome of neonatal
jaundice. Significant statistical association of ABO incompatibility and Mean 18.60
simultaneous neonatal infection apart from jaundice with the high E::tt ruled
mortality rate is indicated by 0.000 and 0.004 significance value 959 Confidence Interval Tower 1043
respectively in addition to 0.000 constant value in 7% step of logistic First diagnosed for Mean Bound
regression shown in Table 4. (days) Upper 26.76
Bound
.. . . . 5% Trimmed Mean 11.82
Table 4: logistic regression analysis of independent neonatal and Median 1.00
maternal health related variables to study their effect on mortality Ruled out Mean 12.47
(Alive/Death) rate of Biliary Atresia.
Steps Independent B S.E. Wald df Sig. Exp. (B) 95% Confidence Interval Lower 712
Variables in the for Mean Bound
Equation Upper 17.82
Step 1(a)| Age at disease .000 .003 .004 1 947 1.000 Bound
presentation -
Birth weight -798 795 1.008 1| 315 450 5% Trimmed Mean 7.93
First diagnosed .000 .007 .001 1 972 1.000 —
Maternal age -006 032 034 1| 854 1994 Median 2.00
Gender -472 .398 1.411 1 .235 .623
ABO -1.646 410 16.131 1 .000 193
| Incompatibility Table 6: Descriptive Statistics Applied for Calculating Mean Age at
Neonatal Infection 926 405 5.225 1 .022 2.524 . . .
Maternal Infection 20913 | 6894716 | 000 T 998 000 Recovery from Biliary Atresia at 95% Confidence Interval.
Maternal Health -20.015 6894.716 .000 1 998 .000
Constant 24.007 6894.716 .000 1 997 26666041190.828 Variable Group Statistics
Step 2(a)| Age atdisease .000 .003 .003 1 955 1.000
presentation
Birth_weight -.800 .793 1.018 1 313 449 Time_ recovery Ruled out Mean 131.03
Maternal age -.006 .032 .033 1 .857 994 (days)
Gender -474 .395 1.438 1 .230 .622 =
ABO 648 203 16.748 0 "000 102 95% Confidence Interval Lower 94.56
Incompatibilit for Mean bound
Neonatal Infection 925 .405 5.223 1 .022 2.523 Upper 167.49
Maternal Infection -20.913 6894.794 .000 1 998 .000 bound
Maternal health -20.013 6894.794 .000 1 998 .000 Median 90.00
Constant 24011 | 6894794 | 000 1 | 997 | 26775801116.199 - :
Step 3(a)|_Birth weight -798 792 1.015 1 314 450 Time_recovery Not Ruled Mean 138.33
Maternal age 006 032 032 1 859 994 (days) out 95% Confidence Interval Lower 59.13
Gender -474 .395 1.442 1 .230 .622 for Mean bound
ABO -1.646 401 16.853 1 .000 .193 Upper 217.53
Incompatibility bound
Neonatal Infection 922 401 5.300 1 .021 2.515 -
Maternal Infections | _-20.007 | 6894511 | 000 1 | 998 1000 Median 105.00
Maternal Health 20.011 | 6894511 | 000 1| 998 1000
Constant 24.013 6894.512 .000 1 | .997 | 26839800624.087 4. DISCUSSION
Step 4(a)|_Birth weight -817 785 1.084 1 .298 442
Gender -.465 391 1.410 1 .235 .628 ) ) . ) )
ABO 1653 399 17167 | 1 | .000 191 While high death rate may be a sign of poor prognosis or disease
Incompatibility .
Neonaal Infeciion -1 o R N R oY management. It may also depend on the severity of the symptoms and
Maternal Infection -20.874 | 6897417 | 000 1| 998 000 more likely on the socio-economic setup of the Faisalabad region. These
Maternal Health -19.973 | 6897417 | 000 1| 998 000 N : : . .
Censtant rer T esora T 0001 1T 1997 | 23133:c582058¢ findings empl"lasme on to the importance of an early detection of BA in
neonates for timely management of disease.
Step 5(a)

Gender ‘ -509 ‘ 388 ‘ 1719 ‘ 1 ‘.190‘ 601
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In summary, biliary atresia is defined based on available clinical data of
infant which was maintained during the time of morbidity follow-up
appointments till recovery. Case history including maternal health related
information of all the neonates who were referred based on severity of
neonatal jaundice for HIDA scan were recorded. Statistical analysis
elucidated the most important recognizable factors among several
commonly occurring risk features which may leads to misconception of
normal transition jaundice in neonates and cause delay in diagnosis of
biliary atresia. Therefore, study may prove helpful in identifying infants
that are suffering from neonatal jaundice and are more prone to biliary
atresia just from the glimpse of clinical data recorder initially. All these
measures may improve early and accurate detection of BA in neonates for
timely management of disease.
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