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Conclusions PBC patients are at high risk of waiting list
mortality in the current allocation system. MELD-based
allocation could reduce this risk.

Keywords: Child-Turcotte—Pugh -
Liver transplantation - Model for End-Stage Liver Disease

Introduction

Liver transplantation is the only curative treatment option
with excellent long-term results in patients with end-stage
liver diseases. At present, the number of patients waiting to
undergo liver transplantation is increasing in Japan, as well
as in both Europe and the United States. However, many
patients are dying on the waiting list because of the donor
organ shortage. For example, recent waiting list mortality
was reported as being 22.8 % in the United States [1].
Management of liver transplant waiting lists is aimed at
minimizing waiting list deaths by prioritization of those
with a higher mortality risk, and by ensuring allocation of
available organs to these patients. Therefore, prioritization
and allocation decisions require the accurate prediction of
the survival probability of patients.

The indications for liver transplantation include a wide
variety of liver diseases, including viral hepatitis, autoim-
mune hepatitis, cholestatic disease, metabolic disorders,
and hepatic neoplasms. Because each type of liver disease
has disease-specific therapeutic options and associated risk
of complications, liver disease etiology can influence the
patient’s natural disease course and risk of death. More-
over, disease-specific clinical tools are widely used to
determine prognosis in patients with primary biliary cir-
rhosis (PBC) {2, 3] and primary sclerosing cholangitis [4].
However, it is uncertain whether patients waiting for liver
transplantation have a disease-specific risk for waiting list
mortality, and whether the ability of the currently used
allocation system to assess the urgency of transplantation
could be generalized to every patient with heterogeneous
etiology.

By consensus, a disease severity index used to allocate
liver donor organs should be able to predict the probability
of death in patients with end-stage liver diseases of heter-
ogeneous etiology. In the United States, where a large
number of patients are registered for liver transplantation,
the Child-Turcotte—Pugh (CTP) score [5] was initially
applied to assess the severity of liver disease in the United
Network for Organ Sharing (UNOS) allocation algorithms,
because of its simplicity and recognized ability to assess
prognosis in patients with heterogeneous chronic liver
disease. Subsequently, a number of studies have demon-
strated the accuracy of the Model of End-Stage Liver
Disease (MELD) score [6] in predicting short-term

mortality risk in patients with end-stage liver disease [7-9].
Since February 2002, the MELD score has therefore been
used as a UNOS criterion for allocating organs to patients
waiting for liver transplantation [10].

On the other hand, in the countries with a small number
of registrations for liver transplantation, a system of pri-
oritization based on a detailed clinical review, which
includes CTP score, MELD score, and other disease-spe-
cific prognostic scores, as well as patients’ demographics,
laboratory data, and disease histories, by a small number of
expert clinicians is likely to be used to judge disease
severity and potential mortality accurately. This clinical
judgment-based prioritization of patients awaiting liver
transplantation was initiated in October 1997 in Japan and,
at present, little information is available concerning the
prognostic ability of this allocation system.

The aims of the present retrospective study were: (1) to
clarify the disease-specific risk for waiting list mortality in
patients waiting for liver transplantation; and (2) to com-
pare the current system of waiting list prioritization and
organ allocation in Japan with the MELD and CTP scoring
systems with regard to the risk in PBC patients, who have
the highest risk of waiting list mortality.

Patients and methods
Patients and liver allocation policy in Japan

This was a nationwide retrospective cohort study. We used
the Japan Organ Transplant Network (JOT)/the Assessment
Committee of Indication for Transplantation database to
identify all patients listed for deceased donor liver trans-
plantation in Japan between October 15, 1997 and August
31, 2011. We excluded patients who were less than
18 years of age because they had a spectrum of primary
diagnoses substantially different from those of patients
older than 18 years. We also excluded patients listed for
retransplantation to ensure that all observations represented
unique individuals. Finally, we excluded patients who were
diagnosed with acute liver failure because these patients
rarely have chronic liver disease and are assigned the
highest priority.

For JOT registration, the demographic, clinical, and
laboratory data including CTP score, MELD score, or
disease-specific prognostic score of all candidates are
reviewed, and each candidate is assigned a clinical priority
by the Assessment Committee of Indication for Trans-
plantation (four physicians, five surgeons, and one pedia-
trician). The priority of candidates is represented by a
medical point system, in which points are awarded
according to estimated survival: 9 points for estimated
survival <30 days, 6 points for <180 days, 3 points for
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<360 days, and 1 point for >360 days. In patients with
hepatocellular carcinoma, the points were determined only
by the degree of hepatic decompensation. Additional points
are awarded according to ABO blood group compatibility:
1.5 points for an identical blood group and 1 point for a
compatible blood group. Patients with higher total points
have a higher priority for donor liver allocation. For
patients with identical points, waiting time is a liver allo-
cation measure.

Age of the patient, blood type, etiology of liver disease,
and medical point at listing were available for all the patients.
Detailed demographic, clinical, laboratory data, including
CTP score and MELD score at the time of listing, were
available only in patients registered since June 22, 2006. The
CTP score uses two clinical variables (ascites and encepha-
lopathy), and three laboratory parameters (serum bilirubin
and albumin levels and prothrombin time). Each variable is
assigned a score from 1 to 3, with the aggregate score rep-
resenting the CTP score [5]. Although the original CTP score
used different criteria for total bilirubin level between
patients with cholestatic disease and those with other etiol-
ogies, the criteria for the CTP score in the current Japanese
allocation system did not change according to the etiology of
liver disease. The MELD score was calculated using the most
recent version of the formula documented on the UNOS
website [11]: 9.57 x logc(creatinine mg/dL) + 3.78 x
log(bilirubin mg/dL) + 11.2 x loge(international normal-
ized ratio [INR]) -+ 6.43, rounded to the nearest integer.
Liver disease etiology was not incorporated in this version of
the formula. Laboratory values less than 1.0 were set to 1.0
and the maximum serum creatinine was set to 4.0 mg/dL.
The serum creatinine was set to 4.0 mg/dL if the patients had
received dialysis at least twice within the week prior to the
serum creatinine test. The MELD score was not capped at a
score of 40. In PBC patients, the spontaneous survival pre-
dicted by the updated Mayo model was calculated as
described previously [3].

Outcome

The patients’ follow-up ended on 30 September 2011. The
primary endpoint “waiting list mortality” or “waiting list
death” was a combination of death and removal from the
waiting list because the patient became too sick for trans-
plantation or was otherwise medically unsuitable. We
considered patients who were removed from the transplant
list on account of clinical deterioration to be equivalent to
patients who died, because these chronic liver diseases are
almost uniformly fatal in the short term without trans-
plantation. All other outcomes were censored, with the
most common censoring events being transplantation or list
removal due to an improvement in the patient’s condition
resulting in the patient no longer requiring transplantation.
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Statistical analysis

Cox proportional hazards ratios (HRs) with 95 % confi-
dence intervals (CI) for waiting list mortality were esti-
mated with univariate models using age, gender, blood
type, etiology of liver disease, as well as multivariate
models using age and etiology of liver disease. To compare
patients’ characteristics between chronic hepatitis C virus
(HCV) infection and PBC, we used the Mann—Whitney
U test for numerical variables or the chi-square test for
categorical variables. The HRs with 95 % CI for waiting
list mortality of PBC patients were adjusted for each dis-
ease severity index, such as medical point, CTP score, and
MELD score by bivariate Cox proportional hazards mod-
els. The rates of survival were estimated by the Kaplan—
Meier method, and compared by log-rank test. All analyses
were conducted using IBM SPSS version 19 (IBM SPSS,
Chicago, IL, USA). A P value below 0.05 was considered
to be statistically significant.

