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Abstract

We report the case of a 7-year-old girl with ornithine
transcarbamylase deficiency whose quality of life
(QOL) improved greatly after a living donor liver trans-
plantation (LLDLT). Ornithine transcarbamylase
deficiency had been diagnosed when she was 2 years old
and she finally underwent LDLT, with her father as
the donor, when she was 7 years old. The patient had
suffered episodes of hyperammonemic encephalopathy
ranging from lethargy to coma, treated by hemodialysis
twice before LDLT, and her intelligence quotient
was borderline for her age. Preoperative magnetic
resonance imaging (MRI) showed an atrophic area in
the subcortical white matter of the frontal lobe.
After LDLT, the patient suffered acute rejection
with hyperamylasemia, but not hyperammonemia.
Postoperative MRI and quantitative MR spectroscopy
showed no changes in the subcortical lesion. She
has been followed up carefully for 16 months and has
had no further complications or any sign of
hyperammonemia. '

Key words Living donor liver transplantation - Orni-
thine transcarbamylase deficiency - Magnetic resonance
imaging - Brain atrophy - Quality of life

Introduction

Ornithine transcarbamylase deficiency (OTCD) is one
of the most common inherited disorders of the urea
cycle in Japan.! It is an X-linked disorder characterized

Reprint requests to: N. Kawagishi
Received: July 1, 2004 / Accepted: March 15, 2005

by signs and symptoms of encephalopathy caused by the
accurmnulation of precursors of urea, principally ammo-
nia and glutamine, in the blood. The incidence of
OTCD is 1:80000 and it can manifest as the early-onset
type or the late-onset type. In boys, the early-onset type
of OTCD manifesting during the neonatal period is
often fatal, although the late-onset type is milder. On
the other hand, heterozygous girls may be normal or
have episodes of hyperammonemic encephalopathy
with a consequent decline in cognitive function.! The
treatment for this disease is directed at minimizing the
requirement for urea biosynthesis by decreasing dietary
nitrogen intake and by increasing waste nitrogen
excretion with sodium phenylbutyrate.? However,
this conservative therapy does not completely prevent
hyperammonemic coma and deterioration on cognition,
and liver transplantation is necessary if the hy-
perammonemic attacks are frequent.’> We report a case
of living donor liver transplantation (LDLT) for OTCD
which resulted in improved quality of life (QOL) and no
further sign of deterioration on cranial magnetic reso-
nance (MR) images 16 months after transplantation.

Case Report

A girl born after an uncomplicated gestation and deliv-
ery was taken to a nearby hospital at the age of 2 years
3 months for investigation of general fatigue, vomiting,
and emotional instability. She was diagnosed as having
OTCD at the age of 2 years 9 months based on the
following findings: hyperammonemia, orotic aciduria,
and elevation of plasma glutamine. Protein restriction
and medication with sodium benzoate, citrulline,
lactulose, carnitine, and arginine were begun, despite
with she suffered several episodes of hyperammonemia,
which developed into fulminant hyperammonemia,
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Table 1. Peak levels of orotate and uracil (mmol/g creatinine) in the urine of the

patient and her parents after an allopurinol load

Orotate (umol/g Cr)

Uraci! (umol/g Cr)

Patient
Before LDLT 1691.6
1 year after LDLT 29.5
Father 54.5
Mother 90.4

Normal range <98 (child), <211 (adult)

12202
86.0
59.0

119.8

<254

After oral allopurinol (Smg/kg), four consecutive 6-h urine collections were taken over the next

24h.* Normal range data were obtained from previous studies®®
LDLT, living donor liver transplantation

Table 2. Changes in serum ammonia, glutamate, glutamine, urine orotate, and urine uracil in the patient

NH, Glutamate Glutamine Orotate Uragcil
(ng/dl) (pumol/) {nmol/) (nmol/g Cr) (pmol/g Cr)

1 day before LDLT 74 35 371 29 614
Start of LDLT 86 41 358 749 543
Ahepatic period 78 14 332 5 571
Declamping 138 50 376 3 351
End of LDLT 47 NA NA 4 94
POD 1 94 15 196 3 34
POD 3 82 25 213 14 98
POD 6 44 14 178 15 112
POD 31 63 14 126 NA NA
1 year after LDLT 34 4 172 4 51
Normal range <85 15-72 420-700 531 <105

Normal range data were obtained from previous studies*?

