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Impact of Quality as Well as Quantity of
Skeletal Muscle on Outcomes After Liver
Transplantation
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'Division of Hepato-Biliary-Pancreatic and Transplant Surgery, Department of Surgery, 2Department of
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Intramuscular fat accumulation has come to be associated with loss of muscle strength and function, one of the components of
sarcopenia. However, the impact of preoperative quality of skeletal muscle on outcomes after living donor liver transplantation
(LDLT) is unclear. The present study evaluated the intramuscular adipose tissue content (IMAC) and psoas muscle mass index
(PMI) in 200 adult patients undergoing LDLT at our institution between January 2008 and October 2013. Correlations of IMAC with
other factors, overall survival rates in patients classified according to IMAC or PMI, and risk factors for poor survival after LDLT
were analyzed. IMAC was significantly correlated with age (r= 0.229, P= 0.03) and PMI (r= —0.236, P= 0.02) in males and with
age (r=0.349, P< 0.001) and branched-chain amino acid (BCAA)-to-tyrosine ratio (r= —0.250, P= 0.01) in females. The overall
survival rates in patients with high IMAC or low PMI were significantly lower than those for patients with normal IMAC or PMI
{P<0.001, P< 0.001, respectively). Multivariate analysis showed that high IMAC [odds ratio (OR) = 3.898, 95% confidence inter-
val (Cl) = 2.025-7.757, P<0.001] and low PMI (OR = 3.635, 95% Cl = 1.896-7.174, P < 0.001) were independent risk factors for
death after LDLT. In conclusion, high IMAC and low PMI were closely involved with posttransplant mortality. Preoperative quality
and quantity of skeletal muscle could be incorporated into new selection criteria for LDLT. Perioperative nutritional therapy and
rehabilitation could be important for good outcomes after LDLT. Liver Transpl 20:1413-1419, 2014. © 2014 AASLD.
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free survival in patients with HCC after partial hepa-
tectomy.®® In the field of LT, Englesbe et al.” reported
that central sarcopenia, evaluated by the size of the
psoas muscle as measured by computed tomography
(CT) scan, strongly correlated with post-LT mortality.
We have shown that pretransplant low skeletal muscle
mass and low body cell mass measured by bioelectri-
cal impedance analysis (BIA) were independent risk
factors for death after living donor liver transplanta-
tion (LDLT).®

The European Working Group on Sarcopenia in
Older People has recommended that the definition of
sarcopenia include not only low muscle mass but also
low muscle function.’ Recently, the increase of intra-
muscular adipose tissue (IMAT) with aging has been
identified as a potential contributor to declining
strength and quality of muscle.® Loss of muscle
strength is acknowledged to depend on both decrease
in muscle mass and accumulation of intramuscular
adipose tissue. Kitajima et al.'®!! evaluated skeletal
muscle steatosis by measuring intramuscular adipose
tissue content (IMAC) and found that skeletal muscle
steatosis was linked to the pathogenesis and severity
of nonalcoholic steatohepatitis (NASH). However, the
impact of IMAC on survival in patients undergoing
LDLT is unclear. The present study evaluates the
quality as well as quantity of skeletal muscle by
measuring IMAC and psoas muscle mass index (PMI},
respectively, on preoperative CT. We investigated the
impact of IMAC and PMI on outcomes in patients
undergoing LDLT.

PATIENTS AND METHODS
Patients

There were 235 adult (age >18 years) patients who
underwent LDLT at Kyoto University Hospital between
January 2008 and October 2013. Thirty-five patients
who did not undergo preoperative plain CT imaging at
the umbilical level were excluded from this study.
Therefore, in total 200 patients (95 men, 105 women)
were enrolled in the study. The study was approved
by the Ethics Committee of Kyoto University and was
conducted in accordance with the Declaration of Hel-
sinki of 1996.

The median patient age was 54 years (range = 18-69
years). Sixty patients were ABO incompatible, and
140 were identical or compatible. The median Model
for End-Stage Liver Disease (MELD) score was 18
(range = 5-55). The Child-Pugh classifications were C,
B, and A for 125, 60, and 15 patients, respectively.
The indications for LDLT were HCC (n = 67), hepatitis
B virus (HBV)- or hepatitis C virus (HCV)-associated
LC (n=38), progressive intrahepatic cholestatic dis-
eases including primary biliary cirrhosis (PBC) and
primary sclerosing cholangitis (PSC; n = 34), biliary
atresia (n= 19), acute liver failure with unknown eti-
ology (n=9), alcoholic LC (n = 6), metabolic liver dis-
eases (n=6), Budd-Chiari syndrome (n=4), and
other causes (n = 17). Orthotopic LDLT was performed
with a left lobe graft for 93 patients, a right lobe graft

for 102 patients, a posterior segment graft for 4
patients, and a whole liver graft as a domino LT from
a patient with familial amyloid polyneuropathy for 1
patient. The median graft-to-recipient weight ratio
(GRWR) was 0.89 (range = 0.54-1.46). The selection
criteria for the recipients, the surgical techniques for
the donor and recipient, and the immunosuppressive
regimen have been described previously.*? !4

Image Analysis

IMAC was calculated as previously described by Kita-
jima et al.'': IMAC =region of interest (ROI) of the
multifidus muscle (Hounsfield units)/ROI of subcuta-
neous fat (Hounsfield units). In our image analysis,
we used plain CT images on admission, usually 7 to
14 days before transplantation. Subfascial muscular
tissue in the multifidus muscle on the preoperative
plain CT cross-sectional image at the umbilical level
was precisely traced, and CT values (in Hounsfield
units) were measured with the Aquarius NET server
(TeraRecon, San Mateo, CA; Fig. 1A). CT values
were measured for ROIs of 4 circles on subcutaneous
fat away from major vessels (Fig. 1B). The mean
values of these 4 ROIs were used as the ROI of subcu-
taneous fat.

The cross-sectional areas of the right and left psoas
muscles were measured by manual tracing from pre-
operative CT images at the same level (Fig. 1C). PMI
was calculated by normalizing the cross-sectional
areas for height (cm?/m?).

