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Postoperative Imaging
Findings of Biliary Atresia
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The Kasai portoenterostomy is the first-line treatment for the restoration of the flow of bile to the
small intestine in patients with biliary atresia. Various complications can occur after Kasai portoen-
terostomy, including ascending cholangitis, biliary cirrhosis, and portal hypertension. Of these poten-
tial complications, ascending cholangitis in the most common. In cases of patients having uncon-
trolled complications due to progressive liver cirrhosis, portal hypertension, or progressive
hyperbilirubinemia, liver transplantation is the indicated as treatment plan. Lifelong follow-up, par-
ticularly involving imaging studies, is important for the identification of various complications arising
from biliary atresia after Kasai portoenterostomy. Additionally, imaging studies play a crucial role in
the evaluation of potential liver donors and recipients. US is a key imaging modality utilized in the
management of patients who undergo Kasai portoenterostomy, while CT and MRI are imperative to

obtaining an accurate diagnosis.

Index terms Biliary Atresia; Portoenterostomy, Hepatic; Liver Transplantation; Ultrasonography;

Computed Tomography, X-Ray; Magnetic Resonance Imaging
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Kasai Portoenterostomy Procedure
Kasai portoenterostomy= BEH|2)52] 7|22 Ql 2| & &4

HiE2 AAeteta 7t 755 BESE 21 B R ARt +& B2 RS getolE
(fibrous ductal remnant)#} 7+e] B2 2% A7 & jejunal Roux-en-Y imb2 & EFo] £H]|
Tl IHE Rl ok S %‘(portoenterostomy)ﬁ}oﬂ T GEERRE 3R dEo] HiEd
T LS RTHd). A7 FAlA A 5 o]F G5 Hijo] & o] RofFtirt vjdlo] BE -2,
ZFo| 418 2| A= Zlo] Fkxtol|A| E%O] &= 7% redo Kasai portoenterostomy< 112 &
ATH3). Redo Kasai portoenterostomy=t A x| €& (repeated hepatic portoenterostomy) &=
O|AA] §0 R 44 oA Frhe Tho] 9IS & Yot T Hjelo] Xgo] 2 HIE

5 ol HEE 0 2 AP S ol g Mk AUAIZ 4 Ueks).
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Postoperative Complications after Kasai Portoenterostomy

Kasai portoenterostomy ©]% 5] T/ 4> Q= 552 Table 13 ot

Cholangitis and Intrahepatic Biliary Cysts (Bile Lakes)

P 27

PortoenterostomyE 53l G| Alto] GeA|= A Fdd 4 3ol 44 dedo] dAdst
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Table 1. Complications of Biliary Atresia after Kasai Portoenterostomy

Diagnosis Imaging Features (US, CT, MRI)

Intrahepatic biliary cysts with or without Solitary or multiple continuous oval or beaded lesions along portal tracts in the porta

cholangitis hepatis
Common in umbilical portion
Sludge or stone can be seen within cysts
Enhancement of the cyst wall

Heterogeneous parenchymal enhancement of liver related to cholangiohepatitis

Portal hypertension and biliary cirrhosis Contour irregularity or lobularity of liver
Hepatomegaly
Heterogeneous parenchyma of liver
Periportal edema on CT or MRI
Enlargement of the left or caudate lobe
Splenomegaly and ascites

Portosystemic collateral vessels (gastro-oesophageal varices, perisplenic-perigastric

varices, splenorenal shunt)

Decreased caliber of the portal vein, portal vein thrombus, and enlargement of hepatic

artery
Increased liver stiffness value in the US and MR elastography
Hepatic tumors (benign > malignant) Focal nodular hyperplasia
Regenerative nodule
Hepatocellular carcinoma
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Fig. 1. US images of an 8-year-old girl show a large intrahepatic biliary cyst (asterisks, A, B) with irregular
walls in the left lateral segment of the liver and a small intrahepatic biliary cyst (arrow, B) containing sludge.

Fig. 2. A5-month-old boy presenting with a fever after undergoing a Kasai portoenterostomy.

A. A MR cholangiopancreatography image shows beaded dilatation of the intrahepatic ducts (arrows) and
multiple tiny intrahepatic biliary cysts along the portal tract.

