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parameters on admission were significant risk factors for early post-
transplant mortality (Table 3). 

Risk factor analysis for post-transplant bacteremia

Fifty-three patients of 129 developed post-transplant bacteremia. 
Univariate analysis showed that incidence of post-transplant bacteremia 
was significantly higher in patients with Child-Pugh classification 
C (P=0.001), operative blood loss ≥ 10 L (P=0.010), preoperative 
total lymphocyte count <700/µL (P=0.004), and absence of pre-
admission BCAA treatment (P=0.011) (Table 4). Multivariate analysis 
demonstrated four independent adverse risk factors for posttransplant 
bacteremia: Child-Pugh classification C (P=0.012), preoperative total 
lymphocyte count <700/µL (P=0.027), operative blood loss of ≥ 10 L 
(P=0.039) and absence of pre-admission BCAA treatment (P=0.040) 
(Table 5).

Discussion
This retrospective study is the first to collectively examine pre-

transplant characteristics of nutritional/metabolic parameters and 
skeletal muscle mass among patients with end-stage liver disease 
undergoing LDLT and investigate the impact of preoperative BCAA 
treatment before admission. Moreover, BCAA treatment before 
admission improved nutritional status in LDLT candidates. BCAA 
treatment before admission and preoperative TLC level has potential 
impacts on the incidence of post-transplant bacteremia. Selberg 
et al. [18] conducted a prospective cohort study of nutritional and 
metabolic parameters in 150 patients with end-stage liver disease 
undergoing LT. They showed that a poor nutritional state as well as 
hypermetabolism was not only an important prognostic factor in the 
evaluation of the risks of patients but also adversely affected survival 
after LT, the concept of which is in line with our recent report showing 
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Variable 90-days OS P

Recipient Age (y)
<60 (n=88) 86% 0.283

≥ 60 (n=41) 91%

Donor Age (y)
<50 (n=93) 91% 0.335

≥ 50 (n=36) 85%

Sex
Male (n=63) 91% 0.143

Female (n=66) 83%

Original disease
HCC (n=36) 81% 0.144

Non-HCC (n=93) 90%

ABO blood type
Compatible (n=92) 90% 0.087

Incompatible (n=37) 81%

Child-Pugh classification
A, B (n=51) 91% 0.227

C (n=78) 84%

MELD score
<20 (n=69) 92% 0.069

≥ 20 (n=50) 81%

GRWR
<0.8% (n=36)

≥ 0.8% (n=93) 91%

Graft
Right lobe (n=70) 88% 0.535

Left lobe (n=59) 86%

Operative time (h)
<12 (n=30) 89% 0.09

≥ 12 (n=99) 83%

Operative blood loss (L) <10 (n=88) 92% 0.079

≥ 10 (n=41) 81%

Pre-transplant zinc level 
(µg/dL)

<39 (n=58) 84% 0.634

≥ 39 (n=71) 88%

Pre-transplant 
prealbumin level (mg/dL)

<5.4 (n=64) 83% 0.343

 ≥ 5.4 (n=65) 90%

Pre-transplant BCAA 
level (µmol/L)

<375.2 (n=62) 81% 0.476

≥ 375.2 (n=67) 85%

Pre-transplant BTR
<2.92 (n=60) 85% 0.786

≥ 2.92 (n=69) 87%

Pre-transplant tyrosine 
(µmol/L)

<131.7 (n=63) 89% 0.1

≥ 131.7 (n=66) 85%

Pre-transplant total 
lymphocyte count (/µL)

<700 (n=61) 85% 0.698

≥ 700 (n=68) 87%

Pre-transplant ammonia 
level (µg/dL)

<87 (n=61) 90% 0.5

 ≥ 87 (n=68) 85%

BCAA supplementation 
before admission

With (n=66) 91% 0.329

Absent (n=63) 86%

†OS: Overall Survival; BCAA: Branched-Chain Amino Acids; BTR: BCAA-
To-Tyrosine Ratio; GRWR: Graft-To-Recipient Body Weight Ratio; HCC: 
Hepatocellular Carcinoma; MELD: Model for End-Stage Liver Disease; LDLT: 
Living Donor Liver Transplantation

Table 3: Univariate analysis of factors affecting post-transplant patient survival.

that low preoperative skeletal muscle mass was closely involved with 
post-transplant mortality [7]. In the present study, we revealed that 
preoperative BCAA treatment before admission could ameliorate the 
incidence of post-transplant bacteremia and improve post-transplant 
mortality. 

