kidney, spleen, and pancreas (11, 12). Recently,
several studies have shown that ARFI is a useful
modality for noninvasive evaluation of liver dis-
eases (13, 14). Moreover, our data have also shown
that liver stiflness evaluated by ARFI is signifi-
cantly correlated with the elevation of serum total
bilirubin levels after donor hepatectomy (15).

SFS syndrome is characterized by impairments
of graft function such as prolonged cholestasis and
increased ascites output (2). Although there are
several noninvasive methods for the evaluation of
graft function after LDLT, the value of ARFI in
the assessment of graft stiffness has not been
reported so far. The purpose of this study was to
investigate the clinical utility of measuring graft
stiffness using ARFI after LDLT.

Patients and methods
Patients

Between April 2010 and March 2011, a total of 27
cases of adult LDLT were performed at Kyushu
University Hospital. Among these, seven recipients
were excluded because of the difficulty in obtaining
their consent, and consequently, 20 recipients were
enrolled in the study. LDLTs were performed as a
result of liver cirrhosis resulting from hepatitis C
(n = 11), alcoholic cirrhosis (n = 4), primary bili-
ary cirrhosis (n = 1), primary sclerosing cholangitis
(n = 1), and others (n = 3). Graft types included
left lobes (LL) with the middle hepatic vein (MHYV)
and caudate lobes (n = 11), right lobes (RL) with-
out the MHV (n = 7), and right posterior segments
(n=2). All the LDLTs were performed after
obtaining full informed consent from the patients
and approval by the Liver Transplantation Com-
mittee of Kyushu University Hospital. The study
protocol was conformed to the ethical guidelines
of the 1975 Declaration of Helsinki.

Donor and graft selection

Donors were selected from among the candidates
who offered to be living donors (16, 17). They were
limited to within the third degree of consanguinity
with recipients or spouses and were aged between
20 and 65 yr. For a donor beyond the third degree
of consanguinity with the recipient, individual
approval was obtained from the Ethics Committee
of Kyushu University Hospital. Three-dimensional
computed tomography was used for volumetric
analysis and delineation of vascular anatomy. Our
decision on the type of liver graft was based on the
preoperatively predicted GV/SLV ratio. LL grafts
were selected when the predicted GV/SLV ratio

Evaluation of graft stiffness after LDLT

was >35%. We decided to use RL grafts for recipi-
ents whose GV/SLYV ratio was going to be <35% if
LL grafts were selected, or for recipients with a
high model for end-stage liver disease (MELD)
score. Moreover, our selection criteria for RL
grafts included the requirement that the estimated
remnant liver volume was >35% in the donor.
However, graft selection is still carried out on a
case-by-case basis, considering various factors such
as anatomical variations and recipient and donor
conditions.

Operative procedure

The surgical procedures for both donors and recip-
ients have been described elsewhere (17, 18).
Briefly, parenchymal transection of the donor liver
was performed using the Cavitron Ultrasonic Sur-
gical Aspirator (Valleylab Inc, Boulder, CO, USA)
and electrocautery. The recipient total hepatec-
tomy was usually performed while preserving the
vena cava. After venous and portal anastomoses,
hepatic arteries were reconstructed under the oper-
ative microscope. MHYV tributaries in the anterior
segment of RL graft were reconstructed according
to a previously described algorithm (19). Biliary
reconstruction was performed using duct-to-duct
anastomosis (n = 19) or hepatico-jejunostomy
(n = 1). Simultaneous splenectomy (n = 14) was
performed to decrease the portal pressure or allevi-
ate persistent thrombocytopenia (20), and three
cases had undergone splenectomy prior to LDLT.

Assessment of portal hemodynamics and
postoperative graft function

Intra-operative portal venous pressure (PVP) was
monitored via a branch of the mesenteric vein.
PVF was measured by an electromagnetic blood
flowmeter (MVF-3100; Nihon Koden Corp.,
Tokyo, Japan) during surgery. The serum levels of
alanine aminotransferase (ALT), total bilirubin,
and the amount of daily production of ascites were
recorded daily for seven d after surgery to assess
postoperative graft function. Ascites production
was defined as the loss of the fluid through indwell-
ing drains and surgical wounds.

Assessment of tissue stiffness by VTTQ

The stiffness of the graft was measured by ARFI,
using the ACUSON S2000 ultrasound system
(Mochida Siemens Medical Systems, Tokyo,
Japan) with the VITQ software package. Mea-
surements were performed daily for seven d after
surgery. B-mode images were obtained throughout
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the liver graft, after which ARFI was performed in
all patients. Each measurement was triggered at
the end of an expiratory phase, and its timing was
intended to avoid the effect of the heartbeat to
reduce the motion artifacts (21). The region of
interest was placed at a depth between 2 and 5 cm
below the liver capsule and kept away from the
large blood vessels (11). To ensure the quality of
the data, a total of 10 valid measurements per liver
segment (S2, 3, 4, 5, 6 and 8) were performed, and
their mean values were recorded (i.e., the VITQ
value of the right liver graft was the mean of S5, 6,
and 8, and that of the left liver graft was the mean
of S2, 3, and 4). The VTTQ value of the donor liver
before surgery was also measured (S2, 3, 4, 5, 6,
and 8). The results of the VI'TQ measurement were
expressed as meters per second (m/s).

Statistical analysis

All values were expressed as mean =+ standard
error of the mean. All statistical analyses were per-
formed using the StatView® 5.0 software package
(Abacus Concepts, Berkeley, CA, USA). Statistical
significance was determined by the Student’s r-test
or the Mann-Whitney U-test. Correlation between
VTTQ value and variable parameters was deter-
mined by linear regression analysis. The differences
were considered to be significant if p < 0.05.

Results
Patients characteristics

The clinical parameters of patients are summarized
in Table 1. The mean age of the recipients was
56.2 + 2.0 yr (range, 40-72), and the sex ratio (M:
F) was 8:12. The mean Child-Pugh score and
MELD score were 9.8 £ 0.5 and 16.3 + 1.3. The
mean GV/SLV ratio and GRWR were 40.4 +
2.0% and 0.76 + 0.04%, respectively. Post-LDLT
PVP measured at the end of the operation was
15.0 &+ 0.8 mmHg, which was significantly lower
than that of pre-LDLT (24.4 £ 1.2 mmHg,
p < 0.0001). The mean PVF measured at the end
of the operation was 1744.5 4+ 133.1 mL/min, and
portal venous flow to graft volume (PVF/GV)
ratio was 3.8 &+ 0.3 mL/min/g. The mean age of
the donors was 35.0 & 2.3 yr (range, 20-55), and
the sex ratio (M:F) was 14:6.

Changes in the stiffness of the graft

Figure 1A shows the serial changes in the
VTTQ values in all patients after LDLT. The
baseline value before the operation in the donor
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Table 1. Clinical features of patients

Variables Number of patients
Age (yr)

Mean (range) 56.2 (40-72)
Gender

Male:female 8:12
Indications

Liver cirrhosis

Hepatitis C (HCC) 11 (11)
Alcohol (HCC) 4(2)

Primary biliary cirrhosis 1

Primary sclerosing cholangitis 1

Others 3
Child-Pugh score 98 £05
MELD score 16.3 £ 1.3
Donor age (yr)

Mean (range) 35.0 (20-55)
Donor gender

Male:female 14.6
Blood combination

Identical: compatible: imcompatible 13:4:3
GV (g) . 473.8 + 288
GV/SLV (%) 404 £ 2.0
GRWR (%) 0.76 + 0.04
Operative time (min) 757.5 + 28.0
Cold ischemic time (min) 83.5 +£ 9.8
Warm ischemic time (min) 36.5 + 1.9
Blood loss (g) 2348.8 + 480.5
Pre-LDLT PVP (mmHg) 244 £ 1.2
Post-LDLT PVP (mmHg) 150+ 0.8
PVF (mL/min) 1744.5 + 133.1
PVF/GV (mL/min/g) 38403
Peak ALT (U/L) 489.9 + 162.2
Peak T-Bil (mg/dL) 78+ 09

Peak ascites production (mL/d) 1226.5 £+ 249.3

HOC, hepatocellular carcinoma; MELD, model for end-stage liver dis-
ease; GV, graft volume; SLV, standard liver volume; GV/SLV, graft vol-
ume-to-recipient standard liver volume; GRWR, graft-to-recipient weight
ratio; LDLT, living donor liver transplantation; PVP, portal venous pres-
sure; PVF, portal venous flow; PVF/GV, portal venous flow to graft volume;
ALT, alanine aminotransferase; T-Bil, total bilirubin.

liver was 1.21 + 0.03 m/s. The VTTQ value
level rose after LDLT, reaching a maximum
level on postoperative day (POD) 4, and the
level declined thereafter. The patients were
divided into three groups according to graft
type: LL graft (n = 11), RL graft (n =7), and
right posterior segment graft (n = 2). There were
no significant differences in the VTTQ values
between the LL graft and RL graft after LDLT
(Fig. 1B).

