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Figure 1. A Method Using Two Iliac Veins. One iliac vein
was used to reconstruct a V8 and a V5. The other vein graft
was folded at its caudal end. Abbreviations: RHV, right
hepatic vein; MRHV, middle right hepatic vein; IRHV,
inferior right hepatic vein; V5, drainage vein from seg-
ment V; V8, drainage vein from segment VIII; PV, portal
vein; A, hepatic artery.

tudinally. The VC graft was similarly incised longitudinally,
then anastomosed side-to-side with the inferior VC of the
recipient. When a VC graft was not available, iliac or femoral
vein grafts were used.

Results

Of 105 right liver grafts, 35 had major short hepatic
veins. Of these 35 patients, 2 received two iliac veins
and two femoral veins, respectively, as an alternative to

VC grafts for the double VC technique.

Patient 1

The patient was a 61-year-old male with heparitis C
virus cirrhosis with a 2 cm diameter nodule of hepato-
cellular carcinoma. The right liver graft was harvested
from his 56-year-old wife. The graft had a middle and
inferior right hepatic vein. A VC graft was not available
and two iliac veins (76 mm and 55 mm in length,
respectively) were used for venous reconstruction at the
bench (Figure 1).

One iliac vein was used for reconstruction of the

middle hepatic vein tributaries (VS and V8). The other

iliac vein graft was used as an alternative to a VC graft.
Its cranial end was closed. Two branches were anasto-
mosed to the orifice of the right hepatic vein and orifices
of the middle and inferior right hepatic veins together.
The vein graft was 10 mm in diameter, which was too
small for direct side-to-side anastomosis with the recip-
ient’s inferior VC. The iliac vein was incised longitudi-
nally and the caudal side was folded. The two iliac veins
were finally anastomosed side to end.

On the recipient side, all stumps of the hepatic veins
were closed at their roots. The recipient inferior VC was
semiclamped and incised longitudinally 5 cm in length.
The folded iliac vein was incised similarly and sutured
side-to-side. Cold and warm ischemic times were 140
minutes and 55 minutes, respectively. The postopera-
tive course was uneventful. There were no vascular
complications and Doppler ultrasonography 6 months
after transplantation revealed well-maintained flow of
all reconstructed veins.

Patient 2

A 44-year-old man underwent LDLT for alcoholic liver
cirrhosis. The donor was his 42-year-old wife. A right
liver graft with middle hepatic vein trunk was indi-
cated.” The weight of the graft was 454 g, which corre-
sponded to 36% of the recipient standard liver vol-
ume,® leading us to perform venous reconstruction at
the bench. Two cryopreserved femoral vein grafts (each
100 mm long) were available.

Five hepatic vein orifices appeared on the inferior
VC sulcus of the harvested graft (Figure 2). Two fem-

Figure 2. A Method Using Two Femoral Veins. One large
rectangular sheet was made, which was sutured to five vein
orifices. Abbreviations: MHV, middle hepatic vein; RHY,
right hepatic vein; SB, superficial branch; IRHYV, inferior
right hepatic vein; V5, drainage vein from segment V; B,
bile duct; PV, portal vein; A, hepatic artery.
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oral veins were cut longitudinally and the two sheets
were made into one sheet using interrupted sutures.
The V5 orifice was sutured to the medial side of both
sheets. Small holes were made on the sheet for anasto-
mosis with the other four stumps of the short hepatic
veins. The cranial and caudal ends of the sheet were
then sutured to make a new “vena cava.” On the recip-
ient side, the inferior VC was cut longitudinally and
sutured to the graft-side VC. Cold and warm ischemic
times of the graft were 181 minutes and 85 minutes,
respectively. Doppler ultrasonography revealed a well-
maintained venous flow for 3 months after the opera-
tion. The postoperative course was uneventful except
for surgical drainage of bile leakage on the fifreenth

postoperative day.

Discussion

In adult-to-adule LDLT, right liver is frequently used.
When the graft weight is marginal for recipient meta-
bolic demand, the tributaries of the middle hepatic or
short hepatic veins must be aggressively reconstructed.
When the right liver graft has multiple short hepatic
veins, the double VC method should be considered to
decrease warm ischemic time. A large anastomosis
should be made in a partial liver graft, which will regen-
erate and might compress the anastomoticssite.? For this
purpose, the double VC method is preferred, which
secures a large outflow orifice. We describe two alterna-
tive techniques when VC grafts are not available.

The major concern in venous reconstruction using
cryopreserved vein grafts is vein graft obstruction or the
possibility of narrowing over the long term. We recently
reported satisfying short-term results of hepatic vein
reconstruction using cryopreserved grafts with a
median follow-up of 9 months.2 Millis et al.,® however,
reported 51% complication rate after using a cryopre-
served vascular graft. Kuang et al.'® reported complica-
tions, including aneurysm, thrombosis, and stricture, in
8 of 9 cryopreserved vein grafts that were used for portal

vein and hepatic arterial interposition. To date, we have
not experienced any complications using cryopreserved
vascular grafts, but the previous discouraging results
indicate that long-term follow-up is necessary to con-
firm the practicality.

In right liver transplantation, the present techniques
can be used to expand the chance for performing double
VC reconstruction, which will contribute to satisfac-
tory outflow.
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Living donor liver transplantation (LDLT) was first succes-
sfully performed on a child in 1990 and the Shinshu group
performed the same procedure on an adult for the first time
in 1994. Over the past few years adult LDLT has been in-
creasing worldwide because of the severe shortage of cadaveric
organs, especially in locations where the transplantation of
organs from brain-dead donors is rarely practiced. The surgical
procedures for LDLT are more technically challenging than
those for cadaveric whole liver transplantation. LDLT requires
a full understanding of hepatobiliary anatomy and continuous
technical refinement of the procedure. The development of
innovative techniques is a key factor for a successful LDLT.
Some of the technical highlights include selective vascular
occlusion techniques for donor hepatectomy, hepatic arterial
reconstruction under the microscope, the introduction of
intraoperative ultrasound, graft volume estimation, hepatic
venous reconstruction using cryopreserved vascular grafts, and
the use of the right lateral sector of the liver. These techniques
have improved the success rate of LDLT over the past few
years. This review focuses on the surgical techniques for
LDLT on the basis of our experience with adult LDLT at the
Tokyo University Hospital.

