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To the editor,

We are grateful to Pagano et al. for commenting on our 
recent studies regarding the role of sarcopenia on outcomes 
after liver transplantation (LT) (1-7), including our recent 
paper describing the effects of pretransplant sarcopenia and 
sequential changes in sarcopenic parameters after living 
donor liver transplantation (LDLT) (7).

Based on our previous findings regarding the impact of 
pretransplant nutritional status, including skeletal muscle 
mass, we have added a new criterion for LT since January 
2013 to exclude patients with severe sarcopenia: inability to 
walk unaided. Surprisingly, the 1-year overall survival rate 
after LT significantly improved to 94% compared with the 
rate under the previous criteria after implementation of the 
new criteria (8). Interestingly, patient background, including 
MELD score and Child-Pugh classification, did not 
significantly differ between patients in this cohort and that 
of our previous retrospective cohort (7). In other words, 
the outcome has dramatically improved only by adding one 
criterion, to exclude patients who cannot walk unaided, 
although the severity of patient condition or underlying 
liver disease did not differ before and after revision of our 
criteria. This finding validates our new criteria for LDLT 
that incorporate one sarcopenic factor. Moreover, in the 
present study, we defined the presence of sarcopenia by 
measuring not only skeletal muscle mass but also grip 
strength before LT to correctly define sarcopenia according 
to the definition of sarcopenia proposed by the European 
Working Group on Sarcopenia (9) and the Asian Working 

Group for Sarcopenia (10), although the cut-off value for 
skeletal muscle mass used in the present study was different 
from cut-off values proposed by these working groups. 
Consequently, the prospective cohort study demonstrated 
that patients with preoperative sarcopenia had significantly 
worse survival compared with patients without sarcopenia.

We first clarified the postoperative change in skeletal 
muscle mass and muscle strength after LT. Skeletal 
muscle mass declined after LDLT and did not recover to 
preoperative levels until 12 months later, while grip strength 
sharply decreased at 1 month after LDLT and recovered to 
preoperative levels 5 months later. These findings suggest 
that not only perioperative intervention, but also mid- or 
long-term intervention by rehabilitation and nutritional 
therapy, is necessary and important for patients to increase 
their activities of daily living after LT.

The new exclusion criterion of inability to walk unaided 
is a simple criterion to exclude patients with severe 
sarcopenia without using any devices. However, the criterion 
is somewhat lacking in objectivity. We therefore tried to 
establish a more objective criterion to consider sarcopenia. 
We reported that both pretransplant skeletal muscle mass 
and low skeletal muscle quality (muscle steatosis), measured 
using computed tomography (CT), were independent risk 
factors for death after LDLT (5). We chose three variables 
related to sarcopenia and body composition: skeletal muscle 
mass, quality of skeletal muscle, and visceral adiposity. We 
evaluated these parameters by the skeletal muscle mass index 
(SMI), intramuscular adipose tissue content (IMAC), and 
the visceral to subcutaneous adipose tissue area ratio (VSR) 
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at the L3 level according to plain CT, respectively. We 
examined the impact of these 3 factors on overall survival 
after adult LDLT. Consequently, the overall survival rates 
after LDLT were observed to significantly decrease based on 
the increase in the number of prognostic body composition 
factors (low SMI, high IMAC, and high VSR) (11).  
One-year overall survival in patients with these 3 abnormal 
factors simultaneously was 41%. Based on the results, we 
proposed new criteria, to exclude patients with low skeletal 
muscle mass, low quality of skeletal muscle, and visceral 
adiposity from the LDLT waiting list instead of the single 
criterion of inability to walk unaided. We would like to 
validate the criteria when the number of adult LDLTs 
performed reaches 100 cases. In contrast, we do not apply 
the new criterion for deceased donor LT (DDLT), since the 
simultaneous presence of these 3 abnormal factors had no 
significant impact on survival after DDLT.

We recently proposed a new score, the Muscle Model for 
End-stage Liver Disease (Muscle-MELD) score, to predict 
post-LDLT mortality (6). The score includes pre-transplant 
muscularity, muscle quality as well as quantity, with the 
MELD score.

Pagano et al. stated the criticism that this study has 
several limitations including its retrospective design and 
an incorrect definition of sarcopenia. As for the former 
criticism, we are now investigating its validity. In terms of 
the latter criticism, we did not name the new score as the 
Sarcopenia-MELD score, but as the Muscle-MELD score. 
Therefore, the criticism is incorrect, since we combined 
only the quality and quantity of skeletal muscle with the 
MELD score. However, a new score that defines sarcopenia 
by decrease in muscle mass and muscle strength or physical 
activity with the MELD score would be beneficial. 
Furthermore, we are also examining the validity of the 
Muscle-MELD score in predicting mortality in patients 
with cirrhosis awaiting DDLT.

In addition to LT, we recently reported the significance 
of preoperative low quality as well as quantity of skeletal 
muscle in patients who underwent surgery for hepatocellular 
carcinoma, intrahepatic cholangiocarcinoma, biliary cancer, 
and pancreatic cancer (12-15). In these cancers, low skeletal 
muscle mass and muscle quality are closely involved with 
impaired outcomes. The negative impact of sarcopenia 
would be a common finding in various kinds of diseases and 
is widely known. Therefore, we should move on to next 
stage from analysis to intervention including nutritional 
therapy and rehabilitation. Moreover, the mechanism of 
sarcopenia should be elucidated.

In conclusion, recent studies have disclosed the 
significance of sarcopenia in the field of LT. Outcomes 
after LT have dramatically improved after implementation 
of new criteria considering sarcopenia. As Pagano et al. 
mentioned in their letter, establishment of pre- and post-LT 
appropriate nutritional support and rehabilitation programs 
for patients undergoing LDLT and DDLT is warranted to 
more significantly improve outcomes after LT.
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