VI—Split and Living Donor Transplantation

the cut surface of the liver also occurs more frequently
after left-sided hepatectomy than after right lobectomy.
Such adhesion causes gastric stasis (Fig. 42-2). Donor
candidates should be advised of all possible donor risks.

Even though the recipients are children, they have
the right to select the treatment option according to
their age and ability. Family members or physicians
and coordinators must explain the treatment before the
procedure. During puberty or adolescence, LRLT is
sometimes difficult for patients to accept. They may be
distressed to live with the sacrifice being made by their
parent or relative. They may experience considerable
anxiety about the operation and the future if not com-
pletely informed. Their anxiety should be relieved after
a patient, thorough explanation. The goal that all family
members can enjoy and participate in the happy
healthy life of the patient should be presented as the
motivation for LRLT.

Indications

Indications for LRIT are basically no different from those
for deceased donor transplantation. However, in LRIT,
the organ is donated to a specified recipient and not
shared by other candidates. Therefore, the indication is
not affected by the problem of organ allocation as it is in
deceased donor transplantation. Contraindications to
deceased donor transplantation are not necessarily the
same for LRLT. For example, livers with malignant
disease such as hepatoblastoma, which is large and
invasive, may be considered to have low priority in
deceased donor transplantation. However, if there is a
possibility of total excision, including local invasion
without distant metastasis, such a case should be con-
sidered for LRLT with the full understanding of the
potential donor, recipient, and other relatives about the
potential risks of surgery, tumor recurrence, and donor

surgery.'®

Adhesion of the gastric wall to the
cut surface of liver after left latera]
segmentectomy in pediatric living
related liver transplantation. Left,
Gastric stasis as a result of outlet
obstruction. Right, Computed
tomography shows the hairpin
curve of the gastric outlet at the
adhesion site (arrow).

Donor Evaluation

Current Status of Donor Evaluation
in Pediatric Living Related
Liver Transplantation

Donor evaluation in LRLT is necessary for the safety of
the donor and recipient (Table 42-3). Suitable donors
can be selected on the basis of two perspectives: (1)
donors with normal liver function and normal anatomy
and (2) donors without any systemic diseases or abnor-
malities, In Japan, criteria for donor selection are deter-
mined in each institution with approval of the
institution’s review board (Table 42-4). As the initial
phase, preliminary conditions such as age, relationship
to the recipient, ABO blood matching, and history of .
any diseases can be identified during basic screening.
After full consent has been given, the medical tests
start. If multiple candidates are available, conventional
studies are performed at the initial screening. Such
studies include a blood count, coagulation profile,
blood chemistry for hepatic and renal function, serology
for hepatitis C and B virus, serological tests for syphilis
and human immunodeficiency virus, electrocardlogra-
phy, chest radiography, and ultrasonography of the
liver. If the candidates live far from the hosp1tal this
screening can be performed by a local phy51c1an After
preliminary examination, the results are ‘presented as a
tool for selecting the final candidate. =

The age of the donor should 1deally be between 20
and 60 years Younger candidates should be
evaluated for their competence in makmcr a voluntary
decision. Candidates older than 60 years are judged on
an individual basis in terms of cardlopulmonary and
neurological function.

Postoperative pulmonary embohsm is a genuine
threat to the donor. Smoking, Toutine use of birth control
pills, or serious obesity should be con31dered a possible
risk factor for this complication. However, the possibility
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Age: 20-60

Relatives: parents, siblings, offspring, spouses, grandparents,
uncles, and oun‘rs

Confirmation of cooperative and supportive willingness of
the donor candidate’s intimate relatives/spouse

“not complefely exoluded)

HLA matching: a homozygous hopIOIdenhcol donor is not
recommended

No history of transmittable diseases (confirmation of a
nontransmittable state if positive)

Complete blood count; biochemistry, including renal and
hepatic function; coagulation profile (prothrombin time,
activated partial thrombopiastin time, fibrinogen,
antithrombin il bleeding time)

ElecTrocordlogrcm ond ultrasonic cordlogrom UCG),
chest and abdominal plcun rodlographs

Tumor markers (0-fetoproteln, carcinoembryonic antigen,
CA 199, CA 125)

Infection: positive hepatitis viruses, human
immunodeficiency virus, serological test for syphilis

Abdominal ultrasonography of the hepatic parenchyma

- and vasculature, evaluation of other abdominal organs Tumor markers (carcinoembryonic antigen,

O-fetoprotein, CA 19-9, CA 125)

No residual tumor affer the freatment of any previous
malignant disease (consult with a specidalist)

-Needle biopsy of the liver if steatosis is reasonably suspected

of diet and correction of the habit is one of the advan-
tages of living donor transplantation. A body mass index
gre: ter than 30 should be corrected, or an altematlve

Groﬁ evcluo’non

Three-dimensional computed tomography: fatly liver,
architecture of vessels

'mr ompanble matching is not absolutely excluded in
‘ cbuntrles in which deceased donor transplantation
is not avallable The second line of screening is
endoscopy of the upper gastrointestinal tract and colon,
blood tests to check for tumor markers (o-fetoprotein,
carcinoembryonic antigen), respiratory function tests,
echocardiography, and an imaging study of the liver.
The imaging study of the donor liver is very important
to ensure safe surgical procedures in both the donor
and recipient. For this purpose, three-dimensional *Patients with values out of the range in each criterion arel -
computed tomography (CT) angiography is a suitable evaluated on an individual basis. 3
modality because it is less invasive and provides con-
siderable information.!” Conventional catheter angiog-
raphy is being used less and less frequently because it

Needle blopsy (|f sTeGTOSIS or ofher poThology is
suspected on ulirasound, computed tomography,
or blood ChemlsTry)

“More 1h0n 30% ofthe TCI‘;*y.fnTl[ ration shoum
excluded and sreoled by diet

Compufed tfomographic volumetry: expecfed graft :
volume > 1%, < 5% of body weight »
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Is invasive for the donor. Magnetic resonance imaging

may present the same information as enhanced CT
does, but sometimes the Images are not as clear as
those obtained with CT 18 It is very important to assess
the potential volume of the graft in adult transplanta-
tion. However, in pediatric cases, the graft is usually
the whole left lobe or the left latera] segment. Small-
for-size problems are Tare, but in small infants, large-
for-size problems are more important, Specifically, the
size of the potential graft estimated on computed tomo-
graphic scan should be compared with the diameter of

for both adult and Dediatric cases.

Fatty liver is a common contraindication to dona-
tion, with fatty infiltration of more than 25% to 35%
being a criterion for exclusion.’* Noninvasive studies
such as ultrasonography and CT can identify a severely
fatty liver.’ In our institution, the averaged plain CT
value of the liver measured at multiple spots is com-
pared with that of the spleen. If the ratio is lower than
1, which means that the liver has less density than the
spleen does, fatty infiltration is more than 309% 20
However, an exact diagnosis of the degree of fatty infjl-
tration depends on Dreoperative liver biopsy. Needle
biopsy under ultrasound guidance is safe, although it is
not routinely recommended in all cases. If any pathol-
08y is suspected on Imaging studies, needle biopsy is
fecommended to exclude severe fatty liver or other
pathological lesions, Accurate diagnosis of nonalco-
holic steatohepatitis, which may be suspected from
hepatic profile and Imaging studies, depends on the
pathological findings by needle biopsy.

Disease Transmission and Donor
Selection

In pediatric LRLT, inherited diseases such as metabolic
disorders and Alagille syndrome are not as rare as the
" indication. If a parent i selected as the donor, the
potential donor may have a heritable genetic factor or

a subclinical manifestation of disease, A_metabolic
- loading test or measurement of the target enzyme ina

~ pathological diagnosis of paucity of the intrahepatic

- bile ducts should be considered and investigated in the -
potential donor. However, adults with subclinical Alagille -
r elevation- of hiliary -

- syndrome may have only mild “
- tract-related enzymes without any sign of cholestasis, 22

 Ruling out infectious diseases or malignancy is not

- 5'1‘73pec"1'f1'¢ for  determining acceptability for LRIT
- Nonetheless, if there is 2 patient with a disease such as
tuberculosis or hepatitis in the family of the patient, the

= experignce‘;may,be’neceSsary 1o clarify the role of HLA

‘the predictability of possible graft-versus-host disease

Hepatifis B surface antigen, hepatitis C virys antibod
human Immunodeﬁciency virus positive

- Active Infection With iy pisthiog
Uncured malignancy

Major systernic

Rare variant of vascular anatomy that may make
harvesting dangerous

Metabolic diseases
\ AR syri '
One-way mismateh in HLA typing

possibility of latent or previous subclinica] infection
the donor candidates is high. Very careful examinati
of the donor candidates is necessary in such g situ
tion. Contraindications to donor selection are summ
rized in Table 42-5,

Significance of HLA Matching in Living
Related Liver Transplantation

"As in-the case of deceased donor transplantation, HI.2

matching-has not been considered a significant.too] tc
date for donor selection in LRIT In pediatric LRLT, the
donor is usually one of the parents, which means that
the recipient has haploidentical HL.A typing. Sugawara
and coauthors reported that zero HLA mismatching
Wwas associated with a low incidence of acute rejection
in 58 pediatric LRIT cases.? Part of this advantage may
be related to the better HLA matching in LRIT.
However, a study of HLA matching in the largest series -
of’ pediatric LRLT by Kasaharg and colleagues showed .

