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Abstract

Purpose: This review examines the significance of perioperative nutritional management in organ transplantation, with a particular fo-
cus on liver transplantation. Organ transplant recipients often experience malnutrition and sarcopenia due to nutritional and metabolic
abnormalities associated with organ dysfunction. Because transplantation is a highly invasive procedure, optimizing perioperative nutri-
tional care is critical for improving short-term outcomes and reducing postoperative infection-related mortality.

Current concept: Recent clinical investigations have shown that liver transplant recipients, who are frequently afflicted with end-stage
liver disease and uncompensated cirrhosis, are particularly vulnerable to protein-energy malnutrition and secondary sarcopenia. Our
analysis identified low pre-transplant nutritional status and the absence of preoperative branched-chain amino acid supplementation as
independent risk factors for post-transplant sepsis. In response, we developed a customized nutritional therapy protocol that incorpo-
rates precise body composition analysis, serial measurements of biochemical markers (including prealbumin, zinc, and the branched-
chain amino acid/tyrosine ratio), and targeted supplementation with branched-chain amino acids, zinc acetate, and synbiotics. Early
initiation of enteral nutrition coupled with postoperative rehabilitative interventions resulted in improved outcomes. In addition, strati-
fied body composition parameters correlated with survival differences and informed revised transplantation criteria.

Conclusion: Tailored perioperative nutritional management and rehabilitative strategies are essential for improving early postoperative
outcomes in liver transplantation. These findings underscore the need for proactive nutritional assessment and intervention, which may
represent a breakthrough in transplant prognosis. Future research should refine nutritional protocols and integrate novel biomarkers, while
education and interdisciplinary collaboration remain crucial for enhancing transplant outcomes and reducing complications.
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Introduction Consequently, organ transplant recipients frequently expe-
rience malnutrition and sarcopenia due to nutritional and

Background metabolic abnormalities associated with organ dysfunction.
Organ transplantation encompasses procedures involving  Additionally, because organ transplantation is a highly in-
the heart, lung, liver, pancreas, kidney, and small intestine. vasive surgical procedure, effective perioperative nutritional
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management is critical for patients to tolerate the surgery.
Thus, perioperative nutritional management is essential for
improving short-term prognosis in organ transplant patients.

Objectives

In this article, I discuss the significance of perioperative
nutritional management in organ transplantation and its
role in improving prognosis, using liver transplantation—my
specialty—as an illustrative example drawn from my own ex-
perience.

Ethics statement

This is a literature-based study. Institutional Review Board
approval was not required, as the study did not involve hu-
man subjects research.

Necessity of perioperative nutritional
management in liver transplantation

Liver transplant recipients suffer from end-stage liver
diseases that cannot be managed by internal medicine or al-
ternative surgical methods. These conditions include biliary
atresia, biliary stasis, various hepatocellular diseases (e.g.,
viral or alcoholic cirrhosis), hepatocellular carcinoma com-
plicated by liver cirrhosis, and acute liver failure. The pro-
gression of these diseases to decompensated cirrhosis often
results in protein-energy deprivation. Moreover, many liver
transplant recipients develop secondary sarcopenia. In addi-
tion, liver transplantation is considered a high-risk procedure
because the immunosuppressive drugs used postoperatively
increase the risk of infection.

I became involved in liver transplantation in 2007. At that
time, I observed a steep decline in the post-transplant sur-
vival curve during the early postoperative period, indicating
a high early post-transplant mortality rate. Consequently,
I concluded that reducing early post-transplant mortality
was essential to improve outcomes and to understand the
causes of early post-transplant death. Our analysis revealed
that more than 60% of deaths were due to infectious diseases
such as pneumonia and bacteremia [1]. We identified low
pre-transplant nutritional status (as measured by low body
cell volume) and the absence of preoperative branched-
chain amino acid supplementation as independent risk
factors for post-transplant sepsis and infection-related mor-
tality [2]. Furthermore, we observed that the preoperative
nutritional status of liver transplant recipients ranged from
relatively well-nourished patients to those with markedly
reduced muscle mass and nutritional deficiency. Thus, we
developed a treatment strategy emphasizing customized

perioperative nutritional intervention, infection control, and
improved short-term post-transplant outcomes.