LDLT, living donor liver transplantation; NH;, ammonia; POD, postoperative day; NA, not available

twice necessitating hemodialysis. At the age of 7, she
was referred to our hospital for LDLT. Her parents
were evaluated as potential volunteer donors. The al-
lopurinol loading test, which is used to determine latent
carriers of OTCD, showed no abnormalities in either
parent (Table 1).#¢ Thus, the genetic origin of the dis-
ease in the patient was considered to be a new mutation.
The father decided to be the donor because his blood
type was identical to that of the patient.

At the time of admission, the patient was alert and
asymptomatic. Physical examination revealed no abnor-
malities in her abdomen and the superficial lymph
nodes were not palpable. The palpebral conjunctivae
were not anemic and the bulbar conjunctivae were not
stained yellow. The patient showed a normal growth
pattern and her intelligence quotient (IQ) was at the
borderline of normal for her age (1Q = 76: Tanaka Binet
Scale of Intelligence). Laboratory data showed a
slightly low prothrombin time (51.0%, international
normalized ratio 1.73), an increased serum ammonia
level (174pg/dl), and normal aspartate aminotrans-
ferase (AST, 331U/, alanine aminotransferase (ALT,
361U/), and albumin (4.3g/dl) levels. Her serum was

positive for anti-cytomegalovirus and anti-Epstein—
Barr virus antibodies. Contrast-enhanced computed to-
mography (CT) of the abdomen showed a normal-sized
liver and a spleen within the normal range of vessel
variation. Doppler ultrasonography showed normal
blood flow through the intrahepatic portal vein and he-
patic vein. Magnetic resonance imaging (MRI) of the
brain revealed spotty T1 and T2 prolongations in the
subcortical white matter of the frontal lobe. Based on
the results of these preoperative examinations we con-
cluded that there were no contraindications to LDLT,
which we performed using the left lobe of her father’s
liver.

During the operation we monitored her serum am-
monia levels and had prepared for hemodialysis in case
hyperammonemia developed. However, as her serum
ammonia levels decreased after declamping, we did not
need to carry out acute blood purification during or
after transplantation (Table 2). The graft weight/
recipient weight ratio was 1.4. The operation time was
12h and the total blood loss was 889ml. The patient
was given tacrolimus, methylpredonisolone, and my-
cophenolate mofetil (MMF) as immunosuppressive
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therapy. Her post-transplant course was unremarkable,
apart from symptoms of acute rejection and mild acute
pancreatitis, and she was discharged from hospital on
the 76th postoperative day.

At the time of writing this report, 16 months after
LDLT, her serum ammonia level and allopurinol load-
ing tests were within the normal range (Tables 1 and 2)
and there has been no further evidence of hepatic en-
cephalopathy. Magnetic resonance imaging of the brain
still showed the same spotty lesions in the subcortical
white matter of the frontal lobe observed before LDLT,
and the size of these lesions was also unchanged (Fig.
la,b). Magnetic resonance spectroscopy after LDLT
showed on abnormal peak of N-acetylaspartate, creat-
ine, and choline (Fig. 1c). The patient’s IQ was still at

1089

Fig. 1. Brain magnetic resonance imaging (MRI) and MR spec-
troscopy before and after living donor liver transplantation
(LDLT). There were some spotty lesions in the subcortical
white matter of the frontal lobe (a). The lesion in the subcorti-
cal white matter was unchanged 1 year after LDLT (b). MR
spectroscopy (repetition time 1500/echo time 135) 1 year after
LDLT showed no abnormal pattern (¢). N-Acetylaspartate
(NAA) peak was 2.0 ppm, creatine (Cr) peak was 3.1 ppm, and
choline (Cho) peak was 3.2 ppm

the borderline of normal for her age (IQ = 75: Tanaka
Binet Scale of Intelligence). The patient attends a
normal elementary school and is not on a restricted
diet. She is followed up in our outpatient clinic every
6 weeks.