Correlation between the value of VTTQ and clinical
parameters

Correlations between VITQ and clinical parame-
ters were analyzed. Significant correlations were
observed between the postoperative maximum
value of VITQ and GV/SLV ratio (R? = 0.233,
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Fig. 1. Serial changes in the virtual touch tissue quantification
(VTTQ) of the graft after LDLT. (A) The VTTQ values in all
patients increased after LDLT until postoperative day (POD)
4 and then tended to decrease. (B) There were no significant
differences in the VITQ values between the left lobe (LL) graft
and right lobe (RL) graft types.

p <0.05) (Fig. 2A), and GRWR (R? = (.248,
p < 0.05). However, MELD score and donor age
were not correlated with VTTQ (Fig. 2B,C).
Although PVF was not correlated with VITQ,
there were significant correlations between VITQ
and PVF/GV (R? = 0.401, p < 0.005), and post-
LDLT PVP (R*=0.403, p < 0.005) (Fig. 3A,B).
The postoperative maximum serum ALT level was
significantly correlated with VITQ (R* = 0.349,
p < 0.01) (Fig. 4A); in contrast, serum total biliru-
bin level was not correlated. There was a very
strong correlation between VITQ and the maxi-
mum ascites fluid production (R* = 0.705,
p < 0.001) (Fig. 4B).

Impact of the value of VTTQ on clinical course

The patients were divided into two groups based
on the median postoperative maximum value of
VITQ (2.08 m/s): group L (low VTTQ value
<2.08, n = 10) and group H (high VITQ value
>2.08, n=10). The mean VTTQ values were
1.83 £+ 0.06 in group L and 2.54 £+ 0.18 in group
H. There were no significant differences in post-
transplant hospital stay and graft survival between
both groups. However, the patients in group L had
a significantly shorter time to extubation
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Fig. 2. Correlation between the values of virtual touch tissue
quantification (VITTQ) and graft volume-to-recipient standard
liver volume (GV/SLYV) ratio, model for end-stage liver disease
(MELD) score, and donor age. Although a significant correla-
tion was observed between the postoperative maximum value
of VITQ and GV/SLV ratio (R?=0.233, p <0.05) (A),
MELD score (B), and donor age (C) were not correlated with
VTTQ.

(1.2 £ 0.2 vs. 3.8 1.0 d, p < 0.05) and intensive
care unit (ICU) length of stay (4.7 &£ 1.3 vs.
6.6 + 1.0 d, p <0.05) compared with those in
group H after LDLT.

Discussion

In the present study, the graft stiffness measured
by ARFI increased after LDLT until POD 4, and
tended to decrease thereafter. The highest degree
of graft stiffness during the early post-LDLT per-
iod was significantly correlated with perioperative
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Fig. 3. Correlation between the values of virtual touch tissue
quantification (VITQ) and portal venous flow to graft volume
(PVF/GV) ratio, and post-LDLT portal venous pressure
(PVP). The postoperative maximum value of VITQ had strong
correlations with both PVF/GV ratio (R* = 0.401, p < 0.005)
(A) and post-LDLT PVP (R? = 0.403, p < 0.005) (B).

variables, including graft size, portal hypertension,
graft injury, and graft dysfunction. However, there
were no significant differences in stiffness between
LL graft and RL graft types.

SFS syndrome, which is characterized clinically
by prolonged cholestasis, ascites, and coagulopa-
thy, is one of the major causes of graft failure after
LDLT (3, 4). Previous reports have suggested that
multiple risk factors affect the development of SFS
syndrome (6). These factors can be divided into
graft-related factors such as graft size and donor
age and recipient-related factors such as severity of
cirrhosis and portal hypertension (6, 22, 23). In the
setting of adult-to-adult LDLT, small grafts are
exposed to relatively excessive portal perfusion and
pressure, as cirrhotic recipients demonstrate higher
portal flow than non-cirrhotic patients (24). It is
thought that shear stress resulting from portal
hypertension might lead to sinusoidal endothelial
cell injury and the release of deleterious mediators,
which is ultimately a cause of serious graft injury
(9). Our data show that graft stiffness was nega-
tively correlated with GV/SLV ratio and GRWR
and had a strong positive correlation with PVF/
GV and post-LDLT PVP. Moreover, graft stiffness
was positively correlated with the postoperative
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Fig. 4. Correlation between the values of virtual touch tissue
quantification (VTTQ) and the postoperative maximum serum
alanine aminotransferase (ALT) level, and ascites fluid produc-
tion. The postoperative maximum serum ALT level was signifi-
cantly correlated with VITQ (R? = 0.349, p < 0.01) (A), and
there was a very strong correlation between VITQ and the
maximum ascites fluid production (R = 0.705, p < 0.001) (B).

maximum level of serum ALT. These data suggest
that graft injury induced by the excessive shear
stress might play an important role in the elevation
of graft stiffness during the early post-LDLT per-
iod.

Ascites production also had a strong positive
correlation with graft stiffness. Shirouzu et al. (25)
suggest that sinusoidal endothelial injury caused
by relative portal hyperperfusion into the graft
may be a mechanism of ascites production. From
the data presented, we assume that increased graft
stiffness may also be an important factor involved
in the pathogenesis of ascites production after
LDLT. During the early post-LDLT period, exces-
sive portal perfusion and pressure can increase
graft stiffness, which generates an altered physio-
logical state, including additional portal hyperten-
sion, which may contribute to an increase in ascites
production. Notably, Cirera et al. (26) have
reported that post-sinusoidal portal hypertension
due to difficulty in hepatic venous outflow is one of
the major causes of massive ascites production
after liver transplantation. Although we have no
data regarding hepatic venous pressure after
LDLT, we have speculated that there are no hepa-
tic outflow complications in our patients, because
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the hepatic venous flow evaluated by daily Doppler
ultrasound examination demonstrates no signifi-
cant abnormalities.

In contrast, graft stiffness was not significantly
correlated with MELD score and donor age.
Moreover, the choice of graft type (LL or RL) had
no significant influence on graft stiffness during the
early post-LDLT period. Previously, we have
reported a predictive model, which has indicated
that graft size, donor age, and patient status
(MELD score and presence of shunts) are impor-
tant factors relating to early graft function after
LDLT (6). In the present study, the choice of graft
type was also made in consideration of this predic-
tive model. Although LL grafts were mainly
selected in cases of younger donors and low
MELD score recipients, RL grafts were used in
cases of high MELD score recipients to maximize
the safety of both donors and recipients. There-
fore, it seems that our patients would have almost
the same level of graft function regardless of graft
type, donor age, and MELD score during the early
post-LDLT period. Consequently, we could also
find no significant correlation between graft stiff-
ness and these factors, because our data suggested
that graft stiffness might reflect the graft function.

In the present study, the elevation of graft stiff-
ness during the early post-LDLT period was signif-
icantly associated with a longer time to extubation
and ICU stay. Based on these results, we also
assume that graft stiffness reliably reflects the graft
function. Although our data did not show that the
elevation of graft stiffness could predict post-trans-
plant survival, further evaluation during the post-
LDLT period might reveal the relationship
between graft stiffness and survival. Therefore, it is
possible that the serial assessment of graft stiffness
can play an important role in the management of
patients after LDLT.