Establishment of tailor-made periopera-
tive nutritional therapy

Accurate nutritional assessment and appropriate nutri-
tional therapy are the two cornerstones of effective nutrition-
al management. However, common assessment parameters
such as body mass index, brachial circumference, and serum
albumin are inadequate for evaluating liver transplant pa-
tients with cirrhosis and edema. Therefore, we implemented
body composition analysis using a specialized analyzer to
accurately assess the nutritional status of liver transplant
recipients. This evaluation revealed that preoperative hypo-
nutrition, as indicated by low somatic cell volume, is an inde-
pendent risk factor for early post-transplant mortality due to
infection [2].

In addition, we measured blood biochemical nutritional
parameters over time, including prealbumin (transthyretin),
a rapidly turning over protein, zinc, and the branched-chain
amino acid/tyrosine ratio. The findings indicated that levels
of prealbumin, zinc, and the branched-chain amino acid/ty-
rosine ratio were markedly decreased at admission [3]. Zinc,
in particular, demonstrated a significant positive correlation
with prealbumin and a negative correlation with ammonia
[3]. Hypozincemia is linked to delayed wound healing, sto-
matitis, decreased appetite, hypoproteinemia, and hyperam-
monemia, all of which impede early postoperative recovery.
Liver transplantation requires anastomosis of blood vessels
and bile ducts, and hypozincemia occurs in the early post-
operative period when wound healing is most important and
appetite should be improved [4]. Therefore, we measured
serum zinc levels and considered perioperative zinc supple-
mentation to be necessary if zinc levels were low.

Based on these findings, we established a customized liver
transplant perioperative nutritional rehabilitation therapy
(hereafter referred to as “rehabilitation”), which includes nu-
tritional assessment on admission and tailored interventions
based on each patient’s nutritional status (Fig. 1) [5]. The
following outlines the perioperative nutritional management
protocol.

First, because the lack of preoperative branched-chain
amino acids is an independent risk factor for post-transplant
sepsis, oral amino acid products formulated for liver failure
and enriched with branched-chain amino acids are admin-
istered between meals in the afternoon and before bedtime
(late evening snack) from the time of admission. One week
before surgery, immunomodulating nutritional supplements
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Fig. 1. Customized perioperative nutritional rehabilitation therapy for liver transplant patients. IMD, immunomodulatory nutrition-

al supplement; LES, late evening snack.

replace the standard oral amino acid formula for liver failure.
The diet is then adjusted by a dietitian to avoid excessive cal-
ories and protein [2].

Second, zinc supplementation should be initiated for pa-
tients with hypozincemia. While conventional zinc prepara-
tions do not rapidly increase blood zinc levels, administering
a zinc acetate preparation containing a high concentration of
zinc has been shown to significantly elevate blood zinc con-
centrations [6].

Third, patients with decompensated cirrhosis are sus-
ceptible to disturbances in intestinal mucosal integrity due
to portal hypertension. To prevent bacterial translocation,
synbiotics—a combination of probiotics and prebiotics—are
administered from the time of admission, as they have been
shown to enhance intestinal immunity and reduce the inci-
dence of post-transplant infections [7].

Fourth, historically, patients were required to abstain from
food and solids until dinner on the day before surgery and
from liquids until lights out (approximately 10:00 pm). Cur-
rently, patients are permitted to consume solid foods until
midnight on the day before surgery and fluids (such as oral
rehydration solutions, water, or tea) until 6:00 am on the day
of surgery. These preoperative nutritional interventions have
significantly mitigated the decline in lymphocyte count and
rise in C-reactive protein, while also significantly increasing
prealbumin and zinc levels [8].

Fifth, early initiation of enteral nutrition is central to post-
operative management. At Kyoto University, an enterostomy
tube was placed through the upper jejunum during liver
transplantation, and enteral nutrition commenced within 24
hours after surgery. This regimen includes immunomodu-
lating supplements containing whey peptides [9], which pos-
sess anti-inflammatory and antioxidant properties. Notably,
the incidence of postoperative bacteremia was significantly
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lower in the whey peptide immunomodulating nutrition
group compared to the conventional digestive-form nutrition
group [5,10].