- poor correlation of HLA matching and the incidence of :

~ rejection. The zero-mismatch group had a tendency -

 foward a lower incidence Of steroid-resistant rejection .
- and a lower level of tacrolimus maintenance 5 years
~ after LRIT and a higher rate of withdrawal of immuno-
- suppression, although there was no significant differ- -
- ence. Longer follow-up and further accumulation of -

matching in LRLT. A merit of pre-LRLT HLA matchingis

(GVHD). After liver transplantation, GVHD is generallY..r{,_.
d fare complication. In LRIT from parent to offspring, --
the donor may have homozygous HLA typing and the




recipient, heterozygous typing. In such a case involving
7 so-called one-way mismatch, the incidence of GVHD
has been reported to be high in organ transplantation,
including liver transplantation.?® Before LRIT, the poten-
Hial for matching a homozygous donor with a heterozy-
gous recipient in HLA typing should be identified, and
n such cases it is better to use an alternative donor.

size and Anatomy of the Donor Liver

“In most pediatric LRLT, graft options consist of the full
eft lobe, including the middle hepatic vein (segments
I, III, and IV); the left lateral segment with a part of
egment 1V, but without the middle hepatic vein; and
the left lateral segment (segments II and III). Selection
f the graft is based on graft volume in relation to the
ecipient’s body size. The relative size of the standard
iver volume is used as an index.?¢ We use the ratio of
raft weight to recipient body weight: graft weight
g)/recipient’s body weight (g) x 100 (%).*" If this ratio
s within 1% to 3%, the graft size is considered
dequate. Generally, the left lobe is used in a recipient
with a body weight between 20 and 40 kg, whereas the
eft lateral segment or the left lateral segment plus a
ortion of segment IV is used for smaller recipients.
When a slightly larger graft than the left lobe is neces-
sary, the left half of the caudate lobe can be added. 28
‘Tn preoperative volumetry, the volume of the potential
-graft is estimated in cubic centimeters. The specific
gravity of the hepatic graft is considered to be 1.

.Weight. If the potential graft is 200 g and the recipient’s
.body weight is 10 kg, the ratio is 2%. The smallest unit
-in conventional LRLT is the left lateral segment. If the

than 5%, poor perfusion of the graft may cause unsatis-
factory primary function. In general, the mother may be
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herefore, volume is calculated in the same manmer as

ratio of graft weight to recipient body weight is more

more suitable than the father in infantile cases because
of her possibly smaller liver. Of course, after informa-
tion is provided about the risks of the large-for-size
problem, the final decision is made by the family. If
only a large donor liver is available, reduction of the left
lateral segment is necessary. Monosegment transplanta-
tion using segment I1I, as discussed later in this chapter,
is a solution in such a case. Regarding size matching, the
size of the graft should be compared with the size of the
recipient’s peritoneal cavity on computed tomographic
images. If the anteroposterior diameter of the potential
graft is 2 cm or longer than the anteroposterior diame-
ter of the recipient’s peritoneal cavity, primary closure
is expected to be difficult. In such a case, skin closure
or prosthesis closure can be used, but this technique
may cause more trouble than simple closure.

The anatomy of the left lobe of the donor is an
important factor in LRLT in pediatric recipients. The
structures that should receive attention are vessels and
bile ducts. In left lateral segmentectomy, the hepatic
vein from segments II and IIl may become separated on
entry into the inferior vena cava (IVC). In left lobec-.
tomy, the left and middle hepatic veins may also sepa-
rately drain into the IVC. Consideration of such
possibilities is necessary when developing a strategy
for hepatic vein reconstruction. Regarding the anatomy
of the portal vein, P2 and P3 may branch separately
from the main portal trunk and form a trifurcation with
the right portal trunk (Fig. 42-3). If this branching is
located at an extraparenchymal site, it is not difficult to
transect these two branches separately. However, if the
branching is thought to be intrahepatic, it is very diffi-
cult to safely perform a transection. A left-sided gall-
bladder is frequently associated with this variation of
the portal vein.?® If available, an alternative domnor
should be chosen. On evaluation of the donor artery,
an aberrant left hepatic artery arising from the left gas-
tric artery is not very rare. This artery is in the lesser

Vananon of the portal vein to the left lateral segment. The portal vein to segment III (P3) and segment II
(P2) is branching separately. If this lateral segment is taken as the graft, the graft will have two orifices in
the portal stump. Left, Three-dimensional computed tomography. Right, Ultrasonography.
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Aberrant hepatic artery supplying the left lateral segment (long
arrow) originating from the left gastric artery. If the main left
hepatic artery (small arrow) is small, this aberrant artery may be
large. For reconstruction in the recipient, this -artery should be kept
long by transecting as indicated by the double line.

omentum, and attention should be paid to preserving’
as long a vessel as possible because a longer vessel can

uation of bile duct anatomy, three-dimensional recon-
struction CT is very useful. Preoperative assessment by
such imaging facilitates better understanding of the
intraoperative cholangiogram. '

”QldenisidéPdﬁdrisA ;

" Left Lateral Segmentectomy and Left

Lobectomy

The abdomen is opened through an inverted T incision.
The horizontal incision can be very short in left lateral
segmentectomy. After transection of the falciform liga-
ment, intraoperative Doppler ultrasound is performed
to confirm the anatomy of the hepatic and portal veins.
The Arantius duct is transected just at the entrance to

the left hepatic vein. The most cranial portion of the cau- .

©  date lobe is dissected from the left wall of the IVC. After

dissection of this area, the hepatic porta is approached. '

The left hepatic artery is dissected proximally to tt
point at which it branches from the common hepat
artery. If the middle hepatic artery is supplying the le
lateral segment, it should also be dissected. The bifu
cation of the left hepatic duct is not necessarily ident
fied in the left lateral segment. Instead, the wall of th
left hepatic duct is identified just on the surface of the let
portal vein, usually through the space between thy
middle and left hepatic arteries (Fig. 42-5). Small hemo-
clips are applied here as markers for the transection site
on the intraoperative cholangiogram. A 24-gauge intra-
venous catheter is inserted directly into the common
bile duct and used for the cholangiogram in left lateral
segmentectomy. The common bile duct on the duode-
nal side and the neck of the gallbladder are clamped
with small bulldog clamps. In left lobectomy, cholan-
giography is performed through the cystic duct because
the gallbladder is resected. Since branches may overlap
on the film, fluoroscopic images may be more helpful
for identification of each duct if the operating table is
tilted while the operator is watching the x-ray images.
The left portal vein is identified but can be encircled
later after transection of the left duct. '

In our institution, parenchymal transection is per-
formed ~ without clamping the hepatic pedicle.

_ Makuuchi recommends a Pringle procedure for donor

hepatectomy.® The line of transection is 0.5 to 1 cm to
the right along the falciform ligament in left lateral
segmentectomy and along the right side of the traced
route of the middle hepatic vein in left lobectomy.
The parenchymal transection is performed with the

be used as the reconstruction vessel (Fig. 42-4). When ' Cavitron ultrasonic aspirator (CUSA) held by the sur-

considering left lobectomy, the size and distribution of -

the middle hepatic artery should be assessed. For eval- - - duct is. sharply transected at the marked site under the

geon-and -a bipolar electrocautery with a water-
dripping system held by -the-first assistant® The bile

guidance of intraoperative cholangiography. The stump
on the donor side is closed with 6-0 running suture,

_ whereas the graft side is left open. After transection, the

Ideﬁtlﬁcaﬁon of the left hepatic duct in left lateral segmentectomy.

