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used with careful perioperative management [15]. Fur-
thermore, we reported that a lefi-lobe graft, usually a
“small-for-size” graft, is an Iimportant option in
LDALT, judging from the standpoint based on both
donor safety and benefit of the recipient [16]. Therefore,
it is recommended that left-lobe grafts be used.

LDALT 1s considered to be onc of the procedures still
on a learning curve. Both the minimum graft volume
and the risk factors closely related to graft survival in
LDALT remain unclear, therefore, it is extremely
important to assess these problems. The aim of this
study is to clarify whether graft size is a critical risk
factor for graft survival in LDALT.

Patients and methods
Patient cohort

We included 73 LDALTs, except for auxiliary trans-
plantation and blood-type incompatible cases, from
May 1997 to July 2002 in this study. The patient group
consisted of 31 men and 42 women, ranging in age
from 18 to 70 years. The indication for LDALT con-
sisted of fulminant hepatic failure in 24 cases, primary
hiliary cirrhosis in 16, viral liver cirrhosis including
hepatocellular carcinoma in 24, primary sclerosing
cholangitis in 2, familial amyloid polyneuropathy in 2.
and other reasons in 5. There were 58 left-lobe grafts
and 15 right-lobe grafts. All left-lobe grafts were
extended left-lobe grafts including the middle hepatic
vein; 44 of the 58 left-lobe grafts included the left
caudate lobe.

All patients had a monthly follow up, and the median
follow-up period was 358 days with 94 days and
1019 days as a 25th percentile and 75th percentile
respectively. Graft survival was defined as the time
period between LDALT and graft loss, either by patient
death or by graft failure necessitating a retransplant.

Evaluation and selection of graft

Evaluation and selection criteria for a liver graft were
described previously [15, 16]. Briefly, the standard liver
volume was calculated according to the formula
developed by Urata et al. [17]. Liver volume was
estimated by preoperative computed abdominal
tomography (CT) scanning, and in principle, GV
divided by SLV over 30% is the ideal requirement. Our
policy requires that a left-lobe graft 1s selected first and
that the volume of the left-lobe graft is clearly less than
30% of SLV and approximately 25% of SLV, if this is
not the case a right-lobe graft or auxiliary partial graft
is chosen. Preoperative assessment of a three-dimen-
sional CT was routinely performed, to ensure the

parenchymal division line and the number and size of
draining veins [18].

Surgical technique and postoperative care

The graft harvesting technique, recipient operation and
perioperative patient management of recipients, includ-
ing immunosuppression regimen, are described else-
where [15, 16]. Briefly, the right-lobe grafts were excised
using an ultrasonic dissector and electrocautery at the
right side of Cantlie’s line, which meant no middle
hepatic vein was included in any of the right-lobe grafts.
All branches from the middle hepatic vein were divided
between the silk ties, except in one case. In all left-lobe
grafts, the right first Glisson’s branch including portal
vein and hepatic artery were clamped; 2 demarcated line
was observed on the right side of Cantlie’s line. Paren-
chymal division was performed along a line 5 mm right
of the demarcaled line, therefore, all left-lobe grafts in-
cluded a middle hepatic vein and a part of the anterior
segment, which was perfused from left side vascular
vessels. During the parenchymal division inside the liver,
the cutting plane was made near the anterior Glisson’s
branch and right hepatic vein.

Grouping

The patients were divided into two groups, according to
graft volume and standard liver volume: group 1 (small-
size group; GV/SLV <40%), and group 2 (non-small-
size group; GV/SLV 240%). Perioperative chnical data
were compared between the two groups, including graft
survival and postoperative complications. These
parameters were also compared for the conditions of
cirrhotic recipients. Urgent status due to chronic liver
disease was defined as patient’s status requiring critical
care in hospital due to chronic liver, including plasma
exchange and continuous hemodiafiltration.

Statistics

The data were expressed as medians (25th percentile and
75th percentile). Comparisons of continuous variables
were made using the Mann-Whitney U test. The chi-
square test was used to compare the qualitative data.
Graft survival was calculated by the product limit
mcthod of Kaplan and Meier, and the differences in the
survival between the groups were then compared using
the log-rank test. The software of StatView (Version
4.11; Abacus Concepts, Berkeley, CA94704-1014, USA)
was used for all analyses on 2 Macintosh computer. A P
value of less than 0.05 was considered statistically sig-
nificant.
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Fig. 1 Distribution of cases
according to graft size; most

GV/SLV

GRWR

Case

12
8
| :
RENE N T

grafts were “‘small-for-size™ Case
grafts 20 +
16 4
1219
8 P

i

oL

20 30 40

Median: 42.3%
Range: 22.8% - 74.8%

Results

There was no mortality of donors; postoperative com-
plications which prolonged donor’s hospital stay were:
bile duct stenosis in two cases, abdominal abscess by
meticilline-resistant Staphylococcus aureus in one, and
bile leakage in one. Median postoperativc hospital stay
of the donors was 11.5 days, ranging from 5 days to
43 days. Graft size as GV/SLV ranged from 22.8% to
74.8%, with a median of 42.3%, and graft recipient
weight ratio (GRWR) ranged from 0.41 (o 1.58, with a4
median of 0.84 (Fig. 1).