Although several studies have shown that the
measurement of liver stiffness is useful for the
assessment of liver diseases, including liver fibrosis
and non-alcoholic fatty liver disease (13, 14, 27),
there are few reports concerning changes in liver
stiffness evaluated by ARFI during the early post-
operative period. Recently, we have demonstrated
that ARFI can be an efficient modality for the
assessment of the remnant liver after a living donor
hepatectomy (15). Distinct from the recipient data
presented in this study, the type of donor remnant
liver had a significant influence on the elevation of
the stiffness. It is possible that the patient status
may be the cause of the difference. Exposure of the
graft-to-portal hyperperfusion in cirrhotic recipi-
ents can result in the elevation of graft stiffness. In
contrast, the remnant liver volume seems to have a

Evaluation of graft stiffness after LDLT

great influence on the change of stiffness in healthy
donors with normal PVF, because our data have
shown that PVF/GV has a strong positive correla-
tion with the graft stiffness.

The question of whether liver regeneration influ-
ences the changes of graft stiffness after LDLT is
not resolved by our data. After donor hepatec-
tomy, the hepatocyte proliferation and subsequent
formation of hepatic islands may reflect the
increases in the stiffness of the remnant liver. How-
ever, it is not clear whether the transplanted liver,
which is damaged by the portal hyperperfusion
and ischemia-reperfusion injury, can go through
the normal regeneration process. The evaluation of
graft stiffness for longer during the post-LDLT
period may be necessary to provide clues to the
answers to these questions.

In summary, our studies demonstrate that the
elevation of graft stiffness measured by ARFI is
associated with the factors that influence the
development of graft dysfunction, especially in
SFS grafts, during the early post-LDLT period.
Further studies may reveal the usefulness of the
measurement of graft stiffness for assessment of
other forms of graft injury, including acute
cellular rejection and the recurrence of hepatitis
C. Therefore, ARFI seems to be an effective
diagnostic tool for the noninvasive and quanti-
tative evaluation of severity of graft dysfunction
after LDLT.
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ABSTRACT

Purpose. To evaluate the effect of body composition on
outcomes after hepatic resection for patients with hepato-
cellular carcinoma (HCC).

Methods. We performed 190 hepatic resections for HCC
and divided the patients into 2 groups on the basis of vis-
ceral fat area (VFA), assessed by computed tomographic
measurement at the level of the umbilicus, into high VFA
(H-VFA) (n = 106) and low VFA (L-VFA) (n = 84)
groups. We compared the surgical outcomes between the
two groups.

Results. L-VFA was significantly correlated with a lower
body mass index, sarcopenia, lower serum albumin, and
liver cirrhosis. There was no difference in the incidence of
postoperative complications and mortality between the 2
groups. Patients in the L-VFA group had a significantly
poorer prognosis than those in the H-VFA group in terms
of both overall (P = 0.043) and recurrence-free
(P = 0.001) survival. The results of multivariate analysis
showed that sarcopenia rather than L-VFA was an inde-
pendent and prognostic indicator after hepatic resection
with HCC.

Conclusions. Body composition is an important factor
affecting cancer outcomes after hepatic resection for HCC
in Japan.

Hepatocellular carcinoma (HCC) is the most frequent
epithelial cancer of the liver, one of the most common
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cancers worldwide, and a major cause of death in many
countries, especially Japan.' 2 Hepatic resection remains
one of the most common effective treatments for HCC.”™
However, a considerable number of patients develop
intrahepatic recurrence, and although surgical techniques
have recently been improved, postoperative morbidity in
patients with HCC remains high.”™""

Body mass index (BMI) has been widely used as an
indicator of obesity and is easily calculated using a
patient’s height and weight. The effects of BMI on surgical
outcome are controversial in patients who undergo
abdominal surgery.''™"* Evidence has emerged that BMI is
not the most sensitive predictor of outcomes after abdom-
inal surgery and that measures of visceral fat area (VFA)
better identify high-risk patients.'*’> However, this issue is
also contentious. Recently, several body composition fea-
tures have been associated with cancer outcomes, and we
previously reported that sarcopenia, or severe muscle
depletion, was a marker of poor prognosis after hepatic
resection in patients with HCC.'®

To our knowledge, no previous data have been pub-
lished on VFA for patients undergoing hepatic resection for
HCC. Therefore, we retrospectively investigated the rela-
tionship between VFA and surgical outcomes after hepatic
resection in patients with HCC.

MATERIALS AND METHODS
Patients

We included 190 patients who underwent hepatic
resection for initial HCC without simultaneous procedures
such as biliary reconstruction, gastrointestinal resection, or
colorectal resection, at the Department of Surgery and
Science, Kyushu University Hospital, between 2004 and
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2009. Patients’ clinical, surgical, and pathological data
were collected retrospectively from the institute’s database,
as well as from each patient’s medical chart. All patients
underwent preoperative computed tomography (CT). The
degree of proportional visceral adiposity and skeletal
muscle mass was measured from the patients’ preoperative
CT images. VFA was measured from a single axial slice at
the level of the umbilicus.'”'® VFA was calculated by
measuring pixels with densities of —190 to —30 HU
(Hounsfield units). A transverse CT image at the third
lumbar vertebra (L3) in the inferior direction was assessed
from each scan, and skeletal muscle was identified and
quantified by HU thresholds of —29 to +150 (water is
defined as 0 HU and air as 1000 HU).'® Multiple muscles
were quantified, including the psoas, erector spinae,
quadratus lumborum, transversus abdominis, external and
internal oblique abdominal muscles, and rectus abdominis
muscle. CT measurements were calibrated with water and
air at fixed intervals, and VFA and skeletal muscle mass
were measured by manual outlining on the CT images and
checked by the radiologist.

The details of the surgical techniques and patient
selection criteria have been previously reported.'” Selec-
tion criteria for hepatic resection were as follows: ascites
not detected or controllable by diuretics; serum total bili-
rubin level <2.0 mg/ml; and indocyanine green dye
retention test at 15 min of <40 %. Parenchymal transection
was performed by the Cavitron Ultrasonic Surgical Aspi-
rator (CUSA system; Valleylab, Boulder, CO, USA) and a
monopolar dissecting sealer (TissueLink; TissueLink
Medical, Dover, NH, USA). Inflow vascular control was
performed with intermittent hemi- or total Glisson sheath
occlusion. '

Postoperative morbidity was graded according to the
Dindo-Clavien classification, and we analyzed postopera-
tive complications of Clavien grade Illa or higher.”’
Patients were strictly followed after the hepatic resection,
with monthly measurement of the levels of a-fetoprotein

and des-gamma carboxy prothrombin, as well as monthly
ultrasonography. Dynamic CT was performed every
6 months by radiologists, and an angiographic examination
was performed after admission when there was a strong
suspicion of disease recurrence.

Statistical Analysis

Continuous variables without normal distribution were
compared by the Mann—Whitney U-test. Categorical vari-
ables were compared by the y” test or Fisher’s exact test.
The Cox proportional hazard model was used for univariate
analysis of survival data including covariates that were
significant at P < 0.05 in the model. The overall survival
and disease-free survival rates were calculated by the
Kaplan—Meier (product limit) estimator and compared by
the log rank test. Differences were considered significant at
P < 0.05. All statistical analyses were performed by Stat-
View 5.0 (Abacus Concepts, Berkeley, CA, USA).

RESULTS

The BMI groupings were as follows: BMI <18.5 kg/m?
(underweight), 15 patients; BMI >18.5 kg/m2 to <25 kg/m2
(normal weight), 130 patients; BMI 25 to <30 kg/m?
(overweight), 41 patients; and BMI >30 kg/m2 (obese), 4
patients, categorized according to World Health Organiza-
tion criteria.”’ We observed a significant positive correlation
between BMI and VFA (P < 0.0001; R* = 0.562), although
a wide range of VFA results existed within each BMI class
(Fig. 1).