' Bétwéeq the left and middle hepatic arteries on the ventral surface
“of the left portal vein, a wall of the left hepatic duct can be identi-

fied: Tracing the hepatic duct from the bifurcation of the hepatic
ducts is not necessary.




arenchymal transection in left lateral segmentectomy. After tran-
ection of the left hepatic duct, the left portal vein is encircled. If
pwed DeBakey forceps are inserted between the lateral segment
nd the caudate lobe and pulled up ventrally, a crest of

arenchyma is fashioned. With this procedure, the direction of tran-
ection is clearly shown, and the operating field is made shallow.
he operator holds the forceps in the left hand and uses the right
'and to mampulate the Cavitron ultrasonic aspirator (CUSA)

left pdrtél vein can easily be encircled. Once the portal
ein is encircled, curved DeBakey forceps are inserted

the segment and the caudate lobe. After the segment is
pulled up with the forceps, the transection line is easily
1dent1f1ed and resembles a crest in a valley (Fig. 42-6).

~ Once the parenchymal transection is completed,
heparin sodium (1000 units) is injected intravenously
just before harvesting. Usually, in situ perfusion of the
graft is possible in left lobe resection because the left
portal trunk is long enough for insertion of the perfu-
sion catheter. First, the hepatlc artery is transected.
- After clampmg the portal vein at the bifurcation, a per-
fusion catheter is then inserted into the left portal vein
before transecting the portal vein. Clamping of the left
hepatic vein or the common trunk of the middle and

ing that the color of the perfusate from the’ hepatic
venous stump has lightened, the graft is removed from

42—Living Related Liver Transplantation in Pediatric Recipients z

¢

left hepatic veins is followed by transection of the vein’
or veins, and portal perfusion of the graft is started”
immediately. To facilitate reconstruction in the recipi-

ent, there should be only one orifice in the hepatic

vein. To make a single orifice, transectmn of the’
Arantius duct and the left phrenic vein is. helpful for
deeper clamping of the common trunk of the left and
middle hepatic veins in left lobectomy.3? After confirm- ' -

the peritoneal cavity and transferred to a basin filled
with preservation solution. The weight of the graft is
measured. In situations in which the cold preservation
time should be kept as short as possible, as in a donor
with hepatic steatosis, the graft should remain vascu-
larized in the body of the donor after parenchymal
transection until the recipient side is ready.

Recently, laparoscopic left lateral segmentectomy
has been reportéd in pediatric LRLT.3® This technique
requires a combination of special skills in both trans-
plant surgery and endoscopic surgery. Developing a
specialized team for the operation is the best way to
perform such an advanced technique.

When a vein graft is expected to be necessary dur-
ing the recipient procedure, the ovarian or inferior
mesenteric vein is harvested from the donor.

Monosegment Transplantation

In small babies, it is difficult to keep the graft-recipient
body weight ratio less than 5%. If the recipient has a
large peritoneal cavity, which is common when ascites
is massive, a large graft can be accommodated easily.
However, from the perspective of graft perfusion, it is
better to keep the ratio less than 5%. When the ratio is
larger than 5%, monosegmental transplantation can be
performed. The left lateral segment is cut down in situ
before the hepatic pedicle is transected in the body of
the donor. Segment II or III is used with reduction of
the other tissue.3* If the graft is still large, the caudal
portion of the reduced graft can be further resected
(Fig. 42-7).

under the left lateral segment along the fissure between -

Recipient Procedure

Recipient surgery consists of total hepatectomy and
reconstruction. In patients with biliary atresia, which is
the most common indication for pediatric LRLT, one or
more techniques such as the Kasai procedure have usu-
ally been performed previously. The bowel is firmly
attached to the anterior margin and lower surface of
the liver. Numerous collaterals are passing through
these” adhesions.: Meticulous’ adhes101y51s by electro-
cautery is useful to shorten the duration of surgery and
decrease blood loss. Possible burn of the bowel can be

fprevented by the assistant intermittently flushing cold
water over the bowel. The Roux-en-Y limb fashioned at

the Kasai operation should be kept as long and intact

Yas p0551b1e Hepatic arteries are transected as distal as-
' p0551b1e to facﬂltate selection of a vessel of appropriate
i} dlameter for reconstructlon Usua]ly, the wall of the
- hepauc artery is very fragile in small babies with biliary

atresia. To prevent mtlmal dissection-.of the. artery,
holding, ligating, and cuttmc should be done gently.
After transection of the hepatic arteries, the portal vein is
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lateral segment was 200 g,

dissected and preserved untransected until the last phase
of the hepatectomy. In LRLT, hepatectomy is performed
with the IVC left intact. In patients without cirrhotic
changes in the livers, as in those with metabolic diseases
or fulminant hepatic failure, it is not difficult to dissect
the tetrohepatic space while preserving the IVC, even if
the hepatic pedicle is not transected. This technique can
reduce the clamping time of the portal vein as much as
possible. However, in the case of cirrhosis, as in biliary
atresia, transection of the hepatic hilum before dissection
of the retrohepatic space makes hepatectomy Very €asy.
" In such a case, cutting the portal vein in the early phase
of the hepatectomy does not usually cause severe con-
gestion of the bowel because of the presence of so many
preformed collateral vessels. In general, Venovenous
bypass or a temporary portosystemic shunt 1s not neces-
sary in pediatric LRLT, regardless of the indication. After
transection of the short hepatic veins, a blunt dissector
can easily be passed through the avascular space just to
the left of the right hepatic vein to encircle the root of the
right hepatic vein (Fig. 42-8). Transection of the right
hepatic vein followed by transection of the middle and
left hepatic veins completes the hepatectomy. -

Vascular Reconstruction

The two basic principles of vascular reconstruction are
a “larger anastomosis and abundant flow.” o

Hepdﬂc Vein
In LRLT, the retrohepatic IVC of the recipient is always

preserved, and the graft’s hepatic vein is anastomosed
to the IVC in an end-to-side fashion. Typically, the left

Reduced left lateral segment transplanted from the mother to her
and the transplanted graft was 140 g. Left, Marking the reduction on the surface

of the Jeft lateral segment. Right, After reduction, the graft weighs 140 g.

3.5-kg 1-month-old boy. In this case, the left

hepatic vein or the common trunk of the left or middle
hepatic vein is anastomosed to the recipient side in Ie
lateral segment or left Jobe LRLT, respectively. Whe
the hepatic vein has two orifices on the graft side
either reconstruction to make one hole or creation of tw
separate anastomoses between the two orifices
selected.® Anastomosis of a single hepatic vein is simple
and safe. If two separate anastomoses are necessary,
stumps of the middle hepatic vein and left hepatic vein o
stumps of the right hepatic vein and trunk of the middle
left hepatic vein can be used on the recipient side.

When the trunk of the middle and left hepatic ve
on the recipient side is used for anastomosis, the orifi
is enlarged to a dimension adjusted for the size of th
graft’s hepatic vein by incising the IVC wall on the rig
side of the common trunk (Fig. 42-9). This procedur

Dy
s

'FIGURE 42-8 :
The final phase of dissection of the retrohepatic spacé in'a recipient.

A blunt dissector can be passed through the avascular space just 0

the left of the tight hepatic vein to ensure safe encircling of the oot L
of this vein. - '
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Hepatic venous anastomosis using the stump of the middle and left
hepatic veins. The right edge of the middle hepatic vein is incised to
nlarge the orifice to a dimension in keeping with the size of the graft
epatic vein. This technique fixes the graft to the wall of the inferior
ena cava itself and is helpful in preventing rotation of the graft,

fits the graft directly to the wall of the IVC and is help-
ful in preventing rotation of the graft around the axis
‘made by the hepatic vein pedicle.3s Triangular anastomo-
is is recommended by Emond and coworkers for cre-
ation of a large anastomosis with good fixation of the
graft to the IVC wall.36 End-to-end anastomosis after
reconstruction of the recipient’s hepatic venous stump is
reported to be an easy and safe method by Makuuchi and
ugawara.’ To prevent restriction of outflow secondary
to torsion on the graft, the vascular pedicle should be

3
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short. In patients with biliary atresia, the retrohepatic '
IVC may be incorporated into the severely hypertropic -
hepatic parenchyma. In patients with situs inversus or

- polysplenia syndrome, the retrohepatic IVC may be com- °

pletely absent. In such cases, the hepatic vein of the
graft is anastomosed in an end-to-end fashion with com-
plete clamping of the suprahepatic IVC (Fig. 42-10).
Venovenous bypass is also not usually necessary in
these cases because of good collaterals.