A comparison of perioperative clinical variables
among the two groups is shown (Table 1). Patients in
group | were younger than those in group 2. Postoper-
ative peak levels of aspartate aminotransferase, alanine
aminotransferase and bilirubin in group 1 were lower
than in group 2. Postoperative hospital stay in group 1
was shorter than in group 2. Examination of the grafl’s
variables showed that the proportion of left-lobe grafts
in group 1 was higher than in group 2. Graft weight,
GV/SLV, and graft-recipient weight ratio in group |
were lower than in group 2. Recipient variables showed
no differences, except for gender, which was found in
preoperative variables, including the Child-Pugh's class
C, urgent status due to chronic liver disease, hyperbi-
lirubinemia, and ascites. Operative time and blood loss
in group 1 tended to be lower than in group 2. The
incidence of postoperative hyperbilirubinemia (over
10 mg/dl at postoperative day 14) in group 1 was lower
than in group 2. No difference was found in other
variables, including postoperative intractable ascites,
postoperative complications and incidence of acute cel-
lular rejection.

The risk factors closely related to graft survival were:
a preoperative urgency status, urgent status due to
chronic liver disease, and ABO blood-type compatibility
(not identical but compatible combination). A preoper-
ative bilirubin value over 10 mg/dl and Child-Pugh'’s

50 60 70 80% 020406081.01214 18

Median: 0.84
Range: 0.41 - 1.58

class C tended to be related to poor graft survival. In
contrast, graft kind (left-lobe graft or right-lobe graft)
and graft size were not always significant risk factors
(Table 2).

When comparing graft survival curves, no significant
difference was observed between group 1 and group 2
(Fig. 2). When graft survival curves in cirrhotic recipi-
ents, who were classificd into the Child-Pugh’s class C,
are compared, no definite difference was found between
group 1 and group 2 (Fig. 3).

Discussion

The distribution of graft size in this study ranged from
22.8 to 74.8% as GV/SLV with a median of 42.3%, and
GRWR ranged from 0.41 to 1.58% with a median of
0.84% (Fig. 1). Most grafts in this study were surpris-
ingly “small-for-size”. In terms of donor selection cri-
teria, the left-lobe graft is, in principle, selected for use
when the donor’s graft volume, using an extended left
lobe plus caudate lobe, is more than 30% of standard
liver volume. If the graft volume is clearly less than 30%
of standard liver volume (approx. 25%) a right-lobe
graft or an awxliary partial graft is then selected. The
minimum liver volume, needed to meet metabolic de-
mand, was reported to be less than 20% of the liver in
non-cirrhotic patients [19]. In LDALT, a liver graft with
25% of the standard liver volume was reported to be
successful for fulminant hepatic failure [6]. In this study,
a patient with fulminant hepatic failure, whose liver
graft was 22.8% of his standard liver volume, quickly
recovered and obtained good initial function, although
he unfortunately died of chronic rejection on postoper-
ative day 205. However, in general, the graft size is
known to critically influence the outcome of LDALT.
Tanaka et al. [3] reported that the use of “‘small-for-size
grafts”™ (< 1% of graft-recipient weight ratio) leads to
lower graft survival. Miller et al. [2] reported that graft
function and survival were influenced not only by graft
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Table 1 Comparison between