The median VFA of all patients was 98.4 cm® (range
17.9-410.5 cm®) and in male patients was 108.0 cm? (range
17.9-410.5 cmz), which was more than that in female
patients (median 76.0; range 32.2-220.5 cmz; P = 0.010).
Cutoff values for VFA associated with overall survival were
defined as 103 cm? for men and 69 cm? for women, which
is recognized as a measure of metabolic abnormalities in

FIG. 1 VFA distribution according to (a) (b)
body mass index as a continuous ) Visceral fat
variable (a) or as a categorical variable ~ Visceral fat area (cm?) #
(b). *P < 0.01 area (cm?) :
' # o
400 1 o 400 1 "
P < 0.0001 o o
] R?=0.562 3 o s
300 A I 300 1 T
o i # @
200 - 200 g
100 - 100 A
0 0
12 Under Normal Over Obese
. 2 Weight  Weight  Weight (n=4)
Body mass index (kg/m*) m=15)  (m=130) (n=4])
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TABLE 1 Characteristics of patients with HCC who underwent hepatic

resection

Characteristic Low VFA High VFA P
(n = 84) (n = 1006)

Age, year 08 (34-87) 69 (31-83) 0918
Sex, M/F 67/17 79127 0.395
BML, kg/m?* 20.5 (14.2-26.1) 24.0 (18.7-32.1)  =<0.001
Sarcopenia 52 (61.9 %) 25 (235 %) <0.001
Diabetes mellitus 25 (39.7 %) 36 (34.6 %) 0.538
Albumin, g/dl 3.9 (2.1-4.6) 4.1 (2.8-5.0) 0.007
Total bilirubin, mg/dl 0.7 (0.4-2.0) 0.7 (0.1-2.6) 0.527
Platelets, x 10*/mm’ 14.3 (5.2-41.3) 15.6 (4.1~36.3) 0.141
ICGR 5, % 13.4 (3.3-39.0) 13.4 (1.6-34.0) 0.883
Total cholesterol, mg/dl 169 (105-254) 165 (107-305) 0.326
Liver cirrhosis 33(39.2 %) 27 (25.4 %) 0.041
Tumor size, cm 3.2 (1.0-15.0) 3.3 (1.0-16.5) 0.794
Solitary/multiple 44/40 70/36 0.073
Poorly differentiation 28 (33.3 %) 28 (26.4 %) 0.298
Microvascular invasion 29 (34.5 %) 36 (33.9 %) 0.935

AFP, ng/ml 16.2 (0.8-170668) 9.1 (0-577660) 0.171
DCP, mAU/ml 44.0 (2.4-75000)  77.0 (2.0-75000) 0.194
Anatomical resection 55 (65.4 %) 66 (62.2 %) 0.674
Operation time, min 325 (117-613) 370 (147-770) 0.142
Blood loss, g 454 (1-4800) 500 (15-3152) 0.280
Blood transfusion 8 (9.5 %) 13 (12.2 %) 0.549
Any complication 17 (20.2 %) 19 (17.9 %) 0.686
Wound infection 11 (13.0 %) 9 (8.4 %) 0.304
Intra-abdominal infection 5 (5.9 %) 3 (2.8 %) 0.469
Bile leakage 3 (3.5 %) 5 (4.7 %) >0.999
Ascites 3 (3.5 %) 1 (0.9 %) 0.323
30 days mortality 0 (0 %) 00 %) >0.999
90 days mortality 0 (0 %) 0 (0 %) >0.999

VFA visceral fat area, BM! body mass index, /CGR;s indocyanine green dye
retention test at 15 min, AFP o-fetoprotein, DCP des-gamma carboxy
prothrombin

Japan.”* We divided the study population into two groups
according to high VFA (H-VFA) or low VFA (L-VFA).
Cutoff values for skeletal muscle were defined as 43.75 cm?®/
m? for men and 41.10 cm?/m? for women.'® On the basis of
this cutoff, patients were assigned to one of two groups,
depending on the presence or absence of sarcopenia.

The clinicopathological characteristics for patients in the
L-VFA group (n = 84) and the H-VFA group (n = 106) are
shown in Table 1. Serum albumin levels in the L-VFA
group were significantly lower than in the H-VFA group
(P = 0.007). The percentages of patients with liver cirrhosis
(P =0.041) and sarcopenia (P < 0.001) in the L-VFA
group were significantly higher than in the H-VFA group,
and no differences were noted between the two groups in
terms of other liver function data, tumor factors, and surgical
factors. There was no difference in the incidence of

postoperative complications and mortality between the two
groups.

Figure 2 shows the overall and recurrence-free survival
curves after hepatic resection between the two groups. The
3-, 5-, and 7-year overall survival rates were 86.5, 78.2, and
74.3 % in the H-VFA group and 79.0, 65.3, and 45.2 % in
the L-VFA group, respectively. The 3-, 5-, and 7-year
recurrence-free survival rates were 54.7, 46.4, and 36.5 %
in the H-VFA group and 37.3, 23.7, and 14.4 % in the
L-VFA group, respectively. Patients with L-VFA had a
significantly worse prognosis than those with H-VFA with
respect to both overall (P = 0.043) and recurrence-free
(P = 0.001) survival.

Table 2 shows the results of the univariate analysis used
to identify the significant factors closely related to the long-
term survival rate after hepatic resection in patients with
HCC. Poor prognostic factors included L-VFA, sarcopenia,
multiple tumors, microvascular invasion, and intraopera-
tive blood transfusion. The Cox proportional hazard model
was used to assess the effect of different variables on
overall survival. Poor prognostic factors identified by
multivariate analysis included sarcopenia, multiple tumors,
microvascular invasion, and intraoperative blood transfu-
sion; these were factors that influenced the overall survival
rate in patients with HCC.

Significant prognostic factors for recurrence-free survival
were L-VFA, BMI <25 kg/mz, sarcopenia, liver cirrhosis,
multiple tumors, poor differentiation, and microvascular
invasion (Table 3). Multivariate analysis identified two
prognostic factors (multiple tumors and microvascular
invasion) that influenced recurrence-free survival.

DISCUSSION

We found that L.-VFA was highly correlated with lower
BMI, sarcopenia, lower serum albumin level, and liver
cirrhosis. Short-term outcomes including mortality and
postoperative complications were not correlated with VFA.
Indicators of host factors such as sarcopenia and neutro-
phil-to-lymphocyte ratio, tumor factors such as tumor size,
des-gamma carboxy prothrombin, expression of focal
adhesion kinase, and expression of diacylglycerol kinase
have previously been reported to be predictors of poor
prognosis in patients with HCC.'**=*® Qur results showed
that L-VFA was not an independent predictor of poor
survival after hepatic resection in patients with HCC. To
our knowledge, this is the first clinical study to assess the
relationships between VFA and surgical outcomes after
hepatic resection in patients with HCC.

In this study, VFA was not related to tumor factors but
was significantly correlated with host factors including
BMI, skeletal muscle mass (sarcopenia), serum level of
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FIG. 2 a Overall and b recurrence-free (a) (b)
survival curves after hepatic resection (%) (%)
in patients with HCC comparing high 100 4 £ 100
visceral fat area (H-VFA) and low 2 H-VFA (n=106) = P = 0.001
visceral fat area (L-VFA).a P = 0.043, £ g0 £ 30 { )
b P = 0.001 (log rank test) ) z . -
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2 401 (=8 & 40 L
g 201 P=0.043 g 20 1 N
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Years after hepatic resection (year)

Years after hepatic resection (year)

TABLE 2 Univariate and multivariate Cox proportional hazard analysis of factors related to overall survival in patients with HCC who

underwent hepatic resection

Variable Univariate Multivariate
Hazard ratio 95 % CI P Hazard ratio 95 % CI P

Age >65 year 1.58 0.84-3.03 0.158

Male 0.99 0.50-1.95 0.993

L-VFA 1.78 1.00-3.15 0.046 1.51 0.80-2.83 0.194
BMI <25 kg/m? 1.93 0.86-4.31 0.106

Sarcopenia 2.08 1.18-3.69 0.012 1.96 1.06-3.74 0.031
Albumin <3.6 g/dl 1.06 0.47-2.37 0.884

Platelet <10.0 x 10%/mm® 1.75 0.90-3.44 0.097

Liver cirrhosis 1.21 0.67-2.17 0.523

Tumor size >5.0 cm 1.62 0.90-2.91 0.105

Multiple tumors 2.17 1.23-3.84 0.007 2.34 1.31-4.18 0.003
Poorly differentiation 1.72 0.97-3.05 0.064

Microvascular invasion 2.18 1.23-3.87 0.007 2.50 1.38-4.52 0.002
Blood loss >1,000 g 1.27 0.62-2.56 0.503

Intraoperative blood transfusion 2.35 1.17-4.73 0.016 2.80 1.35-5.78 0.005
Postoperative complication 1.36 0.69-2.66 0.370

CI confidence interval, L-VFA low visceral fat area, BMI body mass index

albumin, and liver cirrhosis. Likewise, we previously
reported that BMI and skeletal muscle mass were not
related to tumor factors.'*'® Taken together, this suggests
that body composition would not correlate with tumor
factors but would be related to host factors.