Portal Vein

In pediatric LRLT, portal vein reconstruction is one of -
the crucial elements for success. In cases of biliary atre- -
sia, the portal vein of the recipient is commonly scle- .
rotic and hypoplastic. In such cases, some i
augmentation of the portal vein is necessary to secure :
abundant flow.® The presence of hepatofugal flow in
the portal vein before transplantation indicates a
greater possibility that augmentation will be needed.
Many methods have been used for such procedures,
including donor autologous or homologous grafts. :
Usually, the segment of portal vein distal to the conflu-
ence of the superior mesenteric and splenic veins is :
replaced by an interposition graft or augmented with a i
patch graft. Another important point in reconstruction ¢
of the portal vein is alignment of the axis of anastomosis.
For this purpose, we use curved forceps inserted into
the graft’s portal vein to determine the direction
(Fig. 42-11). The axis of the recipient’s side is oriented
by placement of the clamp. The anastomosis is usually
created with a two-stay suture technique. If the cal-
ibers are very different, a four-stay suture technique is -

End-to-end anastomosis of the hepatic vein in a
patient with a hypoplastic retrohepatic inferior
vena cava (IVC). A, Before transection of the
IVC. B, End-to-end anastomosis,
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To clanfy the direction of the graft-side portal vein, curved forceps
are inserted while closed and then opened while pulling out a little.
This technique can be used to determine the horizontal direction of
the graft portal vein, even if it is quite short.

recommended. When the diameter is larger than 10 mm,
creation of an anastomosis with running 6-0 monofila-
ment suture is easy and fast. If the diameter is smaller,
partly or completely interrupted suture is recommended.

Hepatic Artery

Microsurgical technique is recommended for recon-
struction of the hepatic artery in pediatric LRIT. Such
technique could reduce the incidence of hepatic arterial

Anastomosis of the artery in the case of bifurcation just distal to
the stump on the graft side. The branch is transected, and the
dominant artery is first anastomosed to the recipient side. Usually,
good backflow is obtained from the other stump, which indicates
that a second anastomosis is not necessary.

thrombosis.** In pediatric LRLT, establishing an ade- )

quate surgical field for reconstruction of the hepatic -
artery is difficult when the graft is relatively large

because the graft covers the surgical field. Holding the
graft with a malleable blade fixed to the head arch is
very useful for ensuring adequate exposure of the sur-
_gical field: (Fig. 42-12). Generally, the diameter of the
hepatic artery in a cirrhotic recipient is large enough,
and its size is compatible with the arterial size of a

Establishing an operanve field for microsurgical reconstruction of a
- hepatic ‘artery in a small child undergoing living related liver trans-
- plantation. Gentle, but secure, fixation of the graft after reperfusmn
through the portal vein is necessary for good field exposure,

graft from an adult donor. However, in noncirrhotic
cases, the size discrepancy is usually large. The branch

~ patch technique and tapering can be used to adjust the

size. End-to-side anastomosis should be avoided
because of the high incidence of hepatic arterial throm-
bosis as a result of turbulence. If the artery on the graft
side bifurcates near the anastomosis, it may also cause
turbulence after anastomosis. In such cases, the
branching artery is transected, and the dominant artery
is anastomosed first (Fig. 42-13). If two or more arter-
ies are present, the most dommant one is anastomosed
first. Then backflow “from" the” others is checked.

- If backflow is good and pulsatile, ‘the other artery or

arteries can be safely ligated. If backflow is not suffi-

_cient, additional anastomosis is, necessary.- When mul-

tiple anastomoses are expected..from - the - findings
during the donor operation, at least two orlflces should
be prepared during hepatectomy of the recipient.
The “suture material is 8-0 or 9-0 nonabsorbable
monofilament, and as litile tension as possible is
placed on the anastomosis.- If the recipient side has
some tension, the gastroduodenal artery can be divided
to elongate the stump on the recipient side. As an alter-
native to the proper or common hepatic artery, the
stump of the splenic or gastroduodenal artery. can be

used. In cases requiring an interposition graft, a segment
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of autologous inferior mesentery artery or radial artery
#an be harvested and used.

Biie Puct Reconstruction

n biliary atresia, the bile duct of the graft is anasto-
mosed to the previously existing or newly made Roux-
n-Y limb. Regarding bile duct reconstruction, there are
:still many controversial issues, such as the suture mate-
ial, use of an inside or outside knot, continuous or
interrupted sutures, and so on. If the bile duct of the
recipient can be used in those with metabolic diseases
or fulminant hepatic failure, duct-to-duct anastomosis is
possible in pediatric as well as adult cases. In infants,
the bile duct on the recipient side is very fragile and
thin. The blood supply to the distal tip of the recipient’s
bile duct should be carefully preserved without

dissecting the connective tissue around the common

Surgical Complications and
Treatment of Recipients

453

Early Complications

Early surgical complications specific for pediatric LRLT
are problems related to large-for-size grafts, small ves- T :
sels for reconstruction, and gastrointestinal tract injury, - Gk 5
especially after a failed Kasai procedure for biliary atresia - Ql:fﬁ‘{u?;ﬁd %g abdominu«’ig Cl;iVi?' aftder tftélllnSplélntatiotrll1 ofa tl)arge

, : . AT CHON 38 (11 a rare o .. The abdomen co e closed without a prosthesis er-
(Table 42-6) Prngarypgnfuncnonls quite rare in LRIT. . fcfrﬁ;iiig;éqijél@pé;aﬁons over the period of a mponth. A, JuS;tpafter
3 T ¢ ;;‘after 7'days; C; after 14 days; D, after 1 month.

ST T SRR TSnrgdry

_ When the graft is relatively large, portal vein inflow may
 be partly or completely interrupted as aresult of the high
pressure on the graft after closure of the abdominal wall.
 Skin closure is performed or artificial mesh is applied in
 these cases (Fig. 42-14). Artificial mesh or a prosthesis is
. not strongly recommended because it may add a source
of postoperative infection. Skin closure may be safer.
- 'Trial closure and monitoring of flow by Doppler ultra-
- sound may be helpful in choosing between primary and
~ secondary abdominal closure. B
. After the routine use of microsurgical techniques was
i intIOduced, the incidence of hepatic arterial thrombosis
: - was 2.4% (8/332) in a large series of LRLT.#° In a recent
Vascular complications - ‘Teport comparing pediatric and adult LRIT, the inci-
" Portal Veln stei dence of hepatic arterial thrombosis in pediatric
Hepatic vein stenosis : ‘ 7 - patients was 0% as opposed to 4% in adults.® The most
dangerous arterial injury is intimal .dissection on the
graft or the recipient side (or on both). If intimal dehis-
cence occurs on the recipient side, the artery must be

Bowel perforation
ANCS

Lat

" Biliary complications -

Biliary stricture af the anastomotic site
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traced proximally to obtain an intact wall and good for-
ward flow for safe construction of an anastomosis.
The basic principle in treating hepatic arterial
thrombosis in LRLT is reanastomosis to salvage the
original graft. Early detection of hepatic arterial throm-
bosis is essential for successful re-reconstruction.
Doppler ultrasonography is performed at least three
times a day during the first 7 days and two times daily
during the subsequent 7 days. If the signal is detectable
but shows poor flow, anticoagulant therapy is
increased, and administration of systemic urokinase
(60,000 IU/6 hr as a continuous intravenous infusion) is
mandatory. Emergency angiography and arterial infusion
of a thrombolytic agent such as urokinase may be imple-
mented. Complete disappearance of the arterial signal
within the first 10 days necessitates urgent reanastomo-
sis, even though there are no signs of hepatic necrosis on
imaging studies or biochemical analysis. Angiography
before repeat surgery is skipped to save time. At repeat
surgery, quick disruption of the anastomosis shoilld be
performed to stop progression of the thrombosis. Good
backflow from the graft-side artery after irrigation with a
fine soft catheter (24 or 28 gauge) is an encouraging sign
for possible success of the reanastomosis. When no arte-
rial signal is detected on Doppler 10 days after LRLT and
no signs of hepatic necrosis are apparent, close observa-
tion without any intervention can be performed. In such
cases—and even in cases in which the reanastomosis
- Was not successful—the graft may survive by portal per-
fusion and later rearterialization by spontaneously
" formed collaterals.# This route is through the diaphrag-
matic artery or the mesenteric artery of the Roux-en-Y
limb. Even in these “spontaneously recovered” cases,
~intrahepatic or exirahepatic biliary stricture may subse-
quently occur several months later.

