
Abstract
Liver transplantation were reported in patients with classic map-
le syrup urine disease in the literature. Branched chain alpha keto 
acid dehydrogenase activity can be improved in patients after trans-
plant, and a protein-restricted diet is usually not needed. The first 
patient was a boy aged 2,5 years who presented with frequent ke-
tosis attacks and epileptic seizures, and the second patient was an 
11-month-old boy who also presented with frequent ketosis episo-
des, both despite adherence to diet therapy. Both patients received 

liver transplantations from live donors. A low protein diet was no 
longer required and no decline in cognitive functions was observed 
in either patient in the follow-up. We wanted to present these cases 
to show that despite a normal diet, plasma levels of branched- cha-
in amino acids remained normal without any decline in cognitive 
function after liver transplantation in patients with classic maple 
syrup urine disease patients. 
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Introduction 

Currently, classic maple syrup urine disease (MSUD) 
can still cause severe neurologic disorders and sud-
den death despite advances in developing medical nu-
tritional therapies (1). The picture of acute metabolic 
intoxication can lead to brain herniation due to brain 
edema and cardiopulmonary arrest. In the chronic peri-
od, increased levels of branched-chain amino acids and 
disrupted keto acid homeostasis can lead to disorders 
in neurotransmitter metabolism, chronic cognitive dis-
orders, and mental retardation by altering amino acid 
uptake in the brain (2).

These cases are presented with the objective of demon-
strating that worsening of cognitive functions did not 
occur and plasma branched-chain amino acid levels 

remained within normal limits in our patients with 
classic-type MSUD despite a free diet after liver trans-
plantation.

Case 1

A 2.5-year-old male patient was diagnosed as having 
MSUD in the neonatal period and was followed up 
by Istanbul University, Cerrahpaşa Medical Faculty, 
Division of Pediatric Nutrition and Metabolism. The 
patient presented to our clinic with the objective of 
liver transplantation because of frequently repeating 
ketosis and epileptic seizures, though he successfully 
complied with medical nutritional therapies. Physical 
examination revealed no pathology except for neu-
romotor developmental retardation. Liver synthesis 
functions were found to be normal. His neuromotor 



development was compatible with nine months in 
the psychomotor development test performed at the 
chronologic age of 29 months before transplantation. 
Mutation analysis was performed with the objective of 
obtaining a definite diagnosis, which revealed homo-
zygous deletion in the 4th exon of the BCKDHA gene 
in the location of 19q13.2. As a result of organ trans-
plantation counsel, live-donor transplantation (the pa-
tient’s father) was planned. Protein loading, which is 
not a classic method, was performed (3 g/kg/day) in 
order to evaluate the ability of the donor to remove 
branched-chain amino acids (BCAA) from the blood. 
The father, who did not have an increase in plasma 
BCAA levels, was considered to be appropriate as a 
live donor. The left lateral segment of the live donor 
was used in liver transplantation. The plasma amino 
acid levels before transplantation were as follows: va-
line: 745 mmol/L (Normal [N]: 90-300), leucine: 870 
mmol/L (N: 65-220), and isoleucine: 620 mmol/L 
(N: 26-100). On the 1st day after transplantation, the 
BCAA levels were found to still be increased (valine 
450 mmol/L, leucine 750 mmol/L, and isoleucine 410 
mmol/L). Therefore, nutritional therapy was initiat-
ed with a special formula poor in natural protein and 
BCAAs. The amount of natural protein was gradually 
increased (0.5 g/kg/day) approximately at the end of 
the first week and 2 g/kg/day was reached on the 14th 
day after operation. Plasma BCAA levels measured at 
this time were found to be within the normal limits 
(valine: 90, leucine: 87 and isoleucine: 72 mmol/L) 
(Figure 1). The patient, whose general status was well, 
was discharged. At the end of the 24th month after 
transplantation, no metabolic attack was observed 
in the patient whose general status was well and he 
was consuming protein freely. Neuromotor develop-
ment was found to be compatible with 32 months on 
the psychomotor development test performed at the 
chronologic age of 54 months. Our patient is using 
tacrolimus (0.15 mg/kg/day, oral) and his outpatient 
follow-up is continuing.

