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Abstract

Aim of the study: Biliary atresia (BA) is a blockage in the tubes (ducts) that carry bile from the liver to the gall-
bladder. The aspartate aminotransferase to platelet ratio (APRI), and Fibrosis-4 (FIB-4) scores are commonly used
compound surrogates for advanced fibrosis. However, the use of APRI and FIB-4 entails a risk of overestimating
the fibrosis stage due to the impact of necroinflammatory activity on transaminases. So, we determined the opti-
mal cutoff values of the APRI and FIB-4 indices in prediction of fibrosis in BA patients. The aim of the study was
to evaluate the validity of the APRI and FIB-4 indices in prediction of fibrosis in patients with BA.

Material and methods: A cross sectional hospital-based study was conducted on 121 children complaining
of BA attending the National Liver Institute, Menoufia University, Shebin Elkom, Menoufia, Egypt, during
the period from January 2022 to February 2023.

Results: The APRI score was significantly higher among neglected BA than BA type Il a, BA type IlI, type II b
and type | (p = 0.001). Also FIB-4 was significantly higher among neglected BA than BA type Il a, BA type Il b,
type 1l and type | (p = 0.001). Receiver operating characteristic (ROC) curve analysis showed that the cutoff point
of the APRI score in prediction of fibrosis in patients with BA was 1.29, with sensitivity of 88.6% and specificity
of 76.0%, while the cutoff point of FIB-4 in prediction of fibrosis in patients with BA was 9.82 with sensitivity
of 89.0% and specificity of 70.0%.

Conclusions: Our study confirms that FIB-4 and APRI scores are both able to predict severe fibrosis. APRI score
and FIB-4 are good non-invasive alternatives to liver biopsy in the detection of liver fibrosis and its extent
in patients with BA.
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Introduction for a child’s health with rapid progression to end-stage
cirrhosis if not treated in a timely fashion [1, 2]. Bili-

Biliary atresia (BA), a multifaceted liver disease of  ary atresia results from an inflammatory and fibrosing
complex pathogenesis, has devastating consequences  obstruction of extrahepatic bile ducts [3]. Along with
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the general term ‘neonatal hepatitis, BA is a leading
cause of neonatal cholestasis; as a single disease, BA is
the number one indication for pediatric liver trans-
plantation worldwide [4, 5].

By the time of diagnosis, extrahepatic bile ducts
are completely obstructed [4]. At the tissue level, seg-
mental or wholesale loss of the epithelial lining of ex-
trahepatic bile ducts exists, with extensive fibrosis and
occasional foci of inflammation [2]. By contrast, intra-
hepatic bile ducts are typically hyperplastic, embedded
in portal tracts that contain variable inflammation and
fibrosis, and are surrounded by lobules with features
of cholestasis and variable degrees of giant multinucle-
ated hepatocytes [6, 7].

Biliary atresia is classified on anatomical bases, re-
ferring to the level and severity of the obstruction [8].
The more commonly used Japanese and Anglo-Saxon
classification describes 3 main types [7]. In type I, atre-
sia is limited to the common bile duct, and the gall-
bladder and hepatic ducts are patent (i.e., “distal” BA)
[9]. In type II, atresia affects the hepatic duct, but the
proximal intrahepatic ducts are patent (i.e., “proximal”
BA) [10].

Type Il is sub-grouped into type II a, where a patent
gallbladder and patent common bile duct are present
(sometimes with a cyst in the hilum, i.e., “cystic BA”),
and type II b, where the gallbladder, the cystic duct
and the common bile duct are also obliterated [11].
In type III, there is discontinuity of not only the right
and left intrahepatic hepatic ducts, but also of the en-
tire extrahepatic biliary tree (i.e., “complete” BA) [12].

The French classification is similar, but the designa-
tion of the above types Il a and II b as types 2 and 3
results in a total of four types [10].

Despite the Kasai portoenterostomy which is per-
formed at the time of diagnosis, BA usually leads to
biliary cirrhosis and is the most common indication
for pediatric liver transplantation [13]. There are vari-
ous methods of diagnosis of fibrosis of the liver such as
FibroScan, APRI index and FIB-4 [14].

Some blood markers have been proposed as pre-
dictors of hepatic fibrosis in liver diseases, including
albumin, hyaluronic acid, aspartate aminotransferase
(AST) to platelet ratio (APRI), AST to alanine amino-
transferase ratio (AAR), Fibrosis-4 (FIB-4) index, and
blood platelet count [15]. The immediate benefit of
using non-invasive markers of fibrosis is avoiding the
need for liver biopsy and possibly other more expen-
sive procedures [16].

Liver biopsy has long been considered the gold
standard for the assessment of liver fibrosis [17], but
nowadays it has been almost entirely replaced by non-
invasive methods that measure liver stiffness (LS), such

as biochemical markers and scoring systems, such as
the APRI score and FIB-4 scores [18]. The main advan-
tage of biochemical noninvasive scores in evaluating
liver fibrosis is that they are generally available at a low
cost and are very simple to use. APRI and FIB-4 scores
have been proved quite reliable for assessing liver fibro-
sis [19].

The aim of this study was to evaluate the validity
of APRI and FIB-4 indices in prediction of fibrosis in
patients with BA.

