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<ABSTRACT>

Color Doppler imaging of theliver in neonateswith biliary atresia

Mu Sook Lee

Department of Medicine

The Graduate School, Yonsei University

(Directed by Professor Myung-Joon Kim)

Purpose : To describe color Doppler flow imagingdings of the liver in
neonates with biliary atresia and to compare thettm thhose of non-biliary atresia

Methods and Materials : From March 2003uly 2007, from patients with
confirmed biliary atresia, we selected 29 patig¢hist24 days, 3-91 days) who were
preoperatively evaluated with color Doppler US. o performed color Doppler
US in 35 patients (4832 days, 3-150 days) with hyperbilirubinemia whd diot
have biliary atresia. In ultrasonography, we eatdd triangular cord sign, gall

bladder length, and diameter of the portal vein &émel hepatic artery. In color



Doppler imaging, we evaluated presence of hepaticapsular flow. Sensitivity,
specificity, and positive and negative predictivdues were calculated for the TC
sign in US and hepatic subcapsular flows in colapfer imaging. The Mann-
Whitney test was used to evaluate differencesémtbean diameters of the portal vein
and hepatic artery between patients with biliargsid and non-biliary atresia.

Results : In color Doppler images, all patientswitliary atresia demonstrated
hepatic subcapsular flow. Among the 35 patients witn-biliary atresia, 30 did not
have hepatic subcapsular flow (sensitivity 100%csfrity 85%, positive predictive
value 85%, negative predictive value 100%). Theas wo difference in portal vein
diameter between biliary atresia and non-biliargsia groups. However, there was a
statistically significant difference in hepaticeast diameter between the two groups
(2.10+0.65mm vs 1.45+0.41 mm< .05).

Conclusion : The presence of hepatic subcapsulaw fls useful to

differentiate biliary atresia from other cause ebnatal jaundice.

Key words : Color Doppler imaging, biliary atredipatic subcapsular flow



Color Doppler imaging of the liver in neonateswith biliary atresia

Mu Sook Lee
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The Graduate School, Yonsei University

(Directed by Professor Myung-Joon Kim)

I.INTRODUCTION

Unconjugated hyperbilirubinemia is a normal physjit¢ condition that occurs in
approximately 60% of normal full-term infants amd8i0% of pre-term infants.
However, onset of jaundice within the first 24 rwouf life, rate of rise of serum
bilirubin levels greater than 5mg/dL in 24 hoursedt bilirubin level greater than
1mg/dL at any time, or persistence or new onsgwidice in infants 2 weeks of age
or older may indicate pathology.

There are many causes of neonatal jaundice. Masdestatic conditions can be



classified as either obstructive or hepatocelluhaorigin. Obstructive cholestasis
results from anatomic or functional obstructionttoé biliary system. Biliary atresia
accounts for more than 90% of cases of obstrucativelestasis. Hepatocellular
cholestasis results from impairment of bile forroatiand implies defective
functioning of most or all hepatocytes. Idiopath&onatal hepatitis accounts for the
majority of hepatocellular cholestasis cases. \As=®ssing neonatal cholestasis, it is
important to differentiate obstructive from hepatbdar cholestasis because the
former requires surgical correction whereas thedatecessitates medical treatmient.
However, it is difficult to distinguish these disea because they share similar clinical
symptoms and biochemical and histological findings.

In these cases, high-resolution real-time ultragomghy (US) serves as the first-line
screening tool in discovering the cause of jaundice

The presence of a triangular cord (TC) sign anababal gall bladder (GB) in high-
resolution real-time US is widely accepted diagitositeria for biliary atresié.
However, the TC sign cannot be found in every patend it is largely dependent on
the operator’s technigues and experience. Furthesnitovould be difficult to
visualize if the infant has hepatic maldevelopnaarif the resolution of the ultrasonic
apparatus is podrPositive predictive value in the diagnosis ofasiji atresia is 100%
when a positive TGign is coupled with an abnormal gall bladter.