Discussion

We reported a case of late-onset OTCD initially treated
by protein restriction with sodium benzoate, carnitine,
and arginine, and finally cured by LDLT after the devel-
opment of hyperammonemic encephalopathy, when the
patient was 7 years old. Before LDLT, this patient was
frequently in hospital and she had to follow a strict diet;
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however, after LDLT she could eat what she wanted
and her QOL was greatly improved. The patient also
had focal brain atrophy caused by the continuous
hyperammonemia, and MRI showed no further pro-
gression of this after LDLT. Up until 2003, only 14 cases
of LDLT for OTCD had been reported in Japan,” but
these cases constitute important evidence of the useful-
ness of LDLT to cure OTCD.

Ornithine transcarbamylase deficiency is an X-linked
genetic disorder of the urea cycle, which is not uncom-
mon in Japan.! The signs and symptoms of encephal-
opathy are related to the accumulation of the precursors
of urea, principally ammonia and glutamine, in the
blood.? Ornithine transcarbamylase deficiency occurs at
an incidence of 1:50000 to 80000,'% and it is a life-
threatening disease in hemizygote male neonates with
lethargy, vomiting, coma, and serious hyperam-
monemia and hyperglutaminemia soon after birth.?
These babies have a poor prognosis. Mild forms of
OTCD may present later, even during adulthood. The
symptoms and signs include coma, mental retardation,
protein avoidance, headache, bizarre behavior, and epi-
sodic hyperammonemia.*!® The clinical manifestations
in girls carrying an OTC mutation vary, and are a
reflection of both allelic heterogeneity and the variable
pattern of X-chromosome inactivation in hepatocytes.!!
Partial OTCD and the ever rarer partial recessive urea
cycle disorders may be difficult to diagnose in girls be-
cause they have few, if any, biochemical changes while
they are asymptomatic.

Ornithine transcarbamylase deficiency is diagnosed
by hyperammonemia, hyperglutaminemia, hypoargini-
nemia, hypocitrullinemia, mild liver dysfunction, and
increased urinary orotic acid levels. Performing a liver
biopsy to measure the enzymatic activity of hepatocytes
is also informative, but there may be a variety of activity
in each hepatic cell. Provocative testing, such as the
allopurinol challenge, has been used in girls.'*!> This test
measures the excretion of orotic acid and orotidine de-
rived from a cytosolic pool of carbamyl phosphate,
thereby monitoring a pathway of pyrimidine synthesis
that is only indirectly influenced by metabolic events
within the urea cycle itself. Moreover, this challenge test
is a safe diagnostic method even for infants.”* Our pa-
tient had a high level of urinary orotic acid before
LDLT, which decreased to within the normal range
after LDLT.

The pathophysiological mechanism of central ner-
vous system injury in urea cycle disorders is not com-
pletely understood. It has been reported that high'levels
of ammonium result in the conversion of large amounts
of glutamate to glutamine by glutamine synthetase,
mainly in astrocytes, which causes swelling of the astro-
cytes, leading to brain edema, intracranial hyperten-
sion, and cerebral hypoperfusion.!* Magnetic resonance

spectroscopy has made it possible to analyze the bio-
chemistry of the brain and accurately identify and
quantify metabolites in well-localized regions.’s It is
important to monitor brain damage quantitatively in
patients with OTCD, because hepatic encephalopathy
can be very harmful and is one of the crucial predictors
of their prognosis. In our patient, MRI of the brain
before LDLT showed spotty atrophic lesions in the
subcortical white matter of the frontal lobe, but this
lesion was unchanged 16 months after the operation,
and MR spectroscopy showed no abnormal peak of
N-acetylaspartate, creatine, or choline.