Material and methods

This was a cross sectional hospital-based study
which was conducted on 121 children complaining of
BA attending the National Liver Institute, Menoufia
University, Shebin El Kom, Menoufia, Egypt, during
the period from January 2022 to February 2023. All
studied pediatric patients were divided into five
groups: BA type I (n = 19), type Il a (n = 2), type II b
(n =45), type I1II (n = 15) and neglected BA (n = 40).

Patients with BA had scores when they were diag-
nosed. Infants with BA and those without BA can be
distinguished with accuracy using this scoring meth-
od. The intraoperative cholangiogram added further
confirmation to the diagnosis [20].

Histopathological evaluation

All the liver wedge biopsies were processed, and for-
malin-fixed, paraffin-embedded (FFPE) tissue blocks
were prepared (Fig. 1). Then 4-pum-thick hematoxy-
lin and eosin (H and E) stained slides were obtained
and stained with mason trichrome stain. All cases
were histologically evaluated. Degree of liver fibrosis
was determined by the Lee and Looi score, which was
considered perfect for cases with obstructive jaundice
and BA patients [21]. Fibrosis should be staged as:
1 - no bridging and fibrosis is limited to portal tract,
2 — porto-portal bridging less than 50%, 3 — porto-portal
bridging more than 50%, and 4 - developing cirrhosis.

Ethics approval and consent to participate

Following a succinct and clear explanation of the
study’s objectives, the participant’s legal guardian gave
signed informed consent. All procedures were carried
out in line with the 1964 Declaration of Helsinki and
its later amendments or comparable ethical standards,
as well as the ethical requirements of the institutional
and/or national research committee. The study plan
was approved by the local ethical scientific committee
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Assessed for eligibility (N = 142)

Excluded (n = 21)

| Enrollment | | Not meeting inclusion criteria (n = 10)
™| Declined to participate (n = 11)
Other reasons (n = 0)
| Allocati | Randomized (n = 121)
ocation Patients diagnosed with biliary atresia (BA)
Y Y Y Y
Type | (n=19) | | Typella(n=2) | | Type Il b (n = 45) | | Type Il (n = 15) | | Neglected BA (n = 40)
Y Y Y Y \ 4
Degree of fibrosis Degree of fibrosis Degree of fibrosis Degree of fibrosis Degree of fibrosis
- Fibrous expansion of most - Fibrous expansion of most - Fibrous expansion of most - Fibrous expansion of most - Fibrous expansion of most

portal tracts (n = 8)
~ Absent or fibrous expansion
of some portal tracts (n = 2)
- Focal porto-portal bridging
(n=1)

- Marked bridging (n = 2)

portal tracts (n = 2)

- Absent or fibrous expansion
of some portal tracts (n = 0)

- Focal porto-portal bridging
(n=0)

- Marked bridging (n = 0)

portal tracts (n = 18)

- Absent or fibrous expansion
of some portal tracts (n = 16)

- Focal porto-portal bridging
(n=11)

- Marked bridging (n = 0)

portal tracts (n = 26)

- Absent or fibrous expansion
of some portal tracts (n = 14)

- Focal porto-portal bridging
(n=0)

- Marked bridging (n = 0)

portal tracts (n = 4)

- Absent or fibrous expansion
of some portal tracts (n = 1)

- Focal porto-portal bridging
(n=10)

- Marked bridging (n = 0)

Fig. 1. Flowchart of patients with biliary atresia

of the Menoufia Faculty of Medicine (NLI IRB proto-
col approval number: 00436/2023).

Patients’ inclusion and exclusion criteria

All patients were identified using the inclusion and
exclusion criteria. Patients who were simultaneously
afflicted with heart disease, acute febrile illness, or skin
rash were excluded from the study due to their possi-
ble impact on the final AST and platelet results. On the
other hand, we excluded any case with post-Kasai (suc-
cessful or failed) or other causes of neonatal cholestasis
other than BA, and also any case of neonatal cholesta-
sis other than BA, for example galactosemia, progres-
sive familial intrahepatic cholestasis, tyrosinemia, in-
spissated bile syndrome and any neonatal cholestasis
caused by sepsis or congenital infection.

Data obtained for all the studied pediatric
patients

Clinical (age and sex), family history of similar
conditions, laboratory data and ultrasonographic
data were obtained from the medical records. Labo-
ratory investigations included complete blood count
(CBC) comprising hemoglobin (Hb), white blood cells
(WBGCs), platelets (PLT), international normalized
ratio (INR), total protein by Sysmex Xp 300 (Sysmex
Company, Germany), serum bilirubin (total and direct)

and serum albumin analyzed by Cobas 111 analyzer,
and kidney function tests (serum urea and creatinine)
by CX9 Beckman coulter auto analysis. Also, APRI
and FIB-4 indices we calculated for all children under
study.

Anesthesia protocol

Infants were fasting according to type of food be-
fore surgery (2 hours for clear fluids, 4 hours for breast
milk and 6 hours for milk formula).