Histologically, biliary atresia is characterized fgrtal tract inflammation, a small



cell infiltrate, and bile duct plugging and protiéion. In later stages, bridging
fibrosis gives way to features of overt biliaryrbivsis® Interestingly, the hyperplastic
and hypertrophic changes in branches of the hepatcy were observed in patients
with biliary atresia. On US examination, the diameter of the hepatiergmvas larger
in patients with biliary atresia than in the nofidsy atresia and control groups.

To our knowledge, there were no reports about egabcapsular flow in biliary
atresia.

The purpose of our study is to describe color Depphaging findings of the liver
in neonates with biliary atresia and to comparamtheith those with non-biliary

atresia.



II. MATERIALSAND METHODS

From March 2003 to July 2007, from patients witmfooned biliary atresia, we
selected 29 patients (524 days, 3-91 days) who were preoperatively evatlatith
color Doppler US. The patients included 17 boys &Adgirls. We also performed
color Doppler US in 35 patients (#82 days, 3-150 days) with hyperbilirubinemia
who did not have biliary atresia. The patientsudeld 26 boys and nine girls. Their
clinical diagnoses were as follows: neonatal hépdi=8), total parenteral nutrition
(TPN) induced cholestasis (n=6), Alagille syndrofme2), non-syndromic paucity of
interlobular bile duct (PIBD) (n=5), portal veinrttimbosis (h=1), and idiopathic
hyperbilirubinemia (n=13).

All patients underwent US with the use of curvetbdr (5-8 MHz) and linear (5-12
MHz) transducers (HDI 5000 and iU 22: Phillips, Beit, Washington, USA). We
evaluated the thickness of the echogenic anteriall wf the right portal vein
(EARPV) as well as gall bladder (GB) length withlaagitudinal scan. We also
evaluated the diameter of the portal vein at tivellef the proximal portion of the
right portal vein and diameter of the hepatic grerthe level of the proximal right
hepatic artery, which runs parallel to the righttabvein.

After completion of US, all patients underwent coldoppler imaging (pulse
repetition frequency, 1200-1500 Hz: power gain petage, 82%-92%: medium flow

velocity: medium wall filter). On transverse scére color box was positioned on the



anterior surface around the falciform ligament.

All patients with biliary atresia underwent the lKasperation. Ten patients with
non-biliary atresia underwent open or laparoscdipir biopsies. When the Kasai
operation or liver biopsy was performed, the sungesamined the liver surface
carefully and noted the presence of hepatic subdapgelangiectasia. During
histopathologic examination, some of the grossiynficmed hepatic subcapsular
telangiectatic vessels were evaluated with a micnos.

Levels of total and direct serum bilirubin were cked in all patients.

Sensitivity, specificity, and positive and negatpyedictive values were calculated
for TC sign in US and hepatic surface flows in c@oppler imaging.

The incomplete sampletest was used to compare levels of total bilirudoid direct
bilirubin between patients with biliary atresia andn-biliary atresia. The Mann-
Whitney test was used to evaluate differencesémtblan diameters of the portal vein
and hepatic artery between patients with biliargsid and non-biliary atresia. A two-
tailed p value of less than 0.05 was considered to indiaastatistically significant
difference with all tests. Data analyses were peréal with a statistical software

package (SPSS, version 12; SPSS, Chicago, lll).



[11.RESULTS
Although a total of 64 patients had neonatal jacedithere was no significant
difference $>0.05) in levels of total and direct serum bilinutbhetween the groups

(Table 1).

Table. 1 Patients characteristics at time of Ugssaent

Characteristics Biliary atresia (n=29) Non-biliatyesia (n=35)
Age (day) 51+24 (3-91) 4832 (3-150)

Male to female ratio 17:12 26:9

Total bilirubin (mg/dL}: 8.66+2.10 (4.1-12.6) 8.29+4.61 (2.7-28.3)
Direct bilirubin (mg/dL)T 6.29+2.25 (1.5-9.5) 5.10+4.25 (0.6-21.7)

* p=0.73

Tp=0.24

In all patients with biliary atresia (n=29), thegdnosis was confirmed at surgery and
at subsequent histologic examination. All patiesith biliary atresia underwent the
Kasai operation, and one patient underwent livandplantation after the Kasai

operation.