B. AT2-weighted MR image shows multiple intrahepatic biliary cysts along the portal tract (arrows).

https://doi.org/10.3348/jksr.2022.0082 1017



JOURNAL of

THE KOREAN SOCIETY of

Postoperative Imaging of Biliary Atresia RADIOLOGY

& 22 intrahepatic biliary cysts @710] B<- -&0]5}H(Fig. 2
| S deh 2F AEo) 2T 24(15), &2 FeS et 2IYS4HE 212 = 4 U
(Fig. 3). T=5h Ay G=olM= F AAE Bl 24 o] BE 4+ Q1= Roux-enY

loop®} 1m%Jo]ut Tt Q1=A] EIshof FHeH)

>

Portal Hypertension and Biliary Cirrhosis

73 192 Kasai portoenterostomy & HHAshk= &3 $HZ 02 204 o] Afdzto 2
AT B2 oF 70%01M 2 18] /A, WA Ay 20t 44 2ol
A(eF 96%) 2HekE EATH21). 7He] Ei=] A5 2ol ] EAll=
Kasai portoenterostomy ol %= 7+ -3k} 11848 4= QUrk(22). &9 1

Zbe1%g v, A= 8l 9] Rl Qe o £

o
fT
38
=

T
[T

k)
%
H
2L
)

r
[e)

4
o
o N

el
(o)
)
[e]
oo,
2
o[N
oz
Lﬁi
rlr

=
o
N
olr
o
™
ol
J
3
Mo o
=)
2
>
>
ol
ok

portosystemic encephalopathy), 7HH| 52 (hepatopulmonary syndrome)©]
2). AWF= 9, A=, Roux-en-Y loop anastomosis®] 37, 217 2 g F9fol]

(4), 15 9] ZUF ET-2 2F49%0-29%2] 4of Bxlol| A BHAYEE 4= Qli= F9 ShgFo|T}(23).

30
o

Ll
30
ool

30
R

(
(

f
ox
et

= = =
W2 flsl 7P Wol AlRE = ZAtolot. 1t o] A/ gk 7Hd o] Bt et o 2, 7+
2] J

7 7ot BAE U, HAu), EOHAY SR da

=)
o
at
@
i
D
2.
@]
(@)
(@]
=
=
@
2

Bh 7PABko 2 QI3 Aj7o] 24 4 9o

SHcavernous transformation)E Eo|7| % $HH(15). A5 7+

Fig. 3. Contrast-enhanced CT image
of a 7-month-old boy presenting with
acute cholangitis after undergoing a
Kasai portoenterostomy shows multi-
ple tiny intrahepatic cysts in the cen-
tral portion of the liver, with some
cysts showing peripheral enhance-
ment (arrows), where heterogeneous
parenchymal enhancement of the
liver indicates cholangiohepatitis.
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Fig. 4. An US image of a 9-month-old
girl presenting with biliary cirrhosis
after undergoing a Kasai portoenteros-
tomy shows heterogeneous echotex-
ture with surface nodularity (arrow) of
the liver and perihepatic ascites (as-
terisk).

Fig. 5. An US image of a 3-month-old
boy presenting with biliary cirrhosis
after undergoing a Kasai portoenter-
ostomy shows globular enlargement
of the liver, hypertrophy of the cau-
date lobe (asterisk), and periportal
increased echogenicity (arrow).

A9k 0l o 2 7} 4248 BY 4 9l (Figs. 5, 7C, 10C), ©]= Al-g-she} HHEE ¢JZof ofsh
27Y Aoz A} drmziSolA] Baget g shs at Ak 1F-2ue] 217 7+
4,25 g Y FR VM BY 4 o IF Ee] @ F-2 sETHE Zio] gRbAel 1k

A= o] ltH(24, 28). Kasai portoenterostomy - 7+ &h
St of2] g FS of| =517 Utransient elastography cut-off = 19.9 kPa) (28), 7H4s} HFE o

Z5h=d|(cut-off = 2 dimensional shear-wave elastography [2D-SWE] 11.5 kPa, transient
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Fig. 6. A9-month-old boy presenting with portal hypertension after undergoing a Kasai portoenterostomy.
A. A contrast-enhanced axial CT image shows globular enlargement of the liver with hypertrophy of the cau-
date lobe (asterisk), and an intrahepatic biliary cyst with internal sludge and peripheral enhancement (ar-
row).