Cutoff Values of IMAC and PMI

To select the optimal cutoff values of IMAC and PMI
that classify the poor prognostic group after LDLT,
receiver operating characteristic (ROC) curves were
calculated. The cutoff values were selected on the
basis of best accuracy in relation to an outcome
(death). The cutoff values of IMAC in males and
females were —0.375 [area wunder the curve
(AUC)=0.689, P=0.005] and —0.216 (AUC =0.693,
P=0.002), respectively. The cutoff values of PMI in
males and females were 6.868 (AUC =0.621, P=0.07)
and 4.117 (AUC = 0.688, P=0.003), respectively.

Analyzed Parameters

The correlations of IMAC or PMI with other factors,
such as patient age, sex, MELD score, Child-Pugh
classification, total lymphocyte count, prealbumin,
zinc, branched-chain amino acid (BCAA)-to-tyrosine
ratio (BTR), ammonia, and skeletal muscle mass
measured by BIA were analyzed. The overall
survival rate after LDLT was investigated in patients
classified according to IMAC or PMI. The prognostic
factors were analyzed on the basis of the following
variables: age of recipient, age of donor, sex, original
disease, ABO compatibility, MELD score, Child-Pugh
classification, graft type (right or left), GRWR,
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Figure 1. Cross-sectional CT images at the umbilical level. (A) Subfascial muscular tissue in the multifidus muscle was precisely
traced. (B) Four small circles were placed on subcutaneous fat away from major vessels. ROIs of the multifidus muscle and the subcu-
taneous fat (Hounsfield units) were measured with the Aquarius NET server. (C) The areas of bilateral psoas muscle were measured by

manual tracing,.

duration of surgery, estimated blood loss, and preop-
erative IMAC and PMI.

Statistical Analysis

Data are presented as mean * standard deviation (SD)
for continuous variables. Continuous variables were
compared by %2 test or Fisher's exact test when appro-
priate. Any variable identified as significant (P < 0.05) or
with P<0.10 in univariate analysis with the above-
mentioned tests was considered a candidate for multi-
variate analysis with multiple logistic regression models.
Cumulative overall survival rates were calculated by
Kaplan-Meier methods, and differences between curves
were evaluated with the log-rank test or the Mantel-Cox
test. P<0.05 was considered significant. All statistical
data were generated in JMP 11 (SAS Institute, Cary,
NC) and Prism 6 (GraphPad Software, La Jolla, CA).

RESULTS

Correlations of Preoperative IMAC
With Other Factors

For males, a significant positive relationship was
observed between IMAC and patient age (r=0.229,
P=0.03; Fig. 2A), and a significant negative relation-
ship was observed between IMAC and PMI
(r=-0.236, P=0.02; Fig. 2B). For females, a signifi-
cant positive relationship was observed between IMAC

and age (r=0.349, P<0.001; Fig. 2C), and a signifi-
cant negative relationship was observed between
IMAC and BTR (r= —0.250, P=0.01; Fig. 2D).

Overall Survival Rate After LDLT

The overall survival rate after LDLT was significantly
lower in patients with high IMAC (n=90) than in
patients with normal/low IMAC (n=110; P<0.001;
Fig. 3A). The median survival times for patients with
high IMAC and normal IMAC were 21.9 (range =0.2-
67.6) and 32.4 (range=0.5-70.2) months, respec-
tively. The overall survival rate also was significantly
lower in patients with low PMI (n=88) than in
patients with normal/high PMI (n=112; P<0.001;
Fig. 3B). The median survival times for patients with
low PMI and normal PMI were 17.6 (range = 0.2-69.7)
and 33.9 (range = 0.5-70.2) months, respectively.

A total of 55 patients died in this follow-up period.
Forty-nine of fifty-five patients (89.1%) died within the
first year after LDLT, and the other 6 patients (10.9%)
died after the first year after LDLT. The causes of death
for 39 patients with high IMAC were as follows: sepsis
(n=18); pulmonary complications (n= 5); graft failure
including antibody-mediated rejection and chronic
rejection (n=>5), cerebral bleeding (n=6); and others
(n=5). The causes of death for 16 patients with nor-
mal IMAC were as follows: sepsis (n=7); pulmonary
complications (n=2); graft failure (n=4); cerebral
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Figure 2. Correlations between IMAC and other factors. (A) For males, a significant positive relationship was observed between IMAC
and patient age (r=0.229, P=0.03). (B) For males, a significant negative relationship was observed between IMAC and PMI
(r=-0.236, P=0.02). (C) For females, a significant positive relationship was observed between IMAC and age (r=0.349, P<0.001).
(D) For females, a significant negative relationship was found between IMAC and BTR (r= —0.250, P=0.01).
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Figure 3. Overall survival rates according to IMAC and PMI. (A) The overall survival rate after LDLT was significantly lower in patients
with high IMAC (n=90) than in patients with normal/low IMAC (n=110; P<0.001). (B) The overall survival rate was significantly
lower in patients with low PMI (n = 88) than in patients with normal/high PMI (n = 112; P<0.001).

bleeding (n= 1); and others (n= 2). There were no sig-
nificant differences in the causes of death between the
2 subgroups (P=0.78). Similarly, between the 2 sub-
groups classified according to PMI, we found no signifi-
cant differences in the causes of death (P= 0.33).

Risk Factors for Poor Survival in Patients
Undergoing LDLT

Univariate analysis revealed that preoperative high
IMAC and low PMI were significant risk factors for

death after LDLT (P<0.001 and P<0.001, respec-
tively) (Table 1). IMAC and PMI were so well correlated
that multivariate analysis was performed incorporat-
ing either parameter. As a result, preoperative high
IMAC and low PMI were identified as poor prognostic
factors after LDLT (Table 2).