In the 35 patients with non-biliary atresia, aiegr of diagnoses were determined
(Table 2). Ten patients with non-biliary atresiaderwent liver biopsies, and their
diagnoses were as follows: non-syndromic PIBD (n=®onatal hepatitis (n=3),
Alagille syndrome (n=1), and TPN induced cholestgar1). All patients with non-
biliary atresia were followed up for a median of m®nths (ranges, 2-15 months).
Their clinical courses were varied: completely tesd jaundice (n=16), decreased
bilirubin level (n=15), increased bilirubin levai£2), and death (n=2) (each had non-

syndromic PIBD and TPN induced cholestasis).

Table. 2 Clinical diagnoses of 35 patients with-bdiary atresia

Diagnosis Number of patients
Neonatal hepatitis 8
TPN'induced cholestasis 6
Non-syndromic PIBB 5

Allagile syndrome 2

Portal vein thrombosis 1
Idiopathic hyperbilirubinemia 13

!Total parenteral nutrition

2 Paucity of interlobular bile duct



There were several different US and color Doppleaging findings between
patients with biliary atresia and non-biliary atee¢Table. 3) At US, the sole criterion
for the TC sign was the EARPV thickness of moretimm on a longitudinal scaf.
Eighteen patients with biliary atresia had posits@nographic TC sign, and 11
patients with biliary atresia showed diffuse peripb echogenicity which was not
sufficient for positive TC sign (3.45£0.32mm, 2.8@0mm). All patients with non-
biliary atresia did not have TC sign. But 12 patenith non-biliary atresia had some
periportal echogenicity (2.45+0.67mm, 1.70-3.60m#Agcording to our result, TC
sign provided sensitivity of 62% and specificityldf0%. (Table. 4)

The mean GB length was 1.54+0.77mm (0.60-2.60mmijdtients with biliary
atresia and 2.07+0.63mm (0.70-3.70mm) in non-hiliatresia. GB with greatest
length of at least 1.5cm was considered to be noimmsize™ In regard to this US
criteria, the GB was small in 15 patients with diji atresia and in 6 patients with
non-biliary atresia. GB was not visualized becaafsatretic change or contraction in
4 patients with biliary atresia and in 3 patientshwion-biliary atresia. Normal or
elongated GB was seen in 10 patients with bilidrgsia and in 26 patients with non-

biliary atresia.
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Table. 3 US and color Doppler imaging featuresdrpatients with biliary atresia and

35 patients with non-biliary atresia

Imaging features Biliary atresia (n=29Non-biliary atresia (n=35)
TC sigrt

Positivé 18 0

Negative 11 35
GB lengtht

< 1.5cm 19 9

>1.5cm 10 26

Hepatic subcapsular flow
Present 29 5

Absent 0 30

'Triangular cord sign
*Positive TC sign means that the thicknesthefechogenic anterior wall of the right
portal vein is larger than 4mm.

®Gall bladder length

11



Table. 4 Us and color Doppler imaging featuresradiptor of biliary atresia

Imaging features  Sensivity(%) Specificity(%)  Positive Negative
predictive predictive
value(%) value(%)

TC'sign 62 100 100 76

Hepatic 100 86 85 100

subcapsular

flow

'Triangular cord sign

There was no difference in portal vein diametemien biliary atresia and non-
biliary atresia groups. However, there was a sitedilty significant difference in

hepatic artery diameter between the two gropps0(05) (Table 5).

12



Table. 5 Diametéiof portal vein and hepatic artery in patients viitliary
atresia and in those with non-biliary atresia

Biliary atresia (n=29) Non-biliary atresia
(n=35)
Diameter of 4.29+0.78 (3.00-6.00) 3.91+0.80 (2.30-5.40)
portal veirk
Diameter of 2.10+0.65 (1.30-3.30) 1.45+0.41 (0.70-2.10)

hepatic arter§/

! In mm, and data are meansz+standard, with rangearemtheses
* p=0.085
"p=0.000

In color Doppler images, all patients with biliagtresia demonstrated hepatic

arterial flow extending to the hepatic surface (&g 1, 2, 3).
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Figure 1. . Ultrasonographic and color Doppler imggfindings of biliary atresia.
(A) Thickness of the echogenic anterior wall of tight portal vein was 4mm, which
is regarded as a positive triangular cord sign.@B) bladder length was 1.6cm. (C)
Diameter of the right proximal hepatic artety (vas 3.0mm, and portal veix() was

5.0mm. (D) Hepatic subcapsular flow was seen inrcDbppler imaging. (E) On the

14



Kasai operation field, the liver showed a nodulard acirrhotic surface and

telangiectatic vessels. (F) On microscopic exarionatilated hepatic arteries were

seen in the hepatic subcapsular area.