Induction of general anesthesia was by inhalation
of 80% oxygen/air with sevoflurane rapid induction
technique. The anesthesia depth is clinically adjusted
according to monitoring. An intra-venous cannula
was inserted and fentanyl (1 pg/kg) and rocuronium
(0.9 mg/kg) administered to facilitate tracheal intuba-
tion with an appropriately sized tracheal tube for each
infant. Maintenance with a mixture of 50% oxygen/
air and sevoflurane (1 MAC by gas analysis; end tidal
concentration). Pressure regulated volume controlled
(PRVC) was the mode chosen for all cases. Standard
anesthesia monitors established end tidal CO, between
25-35 mmHg (GE Datex Ohmeda S/5 Anesthetic 2 De-
livery unit system, Arizant, USA). After induction of
anesthesia, a 4 F central venous catheter (AMECATH,
10" of Ramadan City, Egypt) single lumen central ve-
nous catheter was deployed via the right internal jugu-
lar vein by ultrasound.
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Fluid maintenance and hemodynamic
monitoring

The studied infants were monitored using non-
invasive ICON cardiometry (OSYPKA medical).
The infant’s data (age, weight, and height) had to be
registered. An infusion of Ringer’s acetate solution
was administered intraoperatively at a constant rate
(6 ml/kg/h) via an infusion pump to cover the fluid
deficit and basal fluid requirements.

Surgical procedure

We entered the abdomen through a small right
hypochondrial skin incision. The abdomen is grossly
inspected for any associated anomalies such as pre-duo-
denal portal vein or bowel malrotation. Usually, the liver
appears cholestatic or fibrotic with absent or atretic gall-
bladder; but sometimes in type II BA there is a normal
gallbladder or hilar cyst. For confirmation of diagnosis
of BA, an intraoperative cholangiogram is routinely per-
formed through the gall bladder. Absence of any biliary
system can be seen in classic type III BA, while in type II
we can see the dye in the gallbladder and common bile
duct, but no dye reaches the liver. With confirmation of
BA, we start mobilization of the liver for better access of
the porta hepatis through the wound. The gallbladder
remnant is dissected with the fibrotic parts of the com-
mon hepatic duct and common bile duct until we reach
the fibrous mass at the porta hepatis between the bifur-
cation of portal vein, which is cut using a knife or sharp
scissors and sent for histopathology. The Kasai portoen-
terostomy anastomosis is done between the hilum of the
liver and 40-50 cm Roux-en-Y retrocolic jejunal loop,
hoping for biliary drainage from small ductules in the
porta hepatis. In some cases of BA type II, we do cho-
lecysto-porto-enterostomy between the gallbladder and
porta hepatis. At the end of surgery a wedge liver biopsy
is taken for histopathology.

Calculation of APRI and FIB-4 indices

Complete venous blood samples were taken from
every participant, including PLT, and routine blood
tests were analyzed. The following liver biochemistry
parameters were determined: aspartate aminotransfer-
ase (AST), alanine aminotransferase (ALT), y-glutam-
yl transferase (GGT), total cholesterol, AST to platelet
ratio index. The APRI and FIB-4 were obtained by the
following formulas [9].

)
Flpd = Age (year) x AST | . 00
PLT (10%/1)) VAT (T)

Outcomes of the study:

o calculation of both APRI and FIB-4 indices in fibro-
sis among patients with BA,

« assessment of the relation between APRI and FIB-4
indices and severity of fibrosis among children with
BA,

o assessment of the relation between APRI and FIB-4
indices and biopsy findings,

« assessment of the relation between APRI and FIB-4
indices and diagnosis of BA.

« assessment of the relation between APRI and FIB-4
indices and mortality among children with BA,

« validity of APRI and FIB-4 indices in prediction of
fibrosis in patients with BA.

Sample size estimation

Sample size was calculated using PASS 11.0 and
based on a past review of the literature by Grieve et al.
[22], who concluded that APRI is a useful adjunct in
evaluating the severity of liver disease in BA at presen-
tation. Sample size was calculated using the following
equation: n — (X2 x P x Q)/D2 at CT 95%. Assuming
= 0.05 (standard value of 1.96), we calculated that we
would need 121 children with BA to achieve a power
of 80% (0.8).

Statistical analysis

Data were analyzed using IBM SPSS software pack-
age version 20.0 (Armonk, NY, IBM Corp.). The Kolm-
ogorov-Smirnov test was used to verify the normality
of the distribution of variables. Comparisons between
groups for categorical variables were assessed using
the chi-square test (Fisher’s exact test) and continu-
ous variables were compared using Student’s ¢-test or
the Mann-Whitney (#) test. One-way ANOVA (F) used
to collectively indicate the presence of any significant
difference between several groups for a normally dis-
tributed quantitative variable. Receiver operating char-
acteristic (ROC) analysis of APRI and FIB-4 indices
was performed for prediction of fibrosis in patients
with BA. The significance of the obtained results was
judged at the 5% level.

m Results
apri= [T of ast (Y))pLT (1041 ¢ 100 o _
ULN I A flowchart of the study population is shown in
Figure 1. Of the 142 patients with BA at the National
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Table 1. Demographic and clinical data among the studied groups (N = 121)

Parameter Biliary atresia Neglected BA e P-value
type | typella typellb type Il (n=40)
(n=19) (n=2) (n = 45) (n=15)

Age (days)
Mean £SD 75.32 £13.30 62.00 +0.00 76.53 £10.91 75.82 +61.08 150.20 £66.98  F=165  0.277
Range 3892 62-62 52-94 25-360 65-360

Gender n % n % n % n % n % 4.236 0.375
Male 6 3158 1 50.00 25 55.56 5 3333 18 45.00
Female 13 68.42 1 50.00 20 44.44 10 66.67 22 55.00

Onset of jaundice
1% week 16 8423 2 10000 44 97.78 15 100.00 40 100.00 1.170 0.111
2" week 1 5.27 0 00.00 0 00.00 0 00.00 0 00.00
30 days 2 1052 0 00.00 0 00.00 00.00 00.00
35 days 0 0000 O 00.00 1 2.22 0 00.00 00.00