DISCUSSION

This retrospective study shows that preoperative
IMAC and PMI were independent prognostic factors
for overall survival in patients undergoing LDLT: In
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TABLE 1. Univariate Analysis of Factors Affecting
Posttransplantation Patient Survival
1-Year
Variable 0S, n (%) P Value
Recipient age (years)
<50 (n=71) 50 (70.4) 0.25
>50 (n=129) 101 (78.3)
Donor age (years)
<50 (n=120) 95 (79.2) 0.11
>50 (n=80) 56 (70.0)
Sex
Male (n = 95) 72 (75.8) 0.72
Female (n= 105) 79 (75.2)
Original disease
HCC (n=67) 53 (79.1) 0.27
HBV or HCV-associated 29 (76.3)
LC (n=38)
PBC or PSC (n=34) 20 (58.8)
Others n=61) 49 (80.3)
ABO compatibility
Identical/compatible 108 (77.1) 0.23
(n=140)
Incompatible (n = 60) 43 (71.7)
MELD score
<20 (n=125) 98 (78.4) 0.27
>20 (n=75) 53 (70.7)
Child-Pugh classification
A, Bn=75) 60 (80.0) 0.39
C (n=125) 91 (72.8)
GRWR
<0.8% (n=60) 48 (80.0) 0.39
>0.8% (n = 140) 103 (73.6)
Graft
Right (n = 107) 85 (107) 0.09
Left (n=93) 66 (71.0)
Operative time (hours)
<12 (n=50) 40 (80.0) 0.52
>12 (n=150) 111 (74.0)
Operative blood loss (L)
<10 (n= 140) 103 (73.6) 0.23
>10 (n=60) 48 (80.0)
Pretransplant IMAC
High (n = 90) 56 (62.2) <0.001
Normal/low (n=110) 95 (86.4)
Pretransplant PMI
Low (n=88) 56 (63.6) <0.001
Normal/high (n =112) 95 (84.8)

patients with end-stage liver disease requiring LT,
anthropometric parameters such as body mass index
and arm muscle circumference are usually overesti-
mated as a result of edema and ascites. In addition,
biological markers such as prealbumin, albumin, and
cholinesterase are not useful for evaluating patient
nutritional status because these parameters are
affected by underlying liver dysfunction. CT, magnetic
resonance imaging, or dual energy X-ray absorptiome-
try (DXA) is often used to evaluate skeletal muscle
mass. However, DXA measurement exposes patients
to radiation, and DXA may overestimate muscle mass
because muscle hydration or intramuscular fat depo-

TABLE 2. Multivariate Analysis of Factors Affecting
Posttransplantation Patient Survival

Variable OR 95% CI P Value

Left lobe graft 1.614 0.840-3.127 0.15

Pretransplant 3.898 2.025-7.757 <0.001
high IMAC

Left lobe graft 1.532 0.797-2.960 0.20

Pretransplant 3.635 1.896-7.174 <0.001
low PMI

sition can be detected as lean tissue. Because BIA
can easily and automatically measure whole-body
skeletal muscle mass, BIA seems suitable for assess-
ing the body composition and nutritional status of
patients. However, in our previous study, 35.4% of
the study patients (68/192) were excluded from anal-
ysis because they could not stand independently for
more than 2 minutes because of their general condi-
tion or they could not undergo BIA for subemergent
LT.% In the present study, to eliminate such selection
bias for patient inclusion in the study group, we used
preoperative CT images to evaluate sarcopenia, which
allowed us to assess 85.1% of the patients (200/235)
undergoing LDLT. The use of CT images in the pres-
ent study allowed calculation of the volume and ROI
of skeletal muscle, providing assessment of not only
the quantity but also the quality of skeletal muscle.
The European Working Group on Sarcopenia in Older
People has recommended that the definition of sarco-
penia include loss of not only skeletal muscle mass
but also strength.! However, most previous studies
have investigated only skeletal muscle mass to define
sarcopenia because muscle strength and function
have been difficult to evaluate. Recent evidence sug-
gests that fat accumulation within skeletal muscle is
associated with muscle weakness, poor function, and
increased risk of incidental mobility limitations
because it alters muscle fiber orientation and the
force-producing capabilities of the whole muscle.'>'?
In addition, intramuscular adipose tissue secretes
inflammatory cytokines such as tumor necrosis
factor-a, leading to systemic inflammation that can
inhibit muscle force production even in the absence of
muscle atrophy.'®! Kitajima et al.!'! have investi-
gated the relationship between IMAC and the severity
of NASH. On the basis of these findings, we focused
on intramuscular fat accumulation as a new parame-
ter in evaluating preoperative sarcopenia, instead of
measuring muscle strength, and we investigated the
impact of IMAC on survival in patients undergoing
LDLT.

We determined that there was a significant positive
relationship between IMAC and patient age in both
males and females, which supports previous findings
that intramuscular adipose tissue increases with
age.® We discovered that IMAC in males had a signifi-
cant negative relationship with PMI (r=-0.236,
P=0.02), but IMAC in females did not (r=0.026,
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P=0.79). We found a similar result in our analysis of
healthy donors, which showed a significantly negative
relationship between IMAC and PMI in male donors
(r=-0.342, P=0.04) but not in female donors
(r=-0.166, P=0.38). We speculated that this was
because, in some patients with normal PMI, especially
in females who had more adipose tissue than males,
even though their amount of lean skeletal muscle
mass is low, PMI could be calculated as normal
because of a large amount of IMAT. Thus, measuring
only PMI could not detect such patients as having
sarcopenia, especially for females. For females, a sig-
nificant negative relationship was observed between
IMAC and BTR (r=-0.250, P=0.01). For patients
with LC, BCAA has been found to stimulate detoxifi-
cation of ammonia to glutamine in skeletal muscle.®
22 Therefore, we speculate that more BCAA is needed
for detoxification of ammonia to glutamine in skeletal
muscle with higher IMAC, which leads to a decrease
in the BTR. However, these relationships are so differ-
ent between the sexes that further investigations are
needed on the composition of skeletal muscle, includ-
ing the types of muscle fibers, the contribution of
intramuscular adipose tissue to detoxification of
ammonia, and the association between serum gluta-
mine and ammonia level in LC.

