2080

Surg Today (2014) 44:2077-2085

150 (56.0%)

®) Type 2

LI O

GB

97 (36.2%)

Fig. 3 3D-CT images of V§ variations. a Type I anatomy. A single
large V8 enters the root of the MHV. b Type 2 anatomy. The V8sup/
V8inf enters the MHV separately. The LHV, RHV and IVC are
colored aqua. The MHV, IRHV and PV are colored yellow, red and
dark blue, respectively. The V8, including the V8sup/V8inf, is

hepatectomy was performed with intermittent inflow
occlusion under the hanging maneuver. To prevent biliary
complications, donor hilar dissection was performed only
at the corresponding first Glissonean branch, and donor
parenchymal transection was performed using the Cavitron
Ultrasonic Surgical Aspirator (CUSA™, Valleylab Inc.,
Boulder, CO, USA). For right lobe grafts, the graft was
procured by transecting along the right side of the MHV.
The significant inferior right hepatic veins and MHV trib-
utaries were clipped and procured with the liver graft for
reconstruction on the back table. The size and number of
MHYV tributaries were measured. Recipient total hepatec-
tomy was usually performed while preserving the IVC. In
right lobe grafts, a hilar PV from the top of the umbilical
portion to both the anterior and posterior right branches
was procured for the interposition graft on the back table.
Then, the interposition graft was anastomosed to the MHV
tributaries of the liver graft.

Postoperative evaluation of the reconstructed MHV
tributaries

The patency of the reconstructed MHV tributaries was
checked by CT on postoperative day (POD) 7. The serum
aspartate aminotransferase (AST) and alanine aminotrans-
ferase (ALT) levels were measured every day until POD
14. In the 46 right lobe LDLT cases, the recipients were
divided into the four groups: both V5 and V8 were patent,
only V5 was patent, only V8 was patent and both V5 and
V8 were occluded. The patent groups included the recipi-
ents in which the MHV tributaries had been reconstructed
and that were patent on POD 7. The occluded group
included the recipients in which the MHV tributaries had
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colored purple. 3D-CT three-dimensional computed tomography, GB
gallbladder, IRHYV inferior right hepatic vein, /VC inferior vena cava,
LHYV left hepatic vein, MHV middle hepatic vein, PV portal vein, RHV
right hepatic vein, V8 the MHV tributaries draining segment VIII,
V8sup/V8inf the superior/inferior veins draining segment VIII

been reconstructed and that were not patent on POD 7, and
those in which the MHV tributaries had not been recon-
structed and were not patent.

Statistical analysis

The data were expressed as the mean = standard deviation.
Statistical evaluations of numerical variables between dif-
ferent groups were performed using Student’s f test. Dif-
ferences in liver functions were analyzed using a one-way
analysis of variance. The significance of differences was
determined by a post hoc test and Fisher’s exact probability
test. The differences were considered significant when the
P value was <0.05. All analyses were performed using the
Stat View'™ software program (Version 5.0, Abacus
Concepts, Berkeley, CA, USA).

Results
Analysis of the V5 variations

In terms of the V5 variations, types 1, 2 and 3 were found
in 30 (11.2 %), 120 (44.8 %) and 114 (42.5 %) cases,
respectively (Fig. 2a~c). In the 46 right lobe grafts, five
cases were type 1, 23 cases were type 2 and 18 cases were
type 3. The calculated total VCRs of each branch were as
follows: 6.7 % (range 3.2-9.9) in total for type 1; 21.5 %
(range 8.3-36.1) for type 2; and 17.2 % (range 7.2-29.5) in
total, 5.6 % (range 1.5-12.6) in the V5sup and 11.6 %
(range 3.5-25.8) in the V5inf in type 3.

Reconstruction of V5 was performed in 0 (0.0 %) case
with type 1, 19 (82.6 %) cases with type 2 and eight
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Table 1 The venous Type VCR (%) (mean values) Reconstruction  Patency
congestion rate (VCR), rate (%) rate (%)
reconstruction rate and patency Total Reconstructed Not reconstructed
rate according to the variations
in V5 and V8 in 46 right lobe V5
grafts Typel 6724 m=075) - 67+24(n=2>5) 0.0 -
Type2 215+£9.0n =23) 23.7+383 112+21n=4) 826 73.7
n=19)
Type 3
Total 172 £65(n=18) 203 6.1 (n=8)* 14.6 £5.8 444 25.0
(n = 10)

Visup 5.6 £3.0n=18) 45421 @n=2) 57+31(®n=16) 11.1 0.0

V5inf 116 £58nm=18) 146+75m =7 97+37@m=11) 389 28.6
VCR (%), the hepatic venous V8
congestion volume of each _ _
hepatic venous branch/the right Type 1 107 £56n =27) 142 +6.1 79+33m=15 444 75.0

(n=12)

lobe volume
% In one case, V5 sup and V5inf Type 2
were both reconstructed: in one Total 98438n=17 954250 =3) 99+41@m=14) 176 333
case, only V5sup only was V8sup 2.5+32(m=17) - 25+£32(®m=17) 00 -
reconstructed and in six cases, V8inf 73437 (=17 95+25(0n=3) 68+38n=14 176 333

only VS5inf was reconstructed

(44.4 %) cases with type 3 variations. In the type 3 cases,
one case was reconstructed in both the V5sup and VS5inf,
one case was reconstructed only in the V5sup and six cases
were reconstructed only in the VS5inf. In other words,

' reconstruction was performed in two (11.1 %) cases in the
V5sup and seven (38.9 %) cases in the V5inf.

The VCR in type 1 cases was significantly lower than
that in cases of types 2 and 3 (P < 0.05). Although there
were no significant differences, the VCR in the type 2 cases
tended to be higher than that in the type 3 cases (P = 0.09),
and the reconstruction rate was significantly higher for the
V5 in type 2 cases than for the type 3 case (P < 0.05).
The VCR in the cases with type 2 variation was higher in
the reconstruction group than in the non-reconstruction
group (23.7 and 11.2 %, respectively; P < 0.05), and ten-
ded to be higher in total in the type 3 cases (20.3 and
14.6 %, respectively; P = 0.06). However, in the type 3
cases, there were no significant differences between the
reconstruction and non-reconstruction groups in terms of
the VCR in the V5sup (4.5 and 5.7 %, respectively) or the
V5inf (14.6 and 9.7 %) (Table 1).

Among the 46 right lobe LDLT cases, 14 (73.7 %) type
2 and two (25.0 %) type 3 cases were patent on POD 7. In
type 3 cases, 0 (0.0 %) V5sup and two (28.6 %) V5inf
were patent on POD 7. The patency rate in the type 2 cases
was therefore significantly higher than that in the type 3
cases (P < 0.05) (Table 1). Regarding the 23 recipients
with the type 2 V5 variations, the number of patients who
had both V5 and V8 patency was seven (30.4 %), another
seven had only V5 patency (30.4 %), one patient had only
V8 patency (4.3 %) and eight patients had no patency in

“either vein (34.8 %).

We compared the aminotransferase levels between the
group with both V5 and V8 patency and the group with
only V8 patency, and between the only V5 patent group
and the both V5 and V8 occluded group. There were no
significant differences found between the both V5 and V8
patent group and the only V8 patent group (Fig. 4a).
However, the ALT level on POD 5 was significantly lower
in the only V5 patent group than in the both V5 and V8
occluded group (123 vs. 191 IU/dL; P < 0.05) (Fig. 4b),
although the congestion area from V8 occlusion was not
significantly different between these two groups (10.0 vs.
11.7 %). Therefore, we think that this phenomenon might
be influenced more by the patency of type 2 V5 rather than
by other congestion due to V8 occlusion.