Several recent reports have suggested that VFA is more
strongly associated with postoperative intra-abdominal
infectious complications in patients with gastric cancer and
colon cancer.'*'*> However, Gaujoux et al.”” found that BMI
and VFA were not correlated with postoperative complica-
tions after pancreaticoduodenectomy for pancreatic
adenocarcinoma. We previously reported that overweight
status was not a risk factor for postoperative complications
or mortality in patients with HCC after hepatic resection,
and Saunders et al. reported that there were no differences
across BMI groups in overall and specific morbidity after
liver resection.'™** We found that VFA was significantly

correlated with BMI but was not correlated with diabetes
mellitus or serum total cholesterol level, which are known
metabolic disorders.”” These data indicate that there is no
effect of VFA on short-term surgical outcomes after hepatic
resection in patients with HCC.

Few investigators have studied the effect of VFA on
long-term outcomes after surgery. Gaujoux et al.”’ found
that BMI and VFA were not correlated with prognosis after
pancreaticoduodenectomy in terms of both overall and
recurrence-free survival for 328 patients with pancreatic
adenocarcinoma. Van Vledder et al.** reported that VFA
did not predict overall survival after hepatic resection in
patients with colorectal liver metastases. In our study, we
found that L-VFA was a significantly worse long-term
prognostic factor for survival in patients with HCC after
hepatic resection in univariate analysis. However, the
results of the multivariate analysis showed sarcopenia
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TABLE 3 Univariate and multivariate Cox proportional hazard analysis of factors related to recurrence-free survival in patients with HCC who

underwent hepatic resection

Variable Univariate Multivariate
Hazard ratio 95 % Cl1 P Hazard ratio 95 % CI P

Age >65 year 1.16 0.75-1.79 0.483

Male sex 1.17 0.73-1.86 0.511

L-VFA 1.85 1.27-2.68 0.001 1.44 0.94-2.21 0.086
BMI <25 kg/m? 2.08 1.25-3.45 0.004 1.19 0.66-2.13 0.557
Sarcopenia 1.62 1.11-2.36 0.012 1.30 0.85-2.00 0.215
Albumin <3.6 g/dl 1.01 0.61-1.69 0.941

Platelet <10.0 % 10*/mm* 1.30 0.79-2.13 0.300

Liver cirrhosis 1.52 1.03-2.24 0.031 1.27 0.85-1.90 0.240
Tumor size >5.0 cm 1.47 0.99-2.19 0.053

Multiple tumors 2.57 1.76-3.75 <0.001 2.40 1.63-3.53 <0.001
Poor differentiation 1.48 1.00-2.20 0.046 1.19 0.79-1.79 0.392
Microvascular invasion 1.54 1.05-2.27 0.026 1.69 1.12-2.56 0.019
Blood loss >1,000 g 1.02 0.61-1.70 0918

Intraoperative blood transfusion 1.35 0.75-2.42 0.303

Postoperative complication 1.08 0.67-1.75 0.725

CI confidence interval, L-VFA low visceral fat area, BMI body mass index

rather than L-VFA to be an independent and prognostic
indicator after hepatic resection with HCC. Patients with
relatively H-VFA may have more sufficient nutritional and
physiologic reserves than L-BMI patients.

An abundance of experimental and epidemiologic evi-
dence has demonstrated that metabolic regulation and the
immune response are highly integrated and that the proper
functioning of each is dependent on the other.”’ Serum albu-
min level is a marker for nutritional status, and we found that
the serum albumin level in the H-VFA group was significantly
higher than that in the L-VFA group.”” However, the per-
centage of patients with liver cirrhosis in the L-VFA group
was significantly higher than in the H-VFA group. The rela-
tionship between the serum level of albumin and VFA is
complicated in the presence of underlying liver disease.
Recent studies have measured body fat distribution including
abdominal wall fat, hip girdle fat, visceral fat, and abdominal
depth measuring intra-abdominal fat using a simple radiologic
analysis and found that increased body fat was advantageous
for long-term survival after pancreaticoduodenectomy in 408
patients with pancreatic adenocarcinoma.™ Additional stud-
ies are required to clarify the relationship between VFA and
nutritional status in patients with liver disease.

It was interesting that sarcopenia was a stronger prog-
nostic factor than L-VFA for overall survival after hepatic
resection of HCC. Sarcopenia is defined as a low level of
skeletal muscle mass—a level below the healthy young
adult mean.” Although sarcopenia is associated with
aging, it can also be present as a result of chronic diseases

and malignancy.””*> We previously found that sarcopenia
was significantly correlated with lower albumin levels and
BMI, and that it was an independent predictor of poor
survival after hepatic resection in patients with HCC.'® In
our data including VFA and sarcopenia, L-VFA and sar-
copenia were not independent predictors for recurrence-
free survival, but sarcopenia rather than L-VFA was an
independent predictor for overall survival after hepatic
resection in patients with HCC. This cutoff value of VFA is
recognized as a measure of metabolic abnormalities in
Japan.?? Patients with H-VFA might be assumed to have
good nutritional status, but all patients with L-VFA might
not have poor nutritional status. This multivariate data may
suggest that skeletal muscle is a better parameter than
visceral fat to describe malnutrition.

Our study has several limitations. It is a single institu-
tional and retrospective review; we included a relatively
small number of patients, especially those with BMI
>30 lgg/nrl2 and BMI <18.5 kg/mz; and the cutoff value in
this study is an indication for Japanese patients, and the
cutoff value of VFA might differ in patients with liver
disease. These limitations will need to be addressed in
multi-institutional reviews and possible clinical studies.

In conclusion, our study found that VFA did not have an
effect on short-term outcomes including postoperative
mortality and complications after hepatic resection in
patients with HCC. Better nutritional status, including
H-VFA, might be advantageous for long-term survival
after hepatic resection for HCC in Japan.
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Introduction

Summary

The clinical presentations of gastrointestinal bleeding (GIB) occurring after living
donor liver transplantation (LDLT) have not been fully described. We performed
a retrospective analysis of 297 LDLT cases. Nineteen patients (6.4%) experienced
GIB after LDLT. The etiology of GIB included bleeding at the jejunojejunostomy
following hepaticojejunostomy (n = 13), peptic ulcer disease (n = 2), portal
hypertensive gastropathy (n = 2), and other causes (n = 2). Hemostasis was
achieved in 13 patients (68.4%) by endoscopic (n = 3), surgical (n = 1), or sup-
portive treatments (n = 15), but not in the other six patients. Graft dysfunction
(P < 0.001), hepaticojejunostomy (P = 0.01), portal vein pressure at the end of
surgery >20 mmHg (P = 0.002), and operative blood loss >10 L (P = 0.004) were
risk factors. One-year graft survival rate was significantly lower in patients with
GIB than in patients without GIB (P < 0.001). The inhospital mortality rate was
52.6% for patients with GIB, 75.0% for patients with graft dysfunction, and
14.3% for patients without graft dysfunction (P = 0.028). Despite its infrequency
after LDLT, GIB has strong correlation with graft dysfunction and inhospital
mortality.

outcomes of LDLT [5-7]. Although some factors, including
graft size mismatch or recipient disease severity, could
influence the outcomes of LDLT, continuous and signifi-

Although liver transplantation is the treatment of choice
for patients with end-stage liver disease, several matters still
need to be addressed, especially early postsurgical compli-
cations such as gastrointestinal bleeding (GIB) [1]. In prior
reports, the prevalence of GIB after deceased donor liver
transplantation (DDLT) using whole liver grafts was
around 10%, with peptic ulcer disease being the most com-
mon cause of GIB [2,3]. It was also reported that the risk of
graft and patient mortality attributable to GIB increased
significantly after LDLT [2].