The prognostic significance of sarcopenia has been
reported for various kinds of diseases.?*® Montano-
Loza et al.?® also demonstrated that the presence of
sarcopenia increased the risk of sepsis-related death
in patients with cirrhosis, which might be due to
impaired immunity. The present study showed no sig-
nificant differences in the causes of death between
patients with and without sarcopenia. However, the
associations among immunity, inflammation, and adi-
pocytokines such as adiponectin and leptin have
recently been emphasized as the key mechanisms by
which sarcopenia affects patient survival.?*2?% We
speculate that, in sarcopenic patients, the inflamma-
tory microenvironment and impaired immunity
caused by the increase in adiposity could lead to an
increased risk of mortality. We are now investigating
the relationship between nutritional conditions,
including IMAC, and immunological status, which
affects the incidence of infections, sepsis, and post-
transplant rejection.

We have previously performed LT even for the
patients who were refused at other transplant centers
for various reasons such as severe general conditions
and ABO-incompatible donors because our institute
is a tertiary liver transplant center in Japan. Most
recently, we reported that pretransplant low skeletal
muscle mass measured by BIA was an independent
risk factor for death after LDLT.® We have added, on
the basis of this finding, a new indication to our selec-
tion criteria for LT since January 2013: patients who
can walk by themselves. Moreover, we are now con-
ducting a prospective study to evaluate the relation-
ship between preoperative IMAC and muscle strength
or physical disability and the impact of preoperative
IMAC on outcomes after LT. We consider that this

investigation could allow development of new appro-
priate selection criteria for recipients of LDLT.

Several limitations must be borne in mind when
considering the present study. First, the correlation of
IMAC with skeletal muscle strength could not be
investigated because this was a retrospective study.
However, recent investigations have shown that intra-
muscular fat accumulation contributes to the decline
of muscle strength and quality.®**'7 These findings
support our idea that IMAC could be a new parameter
for assessing sarcopenia instead of measuring solely
muscle strength. In addition, we are now conducting
a prospective study to evaluate preoperative sarcope-
nia that includes the measurement of grip strength;
this investigation may reveal the relationship between
IMAC and muscle strength. Second, we have to con-
sider whether our cutoff values for IMAC and PMI
were adequate to define sarcopenia. Until now, several
reports have provided a definition of sarcopenia, but
there is no criterion to define sarcopenia objec-
tively.?627 In the present study, we determined the
cutoff values of IMAC and PMI based on ROC curves.
The use of ROC curves is a more accurate and objec-
tive method than the use of SD for the design of cutoff
values. However, a significant positive relationship
was observed between IMAC and patient age; there-
fore, it might be necessary to investigate the cutoff
level in consideration of patient age. Further investi-
gations will be necessary for this. Finally, we have to
consider whether CT imaging at the umbilical level
was adequate for the evaluation of skeletal muscle
mass. In most previous studies, skeletal muscle mass
and psoas muscle mass were evaluated from axial CT
imaging at the third lumbar vertebrae (L3) level.>®
However, Durand et al.?® recently measured transver-
sal psoas muscle thickness (TPMT) on a CT image at
the level of umbilicus and showed that TPMT/height
might be predictive of mortality in patients with LC.
The authors mentioned that, although the level of the
umbilicus can be easily identified on CT scan, it might
be difficult to identify a given lumbar section precisely
because of sacralization of the L5 vertebrae, lumbar
wedge fractures, and more pronounced lordosis in
patients with refractory ascites. In addition, in origi-
nal reports on IMAC by Kitajima et al.,’®'! IMAC was
calculated by CT imaging at the umbilical level. More-
over, we could find a significantly positive relationship
between PMI and skeletal muscle mass measured by
BIA in both males (r=0.635, P<0.001) and females
(r=0.264, P=0.04). On the basis of these findings,
PMI measured with preoperative CT imaging at the
umbilical level could substitute for evaluation of
whole-body muscle mass.

In conclusion, the quality and the quantity of skele-
tal muscle mass have been observed to be closely
involved with posttransplantation mortality in
patients undergoing LDLT. Preoperative quality and
quantity of skeletal muscle could be incorporated into
new selection criteria for LDLT. Perioperative nutri-
tional therapy and rehabilitation could be important
for good outcomes after LDLT.
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Abstract

Purpose Uncontrollable hepatic hydrothorax and mas-
sive ascites (H&MA) requiring preoperative drainage are
sometimes encountered in liver transplantation (LT). We
retrospectively analyzed the characteristics of such
patients and the impact of H&MA on the postoperative
course.

Methods We evaluated 237 adult patients who under-
went LT in our institute between April 2006 and
October 2010.

Results Recipients with uncontrollable H&MA (group
HA: n = 36) had more intraoperative bleeding, higher
Child-Pugh scores, lower serum albumin concentrations
and higher blood urea nitrogen concentrations than those
without uncontrollable H&MA (group C: n = 201). They
were also more likely to have preoperative hepatorenal
syndrome and infections. The incidence of postoperative
bacteremia was higher (55.6 vs. 46.7 %, P = 0.008) and
the 1- and 3-year survival rates were lower (1 year: 58.9
vs. 82.9 %; 3 years: 58.9 vs. 77.7 %; P = 0.003) in group
HA than in group C. The multivariate proportional
regression analyses revealed that uncontrollable H&MA
and the Child-Pugh score were independent risk factors
for the postoperative prognosis. '
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Conclusions Postoperative infection control may be an
important means of improving the outcome for patients
with uncontrollable H&MA undergoing LT, and clinicians
should strive to perform surgery before H&MA becomes
uncontrollable.

Keywords Hepatic hydrothorax - Liver transplantation -
Massive ascites - Bacteremia - Mortality

Introduction

Liver transplantation (LT) is now performed in many
countries as a treatment for end-stage liver disease. As a
result of expansion of the indications for LT for HCC
candidates, it also provides a potentially curative treat-
ment for unresectable hepatocellular carcinoma, and
satisfactory long-term outcomes have been achieved [1].
However, LT still has a relatively high mortality rate
compared with other hepatobiliary-pancreatic proce-
dures owing to the potentially poor preoperative con-
dition of the patients, the use of immunosuppressive
agents, and the development of rejection and infection.
The preoperative condition of transplant recipients is a
particularly important factor that influences the outcome
of LT.