Hepatomegaly 3.435 0.488
Hepatomegaly 19 10000 2 10000 44 97.78 14 93.33 40 100.00
Average 0 0 0 0 1 2.22 1 6.67 0 0

Splenomegaly
Average 18 9473 2 10000 36 80.00 14 93.33 7 17.50 56.802 < 0.001*
Splenomegaly 1 5.27 0 0 9 20.00 1 6.67 33 82.50

*Significant

Liver Institute, Menoufia University, 21 patients were
excluded from the study (11 patients declined consent
and 10 patients did not meet the inclusion criteria, and
121 patients were willing to participate in the study
and were divided into five groups: BA type I (n = 19),
type Il a (n=2), type Il b (n =45), type III (n = 15) and
neglected BA (n = 40) (Fig. 1).

There were no significant differences among BA
type I, type Il a, type II b, type I1I and neglected BA re-
garding age, gender and onset of jaundice and hepato-
megaly (p > 0.05), while splenomegaly was the most
common among BA type I, type II a, type II b and
type III. Also, splenomegaly was the most common
among neglected BA, with a significant difference
(p <0.001) (Table 1).

Additionally, no significant differences were found
among BA type I, type II a, type II b, type III and ne-
glected BA regarding total bilirubin, direct bilirubin,
GGT and ultrasonogram of spleen (p > 0.05), while
alkaline phosphatase (ALKP) was significantly higher
among neglected BA than BA type I, BA type III, type
II b and type II a (p = 0.002). Also, APRI score was
significantly higher among neglected BA than BA type
IT a, BA type III, type II b and type I (p = 0.001). In ad-
dition, FIB-4 was significantly higher among neglected
BA than BA type II a, BA type II b, type III and type I

(p = 0.001), while US of liver was significantly high-
er among neglected BA than BA type I, BA type II a,
type I b and type III (p = 0.002) (Table 2).

There were no significant differences among BA
type L, type Il a, type IT b, type IIT and neglected BA re-
garding bile duct proliferation, bile plugs, portal fibro-
sis, giant cell hepatitis and rosetting (p > 0.05), while
degree of fibrosis showed a significant relation among
the studied groups (p < 0.001). Also, fibrous expansion
of most portal tracts was the most common in BA typeI
(42.11%), type IT1a (100%), type ITb (40%) and neglect-
ed BA (65%). Moreover, focal porto-portal bridging
was the most common in type III (66.67%) (Table 3).

There was no significant difference among the stud-
ied groups regarding total bilirubin, direct bilirubin,
ALKP, GGT US of liver and US of spleen (p > 0.05)
(Table 4). Rosetting was most common in BA type II
a (100%), type I (73.68%), type III and type II b (40%)
with a significant difference (p = 0.039). Degree of fibro-
sis was significantly related with the studied groups
(p = 0.009). Fibrous expansion of most portal tracts
was the most common in BA type II a (100%), type I
(42.11%) and type II b (40%). Focal porto-portal
bridging was the most common in type III (66.67%),
while there were no significant differences among the
studied groups regarding bile duct proliferation, bile
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Table 2. Laboratory and radiological investigation among the studied groups (N = 121)

Parameter Biliary atresia Neglected BA KW  P-value
type | typella typellb type Il (n=40)
(n=19) (n=2) (n = 45) (n=15)

Total bilirubin
Mean £SD 11.31 £2.67 9.35 £0.21 10.80 +4.59 9.46 +2.93 12.43 £5.90 1371 0248
Range 6.10-16.20 9.20-9.50 5-29 5.90-15.40 6-39

Direct bilirubin
Mean +SD 7.69 +1.82 6.30 £0.57 7.65 £3.16 6.80 £1.68 8.94 +4.94 1353 055
Range 411 5.90-6.70 3-21 3.80-10.20 4-31

ALKP
Mean £SD 608.68 £+260.30  278.00 £111.72  510.76 +264.11 514.07 £245.02  770.15 +411.31 4514 0.002*
Range 133-996 199-357 200-1672 236.00-894 220-2080

GGT
Mean £SD 843.53 £397.26  754.00 £306.88  1032.33 £729.84  845.13 £+421.41  810.45 £744.48 077 0578
Range 167-1720 537971 196-3540 281-1658 73-3110

APRI score
Mean +SD 1.11 £0.55 2.48 +0.08 1.44 +£1.06 1.35 £0.62 3.48 £3.97
Range 0.38-2.23 2.43-2.54 0.40-4.34 0.42-2.53 0.45-18.78 5251 0.001*
Median 1.20(0.98) 2.48 (1.03) 0.82(0.98) 1.19(0.95) 2.01(2.37)

FIB-4
Mean +SD 8.21 +4.13 13.40 +1.34 11.77 £16.09 10.44 +6.27 48.73 £54.46
Range 1.84-15.02 12.45-14.35 2.78-89.30 1.70-23.99 5.66-221.80 8.806 <0.001*
Median 7.53(1.73) 13.40 (2.67) 5.47 (2.99) 8.41(7.24) 24.45 (40.09)

Us of liver
Mean +SD 8.25 £1.06 7.40 £0.85 8.48 £1.01 8.23 137 9.30 +£1.40 166 0002¢
Range 6.40-11.00 6.80-8.00 6.00-11.00 6.00-12.00 7.00-2.00

US of spleen
Mean +SD 5.80 +0.85 5.75 +0.35 2407 £116.16 6.54 £1.41 8.10 £1.37 039 0813
Range 4.30-7.50 5.50-6.00 4.00-777.00 4.00-9.50 5.00-11.00

*Significant, ALKP - alkaline phosphatase, GGT - y-glutamy! transferase, APRI - aspartate aminotransferase (AST)-to-platelet ratio index, FIB-4 - Fibrosis-4, US - ultrasound

plugs, portal fibrosis and giant cell hepatitis (p > 0.05)
(Table 5).