Key Words: Living donor liver transplantation, middle hepatic
vein, right liver graft

INTRODUCTION

The use of live donors for liver transplantation
was initiated more than a decade ago as a solution
to the cadaveric donor shortage for pediatric
recipients.' Since the first successful case of LDLT
performed on an adult patient in 1994,” this pro-
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cedure is now widely applied to adult recipients,
especially in countries where the availability of
brain-dead donors is severely restricted.” This
includes the United States and European countries
where there is a critical shortage of cadaveric
organs. In attempts to meet the growing needs of
recipients, transplant surgeons have had to de-
velop innovative techniques and appropriate
algorithms to overcome deteriorating conditions
and complications such as outflow and biliary
complications.

In this review, several considerations of LDLT,
including donor and graft selection criteria, tech-
nical highlights, and critical points necessary for
successful patient outcome are discussed on the
basis of our experience at the Tokyo University
Hospital.

DONOR SELECTION CRITERIA

The first priority when performing LDLT is
donor safety. Donor characteristics are the pri-
mary determinant of the outcome for both
patients. Therefore, careful evaluation and selec-
tion of the donor are obligatory. In our depart-
ment, a preoperative donor evaluation consists of
three stages. In the first stage, patients and their
families are given explanations about LDLT,
including the risk of death for LDLT donors. After
evaluating the medical and family history, social
support system within the family, and psycho-
logical fitness, the donor’s understanding of the
risks involved with a liver resection and accom-
panying invasive tests must be confirmed for each
donor candidate. The age of acceptable donors at
our center is between 20 and 65 years with a
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relation to the recipient within the third degree of
consanguinity.

The second phase involves performing liver
function tests, ABO compatibility testing, lympho-
cyte cross matching; negative serology for hepa-
titis B and C, human immunodeficiency and adult
T-cell leukemia viruses, cardiopulmonary function
tests, the determination of tumor markers of
donors over 40 years old, and a pregnancy test for
female donors. ABO blood group incompatibility
and positive lymphocyte cross matching are not
definite exclusion criteria.

If there is no anomaly, the donor candidate can
proceed to the third stage; a Doppler ultrasound
should be performed for hepatic artery, portal
vein, and hepatic vein evaluation. Computed
tomography (CT) is used to measure graft vol-
ume. Hepatic angiography can be performed to
evaluate vessel anatomy. The donor’s own blood
and plasma are banked preoperatively. Through-
out the course of the donor evaluation, the sponta-
neous willingness of the donor candidate is
repeatedly confirmed.” Signed informed consent is
obtained before the surgery.’

Preoperative liver biopsy and steatosis in graft

Preoperative determination of the extent of he-
patic steatosis is important to ensure both donor
and recipient safety. Donors with significant
steatosis may not tolerate surgery as well as those
with nonsteatotic livers and they tend to have
increased postoperative morbidity, mortality,
transfusion requirements, and surgical time.* A
liver biopsy must be performed for a secure
evaluation of the liver. The indications for a liver
biopsy, however, must be determined carefully
and some patients may require hospitalization
after the procedure (5% frequency) or experience
serious complications (1%).7'9

The degree of steatosis acceptable for LDLT
remains controversial. Marcos et al. reported no
impairment of function in either the donor or
recipient when using grafts containing less than
30% steatosis.”” Fan et al. do not use a right liver
graft with steatosis of 20% or more,!! whereas
other groups use liver grafts with steatosis of less
than 50% if the graft volume-to-standard liver
volume (SLV) of the recipient ratio is 40% or
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more.” At our center, when hepatic steatosis is
suspected by computed tomography and bio-
chemical data (i.e., aspartate aminotransferase <
alanine aminotransferase), a liver biopsy for
evaluating steatosis is considered. If time permits,
the potential donor should undergo a period of
prescribed diet and exercise. Livers with less than
10% hepatic macrosteatosis are preferred.”

Estimation of the liver graft

A major concern for the application of LDLT to
adults is graft size disparity. Small-for-size grafts
are defined as functionally insufficient grafts for
satisfying the recipient’s metabolic demand,
which will predispose the recipient to injuries
characterized by cholestasis and histologic
features of ischemia after implantation.”” On the
other hand, harvesting a larger graft puts the
donor at higher risk." The right liver is not
indicated as a graft when the estimated volume in
donors is over 70%, according to the criteria of
Fan et al.”" We established a method for estima-
tinggraft volume using CT and the following
formula to calculate the SLV (optimal liver mass)
in recipients from their body surface area:™"

SLV (ml)=706.2 x (body surface area [m’]) +2.4.

The volume of each sector of the donor liver is
evaluated by CT. The predicted graft volume/SLV
ratio is then calculated.”

Principally, grafts with a weight/recipient SLV
ratio of 40% are preferred for use in adult
patients. In low-risk patients, a right liver graft
with or without the middle hepatic vein (MHV)
are considered. In other words, grafts with an SLV
ratio of 40% or less may suffice only in the ideal
situation of a good-risk patient as proposed by Lo
and associates.® Our data indicate that” 96% of
patients survive with a graft weight ratio of over
40%, while only 80% of patients survive with a
graft weight ratio of 40% or less. High-risk
patients include those with primary biliary
cirrhosis with a Mayo risk score”? of less than,"
metabolic disease, and fulminant hepatic failure.
For higher risk patients, a left liver with or
without a caudate lobe should be evaluated by CT
volumetric analysis.”** If the volume of the right

Yonsei Med J Vol 45, No. 6, 2004
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lateral sector is greater than that of the left liver,

the right lateral sector segments VI and VII,

according to Coinaud’s nomenclature for liver

segmentation, should be considered for the
522,23

graft.

Objection against routine use of right liver graft

A right liver graft was first used for a pediatric
case by Yamaoka et al.” It is now commonly
used for adult patients. This procedure was
followed by the introduction of an extended right
liver graft, which includes the trunk of the MHV.
This trend has grown rapidly.** At the same
time, however, important ethical issues were
raised regarding the execution of an extended
hepatectomy on live donors.” Although graft size
in living donors may be safely expanded, a
multidisciplinary approach and meticulous donor
evaluation are always necessary. We do not agree
with the recent tendency to use a right liver graft
routinely for almost all adult patients.”® Based on
our experience, the number of patients who
inevitably need a right liver graft with the MHV
is limited; we found that less than 10% of the
recipients in our series required an extended
right liver graft.