Biliary complications are more common after LRLT
than after whole-liver transplantation. Such complica-
tions are not specific for pediatric LRLT. Bile leakage
from the hepaticojejunostomy in the immediate early

r.-postoperative period may be fatal as a result of peri- ;

tonitis-and sepsis. Early ’diverjé.idn of the,l‘irr‘ib to prevent
- Teflux ‘of ‘amylase-rich bowel contents is recommended
(Fig. 42-15). Bowel injury during vigorous adhesiolysis

S - is also a common complication of pediatric LRLT after a
.. Tailed. Kasai procedure for biliary atresia. Fasting and

' ~drainage are not usually sufficient to control infection.
Exteriorization of the perforation site may be necessary.

Late Complications

Late complications after pediatric LRLT include hepatic
vein stenosis, portal vein stenosis, and biliary stricture
- (see Table 42-6). These complications are not specific
for pediatric LRLT and are relatively common, as in
deceased donor partial-liver transplantation.

Toute (normograde) or the IVC route (retrograd
- Balloon dilatation has been highly successful. Repeaté
 dilatation » may-. be- necessary,  and’ placement ~of

associated with stenosis. Reconstruction using the veno?

Diversion of the Roux-en-Y limb in the event of anastomotic dehis-
cence of the hepaticojejunostomy. The stoma can be taken down
after healing of the leakage. .

Torsion or compression of the hepatic venous cuff by
the enlarging liver may cause ‘hepatic vein stenosis
after several months or a few years. A long cuff may be

tions. The symptoms of hepatic vein stenosis ‘are’
ascites, a low albumin level, and a decreased platelet -
count. Doppler ultrasound shows a dilated hepatic ve
with low flow velocity inside the liver and jet flow.;
the confluence to the IVC. In catheter angiography,
imaging with contrast dye enhancement and pressure
study through the anastomotic site- can: confirm th
diagnosis. The catheter is inserted via the transhepatic

expandable metallic stent is required in these cases. Fo
possible . retransplantation’ in - patients “with hepa
fibrosis secondary to graft congestion despite conserv:
tive procedures, the location of the stent should b
chosen: cautiously and in a manner that does no

interfere. with- any reoperation if ‘'sich” become:

necessary. 44 ...« ‘ e
On occasion, portal stenosis is a late'COmplicatiQ_
after pediatric LRLT. Portal vein thrombosis®is usuaﬂy

conduit is reported to be associated with a higher inci-. [
dence of stenosis; although there is no definite evidence.® =~ =




< The symptoms are those of portal hypertension—ascites
. . and thrombocytopenia. Doppler ultrasonography can be
used to diagnose stenosis by detection of narrowing of
the lumen, poststenotic dilatation, and a jet flow with
damping of the flow velocity. If the thrombus is already
formed, the lumen cannot be detected by B-mode ultra-
sonography. If portal flow in the liver is detectable by
ultrasound, percutaneous transhepatic portography is
the first choice for diagnosis and treatment. A catheter
inserted transhepatically is passed through the stenosis
or thrombus to the proximal side, and contrast dye
flushed from the catheter can show the lesion. Balloon
dilatation is the first line of treatment of the hepatic
vein.® If it successful, surgical thrombectomy plus re-
reconstruction is clinically feasible, although it is not
easy. Even though portal flow is not detected in the
liver, initially the patient may not have any symptoms.
However, symptoms of a portosystemic shunt or portal
hypertension become prominent later. In such cases
with difficult re-reconstruction, retransplantation is
indicated.

Late-onset biliary stenosis does not present any spe-
» cific problems in pediatric LRIT. Because the original
, anastomosis is mainly a hepaticojejunostomy, interven-
' tion through endoscopic retrograde cholangiopancreatog-
raphy is not possible. Usually, percutaneous transhepatic
cholangiodrainage (PTCD) under ultrasound guidance is
, first selected. Balloon dilatation through this route is
commonly used. If not effective after repeated uiais,
stenting - is - also" possible. Revision after long-term
-follow-up is not very difficult. If balloon dilatation is
not easy or not very effective, it is better to proceed to
-Teanastomosis than to risk any incidental complica-
tions caused by interventional procedures. '

‘Repeai Living Related Liver
Tr nsplcmtcmon in Pediatric Rec:plenfs

In. the 1r11t1a1 experlence with LRIT, there was hesitancy
about performing repeat LRLT (re-LRLT) after failure of
LRLT It is generally difficult to’ find another proper

.it, is reasonable: to: list - the" panent as’an urgent case.
Dlscussmg the possibility of re-LRLT when the availability
of a deceased donor is not expécted may place great prés-
sure on the family. However, if they are not told all of the
options, the . recipient may progress elong the worst
course before.the:family recognizes the necess1ty for

Included as one of the general issues in the informed

.. Consent in the initial LRLT. If the rec1p1ent is a child, the
range of selection of & second donor is wider than for

_ adults. Parents, grandparents younger than 65 years, and
uncles or aunts can be included as candidates.
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'transplantatlon ‘The outcome after: LRLT depends 0
7 Lthe age of the recipient. In the pediatric group younge
donor because the selection range is hlmted Wrrhm the"

,Closed famﬂy of course, if a deceased donor is avallable ) i‘,rable to that of the equivalent ABO-matched § group o

"f‘adults 401 the experience at Kyoto Umver31ty, the out-’

retransplantation. The possibility of re-LRLT should be.

The most common indication for re-LRLT is chronic ©
rejection (Table 42-7). Recurrence of the original dis- -
ease is rare after pediatric LRLT. However, in the Kyoto
experience, young children undergoing LRLT for fulmi- :
nant hepatic failure have a higher incidence of further
massive hepatic necrosis requiring re-LRLT, although it ~
is difficult to differentiate from severe rejection.®s -
Naturally, re-LRLT presents greater technical difficulty *
than the initial procedure does. The overall survival -
rate after re-LRLT in Kyoto is less than 40%. Early
retransplantation is performed if the recipient’s condi- =
tion is poor, and the result is worse than when it is ;
done after a long period (see Table 42-7).

Immunosuppression
Tolerance

After liver transplantation, complete weaning of :
immunosuppression has been reported to be possible :
in select cases. In pediatric LRLT, immunosuppression :
could initially be reduced or the patient weaned :
because of complications or noncompliance. After con- :
firmation of the possibility of complete withdrawal in
such incidental cases, protocols for weaning were devel- |
oped.* During the protocol trial, 25% of the post-LRLT
pediatric recipients enrolled in the study could be com-
pletely weaned off immunosuppressants for a median
of more than 21.9 months.*” The tentative protocol for :
weaning is shown in Figure 42-16, and criteria for use ;
of the protocol are listed in Table 42-8. Predicting the -

SN

7 pdssibﬂ;‘ty of acquiring tolerance is not yet possible.

ABO Incompatibility in Pediairic Living
Related Liver Transpiqniaiion

ABO—mcompa‘uble matching cannot - be:-avoided i
countries in which LRLT is the main method of live

an 1 year, ‘the posttransplant survival rate is compa

come of ABO -incompatible LRLT in infantile patients is

‘almost the same as that of ABO- -compatible LRIT in the

same age group (unpublished data). Therefore, in-
recipients younger than 1 year, the l'mmunosuppression_:
regimen after ABO-incompatible matching is similar to,

_that after compatible matching, except for a procedure:

to decrease the anti-AB antibody titer before transplan-:
tation, such as blood or plasma exchange. In pedlatnc

‘recipients older than 7 years, innovations in immuno-;

suppression, including intraportal infusion, may bev_
effective, as in adult cases.*®
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Age df Original Indication for Time after 1st

re-LRLT Indication re-LRLT 1st Donor 2nd Donor LRLT (yr mo. dcy) Outcome
M. BA . . S Mother -~ Father . i 7 002" ST Dead
9 mo FHF Massive necrosis  Grandfather Grandmother 0.0.24 Alive

s . BA . Masveneooss Fafher . Motner: S 010 ... Dead

1 FHF Massive necrosis ~ Mother Father 0.1.0 Dead

1 CPHF - b o Massive necrosis - Mother . ¥ ; Father* « i 010" . Dedd"»}
2 CR Father Mo‘rher 0.1.0 Alive

12 ¥ Massive necrosi + ‘Mother <55 02 L Dedd |
2 Fd’rher Mo’rher

1 MoTher Father*

5

4 Glycogen CR Mother Father* 0.6.0 Dead
storage disease

3 8] , ¢
2 BA HV stenosis Father Mother 1.0.0 Dead
3 BA CR Father Grandmother 2.6.0 re-re-LRLT

15 BA CR Father Mother 3.1.0 Dead

6 BA Cholangitis Mother Father 4,7.0 Alive

15 BA CR Father Mother* ‘ Dead

Qi BA FHF Father " “Mother 8.7.0 Dead

*ABO-incompatible donor.
BA, b|l|c1ry aTresm, CR, chronic rejection; FHF, fulminant hepatic failure; HV, hepo’nc vein: LC, liver cirthosis; SFS, small for size.