The APRI and FIB-4 were significantly related to
the diagnosis of BA where APRI score and FIB-4 were
higher in type II a than type II b (Table 6). Accord-
ing to the outcome, APRI score was higher in failed
than successful (Table 7), while FIB-4 was higher in
successful than failed, with no significant difference
(Table 8). There was a significant relation for APRI
score and FIB-4 according to bile plugs. Where pres-
ent, bile plugs were associated with a significantly
higher APRI score and FIB-4 than in the case of absent
bile plugs, while there was no significant relation re-
garding other biopsy findings (Table 9).

ROC curve analysis showed that the cutoff point of
APRI score in prediction of fibrosis in patients with
BA was 1.29, with sensitivity of 88.6% and specifici-
ty of 76.0% at AUC of 0.650, while the cutoff point of
FIB-4 in prediction of fibrosis in patients with BA was
9.82 with sensitivity of 89.0% and specificity of 70.0%
at AUC of 0.651 (Table 10, Fig. 2).

Discussion

Biliary atresia is a severe cholestatic disease of in-
fancy causing neonatal jaundice and is characterized
by fibrous obliteration of the biliary tree [23]. Various
etiologic mechanisms for BA have been postulated.
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Table 3. Biopsy finding among the studied groups (N = 121)

Parameter Biliary atresia Neglected BA x*  P-value
Typel Type lla Typell b Type (n=40)
(n=19) (n=2) (n=45) (n=15)
Bile duct n % n % n % n % n %
proliferation
Absent 1 5.57 0 00.00 12 26.67 1 6.67 4 1000 322 0.084
Present 18 94.73 2 100.0 33 37.33 14 93.33 36 90.00
Bile plugs
Absent 1 5.57 0 00.00 2 4.44 0 00.00 0 0000 277  0.596
Present 18 94.73 2 100.0 43 95.56 15 100.0 40 100.0
Portal fibrosis
Present 19 100.0 2 100.0 45 100.0 15 100.0 40 100.0 - -
Giant cell hepatitis
Absent 16 84.21 2 100.0 40 88.89 9 60.00 34 85.00 741 0115
Present 3 15.79 0 00.00 5 1.1 6 40.00 6 15.00
Rosetting
Absent 5 26.32 0 00.00 27 60.00 6 40.00 15 375 944 0.051
Present 14 73.68 2 100.0 18 40.00 9 60.00 25 62.5
Degree of fibrosis
Fibrous < 50% 8 42.11 2 100.0 18 40.00 4 26.67 26 65.00
Absent or 2 10.53 0 00.00 16 35.00 1 6.67 14 3500  46.85 <0.001*
minimal fibrous
expansion
Fibrous > 50% 7 36.48 0 00.00 11 24.44 10 66.67 0 00.00
(Focal porto-
portal bridging)
Marked 2 10.53 0 00.00 0 00.00 0 00.00 0 00.00
bridging
(cirrhosis)
*Significant

However, the exact cause of BA remains unknown
[24]. Early management of the underlying etiology can
postpone and even limit the progression of fibrosis;
however, it cannot always prevent continuation to cir-
rhosis. Currently, liver biopsy is the gold standard for
evaluation of the severity of liver fibrosis and cirrhosis
[25]. For the proper diagnosis and treatment of chron-
ic hepatic disorders, the application of non-invasive
procedures and avoidance of several liver samplings
as much as possible are essential [26]. Serological tests
such as the APRI and FIB-4 score have been used as
less-invasive alternatives to liver biopsy for monitor-
ing liver function in various chronic liver diseases [27,
28]. So, this study aimed to evaluate the validity of the
APRI Index and FIB-4 Index in prediction of fibrosis
in patients with BA.

The current study showed that APRI score was sig-
nificantly higher among neglected BA than BA type Il a,

BA type III, type II b and type I. In this regard, in
a study by Kim et al. [29], in which 35 patients with
BA were enrolled, clinical outcomes of patients were
significantly different between cirrhotic and non-cir-
rhotic groups based on APRI. Therefore, they consid-
ered APRI as a useful tool for assessing liver fibrosis
without additional risks in patients with BA during
postoperative follow-up care. In a large study in Chi-
na performed by Yang et al. [30], medical records of
153 infants with BA were reviewed and the efficacy
of APRI for diagnosis of liver fibrosis was assessed.
In their study, the mean APRI value was 0.76 in the
no/mild fibrosis group, 1.29 in the significant fibrosis
group (F2-F3), and 2.51 in the cirrhosis group (F4).
Also, Imanzadeh et al. [31] reported that higher APRI
levels were seen in patients with significant fibrosis and
the cirrhotic group. Furthermore, other variables such
as gestational age, birth weight, positive C reactive
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Table 4. Laboratory and imaging investigations among the studied groups (N = 81)

Parameter Diagnosis Kw P-value
Biliary atresia
Type | Typella Type Il b Type Il
(n=19) (n=2) (n = 45) (n=15)