Evaluation of donor hepatic arterial anatomy

When planning a donor resection, a preopera-
tive arteriography is necessary to assess the anato-
my and quality of the vasculature of the resulting
graft.”’ For example, upon performing a right liver
LDLT, it is first necessary to determine which of
the varied origins of the artery to segment 1V is
important for defining the optimal points for tran-
section of the artery.’ Although an angiography is
a relatively invasive study with the potential for
complications, the information it provides is
essential for surgical planning and donor safety.
Unfortunately, non-invasive techniques, such as
magnetic resonance angiography or CT, are
limited in their ability to demonstrate small
vessels such as the accessory hepatic arterial
branches.”* The techniques for non-invasive
imaging of smaller vascular structures are still
under evaluation and are not yet sufficiently
reliable for these purposes.

Yonsei Med J Vol. 45, No. 6, 2004

Intermittent inflow occlusion technique

In our department, a donor hepatectomy is
routinely performed under Pringle’s maneuver
without any side effects. We postulate that the
intermittent inflow occlusion acts as a precondi-
tioning step and reduces blood loss during the
hepatectomy.”

RECIPIENTS

During an evaluation of a liver transplant
candidate for LDLT, there needs to be a balance
between the severity of the liver disease and the
adequacy of a partial graft for transplantation.
Most of the complications associated with acute
hepatic failure are reversible if the transplantation
can be performed in the early stage.”” Stable
patients with chronic liver disease also benefit
from living donors. Transplantation can be per-
formed electively before decompensatory (i.e.
fulminant hepatic failure with irreversible ence-
phalopathy) complications occur.

Recipient surgery

The operative technique for recipients is based
on the technique of whole liver resection with
preservation of the inferior vena cava used for
orthotopic liver transplantation.” A J-shape inci-
sion is made to open the abdominal space as is
done for a right thoracotomy. Electrocautery is
effective, time-saving, and useful for sharp dissec-
tion. An argon beam coagulator is useful to stop
bleeding from the hepatic serosa. Each step of this
operation requires meticulous maneuvers and
great care to achieve an uneventful resection of
the whole liver, while avoiding injury to the other
visceral organs. It is important to make a large
and long opening along the sides of the hepatic
veins, and to maintain satisfactory portal, biliary,
and hepatic arterial sources for the reconstruction.
The right and left hepatic arteries should be
dissected out as distally as possible, the left portal
vein should be dissected up to the umbilical
portion, which is just distal to the point of origin
of the branch to segment,” and the right portal
vein should be dissected up to its bifurcation into
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the anterior and posterior branches.

In recipients with little portosystemic collateral
circulation (i.e., familial amyloid polyneuropathy,
citrullinemia, acute hepatic failure), the prevention
of portal congestion is necessary during the
anhepatic phase. A temporary shunt between the
portal vein and the inferior vena cava should be
made. > Briefly, the portal vein branch, which will
not be used for reconstruction, is anastomosed
end-to-side or connected by a tube to the inferior
vena cava. Blood flow through this shunt is
maintained until portal venous reperfusion to the
graft is achieved by portal vein anastomosis.

HEPATIC VENOUS RECONSTRUCTION

The provision of an adequate outflow is indis-
pensable for graft function, thus, it is necessary to
obtain a wide ostium and a sufficient length of the
hepatic vein for anastomosis.

Left liver

Early cases of LDLT entailed an end-to-side
anastomosis for hepatic vein reconstruction. A
longitudinal cavatomy was made along the an-
terior aspect, and the hepatic venous branches,
which were joined on the bench, were anasto-
mosed end-to-side to the caval window.””
Takayama et al. cautioned,36 however, that a direct
anastomosis of the hepatic veins to a thin inferior
vena cava can cause a bend in the inferior vena
cava at the anastomotic side, which can result in
outflow occlusion.

Currently, an end-to-end anastomosis” is pre-
ferred. In such cases, size matching is important.
The left hepatic vein (LHV) and MHV in the
recipient can be joined into one.” If the diameter
of the joined veins is smaller than the left liver
graft's hepatic vein, a wider orifice can be con-
structed by venoplasty of three hepatic veins” in
the recipient (Fig. 1).

In the first method for venoplasty, the neigh-
boring walls were simply sutured together. The
second method involves the use of the pantaloon
technique. The parenchyma around the venous
branches is aspirated using an ultrasonic dissec-
tor, resulting in elongation of the venous
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Fig. 1. Recipient venoplasty of the left hepatic vein (LHV)
and middle hepatic veins (MHV) (A) or triple hepatic
veins (B). (C) The anastomosis was made with continuous
sutures (1-5).

branches. The branches are then cut longitudinally
and sutured together. In the third method, the
hepatic vein of the liver graft is cut in a per-
pendicular direction, and then a venous patch is
anastomosed to the incised graft hepatic veins. De
Villa et al®® detailed another venoplasty tech-
nique. They reported that when two hepatic veins
are connected by a longer intervening septum, a
venoplasty is made by an incision perpendicular
to the septum by first removing the directly
underlying liver parenchyma using a Cavitron
ultrasonic surgical aspirator (CUSA).

Caudate vein reconstruction

Reconstruction of the caudate vein is technically
demanding.”" In the initial LDLT cases,” the
drainage vein of the caudate lobe was not recon-
structed. Takayama and associates™ emphasized
the importance of short hepatic vein reconstruc-
tion. According to the cast study by Couinaud,
91% (115/126) of the caudate veins entered
directly to the vena cava,” thus indicating that
one or two veins of the caudate lobe should be
reconstructed to prevent venous congestion of the
caudate lobe. The hepatic vein of the caudate lobe

Yonsei Med J Vol 45, No. 6, 2004
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Fig. 2. (A, B) The V-shaped venous patch
(V) was anastomosed to the incised
anterior wall of the RHV of the recipient.
(C) End-to-end anastomosis between the
recipient and graft RHVs with continuous
sutures.