Results
Patient characteristics and outcome

A total of 1,407 patients were listed for deceased donor
liver transplantation through the JOT registry during the
study period. Of these patients, 1,295 (92.0 %) were aged
>18 years. The etiology of liver disease in these subjects is
shown in Table 1. The most prevalent diagnoses in patients
>18 years were HCV infection (254 of 1,295, 19.6 %),
hepatitis B virus infection (157 of 1,295, 12.1 %), and PBC
(156 of 1,295, 12.0 %), and these accounted for 43.7 % of
all patients >18 years. Of 1,295 patients, 239 were
excluded from the study: 142 for acute liver failure and 97
for repeat liver transplant. Thus, a total of 1,056 patients
formed the study cohort. In the study cohort, 64 % of
patients were men and the median age of all patients was
51 years (range, 18—-69 years). At listing, 78 patients were
registered at medical point 1, 297 at point 3, 682 at point 6,
and 29 at point 9. A flow diagram of the patient outcomes
is shown in Fig. 1. At the end of study period, 313 patients
were still listed and 743 had been removed from the list,
with 267 removed for liver transplantation, 378 for death,
and 98 for other reasons, including 54 who were too sick,
11 for improvement in their condition, and 33 for an
unknown reason. Of the 267 patients who received liver
transplantation, only 81 cases were able to receive
deceased donation in Japan, and this accounted for 10.9 %
of all patients removed from the list. Waiting list mortality,
a combination of death and becoming too sick for trans-
plantation, accounted for 58.1 % of all the patients
removed from the list.
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Factors associated with waiting list mortality

In univariate analysis, age, biliary atresia, PBC, hepato-
cellular carcinoma, metabolic diseases, polycystic diseases,

Table 1 Etiology of liver disease

Total >18 years <18 years
n=1407) (m=1295) (n=112)
Cholestatic diseases 381 325 56
BA 93 48 46
PBC 156 156 0
PSC 105 99 6
Caroli disease 8 7 1
Others 18 15 3
Hepatocellular diseases 567 565 2
HCV 254 254 0
HBV 157 157 0
HCV and HBV 8 8 0
Alcoholic 48 48 0
AIH 22 22 0
NASH 25 25 0
Cryptogenic cirrhosis 53 51 2
HCC 76 76 0
Acute liver failure 163 142 21
Graft failure 121 97 24
Vascular disease 12 12 0
Metabolic disease 62 53 9
Polycystic disease 24 24 0
Others 1 1 0

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus,
HCC hepatocellular carcinoma, HCV hepatitis C virus, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary
sclerosing cholangitis

and vascular diseases showed statistically significant
association with waiting-list mortality. In multivariate
analysis, age (HR 1.04; 95 % CI 1.03-1.05, P < 0.001),
PBC (HR 1.79; 95 % CI 1.34-2.39, P <0.001), and
polycystic diseases (HR 0.27; 95 % CI 0.10-0.73,
P = 0.01) were independently associated with waiting list
mortality (Table 2). Hence, PBC patients had a 79 %
higher risk of waiting list mortality compared with HCV
patients with adjustment for age.

Waiting list mortality of PBC patients

The Kaplan—Meier waiting list survival curves for all PBC
and HCV patients are shown in Fig. 2. The 1- and 2-year
survival probabilities in HCV patients were 63 and 49 %,
respectively (median 631 days, 95 % CI 355-907 days),
whereas those in PBC patients were 51 and 33 %, respec-
tively (median 392 days, 95 % CI 283-500 days); the dif-
ferences between them represented a statistically significant
difference (log-rank test, P < 0.001). Detailed demographic
and clinical characteristics were available in 189 of 254 HCV
patients and 81 of 156 PBC patients who were registered
after June 2006. A comparison of the characteristics of
patients with PBC and HCV is shown in Table 3. In com-
parison with HCV patients, PBC patients were younger and
predominantly female. Patients with PBC had significantly
higher platelet counts and serum bilirubin values, and lower
INR and serum creatinine values. Neither the CTP score nor
the medical point at listing was different between the groups.
Conversely, the MELD score at listing was significantly
higher in patients with PBC than in those with HCV. In
addition, the median of the updated Mayo risk score was 9.4
in the PBC patients, and this predicted 1- and 2-year spon-
taneous survival rates of 74 and 54 %, respectively.

Fig. 1 Flow diagram of patient
outcomes. DDLT deceased
donor liver transplantation,
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Table 2 Univariate and multivariate analysis of variables associated
with waiting list mortality

Table 3 Comparison of patient characteristics between HCV and
PBC

Variables Univariate Multivariate Variable HCV (n = 189) PBC (n = 81) P value
HR 95%Cl  Pvalue HR 95%CI P value Age (years) 55 (29-69) 52 (27-69) 0.02°
Age (per year of 1.04  1.03-1.05 <0.001 1.04 1.03-1.05 <0.001 Gender 143/46 15/66 <0.001°
age) (male/female)
Male gender 093  077-1.13 048 Platelet count 6.0 (1.7-49.0) 10.2 (2.2-42.3) <0.001*
Blood type (x10%pL)
A 1.00  Reference Albumin (g/dL) 2.8 (1.8-4.4) 2.8 (1.44.2) 0.96*
B 1.07  0.83-143 0.1 Total bilirubin 2.7 (0.4-39.8) 7.2 (0.741.2) <0.001*
0 113 0.90-143 029 (mg/dL)
AB 126  090-1.77  0.17 Creatinine 0.78 (0.4-7.4) 0.67 (0.37-2.83) <0.001*
Etiology (mg/dL)
HCV 1.00  Reference Prothrombin 54.7 (11.0-103.0)  62.2 (16.0-120.0) 0.001*
BA 040 022-072  0.002 time (%)
PBC 162  121-216 0001 179 134239 <0.001 INR 1.51 (0.98-6.24)  1.32 (0.91-4.31) 0.001*
PSC 079 054-1.17 024 MELD score 15 (7-52) 17.5 (8-39) 0.002°
HBV 0.77 056-1.05  0.10 CTP score 10 (6-15) 10 (5-15) 0.27*
Alcohol 095  0.59-153  0.83 Medical point 54/135 22/59 0.81°
AIH 0.77 034174 052 (1, 3/6, 9)
NASH L1 076-1.65 059 Data are shown as median (range). Data were available for patients
HCC 146 1.05-205  0.003 who were listed after June 22, 2006
Meabolic 040 022075 0.004 CTP Child-Turcotte—Pugh, HCV hepatitis C virus, INR international
. normalized ratio, MELD model of end-stage liver disease, PBC pri-
Pgiz:zss;ic 026  0.10-0.70 0.008 0.27 0.10-0.73 0.01 mary biliary cirrhosis
Vascular 0009 001-0.67  0.002 " Mann-Whitney U test
disease ® Chi-square test
Others 0.70  0.34-1.43 0.33