clinical variables of group 1 and Variables Group | (n=26) Group 2 (n=47) P value
group 2. (Group I small group
in which graft volume was Donor varizhles
<40% of standard liver Age (years) 29 (23, 35) 44 (28, 50) <0.01
volume, group 2 non-smail Gender (male/female) 15011 13/14 0.31
group, in which graft volume Blood less (ml) 788 (470, 1000) 700 (364, 1200) 0.58
was 240% of standard liver Operating time (min) 429 (355, 506) 448 (405, 483) 0.65
valume, AST aspartate amino-  Postoperative AST (1U/1) 236 (202, 353) 336 (239, 469) <0.05
transferuase, AL7 alanine Postoperative ALT (1U/1) 266 (180, 368) 361 (233, 460) <0.05
aminotransferase, FHF fulmin-  Postoperative bilirubin (mg/dl) 1.5(1.3, 1.9 2.1 (1.6, 3.5) <0.01
ant hepatic failure, PBC Postoperative hospital stay (days) 11 (5, 14) 14 (10, 167) <0.01
primary biliary cirrhosis, LC Grait variables
viral cirrhosis, including hepa- ~ Graft kind - - <0.05
tocellular carcinoma, PSC Right lobe 0 15 =
primary sclerosing cholangitis, ~ Left lobe 7 7
FAP familial amyloid pol_v_ Left lobe and caudate lobe 19 25 -
neuropathy, HAT hepatic ABO compatibility - = 0.55
artery thrombosis, P¥'T portal  Identical 22 36 =
vein thrombosis, CMV Compatible 4 11 .
cytomegalovirus) Graft weight (g) 368 (330, 410) 520 (463, 588) <0.01
GV/SLV (%) 32.1 (289, 35.7) 45.9 (42.5, 50.5) <0.01
GRWR 0.61 (0.56, 0.69) 0.90 (0.83, 0.98) <0.01
Recipient variables
Age(vears) 48 (29, 57) 48 (42, 54) 0.95
Gender (male/female) 15/11 16/31 0.08
Diagnosis
FHF 10 14 -
PBC 3 11 -
LE 8 16 -
PSC i | -
FAP 1] 2 o
Others 2 3 -
Preoperative bilirubin (mg/dl) 8.3(3.2, 17.0) 113 (3.6 17.9) 0.46
Preoperative bilirubin > [0 mg/dl 12 (46.2%) 27 (57.4%) 0.51
Preoperative ascites 10 (38.5%) 21 (44.7%) 0.63
Child- Pugh class
A 3 5 -
B 2 2 -
e 11 29 ~
FHF 10 11 -
Esophageal varices 10 (38.5%) 23 (48.9%) 0.46
Urgent status due to chronic liver disease® 2 (1.7%) 8 (17.2%) 0.48
Operating time (min) 717 (621, 838) 797 (716, 926) 0.05
Blood loss (ml) 4510 (2600, 7300) 6040 (4000, 10032) 0.1
Postoperative persistent cholestasis 31(01.5%) 19 (40.4%) 0.02
Postoperative intractable ascites 4 (15.4%) 4 (8.5%) 0.44
{>1 l/day a1 postoperative day 14)
Postoperative complications
Bilary
Leakage 2 5 =
Stenosis 2 0 -
Bleeding 1 0 =
Vascular -
HAT 2 1 -
PVT 1 0
Infarction 2
Infection -
N o Sepsis 1 1 =
Defined as patient’s status CMV-related 0 2 =
requiring critical care in Fungus-related 1 1 o
hospital due to chronic liver, Others 4 8 =
including plasma exchange and  Acure cellular rejection 6 (23.1%) 16 (34.0% -

continuous hemodiafiltration

size, but also by pre-transplantation disease severity. A Child-Pugh’s class A. Transplant recipients with Child—
graft-recipient weight ratio as low as 0.6% can be used Pugh’s class B or C require a graft-recipient weight ratio
safely in patients without cirrhosis or in patients with greater than 0.85% to avoid ‘“‘small-for-size” syndrome
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Table 2 Risk factors related

to graft survival Variahles 1-Year survival P value
ABO compatibility Identical (n=358) £6.20% 0.01
Compatible (n=15) 58.20% -
Preoperative bilirubin > 10 mg/dl Present (n=39) 69.50% 0.08
Absent (n=34) 93.10% -
Child-Pugh class C* Present (n=239) 79.40% 0.22
Absent (n=12) 90.90% =
Urgent status due 10 chronic liver disease®  Present (n=10) 51.40% 0.009
% x ey Absent (n=63) 84.10% -
Fulminant hepatic failure was  Graft kind Left lobe (1= 58) 70.00% 0.47
excluded ) Right lobe (n=15) 84.60% -
Defined as patient’s status Graft size Extra-small (n="7) 85.70% 0.4
requiring critical care in Small (n=19) 65.00% -
hospital due 10 chronic liver, Medium (1= 34) $3.50% _
including piasma exchange and Medium-large (n=13) 90.90% B