Patients requiring LT sometimes present with uncon-
trollable hepatic hydrothorax and massive ascites (H&MA)
that must be drained before surgery; it has also been
reported that H&MA is an independent risk factor for
postoperative bacteremia [2].

In this study, we focused on preoperative uncontrol-
lable H&MA in LT candidates, and evaluated the peri-
operative course of patients who went on to become LT
recipients.
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Methods
Patients

Between April 2006 and October 2010, 237 adult patients
underwent LT at Kyoto University Hospital, Japan (227
were living-donor cases and 10 were deceased-donor
cases). There were 117 males and 120 females; their
median age was 54.9 years (range 18-69 years). The
indications for LT in these patients included hepatocellular
carcinoma in 78 cases; hepatocellular diseases, such as
hepatitis B virus-associated liver cirrhosis, hepatitis C
virus-associated liver cirrhosis and alcoholic liver cirrhosis
in 133 cases; progressive intrahepatic cholestatic diseases,
such as primary biliary cirrhosis and primary sclerosing
cholangitis in 29 cases; re-transplantation owing to graft
loss in 17 cases; fulminant hepatic failure in 17 cases;
cryptogenic cirrhosis in 14 cases; biliary atresia after the
Kasai operation in eight cases; autoimmune hepatitis in six
cases; metabolic liver diseases in six cases and other causes
in seven cases.

Antimicrobial prophylaxis

The perioperative antimicrobial prophylaxis consisted of
cefotaxime (2 g/day intravenously) and ampicillin (4 g/day
intravenously) twice daily for 72 h starting 30 min before
surgery. Laxatives were administered as bowel preparation.

The therapeutic antibiotics were usually determined
based on the results of culturing samples taken from
infection sites or blood. When the focus of the infection
was unknown, broad-spectrum antibiotics were adminis-
tered empirically. Pre-transplant, antibiotics were given to
treat ongoing infections, such as spontaneous bacterial
peritonitis or pneumonia.

Immunosuppression

The standard immunosuppression protocol comprised ta-
crolimus and a low-dose steroid. We endeavored to
maintain the whole blood trough level of tacrolimus
between 10 and 15 ng/mL during the first 2 weeks, around
10 ng/mL during the next 2 weeks and between 5 and
8 ng/mL thereafter. For the recipients who suffered from
side effects due to the tacrolimus treatment, we changed
the immunosuppressant from tacrolimus to cyclosporine
microemulsion.

Steroid therapy with methylprednisolone sodium succi-
nate was initiated at a dose of 10 mg/kg before graft
reperfusion and then tapered from 1 mg/kg/day on day 1 to
0.3 mg/kg/day by the end of the first month; this was fol-
lowed by 0.1 mg/kg/day until the end of the third month.

) Springer

Steroid administration was terminated thereafter. In the
event of postoperative infection, steroids were discontin-
ued, and the target trough level of tacrolimus was
decreased.

Study design

The medical records of patients undergoing LT were
examined retrospectively to identify the recipients who had
required preoperative drainage due to uncontrollable
H&MA (allocated to group HA; n = 36) and those who
had not (allocated to a control group [group CJ; n = 201).
The recipients’ demographic details, surgical data, occur-
rence of preoperative hepatorenal syndrome (HRS) and
postoperative bacteremia, and patient survival were recor-
ded and compared between the groups. Finally, the inde-
pendent prognostic factors for the patient survival were
evaluated by the multivariate analyses.

Indications for thoracic or intraperitoneal drainage

We considered refractory uncontrollable massive ascites as
that meeting the criteria for grade 3 with diuretic resis-
tance, as defined by the International Ascites Club [3]. The
diagnosis of hepatic hydrothorax was based on evidence of
a large volume effusion (estimated to be >500 ml) on chest
radiography and/or computed tomography (CT) scans in
the absence of underlying pulmonary or cardiac diseases
[4].

We used the following indications to guide decisions
about when to drain H&MA before surgery: (1) patients
with hydrothorax who remained hypoxic with a peripheral
oxygen saturation (SpO,) of <95 % despite supplemental
oxygen administration underwent thoracic drainage to
improve their respiratory function; (2) patients with hepa-
torenal syndrome (HRS) underwent peritoneal or thoracic
drainage with intravenous albumin supplementation to
normalize their hemodynamic parameters and prevent the
progression of renal dysfunction and (3) patients experi-
encing dyspnea, difficulty eating and drinking or abdomi-
nal pain underwent thoracic or peritoneal drainage for
symptomatic relief.

Hepatorenal syndrome was diagnosed according to the
criteria of the International Ascites Club [5] as follows:
(1) a low glomerular filtration rate, indicated by serum
creatinine >1.5 mg/dl or 24-h creatinine clearance
<40 ml/min; (2) the absence of shock, ongoing bacterial
infections and recent or current treatment with nephro-
toxic drugs; (3) no sustained improvement of renal
function by diuretic withdrawal and intravenous admin-
istration of fluids and (4) the absence of significant pro-
teinuria (<500 mg/day) and ultrasonographic
abnormalities in the kidneys.
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Infections and bacteremia were defined using the criteria
proposed by the Centers for Disease Control and Preven-
tion and based on our previous report regarding LT patients
[2]. The diagnosis of infection in ascitic fluid or pleural
effusion, including spontaneous bacterial peritonitis (SBP)
and spontaneous bacterial empyema (SBEM), was based
on the level of polymorphonuclear white cells (>250/mm’
with positive culture or >500/mm? if culture was negative)
[6, 71.

Thoracic and intraperitoneal drainage were not indicated
as a treatment for SBEM and SBP in general, and anti-
microbial therapy was started immediately instead of
drainage. In cases where SBEM or SBP had been diag-
nosed after the initiation of drainage, drainage was main-
tained in combination with antimicrobial therapy.