Analysis of V8 variations

Regarding V8, the variations in type 1 and 2 were found in
150 (56.0 %) and 97 (36.2 %) cases, respectively (Figs. 3a,
b). In the 46 right lobe grafts, 27 cases were type 1 and 17
cases were type 2. The calculated VCRs of each branch
were as follows: 10.7 % (range 2.5-27.8) in type 1 and
9.8 % (range 3.5-18.3) in total, with 2.5 % (range
0.0-10.7) in the V8sup and 7.3 % (range 0.0-13.0) in the
V8inf in type 2. Reconstruction of V8 was performed in 12
(44.4 %) cases with type 1 and three (17.6 %) cases with
type 2 variations. In the type 2 group, all three cases were
reconstructed only in V8inf. In other words, reconstruction
was performed in 0 (0.0 %) case in the V8sup and three
(17.6 %) cases in the V8inf. There were no significant
differences in the VCR between types 1 and 2. However,
the reconstruction rate of V8 in the type 1 cases was
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Fig. 4 The postoperative serial
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significantly higher than that in the type 2 cases (P < 0.05).
The VCR in the reconstruction group was higher than that
in the non-reconstruction group in the type 1 cases (14.2
and 7.9 %, respectively; P < 0.01). However, there were
no significant differences between the reconstruction and
non-reconstruction groups in terms of the total VCR (9.5
and 9.9 %, respectively) and the VCR in the V8inf (9.5 and
6.8 %, respectively) in the type 2 cases (Table 1).

Among the 46 right lobe LDLT cases, nine type |1
(75.0 %) and one type 2 (33.3 %) cases were patent on
POD 7. The patency rate was significantly higher in type 1
cases than in type 2 cases (P < 0.05) (Table 1). Regarding
the 27 recipients with the type 1 V8 variations, there were
six (22.2 %) cases with patency for both V8 and V5, three
(11.1 %) cases with only V8 patency, three (11.1 %) cases
with only V5 patency and there were 15 (55.6 %) cases
without patency of either V8 or V5. We compared the
aminotransferase levels between the both V8 and V5 patent
group and the only V5 patent group, and between the only
V8 patient group and the both V8 and V5 occluded group.
There were no significant differences between the both
patent group and the only V5 patent group (Fig. Sa).
However, the AST level on POD 3 was significantly lower
in the only V8 patent group than in the both V& and V5
occluded group (50 vs. 121 IU/dL; P < 0.05) (Fig. 5b),
although the congestion area due to V5 occlusion was not
significantly different between these two groups (12.4 vs.
14.2 %). Therefore, we think that this phenomenon might
have been influenced more by the patency of the type 1 V8
than by other congestion due to V5 occlusion.

@ Springer

Discussion

In LDLT, the left lobe graft is considered to be the most
ideal graft in terms of the donor safety. It was reported
that the incidence of donor complications based on 1841
donors in Japan was significantly higher in donors of the
right lobe than in donors of the left lobe and the left
lateral segment [13]. The surgical mortality for right lobe
donors was estimated to be as high as 0.5-1.0 % [14]. We
previously reported that left lobe LDLT was a feasible
treatment modality to maintain minimal mortality and
morbidity in donors [11], and that the number of biliary
complications was significantly lower in left lobe LDLT
than in right lobe LDLT [12]. However, with a left lobe
graft, major problems with small-for-size (SFS) grafts
often occur [15-17]. The initial experience related to left
lobe grafts demonstrated a higher incidence of SFS, graft
failure and recipient complications [18]. SFS is charac-
terized by synthetic dysfunction and prolonged chole-
stasis [13]. Small-for-size grafts should be considered
highly vulnerable to insult, with an increased risk of
significant sequelae from complications or additional
metabolic stress in the immediate postoperative period.
Consequently, right lobe grafts have been used routinely
at many centers [15, 19, 20].

In right lobe grafts without MHYV, the anterior sector is
usually hemodynamically altered due to ligation of the
MHYV tributaries, and HVC could subsequently occur in the
anterior sector. HVC not only affects the regenerative
capacity of the liver graft, but also induces parenchymal
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Fig. 5 The postoperative serial
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cell injury, and even severe metabolic dysfunction
[2, 21, 22]. In recipients receiving right lobe grafts without
MHYV, several reports have demonstrated that the regen-
eration of the congested area was significantly poorer in
comparison to that of the non-congested area, especially
during the early postoperative period [23, 24]. It is possible
that the impaired regeneration caused by congestion may
be attributed to the abnormal hemodynamics of the con-
gestion area, where the outflow from the congested area
cannot be entirely compensated for by the function of the
pre-existing collaterals, and where the portal branches
substitute as venous pathways due to regurgitation [9, 21].
Several reports have demonstrated that the collateral
between the ligated MHV tributaries and the right hepatic
vein (RHV) is formed over several days [25-27]. There-
fore, to prevent liver dysfunction during the early postop-
erative period and eventual graft failure, the concept of the
reconstruction of the MHV tributaries is an accepted
modality [10, 28], and the evaluation of anatomical vari-
ations of the MHV tributaries is essential.

The 3D-CT visualization has been extremely helpful in
facilitating understanding of the anatomy of a donor’s
hepatic vessels [6, 7], such that when there is an anomaly
with regard to the hepatic or portal veins, it is relatively
easy to develop a surgical strategy. Surgical simulations
using these anatomical images contribute to a reduction in
the risk, not only to donors, but also to recipients, because
it is a very useful tool for understanding the anatomical
variations in the MHV tributaries. Using computed 3D

venous mapping, Radtke et al. [29] have advocated the
concept of the “territorial belonging of the MHV” based
on territorial vein dominance. According to their concept
for types A and B with normal remnants, the right graft
should preferably include the MHV, whereas donors with
small left remnants should retain the MHV. In contrast,
donors with type D findings should retain the MHV in the
remnant, irrespective of remnant size, because they are at
high risk of small-for-size graft syndrome [29]. Their graft
selection algorithm, using three parameters based on 3D-
CT, namely, the hepatic vein dominance classification,
graft and remnant graft volume/body weight ratios and
congestion volumes [30], is reasonable and applicable.
However, for donor safety in our institution, the right lobe
graft with MHV has not been used in principle. Therefore,
the preoperative evaluation of the MHV tributaries is of
great importance for the reconstruction of the MHV in
recipients.

At many centers, the criteria used for the reconstruction
of the MHV tributaries include the size of the MHV
branches. Traditionally, tributaries that are >5 mm are
uniformly considered to require reconstruction, and those
that are <5 mm are occasionally ligated. In the present
study, all reconstructed MHV tributaries were >5 mm. The
mean sizes of the reconstructed V5 (type 2), V5sup (type
3), VSinf (type 3), V8 (type 1) and V8inf (type 2) were
11.4 mm (range 7.0-17.0), 5.0 mm (range 5.0-5.0),
11.8 mm (range 7.0-15.0), 7.8 mm (range 5.0-10.0) and
6.5 mm (range 6.0-7.0), respectively. We have previously
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reported that a branch <5 mm was not thought to be a
significant branch, but our current study revealed that some
branches <5 mm had a high VCR (>10 %) [7]. Therefore,
our criteria for reconstruction of the MHYV tributaries did
not include the size of the MHV tributaries.

In the present study, the variations in V5 were mostly
classified into three types, and V8 variations were mainly
classified into two types. There was no correlation among
the PV variations, V5 variations and V8 variations (data
not shown). In V5 variations, almost all cases (n = 234,
87.3 %) were classified as type 2 or type 3. The patency
rate was significantly higher in type 2 than in type 3 cases
(P < 0.05) (Table 1), and the ALT level on POD 5 in the
only V5 patent group was significantly lower than that in
the both occluded group (P < 0.05) (Fig. 4b). In terms of
V8 variations, the rate in type 1 cases (n = 150; 56.0 %)
was higher than that in type 2 cases (n = 97; 36.2 %).
The patency rate was significantly higher in type I than in
type 2 cases (P < 0.05) (Table 1), and the AST level on
POD 3 was significantly lower in the only V8 patent
group than in the both occluded group (P < 0.05)
(Fig. 5b). As a result, reconstruction of the MHV tribu-
taries would be necessary for a right lobe graft with a
single large V5 (type 2) or a single large V8 (type 1). In
fact, the VCR in the reconstruction group was larger than
that in the non-reconstruction group in terms of the type 2
V5 variation (23.7 and 11.2 %, respectively, P < 0.05)
(Table 1), and in type 1 in terms of the V8 variation (14.2
and 7.9 %, respectively, P < 0.01) (Table 1). In other
words, the MHYV tributaries draining a large volume
required reconstruction.