Fig. 3. (A) The anterior wall of the
recipient right hepatic vein (RHV) was cut
under cross-clamping of the inferior vena
cava (IVC) (B) The diamond shaped
venous patch (DV) was anastomosed to the
incised anterior wall of the recipient's
RHV. (C) End-to-end anastomosis was
done between the recipient and graft RHV
with continuous sutures.

can be resected with a cuff of the vena cava,
which resembles a Carrel’s patch. In the recipient
operation, reconstruction of the caudate hepatic
vein is performed and then the trunk of the left
and middle hepatic vein of the recipient and the
graft are anastomosed. When the orifice of the
short hepatic vein is located near those of the
LHV and MHYV, the caudate vein with a cuff of
the inferior vena cava can be sutured to the
common orifice of the LHV and MHV (Fig. 4 and
5).

Right liver

To overcome a size discrepancy between the
right liver graft and the recipient’s hepatic veins,
the patch technique can be used. A vascular patch
graft can be sutured separately or to both the
RHV of the liver graft and the RHV of the
recipient (Fig. 2 and 3). Three hepatic veins of the
recipient can be joined to create a wide orifice for
anastomosis.

The appropriate length for the reconstructed
hepatic vein is still controversial and size match-
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ing between the liver graft and the recipient’s
hepatic veins is crucial.” Regeneration of the liver
graft may compress the venous anastomotic site.
Ghobrial et al. suggested that a short hepatic vein
places undue tension on the anastomosis™ and
they cautioned that a long vein is predisposed to
kinking after reperfusion. In contrast, we believe
that it is necessary to obtain a wide ostium and
sufficient length of the hepatic vein anastomosis
to ensure adequate hepatic venous flow. We usu-
ally use a vein graft and make a long and wide
anastomosis during the reconstruction.”

MHYV reconstruction and cryopreserved vascular
graft

An extended right liver graft is beneficial with
regard to venous drainage of the graft because the
MHV is the major draining vein of the right
paramedian sector, and its role in the left
paramedian sector is limited.” On the other hand,
a right liver graft without the trunk of the MHV
can cause severe congestion of the right parame-
dian sector (segments V and VII) without MHV

—282—



Surgical Techniques in LDLT 1081

Fig. 4. The thickest hepatic vein (SHV) of the caudate lobe
(C) was preserved, which was located near the orifice of
the left hepatic vein (LHV) and middle hepatic vein
(MHV).

Fig. 5. Short hepatic vein of the caudate lobe sutured to
the common orifice of the left and middle hepatic vein of
the liver graft from the neighboring wall (A, B) End-to-
end anastomosis between the common orifice of the left
and middle hepatic vein and newly created hepatic
venous orifices of the liver graft (C, D).

Fig. 6. (A) Left hepatic vein (LHV), middle
hepatic vein (MHV) and right hepatic vein
(RHYV) of the recipient’s liver were sutured at
their roots. (B) Three side holes were created
in the wall of the cryopreserved vena cava
graft (CP-VC) for anastomosis with the RHV
and the short hepatic veins [inferior right
hepatic vein (IRHV) or middle right hepatic
vein (MRHV)] of the graft. (C, D) Another
cryopreserved vein graft (CP-IV) can be used
for middle hepatic vein reconstruction. (E)
The stump of the venous branch was anas-
tomosed with a jumping vein graft for mid-
dle hepatic vein reconstruction. (F, G) Side-
to-side anastomosis between the recipient’s
inferior vena cava (IVC) and CP-VC with

reconstruction. To provide a functioning liver
mass comparable to an extended right liver,
several methods have been devised for MHV
reconstruction.*® When a right liver graft has
multiple short hepatic veins, use of a cryopre-
served vena cava is recommended (Fig. 6).

The major concern in venous reconstruction
using cryopreserved vein grafts is vein graft
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continuous sutures was performed.

obstruction or the possibility of vein narrowing
over the long-term. Mills et al.¥ reported a 51%
complication rate after using cryopreserved vas-
cular grafts. Kuang et al.®® reported complications
including an aneurysm, thrombosis, and stricture
in 8 of 9 cryopreserved vein grafts that were used
for portal vein and hepatic arterial interpositions.
To date, we have not experienced any compli-

Yonsei Med J Vol. 45, No. 6, 2004
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cations using cryopreserved vascular grafts, but
previous discouraging results indicate that
long-term follow-up is necessary to confirm the
feasibility of their use.

Indication for MHV reconstruction

There is no consensus regarding the optimal
strategy for MHV reconstruction. Some authors®
claim that donor liver parenchyma transection
without MHYV tributary ligation is dangerous and
that the reconstruction might increase the warm
ischemia time. The development of the collateral
circulation that drains the ligated MHV tributaries
may occur in approximately 1 week,” but there is
no evidence that these collaterals always occur or
already exist in all patients.””* Nakamura et al.
clearly®® demonstrated that the congestive area,
which is due to hepatic vein ligation in the rem-
nant liver, cannot be expected to function with the
available parenchyma in the early postoperative
period. They established that the congestive area
resulted in histologic necrosis of the hepatic
parenchyma approximately 24 hours after the
ligation, although intrahepatic venous collaterals
for draining the congestive area were observed
through the sinusoids for 7 days after the liga-
tion.”

A careful examination of the preoperative CT
scan is useful to detect the number and diameter
of the thick MHV tributaries draining the right
paramedian sector of the donor liver. Anatomic
variations, such as a venous variant type of small
RHV with a large MHV might indicate the neces-
sity for MHV reconstruction.” The indications for
reconstruction of MHV tributaries can be deter-
mined based on our objective criteria.**® First,
discoloration of the liver surface should be
observed after concomitant clamping of the MHV
tributary and relevant hepatic artery for 5
minutes. Thereafter, only the hepatic artery is
declamped and Doppler ultrasonography is per-
formed. When hepatofugal portal flow is ob-
served, the relevant area of the liver is confirmed
to be congested. If the liver volume, excluding the
area discolored by occlusion of the artery, is
estimated to be insufficient for postoperative
metabolic demand, (estimated graft volume less
than 40% of the recipient's SLV), the MHV
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tributaries are reconstructed.

It is not rare to find thick, short hepatic veins
during harvesting of a right liver graft (ie.,
inferior right hepatic vein, middle right hepatic
vein). Reconstruction of these vessels can be
determined using the same criteria as for MHV
reconstruction.