Total bilirubin
Mean +SD 1131 £2.67 9.35 +0.21 10.80 £4.59 9.46 +2.93 0.736 0.534
Range 6.10-16.20 9.20-9.50 5.00-29.00 5.90-15.40

Direct bilirubin
Mean +SD 7.69 +1.82 6.30 +£0.57 7.6543.16 6.80 +1.68 0.566 0.639
Range 4.00-11.00 5.90-6.70 3.00-21.00 3.80-10.20

ALKP
Mean +SD 608.68 +260.30 278.00 £111.72 510.76 +264.11 514.07 £245.02 1323 0.273
Range 133.00-996.00 199.00-357.00 200.00-1672.00 236.00-894.00

GGT
Mean +SD 843.53 +397.26 754.00 +£306.88 1032.33 £729.84 845.13 +421.41 0.677 0.569
Range 167.00-1720.00 537.00-971.00 196.00-3540.00 281.00-1658.00

US of liver
Mean +SD 8.25+1.06 7.40 +£0.85 8.48 +1.01 8.23 +1.37 0.818 0.488
Range 6.40-11.00 6.80-8.00 6.00-11.00 6.00-12.00

US of spleen
Mean +SD 5.80 £0.85 5.75 £0.35 24.07 £116.16 6.54 +1.41 0.279 0.840
Range 4.30-7.50 5.50-6.00 4.00-777.00 4.00-9.50

ALKP - alkaline phosphatase, GGT ~y-glutamyl transferase

protein (CRP), the need for respiratory support, liver
biopsy categorizations, HIDA scans, and cholangiog-
raphy (based on patency of the bile duct) were all asso-
ciated with the final diagnosis. Additionally, Chrysan-
thos et al. [32] found that when using the APRI alone,
the stage of fibrosis is incorrectly classified in 40-65%
of patients. The diagnostic accuracy of APRI was im-
proved in a study by Lok et al. (33), after incorporation
of ALT and the international normalized ratio (INR).
Furthermore, the APRI was also found to be of high
diagnostic accuracy in assessing the progression of
fibrosis in post-liver transplant patients [34].

The present study showed that hepatomegaly was
significantly increased among neglected BA than BA
typel, BA type Il a, type Il b and type III. A recent study
by Hwang et al. [35] reported that, although their data
showed high AUC:s for serologic markers in determin-
ing liver fibrosis, US elastography is likely to have more
clinical benefits than serologic markers because it can
provide additional anatomical information, measure
hepatic fibrosis, and directly visualize hepatic compli-
cations such as ascites, portosystemic collateral vessels,
and (rarely) hepatocellular carcinoma.

In the present study, the degree of fibrosis was sig-
nificantly related to the studied groups. Fibrous expan-
sion of most portal tracts was the most common in BA
type II a (100%), type I (42.11%) and type II b (40%).
Focal porto-portal bridging was the most common in
type III (66.67%). However, there were no significant
differences among the studied groups regarding bile
duct proliferation. In a study by El-Araby et al. [36]
different grades of liver fibrosis were observed in all
cases in the early stages of BA (59 £12 days). Fibrosis
progressed after a short duration (5-31 days, median:
14 days) to significantly higher grades. They also con-
cluded that a high grade of fibrosis is a feature of BA.
Interestingly, fibrosis progression was not correlated
with the age of the infant or with the interval between
the two biopsies. Thus, fibrosis progression in BA is not
related to time alone. Unique factors could drive this
rapid progression that could even lead to a more ad-
vanced grade of fibrosis in a younger infant when com-
pared with that in an older infant. Also, Kim et al. [29]
reported that in BA, liver fibrosis may progress rapidly
and even cirrhosis may ensue at as early as 2 months
of age. Rastogi et al. [37] and Russo et al. [38] also re-
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Table 5. Biopsy finding among the studied groups (N = 81)

Parameter Diagnosis x>  P-value
Biliary atresia
Typel Typella Type Il b Type Il
(n=19) (n=2) (n = 45) (n=15)
n % n % n % n %
Bile duct proliferation
Absent 1 5.26 0 0.00 12 26.67 1 6.67
6.292  0.098
Present 18 94.74 2 100 33 73.33 14 93.33
Bile plugs
Absent 1 5.26 0 0.00 2 4.44 0 0.00
0.853  0.837
Present 18 94.74 2 100 43 95.56 15 100
Portal fibrosis
Absent 0 0.00 0 0.00 0 0.00 0
Present 19 100 2 100 45 100 15 100
Giant cell hepatitis
Absent 16 84.21 2 100 40 88.89 9 60.00
7.061  0.070
Present 3 15.79 0 0.00 5 1.1 6 40.00
Rosetting
Absent 5 26.32 0 0.00 27 60.00 6 60.00
8.386  0.039*
Present 14 73.68 2 100 18 40.00 9 40.00
Degree of fibrosis
Fibrous < 50% 8 4211 2 100 18 40.00 4 26.67
Absent or minimal fibrous expansion 2 10.53 0.00 16 35.56 1 6.67
Fibrous > 50% (focal porto-portal 7 36.84 0 0.00 11 24.44 10 66.67  21.999  0.009*
bridging)
Marked bridging (cirrhosis) 2 10.53 0 0.00 0 0.00 0 0.00
*Significant
Table 6. APRI score and FIB-4 in relation to the diagnosis of biliary atresia (N = 81)
Parameter Diagnosis KW P-value
Biliary atresia
Typell Typella Type Il b Type Il
(n=19) (n=2) (n = 45) (n=15)
APRI score
Mean £SD 1.11 £0.55 2.48 £0.08 1.44 £1.06 1.35 £0.62 3.700 0.047*
Range 0.38-2.23 2.43-2.54 0.40-4.34 0.42-2.53
Median (IQR) 1.20 (0.98) 2.48 (1.03) 0.82 (0.98) 1.19(0.95)
FIB-4
Mean +SD 8.21 +4.13 13.40 £1.34 11.77 £16.09 10.44 £6.27 5.386 0.036*
Range 1.84-15.02 12.45-14.35 2.78-89.30 1.70-23.99
Median (IQR) 7.53(1.73) 13.40 (2.67) 5.47(2.99) 8.41(7.24)