Figure 2. Ultrasonographic and color Doppler imgdimdings of biliary atresia. (A)
Thickness of the echogenic anterior wall of thétrigortal vein was 2.8mm, which is

regarded as a negative triangular cord sign. (B) ®adder length could not be

15



measured because of atretic change. (C) Diametbeafght proximal hepatic artery
(+) was 1.5mm, and portal vein<() was 4.8mm. (D) Hepatic subcapsular flow was

seen in color Doppler imaging. Hepatic subcapstdemgiectasia was seen in the

Kasai operation.

Figure 3. Color Doppler imaging findings of patienwith biliary atresia. (A, B)
There was hepatic arterial flow that extended &ltapatic surface on color Doppler

imaging. (C) Arterial wave form was seen in theaegéd vessel at the hepatic surface.

16



Among the 35 patients with non-biliary atresia,d3® not have hepatic subcapsular

flow (Figure 4).

Figure 4. Ultrasonographic and color Doppler imgdimdings of non-biliary atresia.
(A) There was no periportal thickening. (B) Galkatitler length was 1.4cm. (C)
Diameter of the right proximal hepatic artepy Y was 1.0mm, and portal veifi)(was

3.0mm. (D) There was no hepatic subcapsular floaolor Doppler imaging. (E) On

open liver biopsy, the liver showed a normal swefdE) On microscopic examination,

17



there were no subcapsular telangiectatic vesshis. gatient was confirmed to have

non-syndromic paucity of the intralobular bile duct

Five patients with non-biliary atresia had hepatibcapsular flow; four patients
had a history of total parenteral nutrition (TPN) ore than 6 weeks (Figure 5), and

one was confirmed to have CMV hepatitis.

18



Figure 5. Ultrasonographic and color Doppler imgdimdings of non-biliary atresia.
(A) Thickness of the echogenic anterior wall of tight portal vein was 2.0mm,
which is regarded as a negative triangular cord.s{B) Gall bladder length was
2.2cm. (C) Hepatic subcapsular flow was seen inrdobppler imaging. This patient

received total parenteral nutrition for more thanegks.

Hepatic subcapsular flow provided a sensitivityl00% and specificity of 86%
(Table 4).

At surgery, subcapsular telangiectasia was seetll jpatients with biliary atresia
(Figure 1). Among the 35 patients with non-biliaresia, 10 patients underwent
laparoscopic or open liver biopsies. None of the gddients had subcapsular

telangiectasia, with the exception of one who heahatal hepatitis.
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V. DISCUSSION
The presence of the TC sign in US is a widely atmmbpliagnostic criteria for
biliary atresia’ According to Leeet al., use of 4mm thickness as a criterion for the

TC sign in the diagnosis of biliary atresia redllie@ a sensitivity of 80%, a

specificity of 98%, a positive predictive value3#%, a negative predictive value of

94%, and an accuracy of 94%However, recent papers by Kimt al. and

Hemphreyet al. reported sensitivities of the TC sign for diagaas biliary atresia

to be 58% and 73%? According to a report by Tan Kendriekal., the fibrotic cord

can be easily masked when diffuse periportal eatiogfg¢ due to non-specific

inflammation or cirrhosis is present. Therefores TC sign is supportive but not as
sensitive when cirrhosis or widespread periporiflaimmation is present.In our
study, only 18 of 29 patients with pathologicallgnfirmed biliary atresia had
positive TC signs (sensitivity of 62% and specifiodf 100%) (Table 4). Like the
report by Kimet al., our results showed that the TC sign was lessithan for the
diagnosis of biliary atresia.