continuous hemodiafiltration

and related complications. Makuuchi et al. [4] also rec-
ommended that a larger graft is necessary for high-risk
patients with primary biliary cirrhosis (updated Mayo
risk scores of more than 12). In contrast, in this study it
1s of great interest that no significant difference in graft
survival rates was found between the two groups, not
only in all patients but also in & subgroup of cirrhotic
patients with Child-Pugh’s class C in which the influence
of a “small-for-size” graft is enhanced on outcome of
LDALT. When assessing the reasons why graft survival
rate of the Child—Pugh’s class C patients in group 2
(with a larger graft) tended to be poorer than in group 1
(with smaller graft), one possible reason is that the
incidence of urgent status due to chronic liver disease in
group 2 (27.6%) tended to bc higher than that in
group 1 (18.2%). Another possible reason was the inci-
dence of liver cancer in group 2 (31.0%) which tended to
be higher than in group 1 (18.2%), furthermore, two
patients in group 2 died of cancer recurrence (6 months
and 24 months after operation, respectively). Graft-
survival analysis was carried out using two subgroups:

100
= i, T
& g0 's
E ]
= 50':
T
@ a0 =—— Group1(n=26)
E s et Group2(n=7)
LU
D L T T T T
0 1 2 3 4 5

Years after LDALT

Fig. 2 Graft survival according to graft size. No significant
difference in graft survival was found among the four groups.
Group ] small-size group. in which graft volume was <40% of
standard liver volume, group 2 non-small-size group. in which graft
volume was 240% of standard liver volume

patients with acute liver [ailure and those with chronic
liver insufficiency (data not shown). In the subgroup of
patients with acute liver failure, the graft survival in
group 1 (with smaller graft) tended to be better than that
in group 2 (with larger graft). In contrast, the graft
survival (n group 1 was similar to that in group 2 in the
subgroup of patients with chronic liver insufficiency
(especially Child—Pugh's class C patients) (Fig. 3).
From an ethical point of view, donor safety has pri-
ority. Unfortunately, in LDALT, the need of larger-size
grafts for children has encouraged the use of right he-
patic lobes from living donors. As a result, mortality of
right-lobe donors was reported to be nearly 1% in
western countrics [11]. In Japan, however, donor mor-
tality was not reported until July 2002 (in more than
2,000 LDLTs). We previously reported that postopera-
tive peak values of aspartate aminotransferase and total
bilirubin in right-lobe donors were higher than in left-
lobe donors. Furthermore, postoperative hospital stay in
right-lobe donors was longer than in left-lobe donors.
These facts clearly indicate that potential risks in right-
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Fig. 3 Graft survival according to graft size in patients with Child-
Pugh’s class C liver cirthosis, No difference in graft survival was
found among the four groups. Group I small-size group, in which
graft volume was <40% of standard liver volume, group 2 non-
small-size group. in which graft volume was 240% of standard liver
volume
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lobe donors were higher than in left-lobe donors; the
same results were obtained in this study. To minimize
potential risks for living donors, left-lobe grafts for adult
recipients (small-for-size grafts), should be carefully
reassessed. Factors related to graft failure of “small-for-
size’ grafts are considered to be: (1) graft injury due to
excessive portal flow and/or portal pressure, and (2)
excessive metabolic and synthetic demand of recipients.
Portal venous decompression was reported to improve
survival of canine partial liver transplantation [20]. The
effect of a porto-hepatic vein shunt on portal vein
decompression might be an important factor for pre-
venting graft injury afler recirculation in an extremely
small graft. In France, a new technique for adult liver
transplantation using a “small-for-size” graft was re-
ported in order to avoid graft congestion and failure by
over perfusion, in which the superior mesenteric venous
flow was diverted by a mesocaval shunt with down-
stream ligation of the superior mesenteric vein [21].
Splenectomy of splenic artery ligation might be another
alternative to obtain a better outcome in LDALT using
“small-for-size” grafts. Splenectomy was reported to
generate the following merits: reduction of graft con-
gestion leading to improvement of the hepatic renal
functions; improvement of thrombocytopenia persis-
tence after liver transplantation; avoidance of bleeding
episodes related to left-sided portal hypertension [22].
Makuuchi et al. [23] also reported that splenectomy in
LDLT is an acceptable treatment option in patients with
thrombocytopenia or when hepatopetal portal flow must
be obtained by closure of splenorenal shunt. However,
further investigations are necessary to make definite
conclusions.

The following were risk factors closely related to poor
graft survival: poor prognostic factors for graft survival;

the urgent status due to chronic liver disease; preoper-
ative bilirubin value of more than 10 mg/dl; ABO blood-
type compatibilily. Urgency status is also known to be
one of the risk factors associated with graft loss in
cadaveric liver transplantation using whole-liver grafts
[24]. Therefore, another therapeutic strategy rather than
procurement of a larger-size graft would be necessary for
high-risk patients.