PORTAL VENOUS ANASTOMOSIS

In the preoperative evaluation of the donor,
dynamic CT, visceral angiography, and dynamic
CT with three-dimensional reconstruction provide
detailed information about portal vein anatomy.
Producing an anastomosis that is tension-free with
wide enough orifices is a key determinant for
successful portal vein anastomosis. Therefore, the
portal vein on the recipient side should be
dissected at the longest length possible during
removal of the liver. On the donor side, a
transverse portion of the portal vein has to have
a long extrahepatic course to make it easier to
obtain a longer portal vein in the left liver grafts
than in the right liver grafts.

Portal venous thrombosis, sclerosis, and a size
discrepancy between the graft and the recipient’s
portal vein are other issues that make it difficult
or impossible to perform standard end-to-end
anastomosis. These problems are usually over-
come by use of an interposition vascular graft,
vascular patch graft, or portal venoplasty.”

Trifurcation of portal vein

A common anomaly that requires attention
during the donor operation is trifurcation of the
portal vein in which the right lateral and right
paramedian sectors are supplied separately. In
this anatomic anomaly, the transverse portion of
the portal vein is shorter than usual, and this
necessitates a complete division of the portal vein
tributaries to the caudate lobe when harvesting a

left liver graft.

A right liver graft will have two portal
branches. Some investigators excise the right
paramedian and lateral portal vein with a side
wall of the remaining donor portal veins as a
patch. Defects in the remaining portal vein on the
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donor side are repaired with a venous patch, by
direct suturing of the defect, or with segmental
resection and end-to-end anastomosis. These pro-
cedures add to donor risk and result in unsatisfac-
tory portal reconstruction.”’” This anatomic varia-
tion can be overcome by one of three ways. First,
venoplasty of these portal veins can be performed
on the bench and anastomosed as one common
orifice to the recipient’s portal vein. Second, these
branches can be separately anastomosed to the
recipient’s portal vein. Third, a cryopreserved
vascular graft can be used.

ARTERIAL RECONSTRUCTION

The information provided by preoperative
angiography is essential for surgical planning and
donor safety.”® Hepatic arteries are subject to
many variations.”® Basically, these variations can
be summarized as follows: (1) an aberrant left
hepatic artery originating from the left gastric
artery; (2) an aberrant right hepatic artery origi-
nating from the superior mesenteric artery; and
(3) aberrant accessory arteries, in addition to the
original left (or original middle) hepatic artery, or
in addition to the original or replaced right
hepatic artery. Division and dissection of the
hepatic artery should be planned and meticul-
ously performed according to the preoperative
and operative findings.

Hepatic arterial reconstruction in LDLT is tech-
nically difficult due to the existence of short and
thin hepatic arteries on a liver graft. Marcos et al.
reported that anastomosis under a microscope is
usually unnecessary in adult recipients, especially
with a right liver graft.”® Hepatic artery throm-
bosis is a serious complication that occurs after
orthotopic liver transplantation, and it might
result in hepatic necrosis, biliary leakage, bacte-
remia, or mortality.” Mazzaferro et al.” reported
a significant association between hepatic arterial
thrombosis and the presence of hepatic arteries
less than 3 mm in diameter. In LDLT, the median
diameter of the arterial branch, especially in a
left-sided graft, is less than 3 mm.*’ Thus, micro-
surgery has an inevitable and indispensable place
in LDLT.%*
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Is reconstruction of all hepatic arterial branches
necessary?

In the early series of LDLT, left liver grafts were
mainly used, which had thin, short, and some-
times multiple arterial branches. Broelsch et al.”
suggested that a double arterial supply to the liver
graft is unsuitable for LDLT after two of three of
their patients experienced hepatic artery throm-
bosis. To resolve this problem, Mori et al.®
reconstructed all hepatic arteries of a liver graft.
The Shinshu group,” however, demonstrated that
reconstruction of all hepatic arterial branches was
not necessary in their left liver graft series.
Furthermore, Sakamoto revealed that the existence
of aberrant hepatic arteries, especially in left liver
grafts, allows the physician to obtain a thicker and
larger hepatic artery for reconstruction.”’  An
additional important note regarding the left liver
is that dissection of the perivascular connective
tissue around the umbilical portion of the portal
vein must be avoided to maintain the collateral
circulation among the segmental arteries.®”

In our previous series, the frequency of multiple
arterial orifices was 1% for right-sided liver grafts
and 9% for left-sided liver grafts.”” Whereas recent
data from Marcos et al.*® revealed that 12% (11/
95) of consecutive right liver grafts have double
arteries. Marcos et al. proposed that reconstruc-
tion of all arterial branches of right lobe liver
grafts is necessary, claiming that no portion of
right liver grafts is supplied by secondary arterial
perfu51011.67 In their recent series, they anasto-
mosed double arterial orifices with auto Y-shaped
arterial grafts on the bench.* It is still controver-
sial, however, whether all arterial stumps must be
anastomosed in LDLT. We reported successful
results with only one hepatic arterial reconstruc-
tion in both a left and right liver graft with
multiple arterial stumps, %% Redman® demon-
strated that accessory hepatic arteries usually
communicate with the original lobar arteries in
the hepatic hilum, but they are not visualized on
angiograms unless they actually function as
collaterals.

Checking arterial communication in grafts
When multiple hepatic arteries exist, the largest
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one should be used for reconstruction, and an
adequate arterial flow to the nonanastomosed
arterial branches should be confirmed using the
following criteria. First, during the completion of
a donor hepatectomy, when smaller branches of
the hepatic artery are cut, pulsatile back-bleeding
is observed. Second, on the bench, when perfusion
fluid is flushed though the largest artery, it should
be observed to flow out from the smaller arterial
branches® Third, arterial flow can be confirmed
during the recipient’s operation following the
reconstruction of the largest hepatic artery by the
presence of pulsatile back-bleeding from the
stump of the other graft's arteries. Finally, the
hepatic arterial signal can be checked by Doppler
ultrasonography of each segment of the liver

graft.

BILIARY RECONSTRUCTION

The current standard for biliary reconstruction
in whole cadaveric liver transplantation is a duct-
to-duct choledochocholedochostomy. The prefer-
red technique in adult LDLT is currently shifting
from a hepaticojejunostomy to duct-to-duct anas-
tomosis.