AIH autoimmune hepatitis, BA biliary atresia, HBV hepatitis B virus, HCC
hepatocellular carcinoma, HCV hepatitis C virus, HR hazard ratio, NASH non-
alcoholic steatohepatitis, PBC primary biliary cirrhosis, PSC primary scleros-
ing cholangitis
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Fig. 2 Kaplan—Meier curves comparing the cumulative waiting list
survival probability of patients with chronic hepatitis C (HCV,
n = 254) and primary biliary cirrhosis (PBC, n = 156)
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Fig. 3 Adjusted risk of waiting list mortality for patients with
primary biliary cirrhosis compared with patients with chronic
hepatitis C

To examine which disease severity index was able to assess
the risk of PBC patients accurately, we estimated their relative
hazards with adjustment for each index. We did not estimate
age-adjusted relative hazard because age was not included in
the allocation measures. Figure 3 indicates the crude and dis-
ease severity index-adjusted HR for waiting list mortality of
PBC patients with reference to HCV patients. In univariate
analysis, PBC patients were at 62 % (HR 1.62; 95 % CI
1.21-2.16, P = 0.001) increased risk of waiting list mortality
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compared with HCV patients. In bivariate analysis, the medi-
cal point-adjusted HR of waiting list mortality of PBC patients
was significantly higher than that of HCV patients (HR 1.58;
95 % CI 1.07-2.35, P = 0.02). The CTP score-adjusted HR
also showed a significantly increased risk of waiting -list
mortality in PBC patients (HR 2.15; 95 % CI 1.42-3.25,
P < 0.001). However, the MELD score-adjusted HR did not
show a statistically significant risk of waiting list mortality in
PBC patients (HR 1.29; 95 % CI1 0.87-1.91, P = 0.21).
Waiting list survival of patients with HCV and PBC was
compared with stratification by each of the disease severity
indices (Fig. 4). Patients with medical point 6, for which
most PBC and HCV patients were registered, showed a
significantly shorter waiting list survival for PBC patients
than of HCV patients (median 261 vs. 503 days,
P = 0.02). In patients with CTP score >10, the score
classified as C, the shorter waiting list survival of PBC
patients was also significant (median 235 vs. 475 days,
P = 0.03). On the other hand, when they were selected by
MELD >15, the score indicating patients who can be
expected to achieve improved survival with liver trans-
plantation [12], there was no significant difference in the
waiting list survival rate between them (P = 0.13).

Discussion
The result of this study clearly indicated that the most

common reason for removal from the waiting list in Japan
was “waiting list death”, which was a combination of

T k]
500 1000 1 5!00
Waiting time (days}

death and becoming too sick for transplantation. The
waiting list death included 58.1 % of all the patients
removed from the list. In the United States, a recent report
indicated that waiting list death was the reason for removal
from the list in 25.9 % of adult patients [1]. Although this
report included patients with acute liver failure and re-
transplantation, high waiting list mortality in Japan was
evident. Thus, the high mortality rate on the liver transplant
waiting list is a major challenge in Japan. Moreover, severe
donor organ shortage in Japan should contribute to the high
waiting list mortality [13]; an improved organ allocation
policy will be necessary to cause a decrease in waiting list
death.

In this study, we found that PBC patients had a signif-
icantly higher risk of waiting list mortality compared with
patients with other etiologies in the JOT registry. Since
PBC is currently the third most common diagnosis in the
JOT registry for liver transplantation, poor waiting list
survival of PBC patients would contribute to the high
waiting list mortality in Japan. PBC is a cholestatic liver
disease that causes bile duct deterioration and progresses
slowly to a terminal phase characterized by hyperbilirubi-
nemia, signs of decompensated cirrhosis, ascites, and var-
iceal bleeding. Only one type of medical therapy, involving
the use of ursodeoxycholic acid (UDCA), is now widely
recognized to improve the prognosis of PBC patients.
Many studies have shown that UDCA therapy not only
improves biochemical indices, but also delays histologic
progression and improves survival without transplantation
[14-16]. However, evidence has also accumulated that the
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favorable effect of UDCA therapy is limited to patients
with early-stage disease. In histologically advanced
patients or biochemical non-responders, the transplant-free
survival rate of UDCA-treated patients was not different
from spontaneous survival [16, 17]. This means that PBC
patients have no effective medical therapeutic option to
prolong their survival when they have progressed to end-
stage liver disease, and liver transplantation remains the
only hope of a cure [18, 19]. PBC patients in our cohort
also showed a consistently poor survival of a median per-
iod of 392 days.

The reason why PBC patients have a higher risk for
waiting list mortality compared with patients with other
etiologies of chronic liver disease is not clearly understood.
Interestingly, PBC patients were younger, and their INR
and serum creatinine levels were lower than for HCV
patients at registration. This indicated that neither age nor
liver and renal function at registration alone caused poor
waiting list survival of PBC patients; the registration of
PBC patients was not later than that for HCV patients. The
rate of disease progression and lethal complications might
be involved in their short waiting list survival rate. More-
over, the actual waiting list survival rate in PBC patients
was not greater than the updated Mayo score-predicted
spontaneous survival rate. This observation indicated that
the PBC patients on the waiting list were refractory to the
medical therapy and their waiting list survival suddenly
deteriorated. Further analyses, particularly on the cause of
death, are required to clarify the pathophysiology of PBC
patients who have progressed to end-stage liver disease.

In general, deceased donor livers are allocated for
transplantation on the basis of “sickest first”, i.e., those
who are more likely to die without a liver transplantation
are assigned the highest priority. Therefore, the disease
severity index used in the liver allocation system should
consider the urgency of PBC patients for liver transplan-
tation. However, our results have clarified the inability of
the currently used Japanese allocation system to identify
the risk of PBC patients. The medical point-adjusted HR of
PBC patients revealed that they were at 58 % increased
risk of waiting list mortality compared with HCV patients.
In addition, the CTP score-adjusted HR showed that PBC
patients were at 115 % increased risk for waiting list
mortality. Thus, it is not only the current allocation system
but also the CTP score-based allocation that cannot capture
the risk for waiting list mortality in PBC patients. On the
other hand, we found that the MELD score-adjusted HR of
PBC patients lost statistical significance, and stratification
by MELD score revealed comparable survival curves
between patients with PBC and HCV. These results indi-
cated that PBC patients had a similar risk of waiting list
mortality compared with patients with other etiologies
when they were stratified by MELD score. At the time of
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registration, the patients with HCV and PBC had different
characteristics; however, only the MELD score accurately
evaluated their disease severity, and therefore, MELD-
based allocation would adequately assign priority to the
patients according to their risk of waiting list mortality.
Thus, our results demonstrated that the MELD score was
superior to both the current Japanese allocation and CTP
score-based allocation for ranking patients in the JOT
registry by their risk of waiting list mortality.

In addition, patients should be re-evaluated according to
their chronological change of hepatic failure to improve
allocation. However, most patients with chronic liver disease
were waiting at medical point 6 as an upper limit, because the
highest priority at medical point 9 was generally awarded to
the patients with acute liver failure or early graft failure in the
current Japanese allocation system. Therefore, the current
allocation system did not completely reflect the chronolog-
ical change in the degree of liver failure. Thus, the MELD
score, which was expressed numerically as a continuous
variable with a wide dynamic range in the evaluation of
hepatic decompensation, would have an advantage over the
medical point system for assessing the chronological change
in patients’ risk of death.

