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Case Report

Third retransplantation using a whole liver graft for
late graft failure from hepatic vein stent stenosis in a pediatric
patient who underwent split liver retransplantation

Jung-Man Namgoong1, Shin Hwang1, Young-In Yoon', Yong-Pil Cho', Woo-Hyoung Kang1,
Yong Jae Kwon', Hyunhee Kwon', Sang Hoon Kim', Kyung Mo Kim? and Seak Hee Oh®

Departments of 1Surgery and *Pediatrics, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

We present a case of third retransplantation using a whole liver graft in a 13-year-old girl who suffered graft failure
and hepatopulmonary syndrome following split liver retransplantation with endovascular stenting of the hepatic and
portal veins as an infant. She was diagnosed with biliary atresia-polysplenia syndrome, and thus underwent living donor
liver transplantation from her mother at 9 months of age. The first liver graft failed due to stenosis of the portal vein.
She underwent the second liver transplantation with a split left lateral section graft. Endovascular stenting was per-
formed to the portal vein stenosis 2 months and hepatic vein stenosis 9 months after transplantation. During the next
9 years, 11 sessions of balloon angioplasty for hepatic vein stent stenosis were performed. Ten years after the second
transplantation, she underwent third transplantation using a whole liver graft recovered from a 12-year-old-girl. The dou-
ble inferior vena cava technique was used for outflow vein reconstruction. The graft portal vein was anastomosed
with the stent-containing portal vein stump because it was not possible to remove the stent and the inner diameter
of the portal vein stent was large enough. An aorto-hepatic jump graft was used for arterial reconstruction. The patient
recovered slowly and is doing well for 6 months posttransplant. In conclusion, because stenting of the hepatic vein
or portal vein can induce graft failure leading to late retransplantation, we emphasize secure vascular reconstruction
to prevent endovascular stenting during LT in infants. (Ann Hepatobiliary Pancreat Surg 2021;25:299-306)
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INTRODUCTION

Pediatric liver transplantation (LT) in infant recipients
requires special attention to vascular reconstruction be-
cause the small-sized vessels of the grafts and recipients
make them vulnerable to various vascular complications.
Endovascular stenting can be a life-saving procedure fol-
lowing LT, but it cannot be a definitive treatment in infant
recipients because a wall stent may not be expanded
enough to accommodate the long-term physical growth
from infant through adolescence and adulthood." It is dif-
ficult to treat stent-associated hepatic or portal vein steno-
sis through percutaneous angioplasty.”® As a result, endo-
vascular stenting performed in infants can cause intract-

able vascular insufficiency, which can lead to progressive

graft liver failure and late retransplantation. We present
a case of third retransplantation using a whole liver graft
in a pediatric patient who had suffered graft failure fol-
lowing split liver retransplantation with endovascular stent-

ing of the hepatic and portal veins.

CASE

The patient was a 13-year-old girl who suffered from
graft failure following liver retransplantation. This patient
had undergone Kasai portoenterostomy 2 months after
birth due to biliary atresia. She had a preduodenal portal
vein and intestinal malrotation, thus was diagnosed with
biliary atresia-polysplenia syndrome. She had been admit-
ted to the hospital repeatedly due to cholangitis and had
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undergone percutaneous transhepatic biliary drainage (Fig.
1A).

At the age of 9 months, she underwent living donor
liver transplantation (LDLT) using a left lateral section
graft from her mother (Fig. 1B). The patient recovered un-
eventfully from the LDLT operation although the hepatic
vein and portal vein anastomoses appeared stenotic (Fig.
1C). Four months after LDLT, she experienced moderate
acute rejection and Epstein-Barr virus infection. Thereafter,
liver function progressively deteriorated with severe portal
vein stenosis and collateral vessel formation. She was di-
agnosed with hepatopulmonary syndrome grade III. She
was put on the waitlist for pediatric deceased donor liver
transplantation (DDLT).