B. A contrast-enhanced axial CT image shows the decreased diameter of the portal vein (arrowheads).

C, D. Contrast-enhance coronal CT images show the periportal collateral vessels (arrowhead, C), as well as
paraesophageal and esophageal varices (arrow, D) and splenomegaly.

elastography 10.5 kPa) Hx3F 4~ Q50| SRIEJUTH24). 12{ut AA7HA] ©d 2|0} A=
o] T 7oA A2 BA-S o & AlSE EFo] qlof, oA EEd Ve B E A

[e]
CT AAks 8748 F5E AU e AT uf 72 200k CTolM= 2 2o 24
/g gk, #1t = n)d A (caudate lobe) HIH, Bl A 7F AW 2354, T 9 791 £F, &
_]

=
o I EQto] osh 9 Al AFulR vyt 9f S FulR b4 ©el(splenorenal shunt), &

o, B OIS, T @52 2Rl 4= lth(Figs. 6, 8B, 8C) (12, 15)
Conventional MRICIM = 7+ ER19] A4 Wish 7HAZ o] vl#deh Aede, 3 29

TAISHE, Mz} 7 ule) 47 wish u v, RO 2260 HRe 41T 4 3
(25, 29). MRICJIA] 7M1 2] 3

H
A2 E)E Bole #ole A3 ARtz g o] &4 wiizol] g0l AAlE 7733t
o

o

al =
P12 A7, 2] @& oot Aol AtHFg. 9) (29). MRICIA w3 S-S thabA] Hol=
T1 32D/l AU SHE(30) Tt T2 2P dolA DA SHE Bl Wejd o et =
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Fig. 7. Decreased diameter of the portal vein with reversed flow in an 11-month-old boy with biliary cirrhosis.

A. An US image shows a hypoplastic portal vein with reversed flow, a decreased diameter measuring about 3.1 mm, and a slightly en-
larged hepatic artery (arrowhead).

B. A color Doppler image shows reversed (hepatofugal) flow of the portal vein (arrow).

C. An US image shows that the diameter of the intrahepatic portal vein (arrows) is diffusely diminished, along with the presence of peri-
portal hyperechogenicity (open arrow).

Fig. 8. Increased liver stiffness and portal hypertension in a 2-month-old girl after undergoing a Kasai porto-
enterostomy.

A. Atwo-dimensional shear wave ultrasonographic elastography image shows increased liver stiffness (13.5
kPa) with a median liver stiffness value of 12.1 kPa (not shown).

B, C. Contrast-enhanced CT images obtained 8 months later show heterogeneous parenchymal enhance-
ment with surface nodularity of the liver and esophageal (arrow, B) and gastric (arrowhead, C) varices, sug-
gesting liver cirrhosis and portal hypertension, resulting in a subsequent liver transplantation.
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Fig. 9. A3-year-old girl with biliary cirrhosis and portal hypertension.

A, B. Axial T2- and T1-weighted MR images of the liver show heterogeneous signal intensity in the periphery of the left lateral segment (ar-
rows), as well as two intrahepatic biliary cysts near the umbilical segment of the portal vein (arrowheads).

C. A contrast-enhanced T1-weighted MR image of the liver shows two intrahepatic biliary cysts near the umbilical segment of the portal
vein (arrowheads), while the periphery of the left lateral segment demonstrates heterogeneous enhancement (arrow).

Fig. 10. A 3-year-old boy with biliary cirrhosis and portal hypertension.
A, B. Axial T2-weighted MR images show periportal branching T2 hyperintensity and globular enlargement of the liver, and splenomegaly.
C. An US image shows coarse echotexture of the liver with periportal hyperechogenicity.

A3} FFo] SRk oz 28YH 7H A fatel wdo] Qlof, Kasai portoenterostomy 0] %5
E] Ho]11(31, 32), 4+& o|Foll® x|&& o2 HolA HrkFig. 10). Advanced MRICIA] appar-
ent diffusion coefficient value”} pediatric end-stage liver disease model score (29), META-
VIR fibrosis score (33)2} & ALHAIS Zh=ths A7-E% Q1oL J/dollA] ofz] de] ARG A]
= 2on ¢ B 37} " eslt} Kasai portoenterostomy ©1% 7+ A4-q-8F 9 7H43} of| 2o
2171 37 B = HAHmagnetic resonance elastography)7t 28 7}sstth= 21171 Q1o of
A712] de] AlYE| AL QR R0 (34), ke = T B2 A5 53l conventional MRIO| &
Stof Zhd et tigt R E oA 7k 4 Qle Aoz 7o