We can select donor candidates partially based on our
classification, because we can decide if their liver is suit-
able as a right lobe graft using our classification. In such a
sense, our new classification of the MHYV tributaries is very
useful. However, an evaluation of the congestion volume in
each donor caused by deprivation of the drainage from the
MHYV tributaries using 3D-CT volumetry is necessary to
determine the best reconstruction strategy for right lobe
LDLT. In the setting of the high degree of variability in the
MHYV, individualized planning using 3D-CT is mandatory
for determining the optimal outcome for both the donors
and recipients, especially in right lobe LDLT.

In conclusion, right lobe LDLT can be performed safely,
but there is a potential risk due to various anatomical
variations. To minimize complications, anatomical varia-
tions should be rigorously simulated preoperatively using
3D-CT.
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Introduction

Abstract

Introduction: Simultaneous resection for colorectal cancer and synchronous
colorectal liver metastases (SCRLM) has been found to be safe and effective.
However, pure laparoscopic simultaneous resection (PULSAR) for primary
colorectal cancer and SCRLM is usually difficult, especially in the right lobe of
the liver. The purpose of this study was to assess the feasibility of PULSAR for
patients with primary colorectal cancer and SCRLM.

Methods: From January 2008 to December 2012, a total of 10 patients (9 men
and lwoman; mean age, 64 years) underwent PULSAR for a primary tumor
and SCRLM.

Results: Seven patients (70%) with lesions in the right lobe (segments 6, 7,
and 8) successfully underwent resection with a pure laparoscopic procedure
while in the left semi-prone position. No patient was converted to conven-
tional open surgery. The mean operative duration, volume of bleeding, and
postoperative hospital stay were 606 + 46 min, 585+ 145 mL, and 18 £ 3.5
days, respectively. Although a liver abscess developed in one patient, no
colonic complications or perioperative death occurred.

Conclusion: PULSAR for primary colorectal cancer and SCRLM is a feasible
multidisciplinary treatment. Moreover, PULSAR can be safely and effectively
performed with the patient in the semi-prone position, even when SCRLM
exists in the right lobe of the liver.

that simultaneous resection does not increase mortality
or morbidity rates and reduces hospital stays. Thus, it is

Among patients newly diagnosed with colorectal cancer
(CRC), approximately 25% are found to have synchro-
nous liver metastases (1). Surgery remains the only treat-
ment that can achieve a potential cure, and the 5-year
survival rate of patients who undergo curative liver
resection is now approximately 40%—-50% (2,3).

The optimal timing for surgical resection of synchro-
nous metastasis has been debated and continues to
evolve. The recommended surgical management for syn-
chronous colorectal metastasis is a staged approach, with
initial resection of the primary lesion followed by hepatic
resection (4,5). Several recent reports have demonstrated
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an acceptable option in patients with resectable synchro-
nous colorectal liver metastasis (SCRLM) (6,7). However,
the safety of simultaneous resection of primary CRC
and SCRLM, especially in the right lobe, has not been
established.

A laparoscopic approach for CRC surgery was recently
developed, and this approach is being increasingly applied
following demonstrations of its oncological safety in
randomized prospective trials (8,9). It has been reported
that laparoscopic surgery can be performed safely,
even for liver resection. Laparoscopic liver surgery has
seen a remarkable surge in popularity worldwide (10).
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Furthermore, successful major laparoscopic resections
have been recently reported (10-12). We recently
reported pure laparoscopic right hepatectomy, which
involves complete intracorporeal laparoscopic hepatec-
tomy without hand assistance. In addition, it can be
performed with the patient in the semi-prone position
(13,14). However, the application of pure laparoscopic
surgery has not yet been fully accepted for right lobe
hepatectomy.

In this report, we review the clinical results of pure
laparoscopic simultaneous resection (PULSAR) for
primary CRC and SCRLM.

Materials and Methods

From January 2008 to December 2012, 22 patients with
a primary CRC tumor and SCRLM underwent simulta-
neous resection by laparoscopy or conventional lapa-
rotomy at the Department of Surgery and Science
(Department of Surgery II) of Kyushu University Hospital
in Fukuoka, Japan. Among them, 10 patients underwent
PULSAR for the primary tumor and SCRLM; this group
included nine men and one woman and had a mean age
of 64 years (range, 42-83 years).

The staging of the tumor was based on the UICC-TNM
classification (15). The diagnostic assessments included
endoscopy, barium enema, CT, '*B-fluorodeoxyglucose
PET-CT, and MRI. SCRLM were identified at the time of
diagnosis of the primary CRC.

In this study, we reviewed 10 patients with SCRLM
treated by PULSAR and analyzed their surgical data to
evaluate the feasibility, safety, and effectiveness of this
procedure. Postoperative complications were defined as
grade II or higher according to the Clavien-Dindo classi-
fication (16) Data were available for all patients and
are expressed as mean * standard error. The study and
patients’ informed consent statements were approved by
the Institutional Review Board of the Kyushu University
Hospital.

Treatment strategy

Our criteria for laparoscopic simultaneous resection of
SCRLM were as follows: (i} the primary lesion and liver
tumors were resectable with curative intent; (ii) there
was no extrahepatic metastatic disease; (iii) the patient
had normal liver function and no high-risk background;
and (iv) the procedure did not exceed segmentectomy of
the liver. When the patients met these criteria, hepatic
resection and primary resection were performed simul-
taneously. Initially, patients with SCRLM who did not
receive induction chemotherapy were selected to
undergo the operation; otherwise, induction chemo-
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therapy was administered to patients for initially
unresectable liver metastasis. Oxaliplatin-based chemo-
therapy was administered using either cetuximab com-
bined with S-1 plus oxaliplatin or bevacizumab combined
with oxaliplatin plus 5-fluorouracil and leucovorin. If an
initially unresectable liver metastasis responded to che-
motherapy and became resectable with curative intent at
any time during the imaging evaluation, surgical resec-
tion was performed as soon as possible after prompt
completion of the induction chemotherapy. All patients
who underwent simultaneous resection received adju-
vant chemotherapy as induction chemotherapy.

Surgical techniques

We performed the hepatectomy first followed by the
colorectal resection. Details of our pure laparoscopic
hepatectomy procedures were previously described
(13,14). In brief, metastatic tumors in the right side lobe
(S6, S7, and S8) were resected with the patient in the left
semi-prone position (Figure 1). Four 12-mm trocars
were placed in the right upper abdomen and in the navel.
One 5-mm trocar was placed between the navel and rib.
The locations of the metastases were identified with
ultrasonography. The Glisson sheath was taped, and a
Pringle maneuver using a Nelaton tube was performed.
Resection of the metastatic tumor was then performed
laparoscopically using an EnSeal (Ethicon Endo-Surgery,
Cincinnati, USA). After completion of the hepatectomy,
laparoscopic colorectal resection was performed. The
patient was then changed to the lithotomy position.
Colorectal resection with radical lymph node dissection

Figure 1 lllustration of patient position and trocar placement.
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Table 1 Patient characteristics and perioperative data

Pure laparoscopic simultaneous resection

Operative method

Age Location of Location of Induction
Case (years)/Sex CRC CRCLM chemotherapy Liver Colon Complication
1 76/M Cecum 54, 58 - Partial resection lleo-cecal resection Liver abscess
2 61/M Rectum 52 - Subsegmentectomy Miles’ -
3 79IM Sigmoid S7 - Partial resection HAR -
4 52/IM Ascending 53 - Subsegmentectomy Right hemicolectomy -
5 83/F Rectum 56 - Partial resection LAR -
6 55/M Sigmoid S6 Cet+50X Subsegmentectomy Sigmoidectomy -
7 81/M Sigmoid S8 - Subsegmentectomy Sigmoidectomy -
8 58/M Rectum 56 Bev+ Partial resection LAR -
mMFOLFOX6
9 42/M Sigmoid S4 - Partial resection Sigmoidectomy -
10 48/M Rectum S6, 58 - Partial resection LAR -

Bev+mFOLFOX6, bevacizumab combined with oxaliplatin plus 5-fluorouracil and leucovorin; Cet+S0X, cetuximab combined with S-1 plus oxaliplatin; CRC,
colorectal cancer; CRCLM, colorectal cancer liver metastases; F, female; HAR, high anterior resection; LAR, low anterior resection; M, male.