In conclusion, this study demonstrated that patients with
PBC, the third most common indication for liver trans-
plantation in Japan, have a high risk for waiting list mor-
tality in the current Japanese allocation system. The
allocation system should be changed to accurately priori-
tize the patients with a higher mortality risk; MELD-based
allocation would be suitable for this purpose and could
reduce the waiting list mortality of PBC patients.
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Switching From Tacrolimus to Cyclosporine A
to Prevent Primary Biliary Cirrhosis Recurrence
After Living-Donor Liver Transplantation
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Recurrence of primary biliary cirrhosis (PBC) after liver transplantation has been shown
to negatively affect graft and patient survival. Recently, protective effects of cyclosporine
A against PBC recurrence after liver transplantation have been reported. Participants
were 4 patients who underwent living-donor liver transplantation (LDLT) for end-stage
liver disease due to PBC. Tacrolimus was used for initial immunosuppression, and this
was switched to cyclosporine A at least 3 months after liver transplantation. Targeted
trough level of cyclosporine A was 20 times that of tacrolimus. We assessed liver and
renal function, as well as antimitochondrial M2 antibody for recipients prior to LDLT, as
well as before and after switching immunosuppressive agents. Patients were 1 man and 3
women, and they were ages 45 to 47 years at LDLT. Timing of switching from tacrolimus
to cyclosporine A was 13, 3, 7, and 4 months respectively after liver transplantation, and
all 4 patients have been on cyclosporine A without adverse effects at 20 to 46 months after
transplantation. In 2 of 4 patients who had high titers of antimitochondrial M2 antibody
before transplantation, antibody titer did not elevate after LDLT. In the other 2 patients
without elevation of antimitochondrial M2 antibody, the titer did not turn positive.
Switching from tacrolimus to cyclosporine A was possible without medical problems,
and all patients exhibit no recurrence of PBC. Cyclosporine A may be useful for
prevention of PBC recurrence after LDLT.
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Primary biliary cirrhosis (PBC) has been one of graft and patient survival. Recently, protective
the most common indications for liver trans- effects of cyclosporine A (CyA) against PBC recur-
plantation in adults. Recurrence of PBC after liver rence after liver transplantation have been report-
transplantation has been shown to negatively affect ed."” Corticosteroids after liver transplantation may
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Table 1 Clinical variables before liver transplantation, and before and after switching from tacrolimus to cyclosporine A
Patient 1 Patient 2 Patient 3 Patient 4

Pre-LT Before After Pre-LT Before After Pre-LT Before After Pre-IT Before After
Anti-M2 antibody, U/mL <5 <5 <5 <5 <5 <5 149 66 66 155 47 94
AST, U/mL 167 15 13 112 15 18 112 103 20 132 19 21
ALT, U/mL 51 9 6 78 9 8 43 163 15 83 22 15
Total bilirubin, mg/dL 12.0 0.8 0.6 2.2 0.4 0.3 19.6 2.1 0.9 19.0 0.6 0.6
Albumin, g/dL 2.8 3.8 4.5 3.0 3.3 3.9 2.7 3.5 4.0 23 3.7 4.1
PT-INR 1.2 1.0 1.0 1.2 1.0 1.0 1.2 1.0 1.0 1.2 1.0 1.0
Creatinine, mg/dL 0.4 0.74 0.76 0.48 0.65 0.78 0.5 0.62 1.02 0.68 1.19 1.37

ALT, alanine aminotransferase; AST, aspartate aminotransferase; pre-LT, before liver transplantation; PT-INR, prothrombin time—

international normalized ratio.

be important to prevent recurrence of PBC.> We
retrospectively assessed the outcome of switching
from tacrolimus to CyA in patients who underwent
living-donor liver transplantation (LDLT) for PBC.

Patients and Methods

Participants were 4 patients who underwent LDLT
for end-stage liver disease due to PBC at Jikei
University Hospital from 2008 to 2009. Tacrolimus
and steroids were used for initial immunosuppres-
sion, and these were switched to CyA, steroids,
and/or mycophenolate mofetil at least 3 months
after liver transplantation. The targeted trough level
of CyA was 20 times that of tacrolimus. We assessed
liver function, renal function, antimitochondrial M2
antibody, and PBC recurrence among recipients
before LDLT, and before and after switching
immunosuppressive agents.

Results
Patient 1

The recipient was a woman age 45 years at LDLT
who had received a diagnosis of PBC at age 36
years. The donor was the woman’s 45-year-old
husband. ABO blood type-identical LDLT was
performed using the extended left lobe graft. At
LDLT, the recipient’'s Model for End-Stage Liver
Disease (MELD) score was 18, and her Child-Pugh
score was 10. Immunosuppressive agent was
switched from tacrolimus to CyA at 22 months after
LDLT without medical problems or PBC recurrence
(Table 1). Antimitochondrial M2 antibody remained
negative after LDLT. After LDLT, the patient was
treated with insulin for diabetes mellitus due to
adverse effects of tacrolimus.
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Patient 2

The recipient was a woman age 44 years at LDLT
who had received a diagnosis of PBC at age 30
years. The donor was the woman's 48-year-old older
brother. ABO blood type-identical LDLT was per-
formed using the extended left lobe graft. At LDLT,
the recipient’s MELD score was 11, and her Child-
Pugh score was 9. Immunosuppressive agent was
switched from tacrolimus to CyA at 3 months after
LDLT without medical problems or PBC recurrence
(Table 1). Antimitochondrial M2 antibody remained
negative after LDLT.

Patient 3

The recipient was a woman age 47 years at LDLT
who had received a diagnosis of PBC at age 38
years. The donor was an 18-year-old daughter. ABO
blood type-identical LDLT was performed using the
extended left lobe graft. At LDLT, the MELD score
was 20, and the Child-Pugh score was 10. Immuno-
suppressive agent was switched from tacrolimus to
CyA at 7 months after LDLT. Recipient had a high
titer of antimitochondrial M2 antibody before LDLT;
antibody titer did not elevate after LDLT (Table 1).
At 20 months after LDLT, liver biopsy was per-
formed for liver dysfunction. Liver biopsy specimen
revealed moderate late cellular rejection (isolated
central perivenulitis) and mild acute cellular rejec-
tion [rejection activity index (RAI) = 2; P1 B1 V0]
without PBC recurrence (Fig. 1A).

Patient 4

The recipient was a man age 46 years at LDLT who
had received a diagnosis of PBC at age 43 years. The
donor was the man’s 43-year-old younger sister.
ABO blood type-identical LDLT was performed
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(A)
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(B)

Fig.1 (A) Liver biopsy specimen for liver dysfunction at 20 months after LDLT for patient 3 revealed moderate late cellular rejection
(isolated central perivenulitis) and mild acute cellular rejection (RAI=2; P1 B1 V0) without PBC recurrence. (B) Liver biopsy specimen
for liver dysfunction at 8 months after LDLT for patient 4 revealed moderate acute cellular rejection (RAI=4; P1 B2 V1) without PBC

recurrence.

using the right lobe graft. At LDLT, the recipient’s
MELD score was 20, and his Child-Pugh score was
12. Immunosuppressive agent was switched from
tacrolimus to CyA at 4 months after LDLT. Recipient
had a high titer of antimitochondrial M2 antibody
before LDLT; antibody titer did not elevate after
LDLT (Table 1). At 8 months after LDLT, liver biopsy
was performed for liver dysfunction. Liver biopsy
specimen revealed moderate acute cellular rejection
(RAI = 4; P1 B2 V1) without PBC recurrence (Fig.
1B).