Sixth, liver transplant recipients are susceptible to intesti-
nal edema and paralysis resulting from factors such as portal
hypertension, hypoalbuminemia, prolonged surgery, and
extensive intraoperative fluid infusion. Consequently, the
initiation of oral or enteral nutrition may be delayed or insuf-
ficient. We conducted a multicenter, double-blind, random-
ized, comparative study at 14 major liver transplant centers
in Japan to assess the efficacy of postoperative Daiken-Chut-
ou in enhancing gastrointestinal motility [11]. Based on these
findings, Daiken-chu-tang (15 g, minimum three doses) is
administered via an enteral tube, particularly for patients ex-
periencing intestinal dysmotility.

Seventh, postoperatively, patients continue to receive en-
teral or oral synbiotics until they can maintain adequate oral
intake. Additionally, if serum zinc levels remain low, zinc ac-
etate supplementation is administered.

Significance of sarcopenia in liver trans-
plantation

Sarcopenia, defined as “loss of muscle mass, muscle
strength, or physical function [12,13],” is classified into pri-
mary and secondary forms. Primary sarcopenia is related to
aging, while secondary sarcopenia is associated with factors
such as reduced physical activity (disuse), poor nutrition, or-
gan failure, invasive procedures, tumors, and other diseases.
Liver transplant recipients typically experience secondary
sarcopenia due to decreased activity resulting from edema
and ascites as well as poor nutritional status and liver failure.

Skeletal muscle mass can be assessed through whole-body
or limb/trunk analysis, or via cross-sectional measurements
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of the trunk (often at the level of the third lumbar vertebra)
using computed tomography (CT) or magnetic resonance
imaging. We investigated the correlation between skeletal
muscle mass determined by CT and that obtained by body
composition analysis before liver transplantation in both
donors and recipients. We found a strong correlation for do-
nors (r=0.737) and recipients (r=0.682) [14]. Given the high
correlation between these two methods, the choice of mea-
surement should depend on the availability of CT and body
composition analysis equipment at each institution.

In our study, 38% of liver transplant recipients exhibited
sarcopenia (low skeletal muscle mass), and post-transplant
survival was significantly worse in patients with preoperative
sarcopenia compared to those with higher skeletal muscle
mass [15]. Preoperative sarcopenia was identified as an
independent risk factor for post-transplant mortality. Addi-
tionally, we examined the relationship between preoperative
respiratory function and skeletal muscle mass, finding that
lower muscle mass was associated with poorer respiratory
function, including reduced lung capacity and lower expira-
tory volumes [16]. We believe that preoperative rehabilitation
is crucial for early postoperative recovery; accordingly, we
have actively implemented preoperative rehabilitation pro-
grams that include respiratory muscle training, resistance
exercises, and aerobic exercise using an ergometer alongside
nutritional therapy [17]. Thus, the combination of preoper-
ative rehabilitation and nutritional therapy is vital in liver
transplantation.

Beyond muscle mass, we also examined muscle quality
and visceral fat obesity. We were the first to report that poor
muscle quality and visceral fat obesity are independent
adverse prognostic factors following liver transplantation
[18,19].
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Significance of perioperative nutritional
therapy in liver transplantation

We examined the impact of perioperative nutritional ther-
apy in patients with differing preoperative skeletal muscle
mass. In patients with low skeletal muscle mass, postoper-
ative survival was significantly improved by perioperative
nutritional therapy (P=0.009) (Fig. 2A) [15]. In contrast,
among patients with high skeletal muscle mass, the benefits
of nutritional therapy on survival were minimal (Fig. 2B) [16].
Considering limited manpower and resources, we developed
a treatment strategy focused on nutritional assessment at
admission—including body composition analysis—with tar-
geted nutritional intervention for patients with sarcopenia to
improve short-term outcomes, further enhanced by preoper-
ative rehabilitative intervention.