We previously uncovered a significantly negative correlation 
between skeletal muscle mass and the BTR [7]. At that time, we 
speculated that since BCAA are mainly metabolized in the skeletal 
muscle of patients with cirrhosis, more skeletal muscle mass and more 
BCAA consumption would lead to a decrease in the BTR. However, 
the present study identified a significantly positive correlation between 
skeletal muscle mass and BCAA. This finding can be explained by 
the fact that BCAA is also released from skeletal muscle protein due 
to endogenous breakdown under hypercatabolic conditions in liver 
cirrhosis [19]. This represents another source of plasma BCAA beside 
dietary intake in patients with cirrhosis. Therefore, when skeletal 
muscle mass decreases in such patients, BCAA also decreases due to 
skeletal muscle mass depletion. Moreover, the correlation between 
skeletal muscle mass and tyrosine was notably significant and positive. 
Tyrosine was similarly reported to be released from muscle protein 
breakdown [20], however, it is solely metabolized by the liver without 
being metabolized nor consumed by the muscle, probably explaining 
the stronger correlation of pre-transplant skeletal muscle mass with 
tyrosine than with BCAA. Thus, the negative correlation between 
skeletal muscle mass and BTR would be mainly due to positive 
correlation between skeletal muscle mass and tyrosine.

We recently reported that Child-Pugh classification C and massive 
operative blood loss were independent risk factors for post-transplant 
bacteremia [21]. In the present study, in addition to these variables, low 
pre-operative total lymphocyte count and absence of pre-admission 
BCAA therapy were newly revealed to be independent risk factors 
for post-transplant bacteremia. This finding strongly suggests that 
pre-transplant nutritional status is closely involved with the onset of 
post-transplant bacteremia. We are now investigating immunological 
mechanism why pre-transplant nutritional treatment is beneficial to 
prevent post-transplant severe infection.

Some limitations must be borne in mind when considering this 
study. First, BCAA were introduced at the discretion of the attending 
physician before referral of a potential recipient for LDLT. In the present 
study, however, clinical background including Child-Pugh and MELD 
scores between both groups were comparable on admission. Therefore, 
general condition and selection bias might have been at minimum. 
Second, because of retrospective nature of this study, nutritional status 
before BCAA administration was unclear and the exact duration and 
amount of BCAA given within the preoperative nutritional therapy 
protocol were different patient by patient. Prospective randomized 
study to examine the effect of pre-admission BCAA treatment is thus 
needed to adjust these biases. Third, as this was a cross-sectional study, 
we have not completely verified a causal relationship between BCAA 
pre-supplementation and parameter levels on admission. Therefore, it 
will be necessary to perform a future cohort study. Lastly, a limitation 
was reported for BIA in assessment of body water components of 
cirrhotic patients with ascites [22]. Fürstenberg et al reported that BIA 
was highly correlated with other methods in measuring lean body mass 
even in over-hydrated subjects [23]. Moreover, we recently reported 
that the effect of over hydration on overestimation of BIA might 
be, if any, minimum in using this device [24]. At present, therefore, 
segmental multi-frequency BIA used in this study would be best 
modality to assess skeletal muscle mass. 

http://www.ncbi.nlm.nih.gov/pubmed?term=F%C3%BCrstenberg A%5BAuthor%5D&cauthor=true&cauthor_uid=21293116
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