According to one report, patients with late-onset
OTCD who were treated with drugs that activate new
pathways of waste-nitrogen excretion had fewer
hyperammonemic episodes and a reduced risk of fur-
ther cognitive decline.? However, despite remarkable
residual activity, because of the heterozygote status of
the liver these patients are always at risk of severe
hyperammonemia. Thus, liver transplantation is the
only complete treatment even for late-onset OTCD.
Our patient and her family acknowledged her remark-
able improvement and had no regrets about the LDLT,
because they are now enjoying a normal life. From the
hereditary point of view, deceased donor liver trans-
plantation is feasible for this type of disease, but in
Japan deceased donor sources are very limited, making
LDLT the most reliable form of transplantation. Thus,
all LDLT donors should be selected using the allopu-
rinol challenge test, analysis of gene mutations, and the
usual liver function tests.

In summary, we reported the case of a 7-year-old girl
who underwent LDLT for late-onset OTCD. The pa-
tient has been followed up by measuring her serum
levels of ammonia, liver function tests, the allopurinol
loading test, and brain MRI. This case report shows that
LDLT can cure and improve the QOL of patients with
late-onset OTCD.
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New Strategy for ABO-Incompatible Living Donor Liver Transplantation
With Anti-CD20 Antibody (Rituximab) and Plasma Exchange
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ABSTRACT

It is more difficult to control humoral rejection in living donor liver transplantations
(LDLT) across the ABO blood group barrier than in matched or compatible combinations.
We achieved excellent results in ABO-incompatible transplantation with novel immuno-
suppressive regimens and plasma exchange (PE). Among 82 LDLT were 10 cases of
ABO-incompalible recipients, including three who were administered rituximab for rescue
or prophylactic therapy. Pretransplantation PE was performed as necessary to maintain
hemagglutinin titers below 1:16 and posttransplantation PE was performed when there
were signs of hyperacute rejection associated with high titers. Induction immunosuppres-
sion consisted of FK506, steroid, mycophenolate mofetil (MMF), and rituximab. The first
patient was administered rituximab with deoxyspergualin (DSG), steroid pulse therapy,
and PE on postoperative day (POD) 7, because of biopsy-proven humoral acute rejection.
The titers and LFTs improved drastically. The second and third patients were administered
rituximab just after the operation with other routine immunosuppressants for prophylaxis
of hyperacute rejection. The second patient showed a slight deterioration in LFTs with an
elevated titer, which normalized after steroid pulse therapy and PE. The third patient had
no episodes of rejection. At present, that is 27, 17, and 6 months after the operations

respectively, the 3 transplant recipients are in stable condition.

THE DONOR SHORTAGE encouraged us to per-

form living donor liver transplantation (LDLT) across
the ABO blood group barrier. The survival rate among
ABO-incompatible recipients used to be much poorer than
for ABO-compatible recipients, but the introduction of
novel immunosuppressive regimens and plasma exchange
(PE) has yielded excellent results in ABO-incompatible
transplantation. We have successfully performed ABO-
incompatible LDLT in 3 patients using rituximab and PE.

PATIENTS AND METHODS

Among 82 LDLT, 10 cases were ABO-incompatible recipients
including three administered rituximab for rescue or prophylactic
therapy. The age of the 10 recipients ranged from 7 months to 54
years (median age, 12.8 years). IgM and IgG hemagglutinin titers
were measured before and after transplantation by serial dilution in
saline. Pretransplantation PE was performed as necessary to main-
tain hemaggultinin titers below 1:16, and posttransplantation PE
was performed when the patient showed signs of hyperacute
rejection with high titers. Induction immunosuppression in the 10
recipients consisted of FK506, steroid and mycophenolate mofetil

© 2005 by Elsevier Inc. All rights reserved.
360 Park Avenue South, New York, NY 10010-1710
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(MMF) or azathioprine (AZ), with MMF or AZ administered for
3 days prior to transplantation.