Discussion

With the recent improvements in surgical, anesthet-
ic, and microbiological techniques; the development
of immunosuppressive agents; and increasing expe-
rience and better patient selection, better outcomes
for liver transplantation for end-stage liver disease
have been achieved. Liver transplantation is the
treatment choice for patients with end-stage liver
disease due to PBC; however, the incidence of
recurrent PBC increases progressively, and histolog-
ic recurrent PBC is reported in approximately one
third of patients by 10 years after liver transplanta-
tion.’™ The pathogenesis of PBC remains uncertain,
and the perioperative clinical variables associated
with recurrence of PBC after liver transplantation
are not completely elucidated.

158

Despite the era effect of immunosuppressive
agents, a major conclusion of most reports in
patients who underwent liver transplantation for
PBC is that the use of CyA is associated with a lower
incidence of PBC recurrence in comparison with
tacrolimus.’® However, mechanisms of CyA for
prevention of PBC recurrence are unknown. Con-
versely, tacrolimus is considered as a potent
immunosuppressive agent with regard to mortality
and graft loss at 1 year, as well as acute rejection.”
Switching from tacrolimus as the primary immuno-
suppressive agent for PBC after liver transplantation
to CyA as a maintenance immunosuppressive agent
may enable safe prevention of PBC recurrence, as
well as better outcomes.

Conclusions

Switching from tacrolimus to CyA was possible
without sequelae, and all patients exhibit no
recurrence of PBC. CyA may be useful for preven-
tion of PBC recurrence after LDLT.
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Pre- and postoperative nutritional assessment and
health-related quality of life in recipients of living donor

liver transplantation
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Satoru Imura,? Tohru Utsunomiya,® Mitsuo Shimada? and Eiji Takeda'

Departments of 'Clinical Nutrition and ?Digestive and Pediatric Surgery, Institute of Health Biosciences,
University of Tokushima Graduate School, Tokushima, Japan

Aim: The nutritional state of living donor liver transplanta-
tion (LDLT) recipients is one of the most important factors
affecting postoperative outcome. Although the assessment
of health-related quality of life (HRQOL) is of increasing impor-
tance, few studies have examined this in conjunction with
LDLT recipient nutritional state.

Methods: Ten LDLT recipients with end-stage liver disease
were recruited for this study. Measurements of energy expen-
diture, anthropometrics and laboratory data were performed
before and 1, 6 and 12-24 months after LDLT. HRQOL was
measured by using the 36-item Short-Form (SF-36) before and
1, 3, 6 and 12-24 months after LDLT.

Results: The preoperative value of non-protein respiratory
quotient (npRQ) was 0.796 £ 0.026 and it increased signifi-
cantly after the operation. Serum non-esterified fatty acid
(NEFA) levels were high in the preoperative state, but had
significantly decreased 1 month after the operation. A nega-

tive correlation between npRQ and NEFA was observed
throughout the study period. Cholinesterase and albumin
levels improved to normal levels within 6 and 12-24 months,
respectively. The recovery of the physical component
summary of the SF-36 was observed after the improvement of
all domains of laboratory data and energy metabolism based
on the nutritional state.

Conclusion: This study demonstrated that the recovery of
metabolic function, laboratory data and HRQOL in LDLT recipi-
ents are variable, and it took more than 6 months to normalize
the liver protein synthetic capacity and physical HRQOL score
periods. Therefore, long-term nutritional support is required
in LDLT recipients.

Key words: energy metabolism, living donor liver
transplantation, non-protein respiratory quotient, nutritional
assessment, quality of life

INTRODUCTION

IVER TRANSPLANTATION IS the accepted treat-

ment for patients with end-stage liver disease
(ESLD). The outcome for liver transplantation patients
has improved markedly in recent years as a result of
advances in immunosuppressive protocols, preserva-
tion techniques and postoperative management.' In
Japan, a total of 4292 living donor liver transplanta-
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tions (LDLT) have been performed in 2006, and 2621
of these were adult-to-adult LDLT. The overall 3- and
5-year patient survival rates were 73.8% and 70.4%,
respectively.?

Living donor liver transplantation recipients’ malnu-
trition was found to be associated with increased length
of stays in the intensive care unit (ICU), mortality and
total hospital charges.** Therefore, adequate nutritional
management and therapy are required to avoid malnu-
trition and the associated risks. However, there have
been few studies which have performed nutritional
assessment of LDLT patients.

The majority of patients with ESLD have decreased
respiratory quotient (RQ) and increased resting energy
expenditure (REE).** Low RQ is associated with
decreased glucose oxidation and increased fat oxida-
tion” and is indicative of starvation, such as which can
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occur after an overnight fast due to a lack of glycogen
storage. For this reason, an increase in non-protein RQ
(npRQ) values can be used as a marker of recovery in
chronic liver disease patients.® Tajika et al.’ also found
that the npRQ represented an independent risk factor
for survival in cirrhotic patients as individuals with a
lower npRQ had a worse prognosis. Hypermetabolism
may contribute to the protein energy malnutrition
(PEM) associated with liver disease’® as an increased
REE has been reported in cirrhotic patients.” However,
a definitive connection cannot be made as other
reports have described normal or decreased REE.”!" In
addition, a longitudinal study reported that postopera-
tive hypermetabolism peaked on day 10 after trans-
plantation, and continued to the hypermetabolic state
over the following 6 months.”> By 12 months post-
transplant, there was no longer a difference between
the measured and predicted basal metabolic rates.'
Despite these studies, very little information is avail-
able which describes REE and RQ changes over the
long term after LDLT.

The goal of transplantation is not only to ensure
patient survival, but also to return a similar state of
health as was enjoyed before the disease. This requires
achieving a balance between the functional efficacy of
the graft and the patient’s physical and psychological
integrity. The assessment of the health-related quality
of life (HRQOL) is increasingly used as an outcome
measure when evaluating medical procedures.'
Although numerous studies have reported significantly
improved HRQOL compared with the preoperative
state,'>'¢ the precise timing of the improvement is often
debated. In addition, most studies that have investigated
HRQOL following LDLT have not included measure-
ments of energy metabolism, which is the basis of nutri-
tional therapy, such as RQ.

In this study, we therefore performed nutritional
assessment, including energy metabolism based on
nutritional state, laboratory data and HRQOL, in both
the pre- and postoperative states of LDLT recipients.

METHODS

Patients

HIS STUDY WAS conducted at Tokushima Univer-

sity Hospital. Ten recipients and eight control sub-
jects were recruited for the study. The study design
was approved by the ethical committee of Tokushima
University Hospital. Written informed consent was
obtained from each patient.

© 2013 The Japan Society of Hepatology
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Anthropometric and food intake data

Bodyweight (BW) and body mass index (BMI) were
measured under fasting conditions using a TBF-102
body composition meter (Tanita, Tokyo, Japan). Before
LDLT, the dry weight was calculated by deducting an
estimated weight for ascites in patients with ascites.
Dieticians interviewed the amount of food eaten
(meals + snacks), and asked the dietary intake by 24-h
recall method and calculated energy intake. Under a
dietitian’s advice, a recommended energy intake of
30-35 kcal/kg was adjusted depending on their activity,
with a protein intake of 1.0-1.2 g/kg and fat intake of
below 50 g/day. Patients with inadequate food intake
received supplemental enteral nutrient. A dietitian
checked BW at every measurement day by indirect calo-
rimetry and instructed on maintaining adequate BW.