(D3) based on a no-touch isolation technique was
performed. The incision on the navel was extended to
4 cm, and the liver and colorectal specimens were
extracted from the peritoneal cavity. We designated this
procedure as pure laparoscopic surgery because the large

Table 2 Operative results

Variables PULSAR (n = 10)

550 (416-804)
400 (16-1179)

Median operative time, min (range)
Median blood loss, mL (range)
Postoperative complications (n)

incision was only created to remove the specimen and Any 1

not to perform the operation. Liver abscess 1

Surgical-site infection 0

lleus 0

Results Liver failure 0

L. L. Anastomotic leakage 0

Table 1 shows the clinical characteristics and treatment Mortality (n) 0
for the SCRLM. Primary CRC was located within the Median postoperative hospital stay, days (range) 13.5 (10-45)

right colon (n =2), left colon (n=4), or rectum (n =4).
According to the TNM classification, these primary CRC
were staged as T3 and T4a lesions in six and four patients,
respectively. Lymph node metastasis in NO, N1, N2, and
N3 disease were detected in one, four, three, and two
patients, respectively. All patients underwent a radical
resection for the primary cancer (colectomy, n = 5; ante-
rior resection, n = 4; Miles’ operation, n = 1) followed by
anastomosis using a linear or circular stapler. CRC and
liver metastases were located in the following places: S2
(n=1),83(n=1),84 n=2), 86 (n=4), S7 (n=1), and
S8 (n=3); two patients had two metastatic lesions
(patients 1 and 10). Two patients (patients 6 and 8) were
initially treated with chemotherapy. Hepatectomy
included partial resection (# = 6) and subsegmentectomy
(n =4). No patient was converted to conventional open
surgery.

The mean operative duration and bleeding volume
were 606 £ 46 min (median, 550 min; range, 416-
804 min) and 585+ 145 mL (median, 400 mL; range,
16-1179 mL), respectively. A liver abscess developed in
one patient. However, no colonic complications (pelvic
abscesses or anastomotic leakage) occurred. The mean
postoperative hospital stay was 18 + 3.5 days (median,
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PULSAR, pure laparoscopic simultaneous resection.

13.5 days; range, 10-45 days). In addition, the 30-day
mortality rate was 0% (Table 2).

Comparison of the intraoperative and postoperative
outcomes of patients who underwent right lobe (S6-S8)
or left lobe (S2-S4) hepatectomy showed no significant
differences in the median operative time (554 vs 540 min,
respectively), blood loss (400 vs 665 mL, respectively), or
hospital stay (15 vs 12 days, respectively). Overall, the
operative outcomes were good (Figure 2).

Discussion

In this study, we showed that PULSAR is safe and feasible
for patients with SCRLM. Furthermore, in patients who
underwent resection for SCRLM located in the right lobe,
changing to a lithotomy position from the semi-prone
position allowed for successful completion of PULSAR.
Compared with conventional laparotomy, the laparo-
scopic approach has several advantages. Many previous
series have demonstrated the safety and feasibility of
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Figure 2 Intraoperative and postoperative outcomes. (a) Operative time, (b) intraoperative blood loss, and (c) postoperative hospital stay. Gray bar
indicates a left-lobe {S2-4) hepatectomy; black bar indicates a right-lobe (S5-8) hepatectomy.

laparoscopy for minor resections of the liver edge and
lateral segmentectomy (17,18). In addition, Nguyen ef al.
reported that laparoscopic right hepatectomy was per-
formed in about 10% of international cases and was safe
even when major hepatectomy was performed (10).
However, hepatectomy of the right lobe, especially in
S6-S8, is difficult with a pure laparoscopic method
because of the technical difficulty associated with paren-
chymal transection, hemostasis at the transaction plane,
risk of CO, embolism, and limitations in exploring the
deeper regions of the liver (19-22). Therefore, we pro-
posed the method of left semi-prone positional
hepatectomy combined with laparoscopic colorectal
surgery (13,14). The semi-prone position allows for a
maximal amount of space within the subphrenic region,
thus providing an expanded field of view of the back side
of the liver produced by the weight of the liver’s right lobe.

Recent studies comparing simultaneous and staged
resections have confirmed that the simultaneous
approach has significantly shorter operative times,
reduced blood loss, reduced hospital stays, and reduced
morbidity (6,23). Some reports have described simulta-
neous resection of colon cancer and liver metastases
under laparoscopic surgery. Liver resection is often
carried out using hybrid techniques such as hand-assisted
or laparoscopically assisted methods (11,24). Some

groups have described the safety and efficacy of pure
laparoscopic procedures for simultaneous resection
(24,25). In these studies, laparoscopic hepatic resection
was performed in 20 cases, nine of which were right lobe
resection in the lithotomy or left semi-decubitus position.
The median operative time of these cases was 449 min
(range, 230-540 min). In the current study, as in previ-
ous studies, seven patients (70%) with lesions in the
right lobe successfully underwent simultaneous resection
with a pure laparoscopic procedure. The median opera-
tive time was longer than in previous studies, but this
increase likely occurred because of the time necessary to
shift patients from the semi-prone position to the
lithotomy position and to complete the colorectal proce-
dures involved (i.e. anterior resection, Miles’ operation).
Spampinato et al. concluded that a laparoscopic approach
involving simultaneous resection of primary CRC and
liver metastasis is reasonable for selected patients (25).
Obviously, patient selection is mandatory to achieve a
good outcome. Reddy ef al. indicatedfound that particular
attention should be paid to elderly patients who undergo
synchronous major hepatectomy (5). Furthermore, in a
systematic review, Lupinacci efal. demonstrated that
simultaneous resection is a very good option for non-
rectal primaries and peripheral lesions requiring limited
hepatectomy or left lateral sectionectomy (26). We share
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this belief, and at present, major hepatectomy is an
exception to the indications for PULSAR. However, we
safely performed laparoscopic major hepatectomy with
patients in the semi-prone position (13,14). Therefore,
major hepatectomy can also be performed for PULSAR
cases in the near future.

In conclusion, PULSAR for primary CRC and SCRLM is
a feasible multidisciplinary treatment. Our procedures for
laparoscopic right-sided hepatectomy in the semi-prone
position will allow patients to undergo cancer treatment
more efficiently but without increased risks.
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ABSTRACT

Introduction. Few studies to date have investigated the causes of late graft mortality after
living-donor liver transplantation (LDLT) for primary biliary cirrhosis (PBC).

Patients and Methods. Fifty-five LDLTs for PBC were retrospectively reviewed. Factors
prognostic of graft survival after LDLT were investigated, and histologic findings in pa-
tients with late graft loss were assessed.

Results. The 1-, 5-, and 10-year cumulative graft survival rates were 85.1%, 82.5%, and
66.9%, respectively. Multivariate Cox regression analysis found that male donor and >4
HLA mismatches were independently associated with poor graft survival. Among the 13
grafts lost, 5 were lost >1 year after LDLT, including 1 each due to chronic rejection,
veno-occlusive disease, and obliterative portal venopathy, and 2 to other causes.
Pathologic reviews of the serial biopsy specimens and explanted grafts from these 5
patients, with graft rejections from “chronic immune-mediated reaction syndrome,”
showed reciprocal changes over time. No patient died of recurrent PBC.

Conclusions. Male donor and >4 HLA mismatches were independent factors associated

with poor graft survival. Late graft mortality after LDLT for PBC in some patients was due
to chronic immune-mediated reaction syndrome, including chronic rejection, veno-

occlusive disease, and obliterative portal venopathy, but not to recurrent PBC.