RESULTS

Nine of the 10 recipients and the 3 recipients who were
administered rituximab survived (Table 1). The mean fol-
low-up period of the 10 recipients was 4 years.

Case 1

A 22-month-old girl, whose primary disecase was biliary
atresia, underwent LDLT using her father as the donor (A
to O). She also underwent PE twice before transplantation
to reduce the titer to 16 or below. From postoperative day
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Table 1. Profile of the 10 ABO-Incompatible Cases

Patient Primary Blood Type Primary

Age/Gender Disease {Donor/Recipient) tmmunosuppressants Rejection Therapy Outcome
5y/F BA A/O FK, MP, AZ Pulse, DSG, PE Alive
1y/M BA AB/B FK, MP, AZ Pulse, DSG Alive
12 y/F BA AB/B FK, MP, AZ Pulse Alive
11 m/M BA AB/B FK, MP, AZ Pulse Alive
10 y/F BA A/B FK, MP, AZ Pulse, DSG, PE Dead
1y/F BA A/O FK, MP, MMF Pulse, DSG, PE, rituximab Alive
42 y/F PBC B/O FK, MP, MMF, rituximab Pulse, DSG, PE Alive
10 m/F BA A/O FK, MP, AZ Alive
7m/F BA B/A FK, MP, AZ Alive
54 y/F HCC A/O FK, MP, MMF, rituximab Alive

AZ, azathioprine; BA, biliary atresia; DSG, deoxyspergualin; F, female; FK, tacrolimus; HCC, hepatoma; M, male; MMF, mycophenolate mophetil;

MP, methylprednisolone; PBC, primary biliary cirrhosis; PE, plasma exchange.

(POD) 3, the titers were high and the LFTs results were
elevated despite the PE. On POD 7, a needle biopsy of the
graft revealed hyperacute rejection. She was treated with
rituximab, deoxyspergualin (DSG), and steroid pulse ther-
apy. A section of the liver biopsy showed erythrocyte
sludging in the portal veins, swelling of endothelial cells,
and hemorrhagic areas in the periportal areas. Her titers
and the LFT results improved drastically; she was dis-
charged on POD 74, Less than 1% CD19-positive lympho-
cytes were observed in her peripheral blood for 3 months
after transplantation. At 2 years and 3 months after trans-
plantation, the girl is in stable condition.

Case 2

A 42-year-old woman, whose primary disease was primary
biliary cirrhosis, underwent LDLT with her brother-in-law
as the donor (B to O). Because of a high anti-B titer (1:512),
she underwent PE 7 times and was administered rituximab
as prophylactic therapy just after transplantation. The
woman also underwent splenectomy and was administered
PGE1 and steroids by intrahepatic artery infusion for 2 weeks.
One week after transplantation, the titers elevated and the
LFTs showed a slight deterioration; steroid pulse therapy
together with PE improved the LFTs. She was discharged on
POD 102 due to biliary leakage. CD19-positive lymphocytes in
her peripheral blood were less than 1% for over 1 year after
transplantation. At 1 year and 5 months after transplantation,
the woman is in stable condition.

Case 3

A 54-year-old woman, whose primary disease was LC(B)
with HCC underwent LDLT with her son as the donor (A
to O). She underwent PE 3 times before transplantation
and was administered rituximab as prophylactic therapy just
after transplantation. Because her hepatic artery was dis-
sected during transplantation, she was administered PGE1
and steroid by intraportal infusion for 2 weeks and sub-
jected to splenectomy. At 6 month after transplantation,
her LFTs are stable with no signs of rejection. CD19-
positive lymphocytes in the woman’s peripheral blood are
less than 1% at 6 months postoperatively.