Duct-to-duct biliary reconstruction

Duct-to-duct biliary reconstruction has been
presented in some institutions.”””* These reports
advocate the advantages of duct-to-duct biliary
reconstruction over a hepaticojejunostomy, i.e., the
procedure might preserve physiologic bilioenteric
and bowel continuity, thus preventing a delayed
bowel movement. Duct-to-duct reconstruction al-
lows for easy endoscopic access to the biliary tree
for diagnostic and therapeutic instrumentation
and management, and it prevents ascending
cholangitis.

The rationale for using a hepaticojejunostomy in
LDLT is based on the small size of the recipient’s
bile duct and the inadequate length of the donor’s
bile duct. Although size and length are not
restriction factors for adult patients, as they are
for pediatric patients, an underlying liver disease
(e.g., biliary atresia) often mandates the use of a
hepaticojejunostomy. Since 2000, we have used
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duct-to-duct anastomosis in patients without
diseases involving the bile duct, such as biliary
atresia or primary sclerosing cholangitis. How-
ever, long-term postoperative observations and
technical modification are still necessary,m'73 to
determine the success rate.

Devices used during the operation

The rate of biliary complications after LDLT is
approximately 40%, suggesting that biliary recon-
struction remains a technically demanding and
challenging problem in LDLT.”*”*” An intraopera-
tive cholangiography is essential for visualizing
biliary anatomy and anomalies (i.e., a right lateral
sector bile duct originating from the left bile duct),
and identifying the precise site of division.””® To
avoid narrowing of the common bile duct of the
donor, there should be no attempt to obtain a
single duct orifice in the graft. It is very important
to maintain an adequate blood supply from the
hepatic arteries and gastroduodenal artery to the
bile duct.” Thus, meticulous and sharp dissection
of the recipient’s bile duct, preserving as much
surrounding tissue as possible,”” is indispensable
for the safety of duct-to-duct reconstruction.

The existence of multiple bile duct orifices on
the graft side is common. Intermittent suturing or
tying them off during the donor operation, or on
the bench, may be performed.” To identify the
orifice of the bile duct to each hepatic segment, a
surgical probe can be inserted individually into
each bile duct under the guidance of ultrasono-

79
graphy.
Postoperative complications

A surgical revision of bile duct stenosis is
technically demanding if the endoscopic approach
is not possible or unsuccessful. In repairs using a
T-tube, an intraoperative cholangiography should
be used for appropriate localization, which allows
for sufficient bile juice drainage. Converting
duct-to-duct anastomosis to a hepaticojejunostomy
is another optior1.70

The raw surface of the liver graft or biliary
anastomosis is a common site of bile leakage,
which can result in fluid collection or an abscess.
Careful ligation of all bile ducts on the raw
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surface and placing a closed suction drain along
the cut surface of the liver graft is important.

Scatton® reported an increase in the biliary
complication rate in a T-tube group. In LDLT, a
T-tube helps to decompress the bile duct, but it
will not prevent stenosis at the anastomotic site.
Additionally, there are often multiple duct orifices
in the graft and a size difference between the
common bile duct and the duct orifice in the graft,
so it is difficult to put the tip of a T-tube across
the anastomotic site. A transanastomotic external
tube can theoretically help decrease the intrahe-
patic biliary pressure caused by edema and the
consequent partial obstruction of the anasto-
mosis.” The transanastomotic external tube will
also facilitate a postoperative imaging study. The
advantage over not stenting, however, has not
been established.”

UNIVERSITY OF TOKYO EXPERIENCE

Between 1996 and September 2003, 167 adult
patients underwent LDLT at the Tokyo University
Hospital. Donor candidates consisted of 71 chil-
dren, 34 siblings, 23 parents, 23 spouses, 11 who
composed of aunts, uncles, nieces and nephews
and 5 others. Their ages ranged from 20 to 65. The
LDLT donors underwent a left hepatectomy
(n=16), a left liver with caudate lobectomy (n=59),
and a right hepatectomy (n=76), a right lateral
sector (n=16). The actual graft weight ranged from
289g to 924g (median 534g), and its ratio to the
recipient’s SLV ranged from 31% to 88% at the
time of the transplantation. All the LDLT donors
recovered well and returned to normal lives with
a mean hospital stay of 15 days (11-56 days). Only
minor donor complications occurred. Seven
donors (3%) underwent a reoperation with good
results. The indications for the reoperation were
bile leakage in six donors and peritonitis in one.
None of the donors required a banked-blood
transfusion.

As for the recipients, three patients required
re-transplantation and there were nine early
deaths. Primary biliary cirrhosis, primary sclero-
sing cholangitis, and autoimmune hepatitis were
the most common indications (33%), followed by
hepatocelluar carcinoma with hepatitis (24%). The
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most common complication was acute rejection
(45%), followed by biliary complications (25%).
Patient and graft survival were 91% and 90%,
respectively. Several considerations and tech-
niques for performing LDLT and the experiences
at Tokyo University were reviewed. The results
confirmed that LDLT was satisfactory in adult
patients with 3-year accumulated survival rates of
90%, and it can be performed with a low in-
cidence of complications.

CONCLUSION

Taking into account the worldwide shortage of
cadaveric organ donations, LDLT offers hope to
patients with end-stage liver disease and its use
will become increasingly more important. This
procedure should be performed by an expert
surgical team only after careful consideration of
donor safety and recipient outcome. The long-
term success of LDLT requires careful, thoughtful
application of this procedure, as well as accumu-
lated technical improvements in the field of
hepatobiliary surgery.
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Introduction

Summary

The association of blood eosinophilia with acute cellular rejection (ACR) after
living donor liver transplantation has not been examined yet. The subjects were
the 167 recipients who underwent liver biopsy (314 times}). The blood eosino-
phil counts in the preoperative period (n = 167), 3 days before (n = 314) and
on the day of biopsy (n = 314) were compared among the groups stratified by
severity of ACR. Among 314 biopsy specimens, the 140 biopsy specimens were
diagnosed with ACR. In the 140 ACR episodes, eosinophil counts before and
after therapy was compared between the episodes that responded to therapy
(n = 80) and those not (1 = 60). The sensitivity and specificity of preoperative
eosinophilia (eosinophil counts >130 mm?) to predict ACR was 33% and 65%,
respectively. The eosinophil counts >400 mm® 3 days before and on the day of
biopsy was associated with the severity of ACR (P < 0.0001). The sensitivity to
predict ACR was 26% and 33%, and the specificity, 94% and 93%, respectively.
There was no significant difference in changes of eosinophil counts between
the steroid-responders versus the nonresponders. The present results suggested
the limited role of eosinophilia as a predictor of ACR after living donor liver
transplantation.