Laboratory data

Serum biochemical parameters (white blood cells
[WBC], red blood cells [RBC], hemoglobin [HGB], plate-
lets [PLT], aspartate aminotransferase [AST], alanine
aminotransferase [ALT], total bilirubin [T-bil], direct bili-
rubin [D-bil], y-glutamyltransferase [ GGT], total protein
[TP], albumin [Alb], cholinesterase [ChE], ammonia
[NH;] and C-reactive protein [CRP]) were measured
prior to and 1, 6 and 12-24 months after LDLT. Blood
samples were taken to determine the concentrations of
fasting blood glucose (FBG) and non-esterified fatty
acids (NEFA) at the indirect calorimetry measurements.

Energy measurements

Measurements of energy expenditure were made before
and 1, 6, and 12-24 months after LDLT. Indirect calo-
rimetry measurements were carried out at 07.30 hours
after overnight fasting using an AE-300S respiratory gas
analyzer (Minato Medical Science, Osaka, Japan). The
O, consumption and CO, production rates were calcu-
lated, and once an equilibrium steady state was
achieved, these values were used to calculate the REE.
The basal energy expenditure (BEE) was estimated
according to the equation reported by Harris and Bene-
dict,’” and the ratio of REE to BEE was expressed as the
%REE. Urine was collected to assay the amount of nitro-
gen excretion. The npRQ was calculated from measure-
ments of the daily urinary nitrogen excretion.

HRQOL

Questionnaires were completed prior to and 1, 3, 6 and
12-24 months after LDLT. HRQOL was assessed by the
Short-Form Version 2 (SF-36v2)'®"* which consists of
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eight categories, including physical functioning (PF),
role physical (RP), bodily pain (BP), general health
(GH), vitality (VT), social functioning (SF), role emo-
tional (RE) and mental health (MH). It also includes
two summary areas, with one representing a physical
component summary (PCS) and the other a mental
component summary (MCS). The raw scores were lin-
early transformed with standard scoring algorithms
yielding scores that were then further adjusted using a
Japanese norm-based scoring system to generate nor-
malized scores with a mean (standard deviation) of
50 + 10 (norm-based scores [NBS]).*

Statistical analysis

All data are expressed as mean + standard error. Statisti-
cal analyses were performed using SPSS for Windows,
version 16.0 (SPSS, Chicago, IL, USA). Repeated mea-
sures ANOVA with subsequent Dunnett’s test were used
to assess postoperative changes from the preoperative
state. Differences between recipients and control sub-
jects were analyzed with the use of Student’s t-test. QOL
score of LDLT recipient before and after LDLT was com-
pared with healthy control subjects at baseline using
Student’s t-test with Bonferroni correction. Pearson’s
correlation coefficient analysis and simple regression
were used to assess the relationship between npRQ and
serum NEFA levels. P-values of less than 0.05 were con-
sidered statistically significant.

RESULTS

Patients

HE CHARACTERISTICS OF the LDLT patients and

control subjects are listed in Table 1. LDLT was per-
formed using the left and caudate lobe for all patients.
The severity of postoperative complications was graded
according to the Clavien-Dindo classification. Continu-
ous hemodiafiltration was performed in case 7 at 13
days after LDLT, because the patient was complicated
with acute renal failure (grade IV-a). Case 1 suffered
from supraventricular arrhythmia and case 3 suffered
from hemophagocytic syndrome (grade II). Other
patients did not have severe complications after LDLT
(grade 1). None of the patients required reoperation for
complications arising from the transplant operation. No
patients suffered long-term complications associated
with LDLT, such as biliary tract stricture and chronic
rejection. The control group consisted of eight healthy
individuals who donated part of the liver.

Table 1 Characteristics of LDLT recipients and control subjects
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Graft

Period in

Period in

Child-Pugh Diagnosis

MELD

Body mass
score

Bodyweight

(kg)

Age

Sex

Case

GV/SLV (%)

(8)

hospital (days)

ICU (days)

Score

Grade

index (kg/m?)

(years)

382+%1.8

34.2
41.3
47.8
36.8
37.8
45.6
33.9
35.2
37.5
32.1

441.6 £20.5

396
515
510
450
420
460
385
390
520
370

56.2+55

72
50

44
35
50
85
70
73

46
37

8+1.8

7
7
2
7
1
7
5
8
6
8
9

LC (non-B, non-C)

LC (HCV)
LC (HCV)/HCC
LF (autoimmune)

LC (HCV)/HCC
LC (HBV)/FH
LC (HCV)/HCC

LC (HBV)
LC (HCV)/HCC

LC (HBV)/HCC

11.4+0.5

13
10
1
13
9
12
3
10
10
1

16.0
24.5
12.6
14.5
14.0
18.5
17.8
13.1
16.3
27.2
174%15

23.0+1.0
20.9+0.6

20.8
24.3
23.8
20.5
17.9
22.7
27.1
22.5
28.7
21.6

59.9%3.2
58.6%x1.9

54.5
67.9
52.9
61.3
50.1
52.5
63.4
57.0
83.9
55.9

55
55
52
56
66
57
59
38
56
57
55.1%£22
48.8+4.8

M4/F6

M7/F1
FH, fulminant hepatitis; GV/SLV, graft volume/standard liver volume; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; ICU, intensive care unit; LC, liver cirthosis; LF,

liver failure; MELD, model for end-stage liver disease.

Recipient
(n=10)

Control
(n=8)

Values are expressed as mean =+ standard error.
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Table 2 Body composition and energy intake

Hepatology Research 2013

Control Before LDLT After LDLT
1 month 6 months 12-24 months

Body composition

BW (kg) 58.6*1.9 59.9+3.2 56.5+3.6 56.0+2.0 59.6%+3.9

BMI (kg/m?) 20.9+0.6 23.0+1.0 217413 211406 22.8+1.1
Energy intake

Total (kcal/day) 1996+ 71 1570+ 1027 1736 £ 173 1823 £ 125 1873 + 101

per kg of BW (kcal/kg per day) 343+1.7 26.8+4.0' 315+1.4 33.2+0.1 31.2+40.1

Values are expressed as mean * S.E.
P < 0.05 vs control value (unpaired Student’s t-test).

BMI, body mass index; BW, bodyweight; LDLT, living donor liver transplantation.

Body composition and dietary intake

Table 2 lists the measurement data for BW, BMI and
dietary intake. The mean BW decreased 3.4 = 1.4 kg in
the first month after the operation. An identical trend
was observed for BMI. However, there were no signifi-
cant differences in BW and BMI among postoperative
measurements compared with the preoperative values.

The patient preoperative dietary intake was 26.8 £
4.0 kcal/kg per day, while the postoperative dietary
intake was 31.5+ 1.4, 33.2+ 0.1 and 31.2 £ 0.1 kcal/kg
per day at 1, 6 and 12-24 months, respectively, after
LDLT. The postoperative values also did not significantly
differ from those obtained before the transplant.