After Stowens described hyperplastic and hyperimphanges in the branches of
the hepatic artery in the intrahepatic portal arepatients with biliary atresid,
there were several reports about hepatic artefi@nges in biliary atresfa.'*
According to Uflaker et al., the presence of angiographically demonstrable

perivascular arterial tufts in the periphery of thepatic arterial circulation is

20



common in cases of biliary atresia, and may beatharistic angiographic findings
for the diagnosis of biliary atrestaAccording to Kimet al. and Hemphrewt al., the
diameter of the hepatic artery was significanthgéa in the biliary atresia group than
that in the non-biliary atresia and control grofigdn our results, the diameter of the
hepatic artery was significantly larger in patiemtish biliary atresia than in those
with non-biliary atresiaf<0.05). Portal vein diameter was not significarmdifferent
between patients with biliary atresia and thosehwion-biliary atresiap >0.05)
(Table 5).

In addition to the enlarged hepatic artery, hepatierial flow extending to the
hepatic surface, as visualized by color Dopplergimg, was seen in all patients with
biliary atresia.

This hepatic subcapsular flow showed a sensitigftyl00%, a specificity of 86%
and positive and negative predictive values of &% 100% (Table 4). All patients
with biliary atresia who demonstrated hepatic spbuo&r flow in color Doppler
imaging showed subcapsular telangiectatic vesseledime of the Kasai operation.
On microscopic examination, we confirmed dilatedseds in the hepatic subcapsular
area, which seemed to be hypertrophic hepaticiester

The pathogenesis of hepatic arteriopathy in bilergsia is unknown. It may be a
secondary effect or could be related to the pathesjs of biliary atresi&. During

liver development, the intrahepatic bile ducts degwdrom the layer of hepatoblasts

21



surrounding the portal vein brancHé$etween 9 and 12 weeks of gestation,
a layer of hepatoblasts surrounds the future ptwat in a cylindrical fashion
and becomes the ductal plate, which is considevelet the embryological
biliary structure. After the ductal plate formstel phases of remodeling occur.
The first phase consists of the development ofppetal tubules. The second
phase consists of the appearance of a branch ohdpatic artery in the
periportal mesenchyme. The third phase involvesitieerporation of the
peripheral tubules into the periportal mesenchyhithe third phase of the
remodeling process of bile duct development is g for the normal
formation of the intrahepatic bile du€tArterial branch development precedes
the incorporation of the tubular part of the dugtiate. There is a close spatio-
temporal relationship between the development ef itiirahepatic arterial
branches and the development of the maturely shapealar intrahepatic bile
duct!®

Because of this embryological development pattérnis not surprising that
maldevelopment of the intrahepatic bile duct isoagganied by anomalies of the
vessels, such as hyperplasia and hypertrophy dfigpatic artery branches. Patients
with biliary atresia have an intrahepatic bile dirctits primitive embryonic shape,
which indicates a disturbance in the remodelinghef ductal platé’ Therefore, the

hepatic arteriopathy in patients with biliary ateec€an be explained by faulty

22



embryological development.

However, among the 35 patients with non-biliaryesit, five patients revealed
hepatic subcapsular flow. Among them, four patiemese thought to have TPN-
induced cholestasis, and the remaining patientosairmed to have CMV hepatitis.
Histopathologic results from the liver biopsy ofeopatient who received TPN for 10
weeks revealed ductular and hepatocyte cholestasisportal fibrosis and ductular
proliferation. These pathologic results were simitathose of biliary atresia and also
had been reported in TPN induced cholestdsi&The results could also explain the
reason for why our four patients who received TRNX rore than 6 weeks had

hepatic subcapsular flow in color Doppler imaging.
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V. CONCLUSION

Hepatic arterial flow extending to the hepaticface in color Doppler imaging
showed high sensitivity and relatively low spedificfor the diagnosis of biliary
atresia. The TC sign showed low sensitivity anchtggecificity in our study. Most
patients who were negative for the TC sign buttpa@sior hepatic subcapsular flow
were pathologically confirmed to have biliary atees herefore, hepatic subcapsular
flow in color Doppler imaging can be a helpful i@ for the diagnosis of biliary
atresia when the TC sign is negative.
This color Doppler imaging finding may reflect hypkasia and hypertrophy of the
hepatic artery in biliary atresia, which are asata with the significant difference in

hepatic artery measurements using US.
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