"WEANING PROTOCOL OF TACROLIMUS

3-6 month follow-up
at each step

Tw1ce a day (b i d )

Once a week
Twice a month e it
Once a month “Longeér than2y rliver fransplantation
Normol liver Tunc’non o

No episode of Vr'_,ej»e‘c»ﬁdn during the prévious year

" Evidence of medical compliance

'FIGURE 42:16.

) o . Cooperative local physician for follow-up
Protocol for weaning from tacrolimus immunosuppression. he




42—TLiving Related Liver Transplantation in Pediatric Recipients

1.
2.

- Nagasue N, Kohno H, Matsuo S, et al: Segmental (partial) Liver

. Broelsch CE, Emond JC, Whitington PF, et al: Application of

. Ozawa K, Uemoto S, Tanaka K, et al: An appraisal of pediatric

. Makuuchi M, Kawarazaki H, I'wanaka T, et al: Living related liver
- transplantation. Surg Today 22:297-300, 1992.
. Testa G, Malago M, Broelsch CE: From living related to in-situ split

Ackhowledgmen’r

The authors would like to thank Hideaki Okajima, MD,
for his help in preparation of the figures.

References

Raia §, Nery JR, Mies S: Liver transplantation from live donors.
Lancet 2:497, 1989.

Strong RW, Lynch SV, Ong TH, et al: Successful liver transplantation
from a living donor to her son. N Engl J Med 322:1505-1507, 1990.-

transplantation from a living donor. Transplant Proc 24:1958-
1959, 1992.

reduced-size liver transplants as split grafts, auxiliary orthotopic
grafts, and living related segmental transplants. Ann Surg 212:368-
375, 1990.

liver transpléntatiori from living relatives. Initial clinical experi-
ences in 20 pediatric liver transplantations from living relatives as
doriors. Ann Surg 216:547-553, 1992,

liver transplantation: How to reduce waiting-list mortality. Pediatr
Transplant 5:16-20; 2001.

. Broering DC, Mueller L, Ganschow R, et al: [s there still a need for

living-related liver transplantation in children? Ann Surg 234:713-
721, 2001.

donated cadaveric livers: Analysis and policy development to
increase the application of split-liver transplantation. Liver
Transpl 8:863-872, 2002.




10.

11,

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

_27.

VI1—Split and Living Do

Otte JB: History of pediatric liver transp antation. Where are we

. coming from? Where do we stand? Pediatr Transplant 6:378-387,

2002.

Revillon Y, Michel JL, Lacaille F, et al: Living-related liver trans-
plantation in children: The Parisian’ strategy to safely increase
organ availability. J Pediatr Surg 34:851-853, 1999.

Syrman OS: The ethics of partial-liver donation. N Engl J Med
346:1038, 2002.

de Villa VH, Lo CM, Chen CL: Ethics and rationale of living-
donor liver transplantation in Asia. Transplantation 75:52-S5,
2003.

Lo CM: Complications and long-term outcome of living liver
donors: A survey of 1508 in five Asian centers. Transplantation
75:512-815, 2003.

Sterneck MR, Fischer L, Nischwitz U: Selection of the living liver
donor. Transplantation 60:667-671, 1995.

Chardot C, Saint Martin C, Gilles A, et al: Living-related liver
transplantation and vena cava reconstruction after total hepatec-
tomy including the vena cava for hepatoblastoma. Transplantation
73:90-92, 2002.

Kanazawa A, Hirohashi K, Tanaka H, et al: Usefulness of

three-dimensional computed tomography in a living-donor

extended right lobe liver transplantation. Liver Transpl 8:
1076-1079, 2002. '

Cheng YF, Chen CL, Huang TL, et al: Single imaging modality
evaluation of living donors in liver transplantation: Magnetic res-
onance imaging. Transplantation 72:1527-1533, 2001.

Jacobs JE, Birnbaum BA, Shapiro MA, et al: Diagnostic criteria
for fatty infiliration of the liver on contrast-enhanced helical CT.
AJR Am J Roentgenol 171:659-664 , 1998.

Hayashi M, Fujii K, Kiuchi T, et al: Effects of fatty infiltration of
the graft on the outcome of living-related liver transplantation.
Transplant Proc 31:403, 1999.

Kasahara' M, Kiuchi T, Uryuhara K: Treatment of orpithine
transcarbamylase deficiency in girls by auxiliary liver transplan-
tation; Conceptual changes in a living-donor program. J Pediatr
Surg 33:1753-1756, 1998.

Gurkan A, Emre S, Fishbein TM, et al: Unsuspected bile duct
paucity in donors for living-related liver transplantation: ‘Two
case reports. Transplantation 67:416-418, 1999.

Sugawara Y, Mizuta K, Kawarasaki H: Risk factors for acute
rejection in pediatric living related liver .transplantation:
The impact of HLA matching. Liver Transpl 7:769-773,
2001.

Kasahara M, Kiuchi T, Uryuhara K, et al: Role of HLA compatibil-
ity in pediatric living-related liver transplantation. Transplantation

- 74:1175-1180, 2002.
Kiuchi T, Harada H, Matsukawa H, et al: One-way donor-recipi-
ent HEA-matching as a risk factor for graft-versus-host disease in -

living-related liver transplantation. Transpl Int 11(Suppl 1):5383-

5384, 1998.- - -
Urata K,: Kawasaki S, Matsunami H, et al: Calculation of child

and adult. standard. liver volume for liver transplantation. -

Hepatology 21:1317-1321, 1995. e
Kiuchi T, Kasahara M, Uryuhara K, et al: Impact of graft size mis-
matching on graft prognosis in liver transplantation from living
donors. Transplantation 67:321-327, 1999,

. Miyagawa S, Hashikura Y, Miwa S, et ak Concomitant caudate

lobe resection as an option for donor hepatectomy in adult

living related liver transplantation. Transplantation 66:661-663, -

1998.

59, Asonuma K, Shapiro AM, Inomata Y, et al: Living related liver
transplantation from donors with the left-sided gallbladder/por-
tal vein anomaly. Transplantation 68:1610-1612, 1999.

30. Imamura H, Takayama T, Sugawara Y, et al: Pringle’s manoeuvre
in living donors. Lancet 360:2049-2050, 2002.

31. Yamaoka Y, Ozawa K, Tanaka A, et al: New devices for harvest-
ing the hepatic graft from the living donor. Transplantation 52:
157-160, 1991.

32. Kubota K, Makuuchi M, Takayama T, et al: Successful hepatic
vein reconstruction in 42 consecutive living related liver trans-
plantations. Surgery 128:48-53, 2000. -

33. Cherqui D, Soubrane O, Husson E, et al: Laparoscopic living
donor hepatectomy for liver transplantation in children. Lancet
359:392-396, 2002.

34. de Santibanes E, McCormack L, Mattera J, et al: Partial left lateral
segment transplant from a living donor. Liver Transpl 6:108-112,
2000.

35. Egawa H, Inomata Y, Uemoto S, et al: Hepatic vein reconstruc-
tion in 152 living-related donor liver transplantation patients.
Surgery 121:250-257, 1997.

36. Emond JC, Heffron TG, Whitington PF, et al: Reconstruction of
the hepatic vein in reduced size hepatic transplantation. Surg
Gynecol Obstet 176:11-17, 1993.