Humar [25] recently commented on graft selection,
with citation of our previous article (Arch Surg 2002),
that transplant teams should not limit themselves to
either the left-lobe or right-lobe graft. Rather, the
recipient’s size should be factored together with the
severity of the recipient’s liver disease on the best liver
graft for that particular recipient with minimal risk to
the donor. For smaller recipients or those with model for
end-stage liver disease score, a left lobe may be the best
choice. For others, especially those with more advanced
liver disease, a right lobe could be the best option. This
opinion sounds reasonable.

In conclusion, the graft survival rates according to
graft size were not different, furthermore, the graft sur-
vival rates in patients with Child-Pugh's class C liver
cirrhosis were similar. The risk factors affecting the graft
survival were preoperative hyperbilirubinemia, compat-
ible but not identical ABO blood type combination
between donor and recipient, and the urgent status due
to chronic liver disease. The graft size was not always
considered to be a critical risk factor for LDALT,
therefore, a left-lobe graft, even a “small-for-size™ graft,
remains a feasible option in LDALT.
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A SIMPLE AND ACCURATE FORMULA TO ESTIMATE LEFT
HEPATIC GRAFT VOLUME IN LIVING-DONOR ADULT LIVER
TRANSPLANTATION

NOBORU HARADA, MITSUO SHIMADA, TOMOHARU YOSHIZUMI, TAKETOSHI SUEHIRO, YUJI SOEJIMA, AND

Background. In the field of living-donor adult liver
transplantation, a small-for-size graft often occurs,
particularly when using left-lobe grafts. This is be-
cause of the limited volumes associated with left-lobe
grafts. The accurate preoperative evaluation of graft
volumes is crucial to avoid this complication. The aim
of this study is to clarify the usefulness of a new for-
mula to estimate the left-lobe graft volume.

Method. In 61 left-lobe grafts, a new formula was
created with stepwise regression analysis using the
following variables: height, weight, the thoracic and
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abdominal distance from anterior to posterior side
(A-P), and distance from left to right side (L-R) of the
initial 20 donors. With another 41 donors, the differ-
ence between the actual and estimated graft volume
using the formula and two-and three-dimensional
computed tomography was prospectively evaluated.

Results. On the basis of the results of the stepwise
regression analysis, a new formula was created as follows:
graft volume (ml)=3134+7.7xweight (kg)—12.6x thoracic
L-R (cm). The difference between the actual and
estimated graft volumes using the formula was sig-
nificantly better (10.8+9.5%) than that of the volum-
etry using two-dimensional computed tomography
(16.3%10.1%) (P<0.05).

Conclusions. In conclusion, the new formula can es-
timate the actual graft volume more accurately than
conventional volumetry with two-dimensional com-
puted tomography. The formula is useful to estimate
the volume of left-lobe graft in living-donor adult liver
transplantation.
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Currently, living-donor adult liver transplantation (LDALT)
is used to compensate for a serious shortage of cadaveric organs.
A small-for-size graft often occurs, particularly when using a
left-lobe graft, because partial hepatic grafts are usually
smaller than ideal graft volumes for recipients (1-3). On the
contrary, we have recently reported a favorable outcome for
LDALT using left-lobe grafts (4, 5).

For successful LDALTs, appropriate evaluation of graft
size is one of the most important factors. Two-dimensional
computed tomography (2D-CT) or three-dimensional com-
puted tomography (3D-CT) volumetry has been popular and
useful for estimating the preoperative graft volumes (6, 7);
however, there is sometimes a large difference between the
actual graft volume and the estimated graft volume using
these methods. Although some various formulae (8, 9) have
been reported to calculate standard liver volumes for recipi-
ents using the variables such as height and weight, to our
knowledge, no formula in particular has been reported to
accurately calculate the volume for left-lobe grafts. There-
fore, we analyzed variables including height, weight, thoracic
A-P (A-P, distance from anterior to posterior side) diameter,
thoracic L-R (L-R, distance from left to right side) diameter,
abdominal A-P diameter, and abdominal L-R diameter to
develop a new formula that will simply and accurately pre-
dict left-lobe liver volume. In this report, we present a new
predictive formula to estimate the left-lobe graft volume ac-
curately and compare the usefulness of the formula with that
of conventional CT volumetry.