ACR by 2—4 days [1,5]. One report demonstrated a close
relationship between pretransplantation peripheral blood

In liver transplantation, acute cellular rejection (ACR) is
still a major complication that can lead to mortality. Early
diagnosis is necessary for prompt treatment, which must
be based on liver biopsy. Several reports indicate a rela-
tionship between blood eosinophilia and acute rejection
in liver transplantation [1-4]. Infiltration of eosinophils
into the graft and peripheral blood eosinophilia might
relate to ACR. In most studies, eosinophilia preceded
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eosinophilia and postoperative ACR [6]. All of these
reports, however, were based on data from deceased
donor liver transplantation. In living donor liver trans-
plantation (LDLT), the relation between eosinophilia and
ACR has not been examined.

It is controversial that whether there is a difference in
the frequency of ACR rejection between LDLT and
deceased donor liver transplantation [7,8]. Some authors
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reported lower incidence of steroid resistant [9] or late
onset ACR [10] after LDLT. This might be due in part to
the length of graft cold ischemic time [7] or the HLA

haplotype matching in living-related donor cases [9]. The

difference in the frequency and severity of ACR between
deceased donor liver transplantation and LDLT led us to
examine whether blood eosinophilia can predict ACR
after LDLT.

Patients and methods

Patients
Subjects were 305 consecutive patients that underwent
LDLT at our hospital. Two patients complicated by chro-
nic rejection and eight patients who underwent emergent
transplantation were excluded. Of the remaining 299
patients, biopsies were performed in 167 patients consist-
ing 131 adults [47 £ 1.0 (mean * SE) in age] and 36 chil-
dren (6.3 £ 1.0 years old). The indications for LDLT
included HCYV related cirrhosis (n = 39), hepatitis B virus
related cirrhosis (n = 14), cirthosis of other etiologies
(n = 7), biliary atresia (n = 37), primary biliary cirrhosis
(n = 33), primary sclerosing cholangitis (n = 4), autoim-
mune hepatitis (n = 5), fulminant hepatic failure (n =
15), metabolic diseases (n = 7) and others (n = 6).
Acute cellular rejection was diagnosed based on
biopsy and graded into four classes according to the
Banff scheme [11] [Grade 0 (GO): no evidence of rejec-
tion, Grade 1 (G1): mild rejection, Grade 2 (G2): mod-
erate rejection, Grade 3 (G3): severe rejection; Fig. 1].
Postoperative immunosuppression was achieved with
tacrolimus and methylprednisolone [12]. Tacrolimus was
administered to control the trough level at approxi-
mately 16-18 ng/ml for the first week, and gradually
tapered to 5-8 ng/ml over 6 months. Steroids were also
tapered day by day from 3 mg/kg on the first postoper-
ative day to 0.3 mg/kg on the fifteenth postoperative
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Figure 1 The numbers of the patients and liver specimens studied.
Bx, liver biopsy.
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day. The dose was then decreased slowly to 0.06 mg/kg
over 6 months. When the diagnosis of ACR was con-
firmed, 20 mg/kg of methylprednisolone was adminis-
tered, which was then tapered by reducing the dose by
half each day until the same dose as before therapy was
achieved.

Biopsy was performed when levels of all blood liver
function tests, including transaminases, bilirubin, gamma-
glutamyl transpeptidase and alkaline phosphatase, eleva-
ted. No protocol biopsy was performed.

Analysis

The relationship between preoperative eosinophilia and
ACR stratified by grade was examined. Preoperative eosi-
nophilia was defined as absolute eosinophil count (AEC)
>130 mm® [6]. The relationship of eosinophilia 3 days
before or on the day of biopsy and ACR grouped by
grade was examined. Here, the number of eosinophils was
evaluated as AEC or relative eosinophil count (REC:
AEC x 100/total leukocyte count). Postoperative eosino-
philia was defined as AEC more than 400/mm? and/or
REC more than 4% [3].

Pre- or post-treatment AEC, REC, and eosinophil
count changes were compared between patients that
responded to the treatment and those that did not. Treat-
ment was judged successful when transaminase and bili-
rubin levels improved to normal levels and did not
increase again during the following month. If liver dys-
function recurred again within 1 month, followed by
biopsy-proven ACR, the treatment was defined as failed.

Statistics

Data were expressed as mean + SE. Sensitivity and specif-
icity of eosinophilia was calculated for the prediction of
ACR or improvement of ACR. AEC and REC were
compared between groups using an unpaired #-test or
one-way ANova. A P-value of <0.05 was considered
statistically significant.

Results

Preoperative eosinophilia

An average of 2.2 biopsies were performed per patient.
The interval between transplantation and biopsy was on
32 + 2.0 days. The degree of ACR included Gl1 in 71, G2
in 18 and G3 in two patients. Other 76 patients showed
only indeterminate evidence of ACR in every biopsy sam-
ples and were classified to GO. Preoperative AEC of the
patients with and without postoperative ACR was
168 + 27/mm’ and 114 + 16/mm’, respectively (P =
0.78). There was no significant difference in REC (GO,
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2.6 + 0.34%; G, 2.9 £ 0.52%; G2, 3.7+ 0.98%; P =
0.54) or AEC (GO, 114 * 18/mm?> Gl, 159 £ 27/mm?
G2, 217 + 51/mm® P = 0.10) among the GO0-G2 grades
of ACR (Fig. 2a). Two G3 specimens were excluded from
the analysis. Preoperative eosinophilia predicted ACR
with a sensitivity of 33% and a specificity of 65%,
respectively (Table 1).