Hepatic Tumors

Kasai portoenterostomy ©|-¢ 2F17F0 2 &5 2k2to] oF 89671A] THgst 1+ Fo] 44
e, focal nodular hyperplasia (°]5F FNH), regenerative nodule, adenoma 52| /8 S
o] ¢} &3}th(35). 7+ Ad-gske} B4t of hepatocellular carcinoma (°]5} HCC), hepatoblasto-
ma, cholangiocarcinoma 5-2] 2} Fo] =54 A71th(4, 35). Kasai portoenterostomy ©]
T ApAZol M A7)= FNH= 7F Aol gt I/ Wste 544 154] vk wlZol s A
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° 2 Z=gm 7t wulslof| A AR = PAFS Holn F4] BESo] Holx] ek= o] T3S,
36). FNH-E Z-gajol| 4] 5ol = 110] 35 Ho]1, dynamic CTU MRICIAE S387]of] 1.8
F L T E Hola, FH7|el AA7]oll= 559 H SASAEE Hol= 497t ger, A
S W AN ER B 4= QITH(35, 36). Regenerative nodule- 0.6 cm@lA] 13 cm”7HA] tt
Ut 2712 B E]om(35), 2YEZ CT -2 MRICIA 2HSHE A &1, T2 F2 Yol
AN EE Ho|il, F31 Ui = P42 0= F3ch= 20| Hol= Fo] HCCEF 23] ]~— ]
Eg 2 4 tkFig. 11) (37). 22 Yol 7| Z37]o] 2FF40] Hol= 4971 U
o] HCCet 7ol oj&2 49 22 HAP Qs 4= QIuk(35, 37). A0F HCC7F IR o=
10-14A110]l ¥sh= Zio) whsto], gem|afFolA] T¥sh= HCC 1A RIRhe] gotolA] 2]
£ AT TEA] T35, 38). AFAZIoIA] BHAYSE HCCO) /g A2 THg 7HAgko] QL= A3l
of| A BHA¥SH HCCO] 9/ 4277} F-AFstH, dynamic MRIOIA] B27]0f] 2957-& Ho|il 2o
7|12} A A7)0l FH 7hx A HLE W2 AlS 7w 2 Ho|v(wash-out), FEE7] FAdolA Aals7
5 HRITK35, 39). A|A7]of] mute] 2FF4olv T Ul Al ¥4, 2= B 4= ATH(39).
HHEEL e FEElAS Sotell A TF Fde] 27] -2 flsl 44714 @7 alpha-fetopro-
tein2} 7+ 230t AR F HETH4, 38).
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Liver Transplantation

Indication and Surgical Technique

Kasai portoenterostomy %0f| 37} o] ALt T vlj&Eo] x| gromA] & vz 2l 2|7}
6 mg/dL 2t} &= U (early failed Kasai portoenterostomy), 2 %] o
ol oJgt e, HAd G, 487 ol -2 I ol 5ol B 4]
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Hrh40-4
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o2t 2R E AHGE 27]9] BE to]Algo] Fesitt, fe|uetol| A AL = 4o} 7to]4]9]
809 o]/go] AYAl| Tro]Al o2 o] 2o RITh(43). 12 Q1 B3t 7Ho] A (split-liver grafting)2 #d <l
AL FRREE HIRIYE 7|02 2|2, 3719)S o] Alths o & by 27t
v, e} B FE 7} o] Aol RHETH44). YA 2 7ol A (living-related
donor liver transplantation)2 F52. 52] HATA 2] Zof=fol|AlA] 2] (A2, 37-)S ©]
AlRb= 70 g2 el kg s el ) 2 e 7 o] Aol gkt

o] Al o] -2 triangulation techniques ©]-85to] 8&ke] 7Hguie] i RS Sl
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Fig. 11. Giant regenerative nodule in a 4-year-old girl who underwent a Kasai portoenterostomy.

A. A T2-weighted MR image with fat suppression shows a hypointense mass-like lesion in the right hepatic
lobe.

B, C. Diffusion-weighted images and an apparent diffusion coefficient map show no restricted diffusion in the
mass-like lesion in the right hepatic lobe.