RIMARY biliary cirrhosis (PBC) is a cholestatic dis-
ease characterized by granulomatous destruction of

the bile ducts and the appearance in serum of anti-
mitochondrial antibodies. The disease is progressive and
leads to liver failure in many patients. Liver transplantation
(LT) has shown efficacy in patients with PBC, with good
survival outcomes and improvements in quality of life {1-3].
Improvements in surgical techniques and organ preserva-
tion in Japan has enhanced long-term survival after living-
donor LT (LDLT) in patients with PBC. PBC recurrence
rates after LT have been reported in 0.6% to 32% of grafts
[4-10], although PBC recurrence has little influence on graft
and patient survival {11]. One study reported that the pro-
portion of grafts lost due to PBC recurrence 10 years after
LT was 2% [12], whereas another study reported that

0041-1345/14/%-see front matter
Hitp//dx dolorg/t1 01018/ L ransprocesd . 2014.02.021
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recurrent PBC was not associated with graft loss in patients
followed up for 20 years [13].

Although needle biopsy is necessary for the differential
diagnosis of recurrent PBC, its histologic diagnosis is much
more difficult in transplanted livers because of the occur-
rence of many graft abnormalities, including rejections and
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adverse drug reactions, as well as biliary strictures. There is
little information regarding long-term clinical outcome of
LDLT for PBC. We therefore retrospectively reviewed
investigated factors associated with graft survival in patients
who underwent LDLT for PBC and examined entire
explanted livers for the cause of graft loss.

PATIENTS AND METHODS
Patient Characteristics

Of the 401 LDLT operations performed at Kyushu University
Hospital (Fukuoka, Japan) from October 1996 to December 2012, a
total of 55 were adult-to-adult LDLTs for PBC. Mean + SD follow-
up time was 5.06 = 4.17 years. The study protocol was approved by
the Ethics and Indications Committee of Kyushu University.

Graft Selection

Grafts were selected as described previously [14]. Left lobe grafts
were the primary graft if the graft volume/standard live volume
(GV/SLV) ratio was >35%. Right lobe grafts were used if the
simulated GV/SLV ratio of the left lobe graft was <35% and the
donor’s remnant liver volume was >35%. Posterior segment grafts
were used if their GV/SLV ratio was >35% with isolated branching
of the posterior pulmonary vein (PV).

Transplant Procedures

The transplant procedures for both the donors and recipients have
been described previously | 15]. Donor parenchymal transection was
performed by using the Cavitron Ultrasonic Surgical Aspirator
(Valleylab Inc, Boulder, Colo, United States) with the hanging
maneuver. After donor hepatectomy, the graft was perfused,
weighed, and stored in University of Wisconsin solution (Viaspan,
DuPont Pharmaceuticals, Wilmington, Del, United States). After
recipient hepatectomy, the grafts were transplanted in a piggyback
fashion. The orifice of the recipient’s hepatic vein was enlarged by
making an incision on the vena cava to allow the venous anasto-
mosis to provide sufficient outflow. The PV was reconstructed and
reperfused, followed by arterial reconstruction under a microscope.
Whenever possible, biliary reconstruction involved duct-to-duct
biliary anastomosis.

Splenectomy

The indications for splenectomy during LDLT included hyper-
splenism and PV pressure of >20 mm Hg. Tieless splenectomy was
performed by using a vessel-sealing system (LigaSure Atlas, Val-
leylab Inc) and endostapling devices (Echelon Staplers 60 2.5 mm,
Ethicon Endo-Surgery Inc, Blue Ash, Ohio, United States) {16].

Immunosuppression

The basic immunosuppression protocol consisted of tacrolimus or
cyclosporine with mycophenolate mofetil and steroids. Mycophe-
nolate mofetil was used from patient #42 onward. The target
tacrolimus and cyclosporine concentrations 1 month after LDLT
were 10 to 14 ng/mL and 150 to 250 ng/mL, respectively, decreasing
to 7 to 10 ng/mL and 100 to 150 ng/mL over the next few months.
The initial dose of mycophenolate mofetil was 2 g/d, tapered to 1 g/
d over 1 to 3 months and to 0 at 6 months. Each patient received 1 g
of methylprednisolone immediately after reperfusion, which was
decreased from 200 to 20 mg/d over the following week and was

1439

then switched to oral prednisolone, which was tapered off at 3
months.

Posttransplant Medical Care

Perioperative prophylaxis consisted of intravenous cefotaxime
(4 g/d) and ampicillin sulbactam (6 g/d) 4 times per day for 3 days,
starting 30 minutes before surgery. The central venous catheters
that had been placed in the internal jugular vein before surgery
were usually removed within 5 days after LDLT and replaced with
peripheral catheters. Most patients required prolonged ascites
drainage over 14 days after left lobe LDLT. The amount of ascites
drained via the indwelling abdominal drains was recorded. Fluid
loss due to ascites drainage was corrected by administration of
intravenous saline containing 5% albumin to maintain a serum al-
bumin level >3.5 mg/dL. All recipients were maintained on urso-
deoxycholic acid (5-15 mg/kg per day) and methylprednisolone
during the follow-up period. A liver biopsy was performed when
patients showed clinical or biochemical signs of graft dysfunction.
Protocol biopsies were not performed.

Histologic Assessments

All resected specimens were cut into serial 5- to 10-mm-thick slices
and fixed in 10% formalin. After macroscopic examination, the slice
with the greatest dimensions was trimmed, embedded in paraffin,
and cut into 4-pum microscopic sections. The sections were stained
with hematoxylin and eosin or Masson’s trichrome. A diagnosis of
acute or chronic rejection (CR) was based on the 1995 Banff
criteria [17,18]. A diagnosis of recurrent PBC was confirmed by
detection of florid duct lesions with mixed portal inflammatory
infiltrates.

Statistical Analysis

Categorical variables were compared by using the 2 test or the
Fisher exact test. Continuous variables were expressed as mean
values + SDs and compared by using the Student ¢ tests. Graft
survival was analyzed by using the Kaplan-Meier method and
compared with the log-rank test. All statistical analyses were per-
formed with Statview version 5.0 (Abacus Concepts, Inc, Berkeley,
Calif, United States), with P values <.05 considered statistically
significant.

RESULTS

The 1-, 5-, and 10-year cumulative graft survival rates were
85.1%, 82.5%, and 66.9%, respectively. Univariate analysis
showed that male liver donor, >4 HLA mismatches, and
absence of splenectomy were factors significantly associated
with reduced graft survival after LDLT, whereas immuno-
suppressive regimens were not {(Table 1). For example, the
S5-year graft survival rates were 49% in patients with >4
HLA mismatches and 87.0% in patients with <4 HLA
mismatches (Fig 1A) and 74.6% when donors were male
and 100% when donors were female (Fig 1B). Multivariate
Cox proportional hazards model of all clinical characteris-
tics showed that male donor and >4 HILA mismatches were
independent factors for poor graft survival, whereas lack of
splenectomy was not (Table 2).