Eosinophilia 3 days before the biopsy

Eosinophil counts 3 days before the biopsy were available
for 314 biopsy samples (Fig. 1), graded as Gl (n = 115)
and G2 (n = 25). The other 174 samples showed indeter-
minate evidence of ACR and were classified to GO. The
major findings the samples included nonspecific hepatitis
with or without cholestasis (n = 122), congestion (n =
15), recurrent hepatitis C (n = 15) only mild lymphocyte
infiltration or endothelialitis (n = 5), cholangitis (n = 3)
and no abnormal findings (n = 14). REC and AEC 3 days
before biopsy in patients complicated with ACR were
2.5 + 0.3% and 234 + 33/mm’, respectively. REC and AEC
in patients without ACR were 0.8 + 0.1% and 77 £ 12/
mm?, respectively. When the biopsy samples were grouped
according to the severity of ACR, there was a significant
difference between the groups both in REC (P < 0.0001)
and AEC (P < 0.0001; Fig. 2b). Eosinophilia (REC > 4%)
3 days before the biopsy predicted ACR with a sensitivity
of 26% and a specificity of 94%, respectively (Table 1).

Eosinophilia on the day of biopsy

Eosinophil counts on the day of the biopsy were available
for 314 biopsy samples. The REC and AEC on the day of
the biopsy with findings of ACR were 3.3 £ 0.3% and
312 + 35/mm?, respectively, being significantly higher
than those without ACR (n =174, 0.8 + 0.1%,
P < 0.0001 and 78 + 13/mm’, P < 0.0001). When biopsy
episodes were grouped according to the severity of ACR,
there was a significant difference between groups both in
REC (P < 0.0001) and AEC (P < 0.0001; Fig. 2c). Eosino-
philia (REC > 4%) on the day of biopsy predicted ACR
with a sensitivity of 33% and a specificity of 93%,
respectively (Table 1).

Eosinophil count in response to treatment

Eosinophil count changes (count 1 week after treatment
minus that just before treatment) could be calculated in
the 140 biopsy episodes. Of these, 80 were responsive to
steroid recycling therapy and 60 were resistant. Pretreat-
ment REC and AEC were 2.8 + 0.4% and 226 + 35/mm?®
in the responding group and 4.0 £ 0% and 426 % 65/
mm® in the nonresponding group, respectively. Post-
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Figure 2 Relative (REC, thick bar and closed circle) and absolute eosi-
nophil counts (AEC, thin bar and open circle) stratified by grade of
rejection at preoperative (a8) n = 197; 3 days before the biopsy (b)
n = 314; and on the day of biopsy (c) n = 314. P < 0.0001 after
comparison among the groups in the analyses of (b) and (¢).

Table 1. Significance of eosinophil counts to predict acute cellular
rejection.

Sensitivity ~ Specificity

Conditions  Events Results (%) (%)
Pre-Tx AEC > 130 ACR 33 65
Before Bx REC > 4 ACR 26 94
AEC > 400 20 95

On Bx REC > 4 ACR 33 93
AEC > 400 28 97

Before and Decreased REC  Improvement 45 50
after SRT  Decreased AEC  of ACR 50 43

Tx, transplantation; Bx, biopsy; SRT, steroid recycle therapy; ACR,
acute cellular rejection; AEC, absolute eosinophil count; REC, relative
eosinophil count.

treatment REC and AEC were 2.3 £ 0.5% and 176 % 32/
mm’ in the responding group and 2.6 + 0.6% and
202 + 55/mm’ in the nonresponding group, respectively.
There was a significant difference between groups in the
pretreatment AEC (P = 0.04), but not in pretreatment
REC (P = 0.07), post-treatment REC (P = 0.49), or post-

treatment AEC (P = 0.48).
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Relative eosinophil count decreased in 36 and 30 treat-
ments in the responding and nonresponding groups,
respectively, whereas AEC decreased in 40 and 34 treat-
ments. A decrease in REC or AEC predicted successful
treatment of ACR with a sensitivity of 45% or 50% and a
specificity of 50% or 43% (Table 1).

Discussion

Few studies have evaluated whether preoperative eosino-
philia predicts ACR [6]. Nagral et al. {2] reviewed 129
biopsy cases. They demonstrated that there was no associ-
ation between preoperative eosinophil count and the
severity of ACR. They also demonstrated that AEC 1 or
2 days before or on the day of biopsy predicted ACR with
low sensitivity (30.3-37.5%) and high specificity (83.3—
91.8%). In our study also, eosinophilia both 3 days before
and on the day of biopsy predicted ACR with low sensi-
tivity and high specificity.

In contrast, Hughes et al. [13] emphasized that monit-
oring blood eosinophil count and serum eosinophil cati-
onic protein was useful for early ACR diagnosis because
they increase 2-3 days earlier than serum transaminase or
alkaline phosphatase levels. Foster et al. [14] reported
high sensitivity and specificity of blood eosinophilia in
predicting ACR when they combined elevated serum
transaminase or alkaline phosphatase levels. The exact
reason for the discrepancy remains unclear, but might be
due to a different dose of methylprednisolone for basal
immunosuppression in our protocol: 3.0 mg/kg on the
first postoperative day versus 1.5 mg/kg in Foster’s report.
The baseline eosinophil numbers might be decreased
because of higher doses of steroid [15].

Our results indicated a higher pretreatment AEC in the
steroid nonresponding (426 + 65/mm’) compared with
that of the responding group (226 + 35/mm’®, P = 0.04).
They may support the phenomenon that the eosinophil
count before or on the day of biopsy correlated well with
the grade of ACR. A similar association was also reported
by Barnes et al. [3] in liver transplantation and Trull
et al. [15] in cardiac and lung transplantation. However
REC was not a predictor of the response to the steroids,
indicating the association between eosinophil counts
before the treatment and the response to the treatment
was not to be firm. Additionally the decrease in REC and
AEC was not useful for predicting the effect of steroids
on ACR in our series. Our results revealed a significant
decrease in REC and AEC after steroid recycle therapy
irrespective of the response to therapy. The finding might
be explained by the hypothesis that steroids downregulate
eosinophilia [16].

In summary, eosinophilia in the preoperative per-
iod, 3 days before and on the day of biopsy, predicted

Kishi et al.

consequent ACR with high specificity, but low sensitivity.
The present results suggested the limited role of eosino-
philia as a predictor of ACR after LDLT.
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