*Significant, APRI - aspartate aminotransferase (AST)-to-platelet ratio index, FIB-4 - Fibrosis-4

ported high grades of fibrosis in the early stage of BA.
Kandil et al. [39] found that more than 50% (53.1%)

of BA cases showed marked portal fibrosis compared
with 3.4% in the non-BA group, with a highly statis-
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Table 7. Biopsy finding in relations to outcome (N = 81)

Parameter Outcome x2 P-value
Successful Failed
(n=29) (n=52)
n % n %
Bile duct proliferation
Absent 6 20.69 8 15.38 0.366 0.545
Present 23 7931 44 84.62
Bile plugs
Absent 0 0.00 3 5.77 1.737 0.187
Present 29 100.00 49 94.23
Portal fibrosis
Present 29 100.00 52 100.00 0.00 -
Giant cell hepatitis
Absent 27 93.10 12 76.92
Present 2 6.90 40 23.08 3.409 0.065
Rosetting
Absent 11 37.93 27 51.92 1.464 0.226
Present 18 62.075 25 48.08
Degree of fibrosis
Fibrous < 50% 7 24.14 25 48.08 12.774 0.005*
Absent or minimal fibrous expansion 13 44.83 6 11.54
Fibrous > 50% (focal porto-portal bridging) 9 31.03 19 36.54
Marked bridging (cirrhosis) 0.00 2 3.85
*Significant
Table 8. APRI score and FIB-4 in relation to outcome (N = 81)
Parameter Outcome u P- 95% CI
Successful (n = 29) Failed (n = 52) value Lower Upper
APRI score
Mean £SD 1.22 £0.70 1.46 £0.99 1.224 0.225 -0.15 0.61
FIB-4
Mean £SD 12.37 £19.37 9.81 £5.96 0.692 0.494 -10.08 497

APRI - aspartate aminotransferase (AST)-to-platelet ratio index, FIB-4 - Fibrosis-4

tically significant difference between the two groups.
This result is similar to that of Rashed et al. [40], who
found that 55.2% of BA cases showed bridging fibrosis.
Moreover, Rastogi et al. [37] found that portal fibrosis
was significantly more frequent in BA compared with
other groups. Regarding bile duct proliferation, in
a study by El-Araby et al. [36] they observed a signif-
icant temporal increase in bile ductular proliferation
(BDP), cellular infiltrate, and fibrosis within a short
time interval (5-31 days) in the univariate analysis.
Fibrosis and BDP increased by more than 60%. How-
ever, in the multivariate regression analysis, BDP was

the only histopathological finding that showed a sig-
nificant temporal increase. They also found that BDP
was the only independent factor showing a temporal
histopathological increase in BA cases within a short
time interval, which puts this histopathological feature
in the scope of interest in this devastating disease.

The current study showed that APRI score and FIB-4
were significantly related to the diagnosis of BA where
APRI score and FIB-4 were higher in type II a than
type II b. In agreement with our study, Hwang et al.
[35] noted that both the FIB-4 score and APRI pos-
itively correlated with progressing clinical categories
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Table 9. Biopsy finding in relation to APRI score and FIB-4 (N =

81)

Parameter APRI score FIB-4
Mean £SD P-value Mean £SD P-value
Bile duct proliferation
Absent 1.80 +1.44 0.211 15.71 £21.96 0331
Present 1.28 £0.72 9.69 £9.34
Bile plugs
Absent 0.48 £0.14 <0.001* 3.96 +0.47 < 0.001*
Present 1.41 £0.90 10.99 +12.64
Portal fibrosis
Present 1.37 £0.90 - 10.73 £12.47 -
Giant cell hepatitis
Absent 1.39 £0.93 0.691 11.07 +13.46 0.384
Present 1.29 £0.77 9.09 £5.75
Rosetting
Absent 1.48 £0.97 0311 9.75 £5.97 0.490
Present 1.28 +0.82 11.59 £16.22
Degree of fibrosis
Fibrous expansion of most portal tracts 1.71 £1.09 0.055 10.98 £5.76 0.485
Absent or fibrous expansion of some portal tracts 1.17 £0.78 14.07 £23.92
Focal porto-portal bridging 1.15+0.59 8.26 +4.98
Marked bridging 1.01 £0.89 9.5517.73
*Significant
Table 10. Validity of APRI Index and FIB-4 Index in prediction of fibrosis in patients with biliary atresia
Test result AuC Std. Sig. Asymptotic 95% Cl Accuracy
Variable(s) el Sensitivity Spedficity Cutoffvalue Lower Bound  Upper Bound %
APRI score 0.650 0.065 0.023 88.6% 76.0% 1.29 0.523 0.777 84
FIB-4 0.651 0.063 0.022 89.0% 70.0% 9.82 0.527 0.775 86
1.0
and showed good to excellent performances for dis-
tinguishing between different clinical categories in the
present study. Also, Elhenawy et al. [41] stated that 087
APRI and FIB-4 were significantly correlated with
fibrosis in BA and were significantly higher in those
with advanced fibrosis (Russo F4 and F5), and they stat- z 067
ed that these non-invasive serological markers, which 1‘%
are derived from simple routine laboratory tests, may A 04l
be of help in predicting advanced fibrosis and in long-
term follow-up of infants with BA and minimize the Source of the curve
need for repeated follow-up liver biopsies. However, 0.2- — APRI score
previous reports indicate that the FIB-4 score is unreli- o E;:ence line
able for predicting liver fibrosis in BA and other pediat- 4
ric liver diseases [27, 42, 43]. The APRI has also shown 0,044 , , , ,
0.0 0.2 0.4 0.6 0.8 1.0