Of the 55 LDLT recipients, 13 (23.6%) died during the
follow-up period. Eight of these patients (14.5%) died
within 6 months after LDLT, including 3 from primary graft
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Table 1. Univariate Analysis of Clinicopathologic Factors
Associated With Graft Survival After LDLT

Patients Survival at 3 Years (%) P Value

Factor

Gender of recipient

Male 7 100 216
Female 48 80.2

Age of recipient, y
<50 21 88.0 221
>50 34 74.7

Gender of donor
Male 37 74.6 .039
Female 18 100.0

Age of donor, y
<40 22 66.6 .055
>40 33 89.1

Child-Pugh classification
A+B 14 70.1 299
(¢} 41 86.3

MELD
>25 8 87.5 .935
<25 47 81.8

HLA mismatches
>4 14 49.0 .005
<4 32 87.0

Splenectomy
Yes 24 95.8 .0325
No 31 79.5

GV/SLV, %
>35 41 77.3 248
<35 14 100

Mean portal pressure at
closure, mm Hg

>25 36 80.9 977
<25 10 78.7
Graft
Left 13 79.9 564
Right 42 91.7
CNI
Cyclosporine 23 86.7 425
Tacrolimus 32 76.4
Antimetabolites (MMF, Aza)
Yes 25 73.0 .080
No 30 87.1
Postoperative biliary stricture
Yes 9 100 944
No 46 78.8
Acute rejection
Yes 21 85.7 .262
No 34 80.7
CMYV infection
Yes 15 83.0 .780
No 40 78.3

Abbreviations: AZA, azathioprine; CMV, cytomegalovirus; CNI, calcineurin
inhibitor; GV/SLV, graft/standard liver volume; LDLT, living-donor liver trans-
plantation; MELD, model for end-stage liver disease; MMF, mycophenolate
mofetil.

dysfunction (at 1, 1, and 2 months), 2 from intra-abdominal
bleeding (at 1 and 3 months), 2 of liver infarction (at 2 and 4
months), and 1 of congestion of middle hepatic vein tribu-
taries (at 4 months). Table 3 shows the cause of delayed
graft loss after LDLT for PBC.
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Fig 1. Graft survival after living-donor liver transplantation
(LDLT) for primary biliary cirrhosis in patients receiving grafts
from (A) donors with <4 and >4 HLA mismatches and (B) male
and female donors. Graft survival was significantly poorer in pa-
tients with >4 HLA mismatches than <4 mismatches and in pa-
tients receiving grafts from male than female donors.

The remaining 5 patients died >1 year after LDLT. Ex-
amination of the explanted livers showed that the causes of
graft failure included CR (patient #1), veno-occlusive dis-
ease (VOD; patient #3), and obliterative portal venopathy
(OPV; patient #4). The other 2 patients died of sponta-
neous retroperitoneal hematoma (patient #2) and second-
ary biliary cirrhosis due to biliary stricture (patient #5).
Patient #1 exhibited elevated liver enzyme levels 3 months
after LDLT, with liver biopsy specimens revealing evidence
of VOD. Increased immunosuppression was not effective,
and a second liver biopsy was performed. This patient was
diagnosed with CR and VOD. The graft was lost 3.4 years
after LDLT due to CR. Patient #3 exhibited increased
alkaline phosphatase levels, beginning 6 years after LDLT,
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Table 2. Multivariate Analysis of Factors Independently
Predictive of Graft Survival

Variable Hazard Ratio 95% Cl P Value
Gender of donor: male 8.5 1.1-67.0 .010
HLA mismatch; >4 5.0 1.5-17.2 042
Splenectomy: no 5.2 0.7-41.8 119

Abbreviation: Cl, confidence interval.

followed by the development of liver dysfunction. Results of
a liver biopsy revealed recurrent PBC and VOD. Despite
increased immunosuppression, the liver failed, and the pa-
tient was diagnosed with VOD at the time of graft loss.
Patient #4 experienced acute cellular rejection 4.2 years
after LDLT and required steroid pulse therapy. Results of a
liver biopsy revealed VOD and ACR. Alkaline phosphatase
levels began to increase 7.6 years after LDLT, followed by
the development of liver dysfunction. Results of a liver bi-
opsy revealed recurrent PBC and VOD. Liver failure
developed despite increased immunosuppression, and the
patient was finally diagnosed with OPV at graft loss.
Increased immunosuppression in these patients included
the addition of mycophenolate mofetil. None of these 3
patients was diagnosed with recurrent PBC at the time of
graft loss.

Of the 5 patients who died >1 year after LDLT, 2 (pa-
tients #3 and #4) were histologically diagnosed with chol-
angitis of the interlobular bile duct (suggesting PBC) before
LDLT. After LDLT, acute CR was histologically observed
in patients #2, #4, and #5; CR in patient #1; VOD in
patients #1, #3, and #4; and OPV in patient #4. None of
these patients underwent splenectomy at the time of first
LDLT.

Figure 2 displays the histologic findings in these patients.
Patient #1, who was diagnosed with CR at graft death,
exhibited histologic evidence of duct loss with degenerative
epithelial damage and centrilobular fibrosis. Patient #3 had
centrilobular congestion, central venulitis, and obliteration
and was diagnosed with VOD. Patient #4 exhibited histo-
logic evidence of obliterative changes in the portal veins
without fibrosis and was diagnosed with OPV.

DISCUSSION

Multivariate analysis of 55 retrospectively evaluated pa-
tients who underwent LDLT for PBC indicated that male
liver donor and >4 HLA mismatches were independently
prognostic of poor graft survival. Similarly, a previous study
reported that the number of HLA mismatches between re-
cipients and donors significantly affects postoperative sur-
vival rates after LDLT for PBC {i9]. In contrast, HLA
incompatibility did not seem to have a significant impact on
patient survival after LDLT for end-stage liver disease
[20-22]. The pathophysiology of PBC is strongly associated
with humoral autoimmunity, and HLA mismatches may
induce and/or exacerbate humoral immunoreactions. Four
of the 5 patients who experienced late graft loss received

1441

grafts from non-blood-related donors. Moreover, 4 of these
donors were males (all 4 were the husbands of the re-
cipients). Cumulative postoperative survival rates after
LDLT for PBC were found to be significantly higher when
donors were not blood relatives of the recipients {19].

Lack of splenectomy was significantly associated with poor
prognosis in univariate (not multivariate) analysis. Splenec-
tomy reportedly prolonged the effects of corticosteroids in
mouse models of autoimmune hepatitis (AIH) and sup-
pressed the development of ATH [23]. Patients with severe
AIH have a high potential for recurrence after LT, increasing
the likelihood of graft loss. Splenectomy may overcome this
insufficiency, inducing prolonged remission of AIH. The
same mechanism may occur in patients who undergo LT for
PBC. In these patients, splenectomy may decrease humoral
immunoreactions induced by HLA mismatches.

Pathologic reviews of the serial biopsy specimens and
explanted grafts in patients with late mortality from CR,
VOD, and OPV, collectively termed “chronic immune-
mediated reaction syndrome,” revealed reciprocal changes
among them over time. None of these patients, however,
died of recurrent PBC as the final diagnosis. Late cellular
rejection may cause late liver allograft dysfunction {24]. CR
in a biopsy specimen was defined as: (1) biliary epithelial
senescence changes affecting a majority of the bile ducts
with or without bile duct loss; (2) foam cell obliterative
arteriopathy; or (3) bile duct loss affecting >50% of the
portal tracts. Inadequate immunosuppression was usually
accompanied by CR but not always. Immunologic pathogens

Table 3. Causes of Delayed Graft Loss After LDLT for PBC

Patient No.

Factor 1 2 3 4 5
Recipient (age [yl/sex) 34/F 57/F 37/F 47/F 47/F
Donor (age [yl/sex) 52/M 47/M 51/M 19/M  49/M
Relationship between NBR NBR NBR BR NBR

donor and recipient
Graft type Left Left Left Left Left
GRWR 0.88 0.81 0.77 1.07 117
GV/SLV, % 42.6 35.7 31.6 49.3 48.6
HLA mismatch 4 6 5 NA 6
Splenectomy No No No No No
Time to death, y 3.2 5.5 7.5 10.1 11.3
Complications after
LDLT
ACR X (@] X o] O
CR @) % X X X
vOD O X @] O X
OPV X 3 X @] X
Recurrent PBC X X O O P
Cause of graft loss CR Retroperitoneal VOD OPV Secondary
hematoma biliary
cirrhosis

Abbreviations: ACR, acute cellular rejection; BR, blood relative; CR, chronic
rejection; F, female; GRWR, graft recipient weight ratio; GV/SLV, graft volume/
standard liver volume; LDLT, living-donor liver transplantation; M, male; NA, not
available; NBR, non-blood relative; OPV, obliterative portal venopathy; PBC,
primary biliary cirrhosis; VOD, veno-occlusive disease.
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Fig 2. Histologic findings at the time of
graft loss in (A and B) patient #1, (C and
D) patient #3, and (E and F) patient #4.
These 3 patients were diagnosed with
chronic rejection, veno-occlusive disease
(VOD), and obliterative portal venopathy
(OPV), respectively. Hematoxylin and eosin
staining; original magnification x100 for A,
B, C, E, and F and %200 for D. Abbrevia-
tions: P, portal area; V, central vein area.