37. Makuuchi M, Sugawara Y: Living-donor liver transplantation
using the left liver, with special reference to vein reconstruction,
Transplantation 75:523-524, 2003. ’

38, Marwan IK, Fawzy AT, Egawa H, et al: Innovative techniques
and results of portal vein reconstruction in living-related livet
transplantation. Surgery 125:265-270, 1999.

39. Reding R, de Goyet J de V, Delbeke I, et al: Pediatric liver trans-
plantation with cadaveric or Jiving related donors: Comparative
results in 90 elective recipients of primary grafts. J Pediats
134:280-286, 1999.

40. Kiuchi T: Inomata ¥, Uemoto S, et ak: Living-donor liver tran
plantation in Kyoto, 1997. In. Cecka JM, Terasaki PI (eds
Clinical Transplants 1997. Los Angeles, UCLA Tissue Typing
Laboratory, 1998, pp 191-198. : '

41. Goldstein MJ, Salame E, Kapur S, et al: Analysis of failure i
~living donor liver transplantation: Differential outcomes in chi
dren and adults. World J Surg 27:356-364, 2003..

4. Sugawara Y, Ohtsuka H, Kaneko J, et al: Spontaneous revasc
larization of arterial thrombosis after living donor liver tran:
plantation. Abdom Imaging 27:546-548, 2002.

43. Buell JF, Funaki B, Cronin DC, et al: Long-term venous compli:
cations after full-size and segmental pediatric liver transplant :
tion. Ann Surg 236:658-666, 2002. . e

44. Ko GY; Sung KB, Yoon HK; et al: Endovascular. treatment

" hepatic venous outflow obstruction after living-donor liver tran

plantation, J Vasc Interv Radiol 13:591-599, 2002. ;,,

. Uemoto S, Inomata Y, Sakurai-T, et al:" Living donor livet

~ transplantation for - fulminant hepatic ' failure.: : plantatio‘ri

©70:152-157, 2000.. . R ‘

. Takatsuki M, Uemoto §, Inomata, Y, et al: of
suppression  in ‘living  donor liver trar plant . recipien
. Transplantation 72:449-454, 2001, iy :
47, Oike F, Yokoi A, Nishimura E, et al: Complete.
. immunostppression. in living donor: liver. tra
“Transplant Proc 34:1521, 2002. . L :
. Tanabe M, Shimazu M, Wakabayashi G, al: Intraportal infusion
" therapy as a novel approach to adult ABO-incompatible live
tranéplaritation; Transplantation 73:1959-1961, 2002.

’ﬁsp‘lantatiOn




IMAGES IN LIVER TRANSPLANTATION

Magnet Compression Anastomosis for Bile Duct
Stenosis After Duct-to-Duct Biliary Reconstruction in
Living Donor Liver Transplantation

Hideaki Okajima,’ Atsushi Kotera,

LT akayuki Takeichi,! Mikako Ueno,’

Taketoshi Ishiko,” Masahiko Hirota,? Katsubpiro Asonuma,’ Eijiro Yamauchi,® and
Yukibiro Inomata’

44-year-old woman who had undergone living
Adonor liver transplantation for fulminant hepatic
failure presented obstructive jaundice 1 year after trans-
plantation. A right lobe from her husband had been
used for the original graft. Intraoperative cholangiogra-
phy of the donor showed the bile duct of posterior
infetior segment (B6) branching from the bile duct of
anterior segment (Fig. 1). The bile duct of the donor
was transected in the very short segment of the common
trunk of the posterior and anterior branches of the right
lobe. The orifice of the bile duct of the graft was single,
but the shape of it was like the nose of a pig. This single
orifice was anastomosed to the stump of the recipient’s
common hepatic duct. A biliary stent tube (4-French-
sized) was inserted into only the bile duct of the poste-:
" rior segment. Cold- and warm-ischemia time was 42
and 45 minutes, respectively. She initially recovered

-uneventfully in the early period after liver transplanta-

_tion."The external stent tube was removed 3 months
_after the transplantation. - . - . ,

" “Laboratory data at 11 months aftef the transplanta-
tion showed slight clevation of transaminases (aspartate

Figure 1. Intraoperative cholangiogram of the donor in
the initial living donor liver transplantation. Bile duct of
posterior inferior segment (BG) branching from the bile
duct of the anterior segment

Figure 2. (A) Percutaneous transhepatic cholangiogra-
phy showed complete biliary obstruction of the anterior
branch. (B) Endoscopic retrograde  cholangiography
could not show the anterior branch.

aminotransferase: 80 IU/L, alanine aminotransferase:
100 TU/L) and total bilirubin (1.4 mg/dL). One month
later, ultrasonography showed the dilated intraheparic
duct. Endoscopic retrograde cholangiography and per-
cutaneous transhepatic cholangiography disclosed the
complete obstruction of the anterior branch (Fig. 2).
The dilated duct was drained by the percutaneous
transhepatic cholangiography drainage tube. Balloon
dilatation was attempted though the percutaneous
traﬁshepatic cholangiography drainage rube, but it was
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Figure 3. Placing of the parent magnet. (A) A parent
magnet (diameter 4 mm) attached to a guide with covered
tube was placed endoscopically through the papilla Vateri
that was enlarged enough with endoscopic sphincterec-
tomy at supine position. (B) The parent magnet was
placed at the stricture point.

not possible because the guidewire could not pass the
stenosis. Relaparotomy with choledochojejunostomy
was considered, but the patient strongly preferred the
nonsurgical procedure. That is why the magnet com-
pression anastomosis was applied.

Magnet Compression Anastomosis

As preparation for the procedure, the percutaneous
transhepatic cholangiography drainage tube had
been gradually dilated by 2-French-size every week
from 8 French to 18 French. The papilla Vateri had
been also enlarged by the endoscopic sphincterec-
tomy, A minor tranquilizer (diazepam 10 mg) was
given to the patient prior to the procedure. The

24

Figure 5. Reanastomosis was established by day 42 after
magnets were inserted.

parent magnet (diameter 4 mm) atrached to a guide
with a covered tube was inserted into the common
bile duct and placed at the common bile duct side of
the stricture (Fig. 3). A 16-French-sized sheath tube
was inserted through the dilated percutaneous trans-
hepatic cholangiography drainage fistula, and the
daughter magnet attached to a guide wire was
inserted to the intrahepatic duct (Fig. 4A-B). The 2
magnets were immediately attracted toward each
other, sandwiching the stricrure (Fig. 4C) (Yamauchi

Figure 4. Placing of the daughter magnet. (A) The daughter magnet attached to a guide wire was inserted through the
sheath tube. (B) The daughter magnet was placed into the obstructed intrahepatic duct. (C) The 2 magnets were

immediately attracted toward each other.
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procedure!?). The sheath tube was removed and
changed to the indwelling porous percutaneous
transhepatic cholangiography drainage tube. Estab-
lishment of the reanastomosis was assured by day 42
with radiological examinations (Fig. 5). The indwell-
ing drainage tube was pushed and was inserted down
to the common bile duct through the anastomosed
stoma, as the internal stent tube maintained the
patency. The stent tube was removed 3 months later.
There has been no recurrence of the stricture in the

15 months of follow-up after the creation of the new
stoma.
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Background/Aims: Hepatitis B virus (HBV) infection in extrahepatic tissues is controversial. To clarify whether
episomal HBV can infect nonhepatic tissues, we investigated the molecular forms of HBYV in the lymphatic cells of
inactive HBV carriers who lacked viremia, thus avoiding contamination with HBV genomes originating from the viral

particles present in the serum.

Methods: We assessed HBV genome, replicative forms, and viral integrants in the liver, serum, peripheral blood
mononuclear cells (PBMC), and lymph nodes of 21 inactive HBV carriers who tested positive for antibodies against the

HBYV core antlgen (anti- HBc).

Results: Of the 21 anti- HBc positive 1nd1v1duals, HBV-DNA was detected in liver samples of 15 (71.4%), in the lymph
nodes of 11 (52.4%), and i in PBMC of three (14.3%). However, none of the detected HBYV genomes from lymphatic
tissues included the repllcatlve forms of HBY. In one case, integrated HBV was present in the lymphatic tissues and the
host—viral Junctlon ‘was present in the intronic sequences of chromosome 17.