Laboratory data

The serum of LDLT recipients and control patients were
subjected to various biochemical analyses (Table 3). The
WBC count did not differ significantly at each postopera-
tive time point compared with preoperative value.
However, the RBC count and HGB levels had not
returned to normal levels after 12-24 months, while the
PLT numbers significantly increased in all periods after
LDLT. Both T-bil and D-bil were higher in preoperative
measurements compared with normal levels, but they
had returned to normal levels after 6 months. Although
GGT did not significantly differ at most postoperative
time points compared with the preoperative value, it
increased during the first 6 months after LDLT. After an
initial decrease, TP returned to normal levels after 6
months. Alb was significantly higher in both the 1- and
6-month measurements after LDLT, but it returned to the
lower limit of normal levels after 12-24 months. FBG did
not significantly change at each postoperative point com-
pared with the preoperative value. Although the amount
of NH; was higher in the preoperative sample compared

© 2013 The Japan Society of Hepatology

with normal levels, it significantly decreased in all
periods after LDLT. ChE significantly increased after
LDLT from its initially low level in the 6- and 12-24-
month serum samples and had reached normal levels
after 6 months. The preoperative levels of NEFA were
higher than the normal levels and significantly decreased
after the operation. In addition, simple regression analy-
sis revealed a negative correlation between npRQ and
serum NEFA concentrations for samples regardless of
when they were collected (r =—0.624, P < 0.001; Fig. 1).

Nutritional metabolism

Although there was a great variability in the anthropo-
metric and laboratory data between individuals, the pre-
operative mean of the npRQ value was consistently
low (0.796 £0.026). However, it increased to 0.888 +

1.000 -
r=-0.624
¢ e
5 . P < 0.001
L
0.900
*
o
£ 0.800 1
Q.
f o
*
0.700 1 ¢
” L ]
e
0 500 1000 1500

NEFA (LEq/L)

Figure 1 Relationship between npRQ and serum NEFA levels.
(P <0.001; Pearson’s correlation coefficient analysis). NEFA,
non-esterified fatty acids; npRQ, non-protein respiratory
quotient.
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Table 3 Laboratory data in LDLT recipients and control subjects

Nutritional assessment and HRQOL in LDLT 5

Control Before LDLT After LDLT
1 month 6 months 12-24 months

WBC (/uL) 6163 + 826 4440+ 1217 6470+ 1391 5478 £ 797 5544 + 665
RBC (x10%/uL) 4.28+0.13 3.19+£0.18% 3.19+0.15 3.89+0.28* 4.10+£0.30*
HGB (g/dL) 12.5+0.5 10.8 £0.5¢ 10.6+0.5 12.0+£0.8 12.9 £0.9*
PLT (x10%/uL) 25.6+1.7 7.3+1.6% 295+4.2* 22.6+x29* 22.5+1.7*
AST (IU/L) 17+1 71+ 187 61x26 308 20+7
ALT (IU/L) 17+3 42+ 12 62t17 23+6 16+2
T-bil (mg/dL) 0.8+0.1 9.5+4.0 27414 0.9+0.1* 1.0+0.1*
D-bil (mg/dL) 0.1£0.0 48+28 14£1.1 0.2%0.1 0.1£0.0
GGT (IU/L) 25%5 305 105+ 18 112+ 66 74 +31
TP (g/dL) 6.8+0.1 6.3+0.3 5.7+0.1* 6.6+0.1 7.1+0.1*
Alb (g/dL) 3.9+0.1 24+0.1% 3.4+0.1% 3.7 +£0.2% 40+0.1%
ChE (1U/L) 292 %22 77 147 132+ 12* 299 £ 6* 309 +21*
NH; (ug/dL) 39+4 91+ 12% 43 +2* 41+5* 35+4*
CRP (mg/dL) 0.15+0.08 0.64+£0.19% 0.74 £ 0.17 0.22+0.08 0.29 £0.15
ICG15R (%) 5.10.9 454 +3.2%
FBG (mg/dL) 94 +3 1069 89+4 106+ 8 1136
NEFA (uEq/L) 402 +42 1002 £112¢ 630 £ 66* 602 +17* 501 +45*

Values are expressed as mean * standard error.

*P < 0.05 vs preoperative value (Dunnett’s multiple comparison test).

TP < 0.05 vs control value (unpaired Student's t-test).

Alb, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ChE, cholinesterase; CRP, C-reactive protein; D-bil, direct
bilirubin; FBG, fasting blood glucose; GGT, y-glutamyltransferase; HGB, hemoglobin; ICGR15, retention rate of indocyanine green in
15 min; LDLT, living donor liver transplantation; NEFA, non-esterified fatty acids; NH;, ammonia; PLT, platelet; RBC, red blood cell;

T-bil, total bilirubin; TP, total protein; WBC, white blood cell.

0.011, 0.895%0.009 and 0.892+0.010 at 1, 6 and
12-24 months, respectively, after the operation, which
represented a significant difference when compared to
the preoperative value (Fig. 2). In addition, although
the npRQ was lower in the recipient group than the
control group prior to LDLT, there was no significant
difference between these groups after LDLT.

In this study, the %REE (86.4 £ 4.3) in the preopera-
tive state was similar with the values determined for
the control group. After LDLT, the %REE increased to
92.3 +2.8% during the first month, and significantly
increased to 98.7 £3.1% and 98.3%£2.6% at 6 and
12-24 months, respectively, after the operation.

HRQOL

During the preoperative period, the mean HRQOL
scores for all of the represented scales were below the
control group and Japanese NBS. One physical (PF) and
two psychological (VT and SF) components were signifi-
cantly improved after 12-24 months compared with the
preoperative values (Fig. 3). Although the PCS was also
significantly improved after 12-24 months, this score

remained lower than the control group and Japanese
NBS. In contrast, the MCS did not differ at each time
point compared with the control group and Japanese
NBS.

DISCUSSION

S THE LIVER plays a central role in fuel and

energy metabolism, protein-energy malnutrition is
common in patients with liver cirrhosis due to abnor-
mal fuel metabolism. Energy metabolism is unbalanced
in patients with a poor nutritional status, as demon-
strated by increased and decreased rates of lipid and
glucose oxidation, respectively. In this study, the npRQ
of the patients prior to LDLT was initially low; however,
it significantly increased after the operation. Thus,
patients had more calories derived from fat and fewer
calories derived from carbohydrates before LDLT due to
decreased glycogen storage as a result of liver disorder
and is consistent with a previous report.’® Moreover, a
decreased npRQ in the fasting state in cirrhotic patients
would induce an elevation of serum NEFA concentra-
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Figure 2 (a) npRQ and (b) %REE before and after LDLT.
Open squares indicate control; filled squares indicate LDLT
recipients. Values are expressed as mean + standard error.
*P < 0.05 vs preoperative value (Dunnett's multiple compari-
son test). 1P < 0.05 vs control value (unpaired Student’s t-test).
%REE, resting energy expenditure/basal energy expenditure;
LDLT, living donor liver transplantation; npRQ, non-protein
respiratory quotient. -O—, control: @, LDLT recipients.

tions by diminishing glucose oxidation and decrease
glycogen stores in the liver and skeletal muscle?®
Although the mean NEFA value was high before LDLT, it
was significantly lower at all postoperative time points
compared with the preoperative value. Moreover, a
negative correlation was observed between npRQ and
NEFA. For the diagnosis of npRQ, however, indirect
calorimetry is required so that in daily practice most
clinicians cannot use this approach. Taken together,
these results suggest that the assessment of serum NEFA
concentrations is a useful predictor of npRQ values,
without the need for time-consuming indirect calorim-
etry measurements.