have not been identified to date. VOD has been defined as
sinusoidal or perivenular fibrosis with inflammation, ne-
crosis, hemorrhage, and/or endothelialitis in zone 3.
Although VOD rarely causes liver graft loss, life-
threatening VOD has been reported after LDLT [23].
Moreover, histologic features of VOD after LT have been
observed in 2.3% of patients, with VOD possibly being
immune mediated {26]. OPV has been defined as primary
occlusion of the intrahepatic portal veins in the absence of
cirrhosis, inflammation, and hepatic neoplasia [27]. Portal
vasculopathy is prominent in medium-sized and pretermi-
nal veins, which are easily accessible on liver biopsy. OPV is
considered a thrombotic- or immune-mediated disorder.
Several studies have assessed the relationship between
portal venopathy and PBC [28.29]. Our patient with OPV
also experienced recurrence of PBC, suggesting that OPV
may be a subtype of recurrent PBC. The pathophysiology of
each of these conditions (CR, VOD, and OPV) is strongly
associated with autoimmunity, although the mechanisms
are not clear.

HARIMOTO, IKEGAMI, NAKAGAWARA ET AL

In conclusion, this retrospective analysis revealed causes of
graft loss in patients who underwent LDLT for PBC. Male
donor and >4 HLA mismatches were independent predictors
of poor graft survival. CR, VOD, and OPV were found to be
causes of graft loss, whereas recurrent PBC was not, suggest-
ing that chronic immune-mediated reactions were among the
pathologic conditions associated with graft loss. The mecha-
nisms linking chronic immune reaction with long-term graft
loss in patients with PBC require further investigation.
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Application of Postoperative Model for End-Stage Liver Disease
Scoring System for Evaluating Liver Graft Function After Living Donor

Liver Transplantation

T. Toshima, T. Ikegami, K. Kimura, N. Harimoto, Y. Yamashita, T. Yoshizumi, Y. Soejima, T. lkeda,

K. Shirabe, and Y. Maehara

ABSTRACT

Background. The Model for End-Stage Liver Disease (MELD) score has been validated
to predict the mortality rate of patients with various chronic liver diseases on the waiting
list for liver transplantation (LT). The aim of this study was to assess the value of the
postoperative MELD scoring system as an early postoperative predictor of outcome in
patients undergoing living donor LT (LDLT).

Methods. A retrospective analysis of 217 adult-to-adult LDLT patients was performed.
The values of the MELD score on various postoperative days (PODs) as predictors of
graft loss within 6 months after LDLT were examined by calculating the areas under the
receiver operating characteristic (AUROC) curves. The 6-months graft survival rates were
compared between patients with (n = 22) and without (n = 195) graft loss. Univariate
and multivariate analyses were performed to identify the factors associated with mortality.

Results. The MELD score on POD2 was a predictor of graft loss, with an AUROC
c-statistic of 0.779, a specificity of 79.5%, and a sensitivity of 68.2% at optimal cutoff,
whereas the preoperative MELD score c-statistic was 0.605 with 44.6% sensitivity. Multi-
variate analyses for postoperative mortality revealed MELD-POD?2 >19 (odds ratio, 5.601;
95% confidence interval [CI], 1.395-4.508; P = .0009) as an independent predictor of
short-term graft loss following LDLT, in addition to preoperative hospitalization status.
Later MELD POD scores were also predictive of graft loss.

Conclusions. The early postoperative MELD scoring system is feasible as an index for
prediction of postoperative mortality following LDLT.

IVING donor liver transplantation (LDLT) has become

an effective treatment modality for end-stage liver
disease since the first clinical report in 1989 {1} Originally,
the Model for End-Stage Liver Disease (MELD) scoring
system was designed to assess short-term prognosis in pa-
tients undergoing transjugular intrahepatic portosystemic
shunt [2]. The MELD score is based on 3 biochemical pa-
rameters: serum total bilirubin (T-Bil) level, International
Normalized Ratio (INR) for prothrombin time, and serum
creatinine (Cre) level. Since Wiesner et al 3] first demon-
strated, in their pioneering study, that the c-statistic of
MELD was 0.83 when it was used to predict the 3-month
mortality of waiting list candidates, the MELD score has
been developed to become an accurate predictor of waiting
list mortality [4-¢]. This risk model was validated to predict

Published by Elsevier Inc.
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the mortality rate of different groups of patients with
various types and stages of chronic liver disease, and espe-
cially of candidates on the waiting list for liver trans-
plantation (LT) [4-6].
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Although its value for predicting pretransplantation sur-
vival has been established, the impact on post-transplantation
outcome is still a matter of controversy. Regarding LDLT, we
previously demonstrated that a high MELD score was a risk
factor for graft failure following LDLT in patients with
chronic liver failure |[7-10]. However, some reports found
that it was not predictive of the post-transplantation survival
rate {11,12]. Until now, cfforts to assess LDLT patients’
postoperative course have almost exclusively been limited to
preoperative evaluations, primarily biochemical blood tests
(eg, serum T-Bil, INR, serum Cre, and serum albumin levels)
and their combination within clinical risk scores such as the
MELD score and Child-Pugh score [3,5]. Although preop-
erative parameters may be useful in screening patients for
LT, early postoperative risk stratification might allow a more
refined prediction of outcome as it incorporates the patient’s
preoperative status together with the indication for LDLT
and postoperative course | 13]. There is limited data on the
use of the postoperative MELD scoring system as an early
predictor of outcome following surgery | !4]. Recently, post-
operative clinical risk scores have been investigated, with the
MELD score on postoperative day (POD) 5 found to be a
major predictor of death after hepatic resection {14}, and it
provided a grading of severity to guide the patients’ clinical
management. The aim of this study was to assess the value of
the postoperatively applied MELD scoring system as an early
postoperative predictor of outcome in patients undergoing
LDLT.

MATERIALS AND METHODS
Patient Characteristics

Between January 2004 and December 2010, a total of 224 adult
patients who had undergone LDLT because of end-stage liver dis-
ease at Kyushu University Hospital (Fukuoka, Japan) were enrolled
in the study. One patient who received dual living donor liver grafts
was excluded from analysis, and the 6 patients who underwent graft
loss within 6 months as a result of intraoperative bleeding (n = 1),
bleeding after liver biopsy (n = 1), brain death (n = 1), chronic
rejection (n = 1), cholangiocellular carcinoma (n = 1), or post-
operative colon bleeding (n = 1) were also excluded. The in-
dications for LDLT (n = 217) were liver cirrhosis resulting from
hepatitis C (n = 104), cholestatic cirthosis (n = 36), fulminant
hepatic failure (n = 22), hepatitis B (21), cryptogenic (n = 12),
alcohol abuse (n = 10), and others (n = 12).

All LDLT were performed after obtaining full informed consent
from all patients and approval by the Liver Transplantation Com-
mittee of Kyushu University. The study protocol conformed to the
ethical guidelines of the 1975 Helsinki Declaration and was
approved by our institutional review board.

Graft Selection

The graft types included left lobe with caudate lobe graft (n = 118),
right lobe graft without the mid-hepatic vein (n = 91), right lobe
graft with the mid-hepatic vein (n = 3), and posterior segment graft
(n = 5). Donors were required to be spouses or within the third
degree of consanguinity with the recipients and to be between
20 and 65 years of age. For a donor who was not within the third

TOSHIMA, IKEGAMI, KIMURA ET AL

degree of consanguinity, individual approval was obtained from the
cthics committee of Kyushu University Hospital {7,15].

We used three-dimensional computed tomography for volu-
metric analysis and delineation of vascular anatomy. The standard
liver volume of recipients was calculated according to the formula
described by Urata et al [16]. Graft volume was predicted using
computed tomographic volumetric analysis. The decision about
graft type for the recipients was based on the preoperatively pre-
dicted graft volume to recipient’s standard liver volume (GV/SLV)
ratio [17.1&]. A right lobe graft was procured if the estimated GV/
SLV using the extended left lobe with caudate lobe was <35% when
the preoperative predicted remnant liver volume was >35%.