At the age of 16 months, 7 months after LDLT, she
underwent the second LT using a split left lateral section
graft. The pathology report of the explant liver showed
fibrous intimal thickening with luminal narrowing of the
hilar portal vein, portal bile duct atrophy or loss, and por-
tal fibrosis, which was consistent with portal vein stenosis
(Fig. 1D). However, after the second LT, portal vein
stenosis persisted (Fig. 2A, B). Two months after the sec-

ond LT, because severe portal vein stenosis was not cor-
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rected by balloon angioplasty, a wall stent of 10 mmx40
mm was inserted (Fig. 2C, D). Eight months after the sec-
ond LT, deterioration of liver function with massive as-
cites occurred (Fig. 3A). A liver biopsy showed marked
perivenular congestion with atrophy of the hepatocytes,
consistent with hemodynamic derangement. Nine months
after the second LT, hepatic vein stenosis with thrombus
formation was identified (Fig. 3B), thus mechanical throm-
bolysis with insertion of wall stents of 8 mmx40 mm and
8 mmx60 mm was performed (Fig. 3C, D). Thereafter,
liver function improved and ascites was controlled. Two
years later, hepatic vein stenosis occurred again and bal-
loon angioplasty was performed (Fig. 4). In the sub-
sequent 9 years, 11 sessions of balloon angioplasty were
performed to treat the stent-associated hepatic vein stenosis.

At the age of 13 years, 10 years after the second LT,
the patient was admitted due to hepatopulmonary syn-
drome grade IV and hematemesis probably from esoph-
ageal varix (Fig. SA-C). After 3 days on the wait list, she
was allocated for DDLT with a whole liver graft from a
marginal 12-year-old female donor.

During the recipient operation, the enlarged liver was

meticulously dissected due to very heavy adhesions. The

Fig. 1. Findings of the first
liver transplantation. (A) Com-
puted tomography taken before
the first transplantation shows
biliary atresia-polysplenia syn-
drome with insertion of percu-
taneous transhepatic biliary drain-
age (arrow). (B) The explanted
native liver taken after the first
transplantation is visible. (C)
Computed tomography taken 2
weeks after the first transplan-
tation shows the small-sized
portal vein (arrow). (D) The
explanted first liver graft after
the second transplantation is
visible.
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Fig. 2. Findings showing portal
vein stenosis after the second
liver transplantations. (A, B)
Computed tomography taken
1 month after transplantation
shows portal vein stenosis (arrows).
(C, D) Balloon angioplasty and
endovascular stenting with a
stent of 10 mmx40 mm are per-
formed 2 months after transplan-
tation.

Fig. 3. Findings showing hepatic
vein stenosis after the second
liver transplantation. (A) Com-
puted tomography taken 8 months
after transplantation shows mas-
sive ascites. (B) Thrombus (ar-
row) within the graft hepatic
vein is visible. (C, D) Endo-
vascular stenting with stents of
8 mmx40 mm and 8§ mmx60
mm is performed at 9 months
after transplantation.

hepatic hilum, including the portal vein stent, was isolated prevent bleeding from the dissected liver surface, the liver
initially, and the left hepatic artery was transected at the graft was mobilized extensively. After isolation of the ret-

graft level. After temporary clamping the portal vein to rohepatic inferior vena cava (IVC), we recognized that the
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o

graft hepatic vein stump could not be used for outflow
vein reconstruction because it was markedly stenotic and

separate from the retrohepatic IVC, so we dissected the

e
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Fig. 4. Findings showing persi-
stent hepatic vein stenosis after
the second liver transplantation.
(A, B) Computed tomography
taken 3 years after transplan-
tation shows hepatic vein and
portal vein stenting. (C, D) The
stenotic portions at the hepatic
vein stents are dilated through
balloon angioplasty.

Fig. 5. Findings before the third
liver transplantation. (A-C) Com-
puted tomography 4 months be-
fore the third transplantation
shows marked hepatomegaly with
development of collaterals. (D)
The explanted second liver graft
after the third transplantation is
visible.

retrohepatic IVC extensively in preparation for double

IVC reconstruction.