DISCUSSION

ABO-incompatible liver transplantation has been associated
with poor outcomes and should be indicated only for emer-
gency cases. The main reason for these poor resulfs is the
severe hyperacute rejection due to antidonor ABO antibodies
during the early postoperative period. The impact of pre-
formed antidonor ABO antibodies and the strategy to reduce
their titers play key roles in the success of this transplanta-
tion."? Rituximab has been approved for the treatment of
relapsed or refractory B-cell non-Hodgkin’s lymphoma. We
expected rituximab to reduce complement-dependent and
antibody-dependent cellular cytotoxicity induced by antidonor
ABO antibodies via B-cells.> We had good results without
using rituximab for children, but the results for adults in terms
of humoral rejection have been poor. Therefore, we used
rituximab for the adults and for the humoral rejection cases.
Furthermore, PE was also expected to directly reduce the
titers of anti-ABO antibodies.* We experienced 3 cases of
successful ABO-incompatible LDLT by introducing rituximab
and PE.

Although rituximab has been used in ABO-incompatible
liver transplantation in a limited number of patients,® our
results indicate that rituximab and PE may become the new
strategy for the ABO-incompatible liver transplantation.
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Summary

Living Donor Liver Transplantation for Congen-
ital Liver Disease

Naoki Kawagishi®, Kazushige Satoh”,
Yoshitaka Enomoto®, Yorihiro Akamatsu®,
Satoshi Sekiguchi® and Susumu Satomi*

Congenital liver diseases, which are indicated for liver
transplantation are represented as cholestatic and
metabolic diseases. There are many liver diseases and
we must treat them in a variety of ways. Particularly
metabolic diseases often have genetic back ground, we
must also check the genetic status of the donor before
transplantation. In this article we describe congenital
liver diseases for which we have performed living donor
liver transplantation (LDLT) in Japan. Biliary atresia is
the most frequent disease requiring LDLT and the
number of these cases treated with LDLT in Japan
totals 1,000. The most frequent indications for LDLT
were failed Kasai operations and developmental retar-
dation. However, the indications hecame wider when
considering the quality of daily life for the patient.
Other diseases such as Wilson’s disease, familial
amyloid polyneuropathy and citrullinemia are de-
scribed. We also describe our experiences with two
homozygous for familial hypercholesterolemia(FH)
who received LDLT from their parents, who were
heterozygous for FH.
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Liver Laceration Associated With Severe
Seizures After Living Donor Liver Transplantation
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Hemorrhagic complications commonly occur early after liver transplantation (LT), sometimes requiring emergent
relaparotomy. However, active bleeding from the liver graft itself is a rare but life-threatening complication after living
donor liver transplantation (LDLT). We report an unusual case of liver laceration with massive bleeding, associated with
severe epileptic seizures as a result of tacrolimus-induced leukoencephalopathy, after LDLT. The patient was
successfully rescued by conventional surgical management without a second fransplantation. In conclusion, to our
knowledge this is the first reported case of graft rupture due to immunosuppression-associated leukoencephalopathy after

LT. Liver Transpl 12:152-155, 2006. & 2005 AASLD.
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In spite of significant technical advances, living donor
liver transplantation (LDLT) still carrles a high incidence
of complications. Among the various post-transplant
complications, imimunosuppression-associated leukoen-
cephalopathy is a well-recognized but uncommon compli-
cation, However, the etiology of immunosuppression-as-
sociated leukoencephalopathy is uncertain.

Graft rupture after LDLT is also very unusual, and
most cases are associated with the handling of the graft
during operation.'®* The severity of parenchymal in-
jury can range from subcapsular hematoma, with or
without active bleeding, to massive disruption. Most
cases are salvaged by a second liver graft.'-® We report
what we believe is the first case of liver laceration after
LDLT associated with severe generalized tonic-clonic
seizures, followed by successful management without a
second liver transplantation.