D-G. On dynamic contrast-enhanced magnetic resonance images, the mass-like lesion shows isointensity in
the unenhanced T1-weighted image (D), as well as hypoenhancement, when compared to the liver in the ar-
terial (E), portal (F), and delayed (G) phases, while the splayed portal veins are shown within the mass (arrow-
heads); the lesion was proven to be a giant regenerative nodule on the explanted liver specimen.
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Preoperative Imaging Evaluation
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Complications after Liver Transplantation
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Table 2. Complications of Biliary Atresia after Liver Transplantation

Diagnosis

Imaging Features

Hepatic artery stenosis and

thrombus

Portal vein stenosis

Inferior vena cava and
hepatic venous stenosis

Biliary stricture

Posttransplant lymphoproliferative
disorder

Anastomosis being the most frequent site of stenosis

Associated with two other main complications: acute hepatic necrosis (early) and biliary ischemia
(late)

Color Doppler US: absence of flow in the hepatic artery and intrahepatic branches, intrahepatic
tardus parvus waveform, low resistive index (< 0.5), long systolic acceleration time (> 0.08 seconds)

CT can provide anatomic details (site and extent) of stenosis

Color Doppler US: > three-to-fourfold increase in velocity at the stenosis site relative to the preste-
notic segment

CT can provide anatomic details (site and extent) of stenosis

Anastomosis being the most frequent site of stenosis

Color Doppler US: monophasic flow, increase in peak systolic velocity (> three to fourfold increase
relative to the prestenotic segment) with turbulent flow

CT can provide anatomic details (site and extent) of stenosis

Hepatomegaly and ascites

Dilated intrahepatic duct on US, CT, or MR cholangiopancreatography

Anastomosis being the most frequent site of stenosis

Nonanastomotic, intrahepatic strictures suggest ischemia due to hepatic artery complications

Nodal enlargement or involve any abdominal organ, especially the adrenal glands, kidneys, bowel,
and liver

May occur in extra-abdominal involvement such as central nervous system
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Fig. 12. Hepatic artery thrombosis in a 10-months-old boy who underwent liver transplantation for biliary atresia.

A. A color Doppler US image shows absence of flow in the intrahepatic branches of the hepatic artery.

B. An oblique coronal maximum intensity projection of CT angiography shows the abrupt amputation of the hepatic artery (arrow), due to
thrombosis. Immediate intraoperative thrombecomy was performed.

C. Afollow-up color Doppler US image shows the tardus et parvus pattern in the intrahepatic branch of the hepatic artery with a decreased
resistance index (0.37) and a delayed systolic acceleration time (0.128 seconds), suggesting persistent stenosis in the hepatic artery.

349cmis
221 cmis

0.37
128 ms

Gﬁmm/s

Fig. 13. Portal vein stenosis in a 5-year-girl who underwent a redo cadaver liver transplantation for biliary
atresia.

A. An US image shows luminal narrowing of the portal vein at the anastomosis (arrow) with a portal venous
flow velocity accelerated more than 4-fold through the stenotic segment (not shown).

B. A multiplanar reconstructed CT image shows stenosis (arrow) of the portal vein at the anastomosis.
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Fig. 14. Hepatic outflow obstruction in a 2-year-old boy who underwent liver transplant for biliary atresia.

A. A color Doppler US image demonstrates monophasic and decreased flow in the hepatic vein (flow velocity of 9.25 cm/s).

B. A contrast-enhanced CT image shows hepatic congestion without enhancement of the hepatic vein.

C. The left hepatic venogram confirms complete occlusion (arrow) of the hepatic vein outflow and an engorged hepatic vein.

D. During balloon angioplasty of a 2-year-old boy who had undergone liver transplant for biliary atresia, the visible waist on the balloon
indicates hepatic vein stenosis.

E. A color Doppler US image obtained after the balloon angioplasty shows normal biphasic flow in the hepatic vein.
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Fig. 15. A 1-year-old girl presenting with fever and an elevated Epstein-Barr virus serum titer.

A, B. Contrast-enhanced CT images show conglomeration of enlarged lymph nodes (arrows) along the su-
perior mesenteric vein (asterisks) in the mesentery and hepatomegaly. Posttansplant lymphoproliferative
disorder was confirmed by lymph node and liver biopsy.
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