PATIENTS AND METHODS

Donors

From October 1996 to April 2003, a total of 111 LDLTs were
performed at Kyushu University Hospital. Among them, 93 donors
underwent left lobectomy (including extended left lobectomy), and 18
donors underwent right lobectomy. We studied 61 donors who un-
derwent extended left lobectomy and caleulated the hepatic graft
volume using 2D- and 3D-CT in LDALT. The indication for 61
LDALTSs included primary biliary cirrhosis in 14, hepatitis C cirrho-
sis in 23, fulminant hepatic failure in 13, retransplantation in 2,
Wilson disease in 2, biliary atresia in 1, primary sclerosing cholan-
gitis in 3, and other conditions in 1 patient. The donors were 4
husbands, 4 wives, 10 brothers, 3 sisters, 25 sons, 4 mothers, 2
fathers, 7 daughters, 1 nephew, and an unrelated person in one case.

2D-CT Volumetry

A preoperative evaluation for potential living-related liver donors
included a complete history and physical examination and an ab-
dominal CT scan. Preoperative helical CT images were made using 3
mm thick slices represented on a CT machine (X vigor Real, Toshiba,
Tokyo, Japan). Enhancement was achieved by an intravenous bolus
of contrast medium. This method allows for a clear visualization of
the intrahepatic portal veins and the hepatic veins. The 3 mm thick
CT slices were scanned using a scanner (Epson GT-9500, Torrance,
CA) with a mouse ball device and image handling software (Photo-
Shop 5.0, Adobe Systems, Mountain View, CA). The entire perimeter
of the liver, the left, and the caudate lobe of each slice were outlined,
and the enclosed area was simultaneously calculated with image
analysis software (NIH image 1.61, Wayne Rasband, National Insti-
tutes of Health, Bethesda, MD). The liver volume can then be calcu-
lated using the following equation (6, 8): V (cm®)=SxA, where S is
the interval of the serial slices (cm), and A is the enclosed area (cm?).
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3D-CT Volumetry

3D reconstructions of the liver and the graft were rendered with
the helical CT data using zioM900 (Zio software inc., Tokyo, Japan,
http://www.zio.cojp). The following method was used for the 3D-CT
volumetry. The entire 3D image was visualized and reconstructed
from 3 mm-slices of helical CT data. By selecting the images of
anything except for the liver and by changing the contrast of the CT
number, a rough 3D-CT image of the liver can be reconstructed by
subtracting those images from the entire image. Images of tissue and
vessels surrounding the liver were deleted. When the correct image
of the liver was selected, the volume of the liver was measured
automatically (7).

Surgical Technique

The donor-extended left hepatectomy that included a caudate lobe
was performed according to the surgical procedure described else-
where (4, 5, 10) with minor modifications after a thorough preoper-
ative evaluation. In regard to the left-lobe grafts, all left grafts
included the middle hepatic vein and a caudate lobe. The actual
transection plane for extended left lobectomy with the middle he-
patic vein was determined by using intraoperative ultrasenography
to refer to the line along the right side of the middle hepatic vein.
After a dissection of the left hepatic artery and portal and hepatic
veins, extended left-lobe grafts were flushed by way of the portal vein
in situ or ex situ and preserved in a cold preservation solution. After
a University of Wisconsin solution was used as a flushing and pres-
ervation solution, the volume of the graft was measured.

New Formula Estimating Left Hepatic Graft

In the initial 20 LDALTs between May 1999 and October 2000, a
new predictive formula was created using stepwise regression anal-
ysis with the following variables: height, weight, thoracic A-P and
L-R diameter at the level of the processus xiphoideus of the CT
image, and abdominal A-P and L-R diameter at the level of the
umbilicus of the CT image. Body weight and body height were
recorded at the time of the CT examination. The variables such as (1)
thoracic A-P diameter (em), (2) thoracic L-R diameter (cm), (3) ab-
dominal A-P diameter (cm), and(4) abdominal L-R diameter (cm) are
shown in Figure 1. F>4.0 was considered to be statistically
significant.

We prospectively evaluated the accuracy of our new formula using
the other 41 grafts completed from November 2000 to April 2003. We
evaluated the difference between the actual graft volumes and the
other estimated 41 graft volumes, which were calculated using
2D-CT (3 mm slice). We also evaluated the difference between the
actual graft volumes and the other estimated 41 graft volumes that
were calculated using 3D-CT.

Measurement of Actual Volume of Grafts

The actual volume of the grafts was measured, and 1 cm? of the
liver was estimated at 1 g (8). The error ratio as a measure of the
difference was evaluated according to the following formula: error
ratio (%)= |E-~ A|/Ax100, where E is the estimated volume of the
graft (mL), and A is the actual volume of the graft (mL).

Other Statistical Analysis

Data was expressed as mean=SD. The statistical analysis was
performed using Student’s ¢ test where P<0.05 was considered sig-
nificant. A stepwise regression analysis was performed for creating
the new formula. F>4.0 was considered to be statistically significant.