The study protocol was approved by the Medical Ethics
Committee of Kyoto University, and the study was per-
formed in accordance with the ethical standards established
in the 1975 Declaration of Helsinki.

Drainage protocol

We used fine catheters (Argyle ™ aspiration Seldinger kit,
5Fr; COVIDIEN Japan, Shizuoka, Japan) for thoracic and
intraperitoneal drainage to avoid injuring collateral vessels.
Before performing drainage, Doppler ultrasonography and
CT were used to establish the location of any abnormal
intercostal or abdominal wall collateral vessels so as to
avoid hemorrhage. To prevent hypotension, depletion of
protein and electrolytes, and re-expansion pulmonary
edema, the rapid drainage of ascites and pleural effusion
was avoided. Initially, 1,000 ml was drained, and then the
drainage volume was gradually increased from the second
day. At the same time, intravenous fluid and albumin
replacement was undertaken during the drainage.

Statistical analysis

The values are presented as the means and standard devi-
ations (SD) unless otherwise indicated. Continuous data
were analyzed by Student’s ¢ test or the Mann—Whitney
test, while categorical data were analyzed with the Chi-
square test. For the survival analyses, Kaplan-Meier sur-
vival curves were constructed and analyzed by the log-rank
test, and the multivariate analyses of survival were per-
formed by the proportional regression hazard analyses.
Variables identified as significant (P < 0.05) in the uni-
variate analyses were considered to be candidates for the
multivariate analyses. Values of P < 0.05 were considered
to be significant. The statistical analyses were performed
using the Prism version 5 software program (GraphPad
Software Inc., San Diego, USA) for the univariate analyses

and the JMP version 9 software program (SAS institute
Inc., Cary, NC, USA) for the multivariate analyses.

Results
Details of preoperative drainage management

Preoperative thoracic or intraperitoneal drainage was per-
formed in 36 patients (15.2 %), all of whom later under-
went scheduled living-donor LT. In 16 cases, thoracic
drainage was required (including five cases with SBEM),
intraperitoneal drainage was performed in 15 cases
(including eight cases of SBP); and both thoracic drainage
and intraperitoneal drainage were needed in five cases
(including two cases of SBP). The median drainage period
was 13 days (range 1-33 days) for thoracic drainage and
9 days (1-44 days) for intraperitoneal drainage.

Infectious complications related to the placement of an
intraperitoneal drainage tube occurred in three patients
(8.3 %), while there were no complications related to the
placement of a thoracic ‘drainage tube. Infections were
diagnosed 2, 6 and 7 days after the placement of the
drainage catheter; patients were treated with antibiotics and
a new catheter was re-sited. There were no other compli-
cations, such as hemothorax or pneumothorax.

Patient characteristics

Table | shows the characteristics of the groups; there were
no significant differences in the sex, recipient age, blood
type compatibility, graft-recipient weight ratio (GRWR),
length of the operation, cold and warm ischemic times,
model for end-stage liver disease (MELD) score, evidence
of preoperative hepatic encephalopathy or preoperative
serum creatinine of the patients in each group. Group HA
was characterized by a higher intraoperative blood loss
(P = 0.02), higher Child-Pugh score (P = 0.001), lower
preoperative serum albumin concentration (P = 0.01) and
higher serum blood wurea nitrogen concentration
(P = 0.003) compared with group C.

Preoperative HRS and perioperative infections

Group HA had a significantly higher incidence of HRS than
group C (nine out of 36 cases [25 %] vs. 20 out of 201 cases
[9.9 %], P = 0.017), and a significantly higher incidence of
preoperative infections (19 out of 36 cases [52.8 %] vs. 35
out of 201 cases [17.4 %], P = 0.0001). The incidence of
bacteremia within 90 days of L'T was significantly higher in
group HA than group C (20 out of 36 cases [55.6 %] vs. 94
out of 201 cases [46.7 %], P = 0.008).
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Table 1 Background and

Group HA (n = 36) Group C (rn = 201) P
characteristics of the two groups
Sex (male/female) 18/18 99/102 0.54
Age 553 £ 7.89 51.1 4+ 12.81 0.05
ABO compatibility Identical/compatible 28 Identical/compatible 153 0.51
Incompatible 8 Incompatible 48
Graft type Right 15, left 19 Right 114, left 71 0.08
Posterior 2 Posterior 6, whole 10
GRWR 0.90 £+ 0.17 0.98 £+ 0.31 0.14
Operation time (min) 814.8 £+ 120.5 793.6 + 1494 045
Blood loss (ml) 12,244.2 + 9,505.48 8,814.4 £ 7,251.1 0.02
CIT (min) 98.1 £ 533 119.1 £ 113.0 0.31
WIT (min) 43.6 = 132 48.6 + 534 0.60
MELD score 209 + 8.84 20.5 + 9.47 0.79
GRWR graft-recipient weight Child-Pugh score 11.4 £ 2.20 10.0 & 2.22 0.001
e Sﬁfﬁl‘iﬁiﬁi“ﬁ;ﬁm Preop hepatic encephalopathy 1.44 + 0.65 132 + 0.65 0.1517
MELD model for end-stage liver Preop serum Alb (g/dl) 2.65 + 042 294 £ 0.52 0.001
disease, Preop preoperative, Alb Preop serum BUN (mg/dl) 28.9 4+ 194 189 £ 14.3 0.0003
albumin, BUN blood urea Preop serum Cr (mg/dI) 1.17 4 0.68 1.19 & 3.58 0.98

nitrogen, Cr creatinine

100
90
<80
) 70 P=0.0007
9 e o . -
s 60
< 504 Group HA
Z 40
3 30
wn
20
10
0 L} T 1 ) ¥ 1
0 10 20 30 40 50 60

Months after LT

Fig. 1 The survival rates of patients with (group HA) and without
(group C) uncontrollable H&MA. The cumulative survival rates after
LT were significantly lower in group HA than in group C
(P = 0.0007)

Postoperative mortality

Figure 1 shows the Kaplan—Meier survival curves of each
group. The cumulative survival rates at 1 and 3 years after
LT were both significantly lower in group HA than group C
(1-year survival: 58.9 vs. 82.9 %; 3-year survival: 58.9 vs.
77.7 %, respectively; P = 0.003). The survival was worse
in the HA group regardless of whether the patient had
undergone intrathoracic or intraperitoneal drainage
(Fig. 2a, b). Even when cases of infectious H&MA were
excluded, those with sterile preoperative H&EMA (n = 23)
had a significantly worse prognosis than those in group C
(1-year survival: 64.6 vs. 88.1 %; 3-year survival: 64.1 vs.
82.6 %, respectively; P = 0.015; Fig. 3).