CASE REPORT

The patient, a 14-year-old girl who suffered from biltary
atresia, had undergone Kasal’s portoenterostomy pro-
cedure at Tohoku University Hospital in Sendal, Japan,
at 52 days of age. She then suffered several episodes of

esophageal variceal bleeding and biliary tract infection.
In August 2003, the patient underwent LDLT using a
graft from her 42-year-old mother’s left-lobe liver with
middle hepatic vein. The patient was 1.54 m tall and
weighed 40 kg The actual donor liver graft weighed
480 g, which corresponded to 50.5% of the recipient’s
standard liver volume, or 1.14% of her body weight. The
total ischemic time from clamping of the portal vein in
the donor to portal reperfusion in the recipient was 148
minutes. At the end of the operation, there was neither
subcapsular hematoma nor congestion in the liver
graft. The graft was then fixed to the abdominal wall
with the falciform and round ligaments to prevent rota-
tion of the graft and hepatic outflow block. After closure
of the abdomen, Doppler ultrasound showed patency
and a normal flow pattern in all vessels with the normal
velocity of the portal vein.

Initial immunosuppression consisted of tacrolimus,
methylprednisolone, and basiliximalb. She was extu-
bated on the first postoperative day. Five days after LT,
she had 2 focal seizures consisting of loss of conscious-
ness and decreased oxygen saturation. She developed
respiratory fallure requiring intubation and was treated
with intravenous phenytoin as anticonvulsant therapy.
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Figure 1. Schematic view of the lacerations on the bilateral
anterior surface of the left liver graft with an expanding sub-
capsular hematoma along the juncture of the falciferm liga-
ment. The 2/0 absorbable sutures using a needle (3.5 cm in
diameter) were placed with 40 x 7 mm Teflon felt, including on
parenchyma around the bleeding point. The knot was tied to
gently squeeze the liver tissue together.

Tacrolimus serum level was 14.8 ng/mL and was dis-
continued at that point. Brain and abdominal com-
puted tomography shortly after the seizure was normal.
Blood flow for the graft was good and no parenchymal
abnormality was observed by Doppler ultrasound. Lab-
oratory profiles of the patient were as follows: aspartate
aminotransferase, 59 1U/L; alanine aminotransferase,
117 1U/L; prothrombin time, 12.8 seconds {interna-
tional normalized ratio, 1.60); activated partial throm-
boplatin time, 27.8 seconds; and platelets, 9.4 X 10%/
wl. One day later (posttransplant day 6) she had
another severe generalized tonic-clonic seizure lasting
several minutes during a magnetic resonance imaging
examination. Subsequently, a large amount of fresh
blood was observed to be draining from the right sub-
phrenic drainage tube. Tachycardia and hypotension
proved refractory to aggressive fluid resuscitation. Re-
suscitation with blood products was begun, and she
was brought to the operating room. During an urgent
operation after aspiration of hemorrhagic fluid and
evacuation of clots, we found long lacerations on the
bilateral antertor surface of the liver graft with an ex-
panding subcapsular hematoma along the juncture of
the falciform ligament. The fixation of the graft to the
abdominal wall using the falciform and round ligament
was divided. There were two lacerations of less than 3
cm in parenchymal depth and about 5 and 7 cm in
length, both with active bleeding. Hepatic hemorrhage
was controlled temporarily with surgical gauze pads to
compress bleeding lesions. However, after abdominal
closure, Doppler ultrasonography showed the blood
flow in the portal vein decreased and that it remained
reversed. Relaparotomy was again performed; after re-
moving the packing, the blood flow in the portal vein
was restored without thrombosis. To control bleeding
from the liver graft, an alternative surgical procedure
was needed; this time, nonabsorbable Teflon felt
pledget sutures were placed across the site of the liver

Figure 2. Contrast enhanced computed tomoegraphy scan at
85 days after LT shows subcapsular hematoma with nonper-
fused areas equivalent to 36% of the extended left lobe liver
graft.

laceration (Fig. 1). This procedure was repeated until
the hemorrhage stopped. The abdomen was closed
without fixation of the graft to the abdominal wall. Eigh-
teen units of packed red blood cells were transfused,
and large amounts of fresh frozen plasma and several
packs of platelets were used during and after the reop-
eration. Hemoglobin remained stable 4 days postoper-
atively, but serum aspartate aminotransferase/alanine
aminotransferase levels rose to a peak of 1,390/1,634
IU/L after the reoperation and then decreased gracu-
ally.