In Japan, the predominant mode of liver transplantation
is living donor liver transplantation (LDLT), even though
the procurement of deceased donor organs was legalized in
1997, with revisions in eligibility criteria in 2009 [4]. There-
fore, for the last two decades, strategies to improve the
success of LDLT in adults have been the focus of research
by identifying unique but significant factors that affect the
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cant portal hypertension caused by excessive graft inflow
was proposed as the major factor responsible for poor out-
comes [8-11]. For this reason, we hypothesized that such
factors could also contribute to the development of GIB
after LDLT in adults. To date, however, very few reports
have investigated the etiology of GIB in LDLT. Therefore,
in this study, we reviewed the cases of GIB after LDLT in
adults treated at a single center. We sought to characterize
the possible risk factors, pathophysiology, and outcomes of
GIB, and hopefully to guide preventive strategies.

Materials and methods

Patients
A total of 297 adults (>20 years old) who underwent LDLT
at Kyushu University Hospital from January 2003 to
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December 2012 were included in this study. The graft types
included left lobe grafts (n = 166), right lobe grafts
(n = 118), and posterior segment grafts (n = 5). All LDLT
procedures were performed after obtaining full informed
consent from the patients. The liver transplantation com-
mittee and the institutional review board at Kyushu Uni-
versity approved this study in compliance with the
Declaration of Helsinki. Medical charts were retrospectively
reviewed to obtain the patients’ data.

Graft selection process

Grafts were selected as previously described [12]. Left lobe
grafts were considered the primary graft type if the desired
GV/SLV was >35%. Right lobe grafts were considered if the
simulated GV/SLV of the left lobe graft was <35% and the
donor’s remnant liver volume was >35%. Major middle
hepatic vein tributaries >5 mm in diameter were maximally
reconstructed to maintain uncongested GV/SLV >40% in
right lobe grafts [12]. The surgical procedures involved in
graft procurement are described in our previous report
[13].

Recipient surgical procedures

Risky gastroesophageal varices were treated before LDLT by
endoscopic approaches. The surgical procedures in the
recipients are described in our previous report [14]. PVP
was continuously measured during surgery using a cannula
(Medicut LCV-UK catheter 14G™; Nippon Sherwood Inc.,
Tokyo, Japan) placed in the superior mesenteric vein. After
total hepatectomy with or without venovenous bypass, the
grafts were transplanted in a piggyback fashion. The orifice
of the recipient’s hepatic vein was enlarged with an incision
on the vena cava for the venous anastomosis to provide suf-
ficient outflow. After venous anastomoses, the portal vein
was reconstructed, followed by reperfusion. Arterial anasto-
mosis was performed under a microscope.

Biliary reconstruction was performed after reperfusion
using a method chosen according to the number and size
of graft duct openings and the anatomic variation of the
biliary system. Duct-to-duct anastomosis was performed if
possible [15]. If duct-to-duct anastomosis was not possible
because of poor biliary blood supply, inflamed/sclerosed
bile ducts, primary sclerosing cholangitis as the primary
disease or if the bile duct was injured, hepaticojejunostomy
with jejunojejunostomy was performed instead. Interrupted
6-0 PDS-II (Ethicon Inc., Somerville, NJ, USA) sutures
were used for duct-to-duct biliary anastomosis and hepati-
cojejunostomy. For jejunojejunostomy, the conventional
Albert-Lembert method was performed with continuous
4-0 PDS-1I (Ethicon Inc.) sutures for the full intestinal layer
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followed by interrupted 4-0 PDS-II sutures for seromuscu-
lar reinforcement.

Splenectomy was indicated and performed in patients
with hypersplenism or elevated PVP, and in patients with
hepatitis C treated with interferon after LDLT [16]. The
bloodless procedures used in splenectomy are described in
our prior report [17]. We also ligated major (=10 mm)
portosystemic shunt vessels to prevent portal steal phenom-
ena [18]. The shunts are controlled and left open during
the anhepatic phase to minimize portal venous congestion
and are ligated after reperfusion [18]. For gastroesophageal
shunts, we applied endostapling devices to the base of the
left gastric ligament, including the left gastric artery, coro-
nary vein, and collateral vessels, which was followed by
en bloc division using endostapling devices (Echelon Flex
Endopath™ Staplers 60-2.5; Ethicon Endo-Surgery Inc.,
Cincinnati, OH, USA) [18]. Our concept for inflow modu-
lation involves normalizing portal hemodynamics by
removing enlarged spleen and obstructing the draining
major shunts.

Diagnosis of GIB

In this study, GIB was defined as gross melena or hemate-
mesis. Positive fecal occult blood without gross melena or
hematemesis was not referred to as GIB. GIB was diagnosed
by operative and/or endoscopic procedures. Bleeding epi-
sodes were defined as the presence of hematemesis and/or
melena. For patients with hematemesis and/or melena,
upper esophago-gastro-duodenoscopy was performed, fol-
lowed by colonoscopy and double-balloon enteroscopy if
indicated. For patients with fresh melena, total colonoscopy
was performed first.

PGD

PGD was defined as graft dysfunction without apparent
technical, anatomic, immunologic, or hepatitis-related
issues after LDLT and was characterized by hyperbilirubin-
emia (total bilirubin >20 mg/dl) [7].

Statistical analysis

All values are expressed as means and standard deviations.
Categorical variables were compared using chi-squared
tests, and receiver operating characteristic curves were used
to determine the best cutoff points for continuous vari-
ables. Cumulative graft survival was analyzed using the
Kaplan—Meier method and the log-rank test. Values of
P < 0.05 were considered statistically significant. All statis-
tical analyses were performed using jMp software (SAS Insti-
tute Japan, Tokyo, Japan).
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Results

Characteristics of the recipients, donors, and grafts

We performed 297 adult-to-adult LDLTs between January
2003 and December 2012. The mean age of the recipients
was 53.1 &= 10.9 years. The mean Model for End-Stage
Liver Disease (MELD) score was 16.8 & 6.7. The indica-
tions for LDLT included acute liver failure in 25 patients
(12.7%), cholestatic cirrhosis in 56 patients (18.9%), viral
cirrhosis in 176 patients (59.3%), and another indication in
40 patients (13.5%). The majority of the patients were
Child class C (n = 179 [60.3%]).

The mean age of the donors was 36.1 & 11.0 years. The
graft types included left lobe grafts for 166 cases (55.9%),
right lobe grafts in 124 cases (41.8%), and posterior seg-
ment grafts in seven cases (2.4%). The mean graft volume
(GV)/standard liver volume (SLV) ratio was 41.5 + 8.2%.
Sixteen donors (5.4%) provided blood-type incompatible
grafts.

Hepaticojejunostomy was performed in 41 patients
(13.8%), and splenectomy was performed in 177 patients
(59.6%). The mean blood loss was 6.4 = 15.0 L.

The one-year cumulative graft survival rate was 84.2%.

Characteristics of patients with GIB

Overall, 19/297 patients developed GIB within 3 months
after LDLT. The bleeding source was the esophagus in one
patient (ruptured varix: n = 1), the stomach in four
patients (portal hypertensive gastropathy: n = 2; peptic
ulcer disease: n = 2), the jejunojejunostomy following hep-
aticojejunostomy in 13 patients (anastomotic bleeding:
n = 13), and the large intestine in one patient (ulceration:
n = 1) (Table 1). One of the patients with bleeding from
the jejunojejunostomy required surgery and hemostasis was
achieved. Three patients underwent endoscopic procedures
(clipping was performed for one patient with hepaticojej-
unostomy bleeding, ethanol injection was performed in
one patient with peptic ulcer disease, and variceal ligation
was performed in one patient with a ruptured varix).
Although 15 patients received supportive treatments,

Table 1. Region and etiology of gastrointestinal bleeding.