@ Springer

When we subdivided the patients in group HA into two
groups based on where there was a diagnosis of postoper-
ative bacteremia, we found that the 1- and 3-year survival
rates were significantly lower in those who developed
bacteremia compared with those who did not (1-year sur-
vival: 41.2 vs. 86.2 %; 3-year survival: 41.2 vs. 86.2 %,
respectively; P = 0.008).

Prognostic indicators after LT

The intraoperative blood loss, Child—Pugh score, preoper-
ative albumin and blood urea nitrogen concentrations,
HRS, preoperative infection and GRWR were included in
the multivariate analysis, along with preoperative uncon-
trollable H&MA. We found that preoperative uncontrol-
lable H&MA (hazard ratio: 2.304; P = 0.034) and the
Child—-Pugh score (hazard ratio: 1.258; P = 0.003) were
independent risk factors for mortality after LT (Table 2).

Discussion

We analyzed the incidence and characteristics of patients
with uncontrollable H&MA before LT and evaluated its
effect on the postoperative course after LT.

Hepatic hydrothorax is thought to occur secondary to the
passage of ascites through a diaphragmatic defect. There-
fore, we included patients with hepatic hydrothorax and
those with massive ascites in the same group. When we
subdivided these patients into two groups based on the type
of drainage, the survival rates were almost the same.
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Fig. 2 The survival rates of patients depending on the site of drainage.
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Patients who underwent intraperitoneal drainage (a) and those who
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Fig. 3 Kaplan-Meier curves comparing group HA and group C after
excluding the infectious H&MA cases from group HA. The mortality
rates were still significantly higher in group HA than in group C

Table 2 Independent prognostic risk factors for mortality after liver
transplantation

Variable Hazard 95 % P
ratio Confidence
interval

Preop uncontrollable 2.304 1.069-4.691 0.0339

hydrothorax and massive

ascites
Blood loss 1.000 0.999-1.000 0.1123
Child-Pugh score 1.258 1.085-1.422 0.0033
Preop serum Alb 1.003 0.460-2.144 0.9938
Preop serum BUN 1.004 0.983-1.024 0.7006
HRS 1.345 0.434-3.633 0.5884
Preop infection 1.088 0.493-2.270 0.8281
GRWR 0.971 0.269-3.036 0.9612

Preop preoperative, H&MA hydrothorax and massive ascites, Alb
albumin, BUN blood urea nitrogen, GRWR graft-recipient weight
ratio

Ascites is attributed to impaired albumin production in the
liver, portal hypertension and salt retention owing to renal
dysfunction. These symptoms are usually treated with a
high-protein diet and diuretics, but in some cases, the
ascites proves to be refractory to manipulating the dose and
type of diuretics and dietary intake. A vicious cycle may
develop in which increasing abdominal distension further
impairs the hepatic function. Ascites and hydrothorax can
cause SBP and SBEM, respectively, and can also cause a
decrease in the circulating blood volume, which can lead to
HRS. A transhepatic intra-jugular porto-systemic shunt
(TIPS) is one of the options for treating refractory hepatic
hydrothorax and massive ascites, and there are reports that
TIPS is superior to large volume paracentesis in the control
of ascites or hydrothorax [8, 9]. However, this treatment
only provides supportive care and cannot prolong survival.

It is well recognized that the pre-transplant health of an
LT recipient is closely associated with the postoperative
mortality. Our study showed that patients with preoperative
uncontrollable H&MA had a higher mortality rate after LT.
The causes of death were mainly related to postoperative
infections, including bacteremia. Notably, when cases of
infectious H&MA were excluded, the remaining recipients
with uncontrollable H&MA still had a poorer survival than
those in group C. This finding suggests that LT recipients
with uncontrollable H&MA are at risk of post-transplant
mortality, regardless of the presence of preoperative
infection. It is likely that the recipients in group HA were
more severely compromised by more severe end-stage liver
disease. The higher rate of postoperative infections in
group HA might also be a consequence of the poorer
general condition and comorbidities of the patients with
high Child-Pugh scores. The substantially reduced survival
rates in the patients in group HA diagnosed with postop-
erative infections suggests that effective postoperative
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infection control could be a crucial means of improving the
outcome after LT.

The MELD scores were not substantially different
between the groups in our study. The MELD score is a
useful means of prioritizing the waiting list, but it is con-
troversial as to whether it can effectively predict the sur-
vival after LT [l10-12]. The multivariate proportional
hazard analyses in the present study revealed that uncon-
trollable H&MA was an independent risk factor for post-
operative mortality. Somsouk et al. [13] reported that
patients with moderate ascites and a MELD score <21
were at higher risk of death while on the waiting list for
LT. It is possible that the presence of preoperative
uncontrollable H&MA may be a more important prog-
nostic indicator than the MELD scores. Clinicians should
therefore carefully consider the timing of LT, undertaking
transplantation before H&MA becomes uncontrollable.