RESULTS

New Formula for Estimating Left Hepatic Graft Created
Using Stepwise Regression Analysis

The characteristics of both the donor and the graft in the
initial 20 LDALTSs and the other 41 LDALTSs are summarized
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inal A-P (em), and (4) abdominal L-R (em) (arrow) using two-
dimensional computed tomography (2D-CT). A.P, distance
from anterior to posterior sides; L-R, distance from left to
right sides.
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in Table 1. There appears to be no significance for the vari-
ables of age, height, weight, thoracic A-P and L-R diameter,
abdominal A-P and L-R, and actual volume between the
initial 20 LDALTSs and the other 41 LDALTSs.

The result of the stepwise regression analysis in the initial
20 LDALTSs is shown in Table 2. In the stepwise regression
analysis, an F value was associated with the improvement in
how well the model fits the data compared with the model.

TABLE 1. Characteristics of donor and graft in the initial 20
and the other 41 LDALTSs

Initial 20 LDALTS,

Other 41 LDALTS,

Factors meantSD (range) mean* SD (range)
Age (yr) 34.8+12.1 36.2+11.3
(21-56) (20-65)
Height (em) 168.3=7.0 166.1x+8.8
(150.0-180.0) (147.0-182.0)
Weight (kg) 61.5+11.1 64.4 1152
(42.0-83.0) (37-90)
Thoracic A-P (cm) 20.8+2.7 21.3x3.0
(16.3-25.7) (16.1-26.8)
Thoracic L-R (cm) 20.7+2.3 30.3x2.7
(26.1-32.6) (23.5-35.6)
Abdominal A-P (em) 1772286 19.1%3.3
(14.8-23.2) (12.2-25.4)
Abdominal L-R (em) 27.7+£3.0 28.9+3.5
(22.3-32.7) (21.6-34.7)
Actual GV (g) 414.5+83.5 459.9+81.4
(260-620) (320-630)

LDALT, living-donor adult liver transplantation; A-P, distance
from anterior to posterior side; L-R, distance from right to left side;
GV, graft volume.
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TapLE 2. Qutcome of stepwise regression analysis in initial
20 LDALTSs

Variables Regression coefficient F value
Weight (kg) 7.734 187.1
Thoracic L-R (em) -12.62 15.26
Constant 3134 22.02
Abdominal A-P (cm) 0.403 3.095
Abdominal L-R (em) 0.201 0.675
Height (cm) 0.157 0.404
Thoracic A-P (cm) 0.016 0.004

F value>4.0 is statistically significant.
LDALT, living-donor adult liver transplantation; L-R, distance
from left to right side; A-P, distance from anterior to posterior side.

Therefore, an F value corresponds to a P value in this model,
and the variable enters into the formula when the correspond-
ing F value is greater than 4.0 in this model (11). On the basis
of the result, a new predictive formula (Kyudai formula) for
an extended left-lobe graft was derived as follows: graft vol-
ume (mL)=313.4+7.7Xweight (kg)—12.6xthoracic L-R (cm).
F>4,0 was considered to be statistically significant
(R=0.966, R*=0.933, P<0.0001).

The estimated graft volume using the new formula in the
other 41 LDALTs ranged from 289 to 584 (mean=SD
427+87, median 396) mL. The relationship between the ae-
tual volume of the grafts and the estimated volume of the
grafts using the new formula in the other 41 LDALTs was
linear: y=173.931+0.67x (R*=0.518, P<0.0001) (Fig. 2A).

Relationship between Actual Volume of Grafts and
Estimated Volume of Grafts Using 2D-CT or 3D-CT

Estimated graft volume using 2D-CT ranged from 268 to 657
(mean=SD 472.9=87.4, median 465) mL. The relationship be-
tween the actual volume of the grafts and the estimated volume
of the grafts using 2D-CT in the other 41 LDALTSs was linear:
y=221.69+0.504x (R*=0.293, P=0.0003) (Fig. 2B).

Estimated graft volume using 3D-CT ranged from 253 to
621 (mean=SD 460x93, median 446) mL. The relationship
between the actual volume of the grafts and the estimated
volume of the grafts using 3D-CT in the other 41 LDALTSs
was also linear: y=199.091+0.567x (R*=0.421, P<0.0001)
(Fig. 2C).