Case 2

An 11-month-old male patient was diagnosed as 
having MSUD in the neonatal period and was being 
followed up in Gazi University, Faculty of Medicine, 
Division of Pediatric Nutrition and Metabolism. He 
presented to our clinic with the objective of liver 
transplantation because of very frequent ketosis ep-
isodes despite successful compliance with medical 
nutritional therapies. The patient’s neuromotor de-

velopment and physical examination findings were 
found to be normal. Liver synthesis functions were 
normal. His neuromotor development was compati-
ble with seven months in the psychomotor develop-
ment test performed at the chronologic age of nine 
months before transplantation. Mutation analysis 
revealed a homozygous deletion in the 7th exon in 
the BCKDHB gene in the location of 6q14.1. As a 
result of organ transplantation counsel, live-donor 
transplantation (the patient’s mother) was planned. 
The mother, whose plasma BCAA levels were found 
to be normal after protein loading (3 g/kg/day), was 
considered to be an appropriate live-donor. The left 
lateral segment of the live donor was used in liver 
transplantation. The plasma amino acid levels before 
transplantation were as follows: valine: 780 mmol/L, 
leucine: 950 mmol/L and isoleucine: 640 mmol/L. On 
the first day after transplantation, BCAA levels were 
observed to still be increased (valine: 410, leucine: 
450 and isoleucine: 380 mmol/L). Low natural protein 
and low-BCAA nutritional therapy was initiated. The 
amount of natural protein consumed was increased 
from 0.5g/kg/day on the fifth day to 2 g/kg/day on the 
14th day by increasing the amount 0.5g/kg/day daily. 
At this point, the plasma BCAA levels were found to 
be normal (valine: 45, leucine: 70 and isoleucine: 45 
mmol/L) (Figure 2). The patient, whose general status 
was well, was discharged. His neuromotor develop-
ment was compatible with 18 months in the psycho-
motor development test performed at the chronolog-
ic age of 24 months after transplantation. Our patient 
is receiving tacrolimus (0.15 mg/kg/day, oral) and his 
outpatient follow-up is still continuing. Written in-
formed consent was obtained from the patients’ par-
ents.
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Figure 1. Valine, leucine, and isoleucine levels before and 
after transplantation in our first case

Valine

Leucine

Isoleucine

7th day after  
transplantation

14th day after 
transplantation

1st day after  
transplantation

Before 
transplantation

1000

900

800

700

600

500

400

300

200

100

0



Discussion 

In congenital metabolic diseases of the liver, the num-
ber of patients undergoing liver transplantation is 
gradually increasing (3). These metabolic diseases are 
caused by deficiency of enzymes which are complete-
ly (e.g., ornithine transcarbamylase deficiency and ci-
trullinemia) or partially (e.g., propionic acidemia and 
MSUD) synthesized in the liver (4). Liver transplanta-
tion is performed in patients with MSUD; it has been 
reported that a free diet can be initiated and the picture 
of metabolic episode that might develop with acute 
stress can be prevented after transplantation (5). 

The liver constitutes 9-13% of the total branched-chain 
keto acid dehydrogenase enzyme complex (BCAADEC) 
in the body (6). Mazariegos et al. (1) reported that liver 
transplantation could prevent potential new brain inju-
ry, though it could not heal previous brain injury, based 
on the neuropsychiatric tests performed before and af-
ter transplantation in 37 patients with MSUD who were 
followed up for 45.±2.2 years after liver transplantation. 
Low protein nutritional therapy was not required and 
acute metabolic episode was not observed in these 
patients. No metabolic episodes were observed and 
regression in cognitive functions did not occur at the 
24-month follow-up visit in our first patient and at the 
11-month follow-up visit in our second patient.

Neuropsychiatric disorders and slowly-progressing neu-
romotor retardation may be observed in patients with 
MSUD. Sudden acute metabolic episodes may develop 
despite application of medical nutritional therapies with 
limitation of natural protein and BCAA-free formulas. 
These episodes may lead to severe neurologic findings 

and even death. Elective liver transplantation has become 
an alternative therapeutic option for diet therapy to pre-
vent acute metabolic episodes in patients with MSUD (5). 

Although the liver constitutes only 9-13% of the total 
BCAADEC function in the body, liver transplantation 
provides the necessary improvement for metabolism of 
BCAAs in patients with MSUD (6, 7). Metabolic disease is 
controlled in most patients with MSUD who undergo liv-
er transplantation (1). Enzyme activity may increase after 
transplantation and low-protein medical nutritional ther-
apy is mostly no longer required. Diaz et al. (8) reported 
that liver transplantation prevented potential new brain 
injury, though it could not improve previous brain injury 
in patients with MSUD who they followed up for a mean 
time period of 12.2 years (5-12 years) after liver transplan-
tation and was an efficient treatment method for patients 
with classic MSUD (9). On the other hand, Al-Shamsi et 
al. (10) reported that acute metabolic episodes occurred 
in the early period after heterozygous living-donor liver 
transplantation in a patient with MSUD in a case report.

Liver transplantation should be considered as a thera-
peutic option in patients with severe enzyme deficien-
cy, as in our patients, but it should be kept in mind that 
each patient should be evaluated individually when 
making the final transplantation decision (8, 9). 

In conclusion, it was shown that the plasma levels of 
branched-chain amino acids remained within normal 
limits and cognitive functions did not deteriorate fol-
lowing liver transplantation despite a free diet in our 
patients with classic-type MSUD in our case presenta-
tion.
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Figure 2. Valine, leucine, and isoleucine levels before and 
after transplantation in our second case
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