Xiol et al. [14] and Serste et al. [15] have reported that
the presence of preoperative hepatic hydrothorax had no
significant negative influence on the postoperative outcome
after deceased-donor LT. Xiol et al. [14] reported that the
survival rate of patients with hydrothorax was 70 % at
8 years. However, in their hydrothorax group, they inclu-
ded not only patients with refractory hydrothorax, but also
those with previous episodes of spontaneous bacterial
empyema and those with uncomplicated hydrothorax with
impaired hepatic function. In addition, the Child—Pugh
score in their hydrothorax group was 9.9 & 1.4, which was
lower than that in our study (mean: 11.5). Serste et al. [15]
established two control groups: a group with ascites but not
hydrothorax, and a group with no ascites or hydrothorax,
and compared the survival among the three groups. They
found no significant differences in the overall risk of death,
but the 1-year survival rate in the hydrothorax group was
64 + 15 %, which was higher than expected. The apparent
discrepancy in these findings regarding the impact of
hydrothorax may also be a consequence of the type of LT.
Most of the cases in the studies by Xiol and Serste [14, 15]
were deceased-donor LT cases, while all of our cases
received grafts from living donors. As the graft volume is
limited in living-donor LT, the H&MA may have persisted
due to higher portal venous pressures and hypoalbumine-
mia resulting from the inadequate postoperative hepatic
synthetic function.

It has still not been established whether thoracic and/or
intraperitoneal drainage is the best means of managing
uncontrollable H&MA for liver cirrhosis (LC) before
scheduled LT. However, complications related to para-
centesis have been reported in only about 1 % of patients
with coagulopathy [16]. Therefore, intraperitoneal drainage
appears to be a safe approach. According to the treatment
guidelines for LC [17, 18], intraperitoneal drainage is an
effective first-line treatment for uncontrollable tense and
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refractory ascites. Total paracentesis reduces the intra-
abdominal, intrathoracic, right arterial and pulmonary
pressures, improving cardiac output by increasing the
stroke volume without changing the heart rate [19].
Moreover, it results in a rapid decrease in portal pressure
by decreasing the wedged hepatic venous pressure, and
hence the hepatic venous pressure gradient [20]. Although
intraperitoneal drainage is an established treatment for
uncontrollable massive ascites, there are no data on its role
in the management of SBP [I8§].

Regarding the management of refractory hydrothorax,
thoracic drainage using a chest tube should be avoided due
to the risk of complications [21]. It has been reported that
chest tube insertion for hepatic hydrothorax carries sig-
nificant morbidity and mortality, with questionable benefit
[22, 23]. However, in our institution, the morbidity was
8.3 %, and all morbidities were related to intraperitoneal
drainage. We experienced no serious or fatal complica-
tions, such as hemothorax or pneumothorax.

Drainage of H&MA might adversely influence a
patient’s preoperative condition. For example, the drainage
of fluid could cause electrolyte and hemodynamic distur-
bance, and impair renal function. This can be prevented by
adequate volume replacement with an appropriate combi-
nation of intravenous fluids. Nevertheless, the antibodies
and immunocompetent cells in the hydrothorax and ascitic
fluid cannot be replaced, which might result in a state of
relative immunodeficiency, thus increasing the rate of
postoperative infections.

Thoracic and intraperitoneal drainages alone without LT
will not improve the prognosis of patients with end-stage
liver diseases, but we should aim to improve the recipient’s
condition as much as possible before LT, especially if
living-donor procedures are to be performed. We have
recently ensured that the drainage of ascites or hydrothorax
is not undertaken during the 3 days before LT in an effort
to avoid intraperitoneal infections.

There are several limitations associated with our study.
These are that it was a retrospective, single-center study,
and the numbers of patients are small. We believe that a
larger series and a multicenter study design would address
these issues.

In conclusion, uncontrollable H&MA was found to be
an independent risk factor for a poor post-transplant out-
come in our study. In particular, for patients with uncon-
trollable H&MA, effective postoperative treatment of
infections is a key to improving the outcome after LT. In
addition, the timing of transplant is crucial; efforts should
be made to perform surgery before H&MA becomes
uncontrollable.
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Background and Aim' Rejection of liver grafts is a difficult issue that has not been resolved.

' eoperative replacement of liver cells in the graft with cells from the intended recipient

o may attenuate rejection. We investigated whether preoperative transplantation of recipient

BMCS to the donor replaced liver allograft cells and attenuated rejection.

thods: We used a rat model of allogeneic liver transplantation (LT) from DA to LEW rats.

In kkBMC group, DA rats received BMC transplants from LacZ-transgenic Lewis rats at 1

ek before LT. In Control group, DA rats received no preoperative treatment. We

évaluated graft damage at 7 d after LT and the survival of the recipient rats.

ults’ Rats in the BMC group experienced prolonged survival that was abrogated by the
a h;inistration of gadolinium chloride to donors at 24 h before LT. Serum concentrations of

total bilirubin and hyaluronic acid on day 7 were significantly lower in the BMC group, and

histopathological analyses revealed that rejection of the liver graft was attenuated. X-gal

~ staining and Immunohistostaining of the liver graft revealed that BMCs engrafted in the

 sinusoidal space differentiated into Kupffer cells.
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" Conclusions: Preoperative transplantation of recipient BMCs to liver transplant donors
replaced donor KCs and attenuated post-LT rejection, indicating that this strategy may

~ increase the success of liver transplantation.

Keywords: Chimerism, Bone Marrow Cells, Kupffer cells, Liver Transplantation,

- - Xenotransplantation.

This article is protected by copyright. All rights reserved.

- 556 ~



Introduction

Improvements in immunosuppressants, surgical techniques, and donor-recipient selection

hae increased the success rate of liver transplantation (LT). The gap between the numbers
atients requiring a liver transplant and the numbers of available organs is therefore
~ increasing [1]. Thus, the shortage of donors remains a critical problem despite expansion of

the donor pool and the efficient use of grafts in procedures such as split LT [2, 3]. Because of

is, the death rates remain high for patients with end-stage liver disease awaiting a liver

enotransplantation is expected to overcome the shortage of donors. Xenotransplantation

baboon heart to a human neonate was attempted in 1983 [5], and two baboon-to-human
[6,7] and one pig-to-human LTs [8] were performed in the United States in 1992-1993.
However, to our knowledge, there have been no further attempts to perform clinical organ
"xéhotransplantation. One important disadvantage of liver xenotransplantation is the
Cin lfactable rejection of cells expressing xenogeneic antigens. Although the use of disparate

species is hindered by intractable immunological barriers and involves ethical, societal, and
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