Conclusions: These data suggest that human lymphatic tissues cannot support viral replication in anti-HBc positive
inactive HBV carriers, while retaining the viral genome as an integrated form.
© 2005 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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1. Introductlon

Hepat1t1s B virus (HBV) is a partlally double stranded -

DNA virus belongmg to the Hepadnavmdae farmly [1 2]
Hepadnaviruses. are charactenzed by their hepatotropic -
features and have a strong preference - for 1nfect1ng
hepatocytes; although small amounts of hepadnaviral
DNA is found in extrahepatic organs [2]. The existence of
extrahepatic replication of HBV is controversial [3-15].
Several previous studies have suggested the presence of
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‘rephcatlve intermediate forms of HBV in extrahepatlc' -

- organs [4-6,14]. For example viral mRN A and covalently" o
'closed 01rcular DNA (cchNA) were detected in penpheral:,

3 _ blood mononuclear cells (PBMC) of hwhly viremic patients. "

O by PCR-based- methods - [14] In contrast others have . .. ..
‘ demonstrated that human PBMC cannot be. infected with

HBV in vitro and in vivo [13] Most of those studies tested
the PBMC of HBV carriers who were positive for hepatitis
B surface antigen (HBsAg) and/or HBV-DNA in the serum.

. However, in HBV carriers with circulating viral particles,

the possibility that the detected viral genomes were
attributed to- viruses that had only adsorbed to the cells

could not be completely excluded [15]... . -

We recently demonstrated. that occult HBV maintains
persistent infection in the‘ livers of individuals who have

0168-8278/530.00 © 2005 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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antibody to hepatitis B core antigen (anti-HBc), but not
HBsAg without causing any clinical liver dysfunction [16].
Because HBV is frequently transmitted to liver transplant
recipients from anti-HBc positive and HBsAg-negative
donors, there is growing recognition that most anti-HBc
positive healthy individuals have latent HBV infection in
their liver tissues [16-21]. Moreover, we and other
researchers have shown the reactivation of latent HBV
infection in some leukemia patients under newly introduced
immunosuppressive therapy or after bone marrow trans-
plantation [22-26]. These findings suggest that most healthy
individuals who are positive for anti-HBc have latent
infections as the episomal form of HBV. Importantly, active
HBV replication was found in the liver tissue of latent
ABV carriers without any detectable HBV-DNA in their
serum [16].

The aim of this study was to clarify whether episomal
1BV infection can occur in extrahepatic tissues. We
nvestigated the molecular forms of HBV in the lymph
odes and PBMC of latent HBV carriers who lacked
iremia. We chose these subjects to exclude the possibility
f contamination by HBV genomes originating from the
iral particles present in the serum. Our findings showed
1at the HBV genome could be present in the lymph nodes
nd PBMC of latent HBV carriers, although these human
rmphatic tissues lack the ability to support viral replication.

. Patients and methods

1. Patients

Between April 5, 1996 and August 22, 2003, 724 patients underwent
ring-donor liver transplantation (LDLT) at Kyoto University. Before
rgery, the liver function of all donors was examined by blood chemistry
d serological analyses of HBV markers including HBsAg, antibodies to
3sAg, anti-HBc, hepatitis B e antigen(HBeAg), and antibodies o HBeAg
ing commercial enzyme immunoassay kits as described previously [27].
“the original 724 patients, 103 donors (14.2%) were positive for anti-HBc
d negative for HBsAg. From these 103 patients, the liver tissues, lymph

des, PBMC and serum of 21 donérs were available for further analyses. -
ese 21 anti-HBc positive individuals included: 10 men and [1 wormien; Coep

2d 24 to 63 years (mean age, 43.4 years). ,N,,o/vr;é’ hédﬁa(histqry of liver
sfunction, blood -transfusion, diiig abuse, ‘or family history of HBV' "

ection. From the remaining 621" donots. without any HBV markéis/ 10

re randomly selected as the negative control group (six men and four ©17%
men). None of the donors enrolled in this study was positive for HBV-
TA in their sera at the time of operation. All subjects provided writtén -

ormed consent and the study was conducted' in”accordance with ‘the”

aciples of the Declaration of Helsinki.

. Tissue samples

Liver tissue samples were obtained at the time of transplantation, frozen

nediately, and stored at —80 °C until use. Blood 'vsamples were obtained | -
>re surgery, and samples from the lymph fiode in the hepatoduodenal
ment were taken by biopsy during the operation: DNA was extiactad

u the liver tissue, lymph node, and serum using procedures as described
7iously [28]. DNA extraction from the PBMC was performed using the
¢ Trapping by Liquid Extraction kit (Takara, Tokyo, Japan) according
1e manufacturer’s protocol.

7 used as a negative control.

2.3. PCR amplification of HBV-DNA

HBV-DNA was amplified by nested or semi-nested polymerase chain
reaction (PCR) using AmpliTaq Gold (Perkin—Elmer Cetus, Norwalk, CT)
[16]. Primer sets for amplification of the S, pre-S, Core(C) /pre-C, and X
regions have been described previously [28]. We defined a sample as HB V-
DNA positive when amplification products were detected in two or more of
four regions in the same sample in three or more independent experiments.
As a positive control, DNA samples were prepared from liver tissues of
patients with hepatocellular carcinoma (HCC) who were positive for
HBsAg. As negative controls, PCR was performed using DNA samples
extracted from liver tissues of healthy donors without any HBV markers,
PCR buffer without DNA, or water only.

2.4. Selective detection of cccDNA and pregenomic RNA
of HBV

To detect the cccDNA forms of HBV-DNA, PCR amplification was
performed using DNA samples treated with mung bean nuclease and primer
sets specific for the X region spanning DR1 and DR2 across the gap of the
relaxed circular DNA (rcDNA). Mung bean nuclease cleaves a part of
the single stranded gap and triple stranded region selectively. Thus, the
sequences around the DR region in HBV rcDNA are expected to be
digested by this nuclease [29]. In contrast, the digestion with mung bean
nuclease prior to PCR amplification does not affect the same region of
cccDNA [16]. In addition, to enhance the efficiency of cccDNA
amplification, cellular DNA samples were digested with EcoRI (5 U) at
37 °C for 2 h before thé PCR analysis [30]. Isolation of total RNA from
lymphatic and liver tissues, RT-PCR, and southern blotting analyses were
performed as described previously [16].

2.5. Detection of the integrated form of HBV—DNA

"< To discriminate the integrated viral DNA from theie:p:\isvomarl HBV-DNA
forms, the host genomic DNA (high molecular weight fraction; HMW) was

separated from the low molecular weight fraction by applying the modified

alkali-lysis procedure used to isolate plasmid DNA, as preyiously described

enzymes and circularization of cleavage  prodiicts before amplification

- [16]. Inverse-PCR is based on the digestion of DNA with certain restriction

_‘using prmers synthesized in the Gpposite. crientation to those’ riormally
employed for PCR [31-34]. As amplification of the § region of HBV-DNA

was found to be the most sensitive among the four sets of primers for the
HBV genome, selective digestion of the HBV-S region was performed
using the restriction enzyme Ddel or Rsal followed by the amplification of
this fragment using inversely designed primer sets specific for the S region.
Accordingly, 4 pg of extracted DNA was digested with Ddel or Rsal iri a
total volume of 50 pL at 37 °C for 4 h, After confirmation of complete
digestion by agarose gel electrophoresis, the enzyme was heat inactivated at

.- 70°C for 15 min. After the purification of the digested DNA using'a PCR:=+% 7% ¢
" clean-up system (Promega, Madison, WI), samples were incubated with T4
16 °Cfor 6 h. Finally,
circularized, DNA: was; used . as ‘the" templaté for | PCR amplification. 17t
( ed for inverse-PCR; amplification: were -as: follows::: =

DNA ligase (New England BioLabs, Beverly, MA) at 16

The primer. sets. us

R-HBS 1.5'-GGGTCCTAGGAATCCTGAT-3/: R-HBRI.5"-GTATGT-
TGCCCGTTTGTCCT-3" * R-HBS2.5'-GTCAACAAGAAAAACCC.

::CG,C"3," R—HBR_Z,S'—GCCTCATCTTCTTGTTGGTTC-3': “ Equal -
. amounts of restriction enzyme-digested but noncircularized DNA. were

: 3.:';Results‘

3.1 The presence of HBV-DNA in lymph nodes and PEBMC

“of anti-HBc positive latent HBV carriers

" We first examined whether HBV-DNA was present in the

serum, liver, lymph node, and PBMC samples of individuals
who were positive for anti-HBc¢ but negative for HBsAg

.
¥