The patient was managed in our surgical intensive
care unit with prolonged mechanical ventilation requir-
Ing tracheotomy due to methicillin-resistant staphylo-
coccus aureus pneumonia. A computed tomography
scan at 35 days after LDLT revealed massive subcap-
sular hematomma around the faleiform ligament (Fig, 2).
Fortunately, the patient developed neither biliary com-
plication nor a liver abscess in spite of the prolonged
increase in serum bilirubin and persistent coagulopa-
thy.

Three months after LDLT, the patient’s liver function
returned to a normal range (total bilirubin, 0.9 mg/dL;
aspartate aminotransferase, 38 IU/L; alanine amino-
transferase, 29 [U/L), and she was discharged from our
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Figure 3, Follow-up computed tomography imaginds per-
formed L year after LT. The subcapsular hematoma has de-
creased in size with attenuation over time, and it is seen to be
completely resolved.

hospital. She remains well with good liver function after
2 years’ follow-up, without liver hematoma or necrosis,
and with gradually resolving subcapsular lesions (Fig.
3).

DISCUSSION

Active bleeding of a liver graft rupture after LT is an
uncommon event. Solimann et al. reported that paren-
chymal liver injuries in whole LT can be treated with no
acverse effect on the patient or graft survival.® However,
active bleeding of liver lacerations can lead to a life-
threatening event after LDLT.! ® It has been suggested
that the factors responsible for bleeding are portal
hypertension due to a small-for-size graft, liver regen-
eration after partial LT, superficial liver injury during
intraoperative manipulation, and preexisting morpho-
logic donor tiver abnormality.'-*

The fixation of the graft to the abdominal wall is an
important technique and is routinely undertaken to
avold hepatic outflow obstruction in left-lobe liver
transplant procedures.®” In our case, the absence of
evidence of hematoma or other intrahepatic abnormal-
ities on computed tomography imaging at the first epi-
sode of convulsion, suggested that severe generalized
tonic-clonic seizure was the cause of the graft rupture.

The mechanism of graft rupture is uncertain but is
considered to be a tear of the liver capsule at the junc-
ture of the falciform ligament, which is fixed to the
abdominal wall due to contractions of the diaphragm
and abdominal muscles. Lacerations along the junc-
ture of the liver graft and the falciform ligament are not
frequently involved. Interestingly, only 1 similar case, a
result of a falciform ligament tear of the liver secondary
to vorniting, has been reported.®

Immunosuppression-associated leukoencephalopa-
thy is also a rare complication after LT. Leukoenceph-
alopathy is a complication of tacrolimus or cyclosporine
use, and it is usually reversible after discontinuation or
dose reduction.?'? In this patient, the neuroradiologic
abnormality was bilateral white matter lesions, notably
in the parieto-occipital regions. After discontinuation of
tacrolimus, a switch to low-dose cyclosporine in com-
bination with mycophenolate mofetil was started after
reoperation. Introcduction of mycophenolate mofetil was
thought useful for low-dose cyclosporine administra-
tion to prevent acute rejection and its adverse effects.

To achieve hemorrhage control using conventtonal
surgical methods, there are some techniques such as
suture ligation, liver suture, and packing. In this pa-
tient, liver sutures with Teflon felt were useful to avoid
tearing through the friable parenchyma. If the hemor-
rhage of this patient could not have been controlled
with liver sutures, portocaval shunting would have
been a final therapeutic option for achieving hemosta-
sis of the liver. This procedure is a new surgical tech-
nique; however, it does necessitate a second liver graft
for successful outcomes.! In some countries, particu-
larly in Japan, because of the scarcity of available de-
ceased donor organs, the decision to undertake this
procedure is made only if conventional surgical tech-
niques have failed to control hemorrhage.

In summary, we presented the successful manage-
ment of a unique case of liver graft rupture after LDLT
associated with severe generalized tonic-clonic seizures
due to tacrolimus-related leukoencephalopathy.
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