inconsistent efficacy when used for evaluating liver
fibrosis in children [27, 42, 43].

In this study ROC curve analysis showed that the
cutoff point of the APRI score in prediction of fibrosis

1-Specificity
Diagonal segments are produced by ties
Fig. 2. ROC analysis of APRI Index and FIB-4 Index for prediction of fibrosis
in patients with biliary atresia
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Fig. 3. Liver biopsy. A) A case of biliary atresia (BA) with moderate fibrosis with porto-portal bridging, portal tract showing edema and bile ductular proliferation
(H and E 40x; black arrow: intraluminal bile plug). B) A case of BA with moderate fibrosis with porto-portal bridging, portal tract showing edema and bile
ductular proliferation (H and E 100x; black arrow: intraluminal bile plug). C) Another case of BA with mild fibrosis limited to portal tract with short septa (Masson
Trichrome 40x). D) Another case of BA with moderate fibrosis with porto-portal bridging (Masson Trichrome 100x). E) A case of BA, wedge liver biopsy showing
marked fibrosis with incomplete cirrhotic nodule, portal tract showing edema and bile ductular proliferation (H and E 40x), and F) The previous case (Masson

Trichrome 40x)

in patients with BA was 1.29, with sensitivity of 88.6%
and specificity of 76.0% at area under curve (AUC) of
0.650. In a study conducted by Khosravi et al. [44], in
King’s College Hospital, UK, a total of 260 patients
with BA were evaluated. Their APRI correlated with
age, spleen size, and bilirubin. The cutoft value of APRI
in this study was about 1.22 and showed a sensitivity of
75% and a specificity of 84% for macroscopic cirrhosis.
Many conditions can affect the level of liver enzymes
and platelet counts [36]. Additionally, Yang et al. [30]
found that the sensitivity, specificity, and accuracy of
APRI in diagnosing liver cirrhosis in children with BA
when APRI > 1.66 are 70.6%, 82.7%, and 82.4%, re-
spectively. Moreover, in a meta-analysis that included
40 studies by Lin et al. [45], it was found that APRI
score > 1.0 had 76% sensitivity and 72% specificity for
predicting cirrhosis. Additionally, APRI scores > 0.7
had a 77% sensitivity and 72% specificity for predict-
ing significant hepatic fibrosis.

The current study showed that the cutoff point of
FIB-4 in prediction of fibrosis in patients with BA was
9.82 with sensitivity of 89.0% and specificity of 70.0%
at AUC of 0.651. In this regard, a study by Behairy et al.
[46] found that, regarding the performance of FIB-4,
the cutoff point to detect early fibrosis (F1-F2) was
> 0.019 with AUC 0.750, and to detect advanced fibro-

sis (F3-F4), it was > 0.045 with AUC 0.853. These re-
sults agree with Elhenawy et al. [41], who reported that
the AUC of FIB-4 was 0.0098 with AUC 0.644, 61.9%
sensitivity, and 61.9% specificity to discriminating ad-
vanced fibrosis. More evidence came from the study by
Pokorska-Spiewak et al. [47], where FIB-4 at a cutoff
point of 0.18, with AUC 0.708, 85.7% sensitivity, and
93.7% negative predictive value (NPV), helped in de-
tecting any stage of fibrosis; the cutoft point was 0.09
with AUC 0.586. On the other hand, Chen et al. [42]
reported that FIB-4 did not correlate with the fibrosis
stage. This may be due to the small number of patients
in that study (n = 24).

Conclusions

From our results, the cutoff point of APRI score in
prediction of fibrosis in patients with BA was 1.29, with
sensitivity of 88.6% and specificity of 76.0%, while the
cutoft point of FIB-4 was 9.82 with sensitivity of 89.0%
and specificity of 70.0% for prediction of fibrosis in
patients with BA. Our study confirms that FIB-4 and
APRI scores are both able to predict severe fibrosis.
APRI score and FIB-4 are good non-invasive alterna-
tives to liver biopsy in the detection of liver fibrosis and
its extent in patients with BA.
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Limitation of the study

Due to the small sample size in the current work,

large sample sizes in subsequent research in different
areas and different conditions will be required to sup-
port our findings.

Implications of the study
and recommendations

This study helps in diagnosis of fibrosis by nonin-

vasive procedures, so we may avoid liver biopsy in di-
agnosis of fibrosis later on.
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