Because we intended to remove the portal vein stent,
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we extensively dissected the superior mesenteric vein and
adjacent collateral veins to isolate the stent-inserted pre-
duodenal portal vein-superior mesenteric vein junction

portion. However, after transecting the stent-containing

portal vein, we found that the wall stent was heavily ad-
hered to the portal vein wall, making it impossible to re-
move the portal vein stent (Fig. 6A). Because the wall

stent was fully expanded with smoothly-formed neointima

Fig. 6. Intraoperative photographs
of the third liver transplanta-
tion. (A) The dissected portal
vein containing a wall stent is
visible (arrow). (B) The tran-
sected portal vein shows the
lumen of the fully expanded
stent with smoothly-formed neo-
intima (arrow). (C) The graft
portal vein is anastomosed with
the stent-containing portal vein
stump (arrow). (D) The graft
hepatic artery is reconstructed
using a jump graft with an iliac
artery graft (arrow).

Fig. 7. Finding of the inferior
vena cava reconstruction follow-
ing the third liver transplanta-
tion. (A, B) Computed tomo-
graphy taken 3 days after third
transplantation shows the cavo-
caval anastomosis (arrows) using
a double inferior vena cava tech-
nique. (C, D) Computed tomo-
graphy taken 1 month after the
third transplantation shows the
reshaping of the cavocaval an-
astomosis (arrows), which is sim-
ilar to the natural smooth stream-
lined configuration of the double
inferior vena cava.
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and its diameter was much larger than the graft portal
vein and recipient superior mesenteric vein (Fig. 6B), we
decided to use the stent-containing portion for portal vein
anastomosis.

The distal end of the graft IVC was closed at the back
table. A 4-cm-long incision was made from the upper dor-
sal part of the graft IVC, thus making a triangular IVC
orifice. The suprahepatic end of the graft IVC was parti-
ally closed to make a 4-cm-long elliptical opening at the
dorsal wall of the retrohepatic IVC.

The recipient’s stent-containing portal vein was tran-
sected. Then, the stent-containing graft hepatic vein stump
was transected and securely closed. After elliptical ex-
cision of the anterior wall of the recipient IVC, which was
matched with the graft IVC opening, double IVC re-
construction was performed using 5-0 PDS (Fig. 7). The
graft portal vein was anastomosed with the stent-contain-
ing portal vein stump (Fig. 6C). The blood flow from the
native left hepatic artery was weak, thus aorto-hepatic
jump graft was performed using an iliac artery allograft
(Fig. 6D). Intraoperative portogram was taken via the in-
ferior mesenteric vein, revealing portal vein flow to be
well maintained (Fig. 8). Biliary reconstruction was per-
formed using the preformed Roux-en-Y jejunal limb.

Because the upper abdominal cavity was too narrow to

www.ahbps.org

accommodate the whole liver graft, the transverse ab-
dominal wound was temporarily closed with a xenograft
patch. Seven days later, the patch was removed and the
abdominal wound was closed.

The pathology report of the explanted second liver graft
showed diffuse perivenular hepatocyte dropout and con-
gestion, focal atrophic change of the bile duct with mild
ductular proliferation, and bridging and perisinusoidal fib-
rosis, consistent with hemodynamic derangement (Fig. 5D).

Graft liver function was recovered uneventfully without
vascular complications, but overall posttransplant recovery
of the general condition was delayed primarily due to pro-
longed ventilatory support for hepatopulmonary syndrome.
The patient was discharged from the hospital at 40 days
after transplantation. Currently, she has been doing well

for 6 months posttransplant.