New indications for liver transplantation
based on body composition

We investigated the prognostic impact of body composi-
tion (including skeletal muscle mass, muscle quality, and the
visceral fat/subcutaneous fat ratio) in 277 patients who un-
derwent living donor liver transplantation at Kyoto University
between 2008 and July 2016. Preoperative simple CT at the
L3 level was used to assess body composition. Using cutoff
values derived from living liver transplant donors, we exam-
ined the prognostic significance of low skeletal muscle mass,
poor muscle quality, and visceral fat obesity. We found that
each abnormality was associated with poor prognosis and
served as an independent risk factor [20]. Subsequently, we
evaluated the impact of the number of abnormal factors on
post-transplant survival. The 1-year survival rates were dis-
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Fig. 2. Survival rate after liver transplantation with and without perioperative nutritional therapy in patients with low preoperative
skeletal muscle mass (A) and high skeletal muscle mass (B) (log-rank test).
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tinctly stratified according to the number of abnormalities:
98% with no abnormal factors, 78% with one, 60% with two,
and 41% with three (P<0.001) (Fig. 3) [20]. To further eluci-
date these findings, we examined the relationship between
the number of abnormal body composition factors and the
incidence of postoperative bacteremia. We discovered that
the incidence of bacteremia increased significantly with the
number of abnormal factors [21]. Moreover, the mortality rate
for patients who developed bacteremia was 12% in the group
with no abnormalities, escalating to 87% in the group with
three abnormalities. In summary, preoperative abnormalities
in body composition in living donor liver transplant recipi-
ents not only heighten the risk of postoperative bacteremia
but also correlate with a high mortality rate once bacteremia
develops. This suggests that preoperative body composition
is closely linked to infectious complications, possibly due to
decreased myokine production and increased adipokine lev-
els that reduce immunocompetence.

Based on these results, since October 2016 we have recom-
mended that patients with one or two abnormal body com-
position factors undergo aggressive perioperative nutritional
rehabilitation to improve short-term outcomes after trans-
plantation. Conversely, patients with three abnormal factors
are advised to consider brain-dead liver transplantation with
a larger liver and to receive nutritional rehabilitation during
the waiting period, as they are deemed difficult to rescue
with living donor liver transplantation. We established a new
indication for living donor liver transplantation. We estab-
lished a new indication for living donor liver transplantation
and initiated its implementation. The 1-year survival rates of
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Fig. 3. Number of factors contributing to abnormal preopera-
tive body composition (skeletal muscle mass, muscle quality,
visceral fat obesity) and survival rate after liver transplantation
(log-rank test).

22

patients with 0, 1, 2, and 3 abnormalities were significantly
stratified at 98%, 78%, 60%, and 41%, respectively (P<0.001)
(Fig. 3) [20]. To clarify these results, we compared the 1-year
survival rates in patients with body composition abnormal-
ities to those with hepatic abnormalities. Further analysis
revealed that the incidence of postoperative bacteremia
increased significantly with the number of abnormal body
composition factors [21]. Furthermore, the mortality rate
among patients with bacteremia was 12% in the group with
no abnormalities, rising to 87% in those with three abnormal-
ities. In other words, preoperative body composition abnor-
malities in living donor liver transplant recipients not only
heighten the risk of postoperative bacteremia but also lead
to a high mortality rate once bacteremia develops. Therefore,
preoperative body composition and infection are closely in-
terrelated.

As a result of these comprehensive interventions, an ex-
ceptional 1-year survival rate of 99% was achieved after liver
transplantation [22]. Advances in perioperative management,
including nutritional management, and the introduction of
new surgical techniques [23,24] contributed to the improve-
ment of transplantation outcomes.

Conclusion

Numerous clinical studies were initiated in response to
needs identified in clinical practice. Based on these findings,
we established a policy of “new indications for liver trans-
plantation and perioperative nutrition and rehabilitation
intervention based on body composition” and prospectively
validated its effectiveness. Consequently, we achieved an
outstanding 1-year survival rate of 99% after liver transplan-
tation. The importance of perioperative nutritional manage-
ment is now being recognized in other organ transplants, and
this study represents a breakthrough in improving transplan-
tation outcomes.
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