Postoperative Management

The graft harvesting technique, recipient surgery, and perioperative
management of the recipients, including immunosuppression regi-
mens, have been previously described {19,2(]. Bile ducts were
reconstructed using the Roux-en-Y (n = 34) or duct-to-duct (n =
183) techniques. We initiated immunosuppression with a protocol
based on tacrolimus (Prograf; Astellas Pharma Inc., Tokyo, Japan)
or cyclosporine A (Neoral; Novartis Pharma K.X., Tokyo, Japan)
{ 19]. All patients had monthly follow-ups, and the median follow-up
period was 1219 days, with 540 days and 1935 days as the 25th and
75th percentiles, respectively.

Definition of Short-Term Graft Loss

Graft loss was defined as liver retransplantation (Re-LT) or patient
death within 6 months following LDLT. The 6 patients with graft
loss not related to deteriorated liver function or patient status,
which may be related to intraoperative incidents, were excluded
from the present analysis, as previously described. The 217 re-
cipients were classified into 2 groups: patients with graft loss
(n = 22) and without graft loss (n = 195). The 6-month graft sur-
vival rates were compared among the groups. Univariate and
multivariate analyses were performed to identify the factors asso-
ciated with the graft loss after LDLT.

Application of the MELD Scoring System With Postoperative
Parameters

The MELD score was based on 3 biochemical parameters: serum
T-Bil level, INR for prothrombin time, and serum Cre level, and
was calculated as follows [3}:

MELD = 9.57x1In (Cre, mg/dL) + 3.78 x In (T-Bil, mg/dL)
+11.2x In (INR) + 6.43 (range, 6 — 40).

The values of the applied MELD score on -each POD, namely
POD1, 2, 3, 5, 7, and 14, were examined as predictors of graft loss
within 6 months after LDLT by calculating the AUROC curves.

Statistical Analysis

All statistical analyses were performed using JMP statistical soft-
ware version 7.01 (SAS Institute Inc., Cary, NC, United States). The
continuous variables were expressed as mean = standard deviation.
Multivariate analyses were performed using the Cox proportional
hazards regression model. Survival was calculated using the Kaplan-
Meier method, and differences in survival between the groups were
compared using the log-rank test. The ROC curve is a plot of
sensitivity versus 1-specificity for all possible cutoff values and the
most commonly used index of accuracy is the area under the
receiver operating characteristic (AUROC) curve, where values
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Table 1. Characteristics of LDLT Patients (n = 217)

Graft Loss
Variables Total (n = 217) Yes (n = 22) No (n = 195) P
Recipient age, y 53.1 + 10.2 511 +97 53.4 +£10.3 .3326
Recipient gender, male 109 (50.2) 10 (45.5) 99 (50.8) .6363
Disease .0559
Liver cirrhosis
Hepatitis C 104 (47.9) 8 (36.4) 96 (49.2)
Hepatitis B 21 (9.7) 0 21 (10.8)
Non-B non-C 12 (6.5) 4(18.2) 8 (4.1)
Alcohol 10 (4.6) 1(4.6) 9 (4.6)
Fulminant hepatic failure 22 (10.1) 1(4.6) 21 (10.8)
Cholestatic cirrhosis 36 (16.6) 6 (27.3) 30 (15.4) .
Others 12 (5.5) 2(9.1) 10 (6.1)
Body mass index, kg/m2 23.6 4+ 3.6 24.8 + 6.0 23.4 + 3.2 .0837
Hospitalized status 91 (41.9) 16 (72.7) 75 (38.5) .0020
Donor age, y 35.2 +10.7 409 + 11.4 346 +10.5 .0107
Donor gender, male 139 (64.1) 15 (68.2) 124 (63.6) 6679
ABO incompatible 15 (6.9) 14.6) 14 (7.2) .6260
Left lobe graft 118 (54.4) 11 (50.0) 107 (564.9) 6642
GV, g 482 + 106 504 + 109 480 + 106 3242
GV/SLYV ratio, % 429 + 8.7 43.8 + 9.5 416 + 83 2677
GRWR, % 0.81 + 0.19 0.83 + 0.23 0.80 + 0.18 5109
PVP at laparotomy, mm Hg 23.8 + 6.3 231+ 58 23.9+6.3 5632
Splenectomy 135 (62.2) 11 (50.0) 124 (63.6) .2189
Cold ischemic time, min 95.3 £ 87.0 91.9 + 394 95.6 + 91.0 8477
Warm ischemic time, min 39.5 + 11.3 40.2 + 11.6 39.4 + 113 .7695
Hepatic arterial flow, mL/min 99.4 4+ 554 107.4 + 60.3 98.4 + 54.9 4721
Portal venous flow, L/min 1.76 + 0.68 1.54 + 0.66 1.79 + 0.68 .1037
PVP at closure, mm Hg 16.2 + 4.1 17.5 £ 6.9 16.0 + 3.6 .1333
Duct-to-duct biliary reconstruction 183 (83.9) 15 (68.2) 167 (85.6) .0523
Operation time, min 806 + 183 780 4+ 196 809 4 181 5073
Operative blood loss, L 5.5+ 8.7 8.5+ 10.2 5.2+ 8.6 1129
MELD score-Pre 170+73 1898 +7.4 16.8 =+ 7.3 .2056
MELD score-POD2 19.3 £ 3.8 22.7 £ 3.7 18.9 + 3.7 <.0001

Abbreviations: GRWR, graft recipient weight ratio; GV, graft volume; SLV, standard liver volume; Pre, preoperative; PVP, portal vein pressure.

Note: Values are reported as mean =+ SD or n (%).

close to 1.0 indicate high diagnostic accuracy, and 0.5 indicates a
test of no diagnostic value [21-23]. P values <.05 were considered
significant.

RESULTS
Characteristics of Recipients, Donors, and Grafts

Among the 217 patients who underwent LDLT, 22 (10.1%)
had short-term graft loss and 195 (89.9%) had graft survival
(Table 1). Compared with patients without graft loss, pa-
tients with graft loss had significantly higher rates of pre-
operative hospitalization (72.7% vs 38.5%; P = .0020) and
the age of the donors with graft loss was significantly higher
(40.9 & 11.4 vs 34.6 + 10.5 years; P = .0107). Notably, the
preoperative MELD score (MELD-Pre) in patients with
graft loss was not significantly different from that in patients
without graft loss (189 + 7.4 vs 16.8 + 7.3; P = .2056),
whereas the postoperative MELD score on POD2 (MELD-
POD?2) in patients with graft loss was significantly higher
than that in patients without graft loss (22.7 & 3.7 vs 18.9 &
3.7, P < .0001).

Change of MELD-Pre and MELD-POD

The chronological change in the MELD-Pre and the MELD
score on indicated PODs in patients with (n = 22) or
without (n = 195) graft loss are shown in Figure 1. The
MELD-Pre (18.9 £+ 1.7 vs 16.8 £ 0.5; P = .2056) and
MELD-POD1 (22.7 £ 0.7 vs 22.0 & 0.2; P = .3855) scores in
patients with graft loss were not significantly different from
those in patients without graft loss, whereas MELD-POD2
scores in patients with graft loss were significantly higher
than that in patients without graft loss (22.7 £ 0.8 vs 18.9
0.3; P < .0001). In addition, the MELD scores later than
POD2 in patients with graft loss were also significantly
higher (P < .0001).

Causes of the mortality (n = 22) included primary graft
dysfunction (n = 6), multiorgan failure (n = 6), sepsis
(n = 5), intra-abdominal bleeding (n = 3), cerebrovascular
accident (n = 1), and rejection (n = 1). Notably, MELD-
POD2 in patients with graft loss by primary graft dysfunc-
tion (n = 6; 22.3 £ 1.5), multiorgan failure (n = 6; 24.5 +
1.5), and sepsis (n = 5; 24.2 + 1.6) were significantly higher

-337 -