Region No. of cases  Etiology n
All cases 19
Esophagus 1 Ruptured varix 1
Stomach 4 Portal hypertensive gastropathy 2
Peptic ulcer disease 2

Bowel

Small intestine 13 Anastomotic bleeding at 13

jejunojejunostomy
Large intestine 1 Ulceration 1

© 2014 Steunstichting ESOT 27 (2014) 705-711
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hemostasis was not achieved in six (Fig. 1). Endoscopic
examinations were performed for all the patients with GIB,
and the origin was defined in 14/19 (73.7%). Five unidenti-
fied patients were not performed jejunoscopy due to the
era before the introduction of jejunoscopy as a common
procedure (1 = 4) or severely deteriorated patient condi-
tion (n = 2). The patients with supportive treatment with
available hemostasis included diffuse portal hypertensive
gastropathy (n = 2), multiple acute gastric mucosal lesions
with ulceration (n = 2), diffuse oozing from jejunal
mucosa (n = 1), and almost hemostat jejunojejunostomy
with clots (n = 2). The treatments included no oral intake,
proton pump inhibitors, gastrointestinal mucosa protective
agents including sodium alginate and sucralfate, and blood
rodents including fresh frozen plasma and platelets. On the
other hand, the patients with unsuccessful supportive treat-
ments had GIB on severely deteriorated conditions. Five of
them had graft failure before the onset of GIB and one of
had graft versus host disease, resulting in mortality in all.
Same supportive treatments as those with successful hemo-
stasis were performed. Thus, the patients with successful
supportive treatment included diffuse or already hemostat
lesions, and those with unsuccessful supportive treatment
had pre-existent graft failure or very severe general condi-
tion. For patients with identified specific bleeding lesion,
surgical or endoscopic treatments were performed if condi-
tion of a patient affords.

Risk factors for GIB

Univariate analyses (Table 2) showed that intra-operative
blood loss >10 L (yes vs. no: 36.8% vs. 10.4%; P = 0.004),
hepaticojejunostomy (yes vs. no: 68.4% vs. 12.3%;
P < 0.001), portal vein pressure (PVP) >20 mmHg at the
end of the surgery (yes vs. no: 38.9% vs. 9.8%; P = 0.002)

Treatments Hemostasis
(68.4%)
YES n=9
Supportive treatments /
(n = 15) NO ......... N
n=6
GIB Surgical procedures YES n=1

n=19) (=1

Endoscopic procedures
n=3)

Clipping: n=1
Ethanol injection: n =1
Endoscopic variceal ligation: n =1

Figure 1 Treatments applied and outcomes of patients with gastroin-
testinal bleeding after living donor liver transplantation. GIB, gastroin-
testinal bleeding.
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Table 2. Univariate analysis of factors in relation to the occurrence of

GIB.
GIB
Factors Yes(n=19) No(n=278) P-value
Recipient factors
Age >55 years 5(26.3) 129 (46.4) 0.081
Gender, male 9(47.4) 132 (47.5) 0.992
Acute liver failure 1(5.2) 27(9.7) 0.489
MELD score >20 4(21.1) 73(26.3) 0.609
Donor factors
Age >45 years 5(26.3) 62 (22.3) 0.691
Left lobe graft 11(57.9) 155 (55.8) 0.146
GV/SLV ratio >40% 8(42.1) 147 (53.3) 0.346
Incompatible blood type 1(5.3) 15(5.4) 0.980
Operative factors
Operative blood loss >10 L 7(36.8) 29(10.4) 0.004
Hepaticojejunostomy 13 (68.4) 34(12.3) <0.001
Splenectomy 12 (63.2) 165 (59.6) 0.756
PVP at the end of 7 (38.9) 16 (9.8) 0.002
surgery >20 mmHg
Postoperative factors
Acute rejection 4(21.1) 24 (8.6) 0.113
Bile duct complication 2(10.5) 44 (15.8) 0.517
Postoperative portal vein 2(10.5) 9(3.2) 0.173
thrombus
Postoperative hepatic 0(0.0) 2(0.7) 0.603
artery thrombus
PGD 13 (68.4) 23(8.3) <0.001

GIB, gastrointestinal bleeding; MELD, Model for End-stage Liver Dis-
ease; GV, graft volume, SLV, standard liver volume; PVP, portal venous
pressure; PGD, primary graft dysfunction.

and postoperative maximum bilirubin >20 mg/dl (defined
as PDG: primary graft dysfunction) (yes vs. no: 68.4% vs.
8.3%; P < 0.001) were risk factors for GIB. Graft type, GV/
SLV, splenectomy, and postoperative portal vein thrombus
were not significant risk factors for GIB (Table 2). Among
the 23 patients with PVP > 20 mmHg at the end of surgery,
two patients had hepaticojejunostomy and one of the two
had GIB at 17 days after LDLT with mortality due to graft
dysfunction. The risk factors for PGD included donor age >
40 years old (73.9% vs. 29.1%, P < 0.001), operative blood
loss > 10 L (30.6% vs. 9.6%, P = 0.001), transfusion of
packed red blood cell > 20 units (41.7% vs. 13.8%,
P = 0.001), and portal venous pressure at the end of surgery
> 20 mmHg (38.1% vs. 9.6%, P = 0.001). The incidence of
GIB was significantly more frequent in those with PGD than
those without (13/36 = 36.1% vs. 6/297 = 2.3%, P < 0.001).

Relationship between the onset of GIB and inhospital
mortality

We investigated the relationship between the onset of GIB
and inhospital mortality. GIB occurred within 4 weeks after
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Figure 2 (a) Association between the time from living donor liver trans-
plantation (LDLT) to the onset of gastrointestinal bleeding (GIB) with the
maximum bilirubin level after LDLT. (b) Association between the time
between the onset of GIB and the day on which the maximum tctal bili-
rubin level was reached after LDLT. GIB, gastrointestinal bleeding.

LDLT in 17/19 patients (94.7%). Overall, 10 patients
(52.6%) with GIB died while in hospital. In total, 9/12
patients (75.0%) with PGD died while in hospital versus 1/
7 patient (14.3%) without PGD (P = 0.028) (Fig. 2a). In
12/19 patients (63.2%), GIB occurred within 10 days before
or after the peak total bilirubin level (Fig. 2b). Therefore,
GIB occurred either shortly before or after the onset of
PGD in most patients.

Graft survival

The effects of GIB on cumulative graft survival are shown
in Fig. 3a. The one-year graft survival rate was 47.4% (9/19
patients) in grafts with GIB (n = 19) versus 93.2% (259/
278 patients) in grafts without GIB (P < 0.001). The inhos-
pital mortality rate was significantly higher in patients with
PGD than in those without PGD (75.0% vs. 14.3%,
P =0.028) (Fig. 3b).
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Figure 3 (a) Cumulative graft survival in patients with or without gas-
trointestinal bleeding. (b) Inhospital mortality rate in patients with or
without graft dysfunction.

Discussion

This study revealed that in the majority of cases of GIB, it
occurred within 4 weeks of LDLT, usually within 1—
3 weeks after graft implantation, and the jejunojejunosto-
my was the most common site of bleeding. GIB occurring
after LDLT was also associated with elevated PVP after graft
implantation and massive operative blood loss. Further-
more, GIB frequently occurred within 10 days of the maxi-
mum bilirubin level, which indicates that GIB after LDLT
is linked to graft dysfunction and impaired portal runoff.
Thus, short-term graft survival was significantly worse in
patients with GIB than in those without after LDLT.

In DDLT using whole liver grafts, Tabasco-Minguillan
et al. [2] reported that GIB was caused by ulcers in 22.9%
of patients, gastroenteritis in 21.1% of patients, portal
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hypertensive gastroenteropathy or varices in 13.8% of
patients, and Roux-en-Y jejunojejunostomy in 5.5% of
patients. Therefore, the causes of GIB differed between
patients who underwent LDLT in our study and patients
who underwent DDLT in the study by Tabasco-Minguillan
et al., especially in terms of early portal hypertension.
However, they also mentioned that the patients with bleed-
ing from portal hypertensive lesions had episodes within
2 weeks of DDLT or later than 9 months after transplanta-
tion, and the rate of graft failure was 50%, suggesting portal
hypertensive bleeding may also occur in cases of DDLT
with dysfunctional grafts [2].

LDLT frequently involves the use of partial small grafts,
especially in adults, and such grafts could be classified as
marginal grafts [5-7]. However, healthy LDLT grafts regen-
erate and are capable of supporting the recipient’s body
and display portal over-inflow, which persists for 1-
3 months and is most notable for the first 2 weeks after
reperfusion [19-22]. Numerous studies have shown that
implantation of a partial graft is characterized by increased
inflow into the graft and secondary liver regeneration, but
excessive inflow results in a swollen dysfunctional graft
with secondary portal hypertension and portal steal phe-
nomena [11,23-25]. In 2002, Hirata et al. [8] reported that
in adult recipients of left lobe grafts with a mean GV/SLV
of 41%, varices ruptured in 86% of cases. By contrast, in
pediatric recipients of left lobe or left lateral segment grafts
with a mean GV/SLV of 86%, the varices ruptured in 24%
(left lobe) and 4% (left lateral segment grafts). They also
reported that GIB was caused by portal hypertensive vari-
ceal rupture in 44% of cases. Therefore, portal hypertension
occurring soon after LDLT could be a major cause of GIB.
In our study, the mean GV/SLV was also 41%, but the inci-
dence of variceal rupture was much lower. A likely explana-
tion is that we perform pretransplant endoscopic treatment
of risky varices and divide shunt vessels, including gastro-
esophageal shunts, during surgery [18].