We also assessed changes in the laboratory data of
blood serum associated with LDLT. The parameters of

© 2013 The Japan Society of Hepatology
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liver detoxification capacity, such as NH; and T-bil
levels, immediately improved after transplantation.
However, the length of time for the ChE and Alb levels,
which indicate hepatic protein synthetic capacity, to
improve to normal levels required 6 and 12-24 months,
respectively. In a previous study, measuring the ChE
activity showed liver function, which was useful for
determining the prognosis of patients during the post-
transplantation®! and recovery period, which also agreed
with past reports.?? Although the mean npRQ was lower
in the recipient group than the control group before
LDLT, there was no significant difference between these
groups 1 month after the transplantation. These results

70
60
50
40 ~
30 -

Score

20 4
10
0
-10 4

PCS MCS

Figure 3 Normalized SF-36 scores at pre- and post-LDLT.
Values are expressed as mean + standard error. *P < 0.05 vs
preoperative value (Dunnett's multiple comparison test).
tP<0.05 vs control value (unpaired Student’s t-test with
Bonferroni correction). Fifty is the reference score of the
general population. BP, bodily pain; GH, general health; LDLT,
living donor liver transplantation; MCS, mental component
summary; MH, mental health; PCS, physical component
summary; PF, physical functioning; RE, role emotional; RP,
role physical; SF, social functioning; SF-36, 36-item Short-
Form; VT, vitality. [J, control: B, pre-LDLT; 1 month; 7, 3
months; B
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indicate that the patients’ glycogen storage capacity
improved to a comparable level with healthy subjects
quite quickly after LDLT. Thus, although the liver
detoxification and glycogen storage capacities were
improved at an early postoperative period, a much
longer recovery period is required to improve the
hepatic protein synthetic capacity, as indicated by serum
ChE and Alb levels. Therefore, these results strongly
suggest that long-term nutritional management of at
least 24 months is necessary in LDLT recipients.

As patients with cirrhosis have been reported to have
either increased,'® normal’™'! or decreased’ resting meta-
bolic rates, this issue remains controversial. Although
we have previously reported that the measured energy
expenditure in Child-Pugh class A patients was typically
higher than control subjects,® in the present study, a
clear conclusion could not be reached because both
hypo- and normal metabolism were observed in the
liver cirrhosis patients. The variability observed in the
results between these studies may have originated from
differences in the degree of severity, individual variation
and primary disease etiology. Thus, based on these exist-
ing variables, it would be appropriate to extend the
metabolic analyses to include more cases in future
studies to resolve this issue.

We also evaluated the progression of HRQOL effects
before and after LDLT with the use of the Short-Form
health survey, known as the SF-36, which is currently
the principal tool used for reporting HRQOL changes by
managed-care plans. It is also the most frequently used
survey in clinical trials for a variety of interventions in a
number of disorders.” The HRQOL of patients with
severe liver cirthosis (Child-Pugh class C) as assessed
using the SF-36 were lower than those of patients with
mild to moderate liver cirrhosis (Child-Pugh class A
and B), as previously reported.”>* In this study, most
patients were of Child-Pugh class C before LDLT.
During the preoperative period, the patient scores for all
eight scales were below the Japanese NBS, with the PCS
representing the lowest value (Fig. 3). Although the
HRQOL scores improved after LDLT, they tended to
score below the general population in most areas even
after 12-24 months, which is a trend that has been
reported previously.?® Although the PCS remained lower
than the Japanese NBS, it displayed remarkable recovery
within 12-24 months after LDLT. Among the factors
that can affect the perception of HRQOL after LDLT,
recurrent hepatitis C virus (HCV) infections and post-
transplant complications were reported in previous
studies to be of importance.?”** However, HCV did not
recur in our patients after LDLT and helps explain why

Nutritional assessment and HRQOL in LDLT 7

all HRQOL scores improved after LDLT. Our patients
did not display remarkable depression on the MCS
though the pre- and postoperative periods, and this may
be attributed to the feeling of rebirth these patients
experienced by having survived a serious illness and the
greater well-being that might have accompanied this
change. In addition, the recovery of PCS was observed
only after all domains of laboratory data and energy
metabolism based on the nutrition state were also
improved. Therefore, the improvement of HRQOL
encompasses a comprehensive index of progress after
LDLT.

In conclusion, this study has demonstrated differ-
ences in the recovery time of nutritional metabolism
function, serum biochemical data and HRQOL in LDLT
patients. In particular, hepatic protein synthesis capacity
and the physical score in HRQOL were shown to require
a long recovery period. Therefore, it is proposed that
long-term, adequate and careful nutritional care for a
minimum of 2 years is required in LDLT patients. In
the present study, the observed npRQ values of LDLT
patients in the preoperative state were lower than the
control group. As the RQ decreases after overnight
fasting due to glycogen depletion in patients with liver
cirrhosis, it is recommended that frequent meals and a
late evening snack be consumed to correct fasting star-
vation in the morning.” The observed decrease in the
npRQ in the preoperative state was thought to be due to
insufficient glycogen storage in the liver. In addition, a
long recovery time after LDLT is needed to improve the
hepatic protein synthesis capacity. As current research
indicates that branched-chain amino acid (BCAA)
supplementation after hepatectomy promotes rapid
improvement of protein metabolism,* the administra-
tion of BCAA after LDLT may be beneficial for patients’
nutritional state.
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Abstract

Background and aims Whey protein, a protein complex
derived from milk is well known as a functional food with
a number of health benefits. MEIN® (Meiji Dairies Co.,
Tokyo Japan) is a functional liquid-type nutritional diet
containing whey-hydrolyzed peptide. In this study, we
examined the effects of MEIN® on postoperative liver
dysfunction in patients who underwent living donor-related
liver transplantation (LDLT).

Methods Sixteen adult patients transplanted between
2005 and 2011 at our institute were evaluated retrospec-
tively. In MEIN group (n = 8), administration of MEIN®
was started around 14 days after liver transplantation when
serum liver enzymes were re-elevated, while MEIN® was
not administered in the control group (n = §) who did not
have postoperative liver dysfunction.

Results In the preoperative clinical characteristics, the
model for end-stage liver disease score in the MEIN group
was significantly lower than that in the control group. The
graft-to-recipient body weight ratio in the MEIN group was
lower than that in the control group. Elevation of enzymes
in the liver function tests such as alanine aminotransferase
and total bilirubin, and C-reactive protein in the MEIN
group had significantly improved, and became almost
normal values which were the same as those in the control
group.

Conclusion These findings suggest that administration of
whey-hydrolyzed peptide attenuates the post-transplant
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liver dysfunction and may avoid an unnecessary liver
biopsy.

Keywords Liver transplantation - Whey peptide - Acute
cellular rejection - Enteral nutrition

Abbreviations

AST Aspartate aminotransferase
ALT Alanine aminotransferase
CRP C-reactive protein

CT Computed tomography

GRWR  Graft-to-recipient body weight ratio
HBV Hepatitis B virus

HCV Hepatitis C virus

LDLT  Living related donor liver transplantation
LPS Lipopolysaccharide

MRCP  Magnetic resonance imaging

MELD  Model for end-stage liver disease

T-Bil Total bilirubin

Introduction

After liver transplantation, the levels of liver enzymes,
such as aspartate aminotransferase (AST), and alanine
aminotransferase (ALT), are often elevated due to acute
cellular rejection, the recurrence of virus hepatitis, portal

" vein thrombosis, hepatic artery thrombosis, hepatic vein

obstruction, bile duct complications, drug-induced liver
injury, and various types of infection [1, 2]. The presence
of vessel thrombosis or obstruction and bile duct compli-
cations can be determined by imaging modalities, such as
ultrasonography (US), dynamic computed tomography
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