Evaluation of Difference between Actual and Estimated
Graft Volumes Using New Predictive Formula, 2D-CT,
and 3D-CT

The error ratio for the new predictive formula was better
(10.8+9.5%) than that of the conventional volumetry by
2D-CT (16.3%+10.1%) or 3D-CT (13.5%+10.6%) in the other 41
LDALTs. The new formula revealed a significantly more
precise volume of the graft than those measured by 2D-CT
images (P<0.05) (Fig. 3). There was no significance between
the error ratio of the volumetry using the new formula and
3D-CT (P=0.18).

DISCUSSION

Since the first adult-to-adult living related liver transplan-
tation was performed in 1993 (12), the number of LDALTSs
performed has increased all over the world. The use of the
right lobe as a graft has been increasingly successfully used
(3, 13); however, these grafts (especially those not including
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grafts and estimated volume of the grafts using the new for-
mula y=173.931+0.67x (R*=0.518, P<0.0001). (B) Relationship
between actual volume of the grafts and estimated volume of
the grafts using 2D-CT: y=221.69+0.504x (R?=0.293,
P=0.0003). (C) Relationship between actual volume of the
grafts and estimated volume of the grafts using three-dimen-
sional (3D-CT): y=199.091+0.567x (R2=0.421, P<0.0001).

of the volumetry by the new formula and 3D-CT (P=0.18). The
error ratio was calculated according to the following: error
ratio (%)=|E-A|/Ax100, where E is the estimated volume of
the graft (mL) and Ais the actual volume of the graft (mL).

the middle hepatic vein) can potentially lead to graft conges-
tion (5) and increases the technical complexity of the hepa-
tectomy (14, 15). On the other hand, in left-lobe grafts, suf-
ficient venous drainage is more likely to be present, and it
may be the most ideal graft for both the donor and the
recipient limited by size considerations.

We have reported a favorable outcome of LDALT using a
left-lobe graft (4, 5). Although a major problem of small-for-
size grafts often occurs when using a left-lobe graft in LDALT
(I-3), it is possible to reduce the risks faced by both the
recipient and donor if we can select the appropriate graft size
of the left lobe. It has been reported that the minimum graft
size for successful LDLT is approximately 30% (16). How-
ever, safety for graft size is thought to be approximately 40%
(4). Thus, graft size is one of the most important factors for a
favorable outcome for LDALT when using a left-lobe graft.
Selecting the appropriate graft size is one of the most impor-
tant aspects of a successful liver transplantation.

Currently, the method of graft estimation using 2D-CT (or
3D-CT) is popular and useful, but there is actually a differ-
ence between the actual graft volume and the estimated
graft volume using 2D-CT or 3D-CT. First, there is a
mismatch of the cutting line between the simulations and
the actual hepatectomy. In the actual hepatectomy, the
plane of dissection is set along the demarcation line, which
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was marked by a temporary clamping of the hepatic artery.
Second, when the graft volume is estimated using 2D-CT,
the estimated volume includes the blood-vessel volume.
Therefore, the actual graft volume is often smaller than
the estimated graft volume.

In addition, it takes approximately 3 hours to estimate the
graft volume using 2D-CT by scanning the CT film, and it
takes approximately 4 hours to estimate the graft volume
using 3D-CT by scanning of the CT film, compared with 10
minutes to estimate the graft volume using the new formula.
Volumetry using 2D-CT and 3D-CT requires a special device
such as zioM900 (Zio software inc., Tokyo, Japan) and a
scanner (Epson GT-9500). Thus, the method of graft estima-
tion using 2D-CT (or 3D-CT) has drawbacks, and therefore,
we needed a more simple and accurate way to calculate left
hepatic graft other than the method of graft estimation
through the use of 2D-CT (or 3D-CT) in LDALT.

To minimize the difference between the estimated liver
volume and the actual liver volume, we evaluated the initial
20 LDALTSs using stepwise regression analysis, particularly
using variables such as height, weight, the thoracic A-P and
L-R, and the abdominal A-P and L-R. The reason we used
such variables was that the size of the thorax was thought to
be an important factor in estimating the liver volume, and
these variables were thought to be correlated with liver val-
ume, In fact, it is reported that liver volume is proportional to
body surface area as calculated with height and weight (8).
The formula created using stepwise regression analysis in-
cludes two variables, weight and thoracic L-R, and it re-
vealed a significantly more precise volume of the graft than
those measured using a 2D-CT image in the other 41
LDALTs (P<0.058). There was no significance between the
error ratio of the volumetry using the new formula and
3D-CT in the other 41 LDALTSs (P=0.18).

In conclusion, our new formula for predicting the volume
of the left-lobe graft can estimate the actual graft volume
more simply and accurately than conventional volumetry
using 2D-CT. The formula appears, therefore, to be a very
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useful way to estimate the volume of the left-lobe graft in
LDALT.
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