The causes of graft dysfunction and early post-transplant
portal hypertension could involve a combination of multi-
ple factors, including graft size, donor age, steatosis, pre-
transplant, or postreperfusion portal pressure [26-31]. We
now refer to poor functional grafts with a high mortality
risk as PGD characterized by persistent hyperbilirubinemia
instead of small-for-size graft syndrome [7]. Emond et al.
[32] reported that these dysfunctional LDLT grafts were
characterized by systemic and local cholestasis. We
reported that the pathological features in these patients
included centrizonal ballooned cholestatic necrosis, indi-
cating poor graft perfusion due to increased tissue,
increased portal pressure, poor graft compliance, and an
inability to metabolize bilirubin [7]. Our results, including
the finding that increased PVP at the end of surgery is a risk
factor for GIB after LDLT, are understandable considering

709

- 194 -



GIB after LDLT

the link between portal hypertension, GIB, graft dysfunc-
tion, and poor graft outcomes. The short time between the
maximum bilirubin level and the onset of GIB also sup-
ports the close link between poor graft compliance and
portal hypertension.

Uniquely, jejunojejunostomy was the major site of GIB
after LDLT in the present study. By contrast, Hirata et al.
reported that only 5.5% of cases of post-transplant GIB
were attributed to jejunojejunostomy in DDLT and there
were no such cases of GIB in LDLT [2,8]. This difference
might be explained by our policy to eradicate or obstruct
shunt vessels, especially coronary or mesocaval shunts, to
prevent portal steal during graft regeneration under sple-
nectomy for portal decompression. Thus, the only gastroin-
testinal region that may develop bleeding during graft
regeneration and portal hypertension could be at the
jejunojejunostomy. Jejunojejunostomy as the frequent
bleeding origin around several days after LDLT could be
attributed to increased portal and mesenteric venous pres-
sure due to graft regeneration and tissue healing process
with vascular remodeling after intestinal anastomosis, both
several days after LDLT [18,24,33]. Intestinal edema for dif-
ficult make healthy anastomotic condition could also be
among the causes. Duct-to-duct biliary anastomosis might
be preferable in LDLT to jejunojejunostomy in terms of
preventing the chances of GIB.

However, the use of Roux-en-Y for hepaticojejunostomy
decreased significantly following the introduction of duct-
to-duct biliary reconstruction in 2000 [15]. Now, we only
perform hepaticojejunostomy in patients with primary scle-
rosing cholangitis as a primary liver disease or if a dissected
hepatic artery with poor blood flow precludes biliary tract
reconstruction in the recipient. Thus, duct-to-duct biliary
reconstruction is not only superior in terms of bile physiol-
ogy and easier endoscopic access for treating biliary steno-
sis, but also avoids the creation of an enteric anastomosis
that may result in GIB following LDLT [15,34-36]. How-
ever, it is clear that jejunojejunostomy is not a source of
GIB in pediatric patients with biliary atresia because of the
larger graft size, huge vascular beds, and complete healing
of the anastomosis long after surgery [37,38].

Finally, an important finding of the present study was
that GIB occurring after LDLT without graft dysfunction
could be treated by conventional, endoscopic, or surgical
procedures. Therefore, GIB is unlikely to result in death in
patients with well-functioning LDLT grafts. However, GIB
carries a high mortality risk in patients with graft dysfunc-
tion, and re-transplantation might be an option. Overall,
we think that knowledge of the clinical features of GIB
could help with the management of patients in actual clini-
cal settings.

Some limitations of this analysis should be mentioned.
First, we selected patients from one center. A multicenter
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study with a larger number of patients and greater variation
in surgical techniques would help us to reach more defini-
tive conclusions. Second, this was a retrospective study and
might be subject to investigative bias.

In conclusion, GIB occurring shortly after LDLT in
adults was associated with jejunojejunostomy and physio-
logic or nonphysiologic portal hypertension. Although GIB
could be treated successfully in patients without graft dys-
function, GIB has strong correlation with graft dysfunction
and inhospital mortality.
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Fairly Rare De Novo Inflammatory Pseudotumor in

a Graft After Living Donor Liver Transplantation
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TO THE EDITORS:

De novo solid tumors rarely occur in a graft after liver
transplantation,  although some de novo hepatocellu-
lar carcinomas have been reported.! To the best of
our knowledge, there have been no reports of de novo
inflammatory pseudotumors (IPTs) in a liver graft.

Here we report the first case of a de novo IPT in a liver |

graft after living donor liver transplantation (LDLT).
The patient was a 54-year-old female with end-stage
liver disease secondary to cryptogenic liver cirrhosis.
She underwent LDLT with a left lobe graft donated by
her 57-year-old husband. Her postoperative immuno-
suppression consisted of cyclosporine, mycophenolate
mofetil, and steroids. This patient did not experience
acute cellular rejection or biliary complications
(eg, cholangitis, biliary leakage, or biliary strictures)
after LDLT. One year after LDLT, routine abdominal
ultrasound screening revealed an asymptomatic solid
liver tumor in the transplanted graft that was adja-
cent to the umbilical portion. Enhanced computed
tomography (CT) revealed a solid tumor in segment 3
and 4 of the graft with B2 (biliary duct in segment 2)
dilatation (Fig. 1A,B). The levels of tumor markers
were as follows: a-fetoprotein, 1.8 ng/mL (normal
range < 6.2 ng/ml); des-y-carboxyprothrombin, 49
mAU/mL (normal range <40 mAU/ml); carcinoem-
bryonic antigen, 1.2 ng/mL (normal range < 3.2 ng/
mlL); and carbohydrate antigen 19-9, 82 U/mL (nor-
mal range < 37 U/mL). Enhanced magnetic resonance
imaging and CT angiography showed a hypovascular
tumor consistent with- cholangiocellular carcinoma.
Endoscopic retrograde cholangiography revealed a B2
(biliary duct in segment 2} stricture that was
caused by the tumor and distal dilation (Fig. 1C).
18p_fluorodeoxy glucose positron emission tomography

demonstrated abnormal '®F-fluorodeoxy glucose
uptake by the tumor (maximum standardized uptake
value =23.3; Fig. 1D). Therefore, we diagnosed de
novo cholangiocellular carcinoma in the graft just
above the umbilical portion. :

Because the tumor location was very delicate, we
planned to perform surgical tumor biopsy followed by
partial hepatectomy. However, the biopsy sample indi-
cated that the tumor was an IPT (Fig. 2). Therefore,
we immediately suspended the procedure and treated
the patient conservatively with antibiotics.

IPTs of the liver are rare benign tumors. Although
the etiology and pathogenesis of IPTs are unclear, they
were initially histologically characterized by dense hya-
linized fibrosis and/or infiltrating inflammatory cells,
including large numbers of foamy histiocytes, lympho-
cytes, and plasma cells.? Typical radiological findings
from enhanced CT include hypoattenuation of the
mass with respect to the hepatic parenchyma with a
variable degree of enhancement in the internal septa
or periphery in the portal or equilibrium phase. There-
fore, it is difficult to distinguish IPTs from malignant
tumors and especially cholangiocellular carcinomas.®
Ahn et al.® reported that 78.2% of their patients with
IPTs had symptoms, including abdominal pain
(54.5%), febrile sensation (22.7%), and malaise (4.5%),
although some patients were asymptomatic. Interest-
ingly, they also found that carbohydrate antigen 19-9
and o-fetoprotein levels were elevated in 22.7% and
4.5% of their patients, respectively.

IPTs can be treated conservatively with antibiotics
with or without nonsteroidal anti-inflammatory drugs
or with surgical resection. Surgical resection should
be recommended for patients with poor responses to
conservative therapy, tumor growth, increasing tumor
marker levels, or an uncertain diagnosis.
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