DISCUSSION

Infant recipients undergoing LT are vulnerable to vas-
cular complications, because the graft and recipient ves-
sels are small and an endovascular stenting procedure can-
not be a definitive treatment. Once vascular anastomotic
stenosis occurs, it is not easily treated through the use of

percutaneous radiological angioplasty, because the con-

Fig. 8. Finding of the portal
vein reconstruction following
the third liver transplantation.
(A) Direct intraoperative porto-
gram shows portal vein flow
passing well through the wall
stent remnant (arrow). (B, C)
Computed tomography taken 3
days after the third transplan-
tation shows maintenance of
portal vein flow through the wall
stent remnant (arrows). (D) An
aorto-hepatic jump graft is visi-
ble on the three-dimensional re-
construction image (arrow).
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nective tissues around the vascular structures are hardened
through prolonged inflammation, often necessitating repet-
itive interventional procedures.”® Insertion of a self-ex-
pandable wall stent into the hepatic vein anastomosis is
regarded as a life-saving procedure to cope with hepatic
vein outflow obstruction, but risk of late retransplantation
is possible because a vascular wall stent may not be ex-
panded enough to accommodate the long-term physical
growth of a patient from infancy to adolescence and adult-
hood.'

This case is a typical example of liver graft failure from
wall stent-associated hepatic vein insufficiency. Soon after
hepatic vein stenting, hepatic vein outflow obstruction was
relieved. However, as the patient has grown up, the small-
sized internal diameter of the stents could not drain the
hepatic vein outflow effectively despite numerous sessions
of balloon angioplasty, which induced progressive deterio-
ration of graft function. To prevent such a catastrophic se-
quence, it is essential to perform evidence-based secure
reconstruction to prevent the need for endovascular stent-
ing during pediatric LDLT. A retrospective review of the
present case revealed that the hepatic vein outflow ob-
struction was closely associated with the surgical techni-
ques used in the infant LDLT. The surgical techniques for
hepatic vein reconstruction of a left lateral section graft
in an infant recipient should be different from those used
in adolescent or adult patients. We have developed cus-
tomized hepatic vein reconstruction techniques suitable
for LDLT or split liver transplantation using a left lateral
section graft in infant recipients.7’8

In the present case, the graft hepatic vein stump with
an internal wall stent was heavily adhered to the dia-
phragm, making its dissection impossible. Thus, we had
to transect the graft hepatic vein stump and securely repair
it at the level of the diaphragm. The retrohepatic IVC was
extensively dissected and isolated. Because of the small
diameter of the retrohepatic IVC and absence of the native
hepatic vein stumps, the usual modified piggyback anasto-
mosis using a long triangular anastomosis was not feasi-
ble. Thus, graft outflow vein reconstruction was performed
according to the typical double IVC method.

A wall stent was also inserted in the portal vein after
the second LT. The portal vein stent was fully expanded
to an external diameter of 1 cm. The native portal vein

was variant, being the preduodenal portal vein, due to bili-

ary atresia polysplenia syndrome.”'* Initially, we exten-
sively dissected the superior mesenteric vein and adjacent
collateral veins to isolate the stent-inserted portal vein-su-
perior mesenteric vein junction portion, intending to re-
move the portal vein stent to prevent late stent-associated
vascular complications. However, after transecting the stent-
containing portal vein, we found that the wall stent was
heavily adhered to the portal vein wall, and its removal
was impossible. Fortunately, because the wall stent was
fully expanded with smoothly-formed neointima and its
diameter was much larger than the graft portal vein, we
decided to use the stent-containing portion for the portal
vein anastomosis. Because the diameter of the portal vein
stent appears to be comparable to that of small-sized
adults, we presume that the remaining stent will not be
a source of late portal vein insufficiency.

In the present patient, the right upper quadrant of the
abdomen was collapsed with heavy adhesions and the left
upper quadrant was expanded due to marked enlargement
of the left lateral section graft, thus the normal shape of
a whole liver graft was not well accommodated in the up-
per abdomen, even after extensive dissection of the right
subphrenic fossa. To prevent abdominal compartment syn-
drome and extrinsic compression of the double IVC re-
construction, the transverse abdominal wound was tempo-
rarily closed with a xenograft patch for staged abdominal
closure.

In conclusion, endovascular stenting of the hepatic or
portal vein in young pediatric patients can induce vascular
insufficiency, which can result in graft failure and late re-
transplantation, as shown in the present case. Consequent-
ly, we emphasize the importance of secure vascular re-

construction during LT in infant patients.
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