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ABSTRACT

Purpose: Despite aggressive medical and nutritional management, patients with
methylmalonic acidemia (MMA) often suffer from multi-organ damage. Early deceased donor
liver transplantation (DDLT) has emerged as an intervention to prevent disease progression.
We investigated the efficacy of living donor LT (LDLT) with a potential carrier of MMA and a
small volume of graft in patients with MMA as an alternative to DDLT.

Methods: Of five patients (three male, two female; median age 5.7 years; range, 1.3-13.7 years),
four underwent carrier LDLT, while one underwent non-carrier auxiliary LDLT. All patients
received pre- and post-LT continuous renal replacement therapy and were provided with minimal
restriction diet according to serum MMA level after LT. MMA levels in the serum and urine, the
incidence of metabolic crisis, and clinical findings before and after LT were compared.

Results: The survival rate was 100% during 2.2 years of follow up period after LT. In all five
cases, MMA titer in the serum after transplantation decreased with less restrictive diet.
Metabolic crisis was not observed during the follow-up period. In addition, no patient
showed progression of severe renal impairment requiring hemodialysis. Progression

of delayed cognitive development was not observed. Social functioning with improved
neuropsychiatric development was observed.

Conclusion: This study showed that LDLT achieved improved quality of life with less
restrictive diet, therefore it could be a feasible alternative option to DDLT for the treatment of
patients with MMA, even with an auxiliary LT.

Keywords: Methylmalonic acidemia; Living donors; Liver transplantation; Child

INTRODUCTION

Methylmalonic acidemia (MMA) is a rare genetic metabolic disease, an autosomal recessive
disorder, in most cases. The incidence of MMA in the Western population is estimated
at 1:48,000 to 1:61,000, although it is much higher in some populations in the world [1].
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MMA is caused by metabolic defects in methylmalonyl-CoA mutase (MCM) or cobalamin
(Cbl)fvitamin B12. This is an inborn error of metabolism that can be classified as an organic
acidemia caused by a dietary Cbl deficiency [2].

Similar to other metabolic disorders, the accumulation of MMA, a metabolite, causes
hyperammonemia, vomiting, and neonatal death. Despite early conservative therapy, MMA
requires management of developmental disorders caused by progressive damage to the heart,
kidney, and neurological system [3]. The efficacy of deceased donor liver transplantation
(DDLT) for inborn errors of metabolism (IEM) resulting from a deficiency of enzymes that
mediate specific metabolic processes in the body is well-known [4]. While LT can cure the
IEM such as Wilson disease in which the metabolism occurs solely in liver, it can not cure

the other IEM such as MMA in which the metabolism occurs partly in liver but improve the
quality of life with improving the metabolic control and less restrictive diet [4-6] and quality
of life because part of metabolism can be improved. The Korea Network for Organ Sharing
(KONOS) allocation system is determined by Pediatric End-stage Liver Disease [7] and Model
for End-stage Liver Disease score [8] in Korea. The chances of DDLT for MMA is very low,
therefore LDLT is inevitable in Korea. Despite a promising report about the feasibility efficacy
of LDLT for MMA by Morioka et al. [9], there is no consensus regarding LDLT for MMA.

This study reports the experiences with LDLT, a potential carrier of MMA with related donors,
and a small volume of graft with auxiliary LDLT for the treatment of MMA instead of DDLT at
a single center.

MATERIALS AND METHODS

This is a case series of five patients with MMA among 49 patients who underwent LDLT at the
Asan Medical Center Children's Hospital between March 2015 and March 2019.

The patients included three boys and two girls with a median age of 5.7 years (range, 1.3-13.7
years). All patients were genetically diagnosed as MMA (Table 1). LDLTs were performed,
including auxiliary transplant in one case in a family with proven genotypes (one sibling was
non-carrier, both parents were genetically heterozygous).

We investigated the following parameters before and after LDLT through the electronic
medical records: serum MMA, urine MMA, intensive care unit (ICU) stay in days,

hospital stay in days, immunosuppressant use, postoperative complications, metabolic
decompensation number, protein intake per kilogram, feeding route, medication for MMA,
weight, height, echocardiography findings, and glomerular filtration rate (GFR).

The study was approved by the Institutional Review Board of Asan Medical Center (No.
2019-1080).

Table 1. Genetic typing of the patients

Case Genetics

1 Compound heterozygote with two MUTO (R228* and L494%)
2 Compound heterozygote with two MUTO (E117* and V502fs)
3 Compound heterozygote with two MUTO (1697F and ET17%)

4 Compound heterozygote with two MUTO (R108H and L494%)
5 Compound heterozygote with two MUTO (R108H and L494%)
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RESULTS

Table 2 shows details of patients. All five cases of LDLT were living related donors, four by
carrier parents and one by non-carrier a brother. Auxiliary liver transplantation was performed
in one case and whole liver transplantation in four cases. The mean graft recipient weight ratio
(GRWR) was 1.50% (range, 0.7-2.2%). In all cases, elective surgery was preceded by continuous
renal replacement therapy (CRRT). The mean ICU stay was 19 days (range, 8-51 days), and the
mean hospital stay was 49 days (range, 28—65 days). Immunosuppressive agents for induction
were based on tacrolimus (TAC), prednisolone, and basiliximab. Those for maintenance
included were based on TAC. In cases 1, 4, and 5, sirolimus was added to reduce the dose of
TAC to minimize renal toxicity. Degree of dietary restriction was determined by the results

of serum and urine MMA level. Graft and patient survival rates were 100%. Post-transplant
complications included acute cellular rejection (ACR; cases 1, 2, 3, and 5), Epstein-Barr virus
infection (case 2), stress-induced cardiomyopathy resulting in cardiac arrest requiring ECMO
therapy (case 3), intestinal necrosis (case 3), and hepatic vein stenosis (case 4).

Table 3 shows details of perioperative characteristics of the patients. Mean annual number
of episodes of metabolic crisis before LT was 2.32 however that after LT was zero. Dietary
protein intake allowance improved with less restriction up to 2.5 g/kg/day according to the
result of serum MMA levels (Fig. 1and Fig. 2). Carnitine supplementation was maintained

in all patients before and after the surgery, and the ammonia-lowering agent could be
discontinued in all two patients (cases 2 and 4) who were taking it preoperatively. The Z score
of height improved from a mean of -2.6 (range, -5.3 to -0.5) to a mean of -1.9 (range, -4.9 to
-0.5). The Z score of weight also improved from a mean of -1.0 (range, -2.7 to 0.2) to a mean
of -0.7 (range, -2.5 to 0.6). Before and after the surgery, the echocardiography findings were
normal, except one episode of stress-induced cardiomyopathy in case 3. On postoperative day
(POD) 5, emergency ECMO was done due to cardiac arrest, which continued until POD 41.
Stress-induced cardiomyopathy was diagnosed because there was no surges in the serum and
urine MMA performed at this time. The GFR based on cystatin C decreased from a mean of
78.8 mL/min/1.73 m? (range, 34-120) to a mean of 57.8 mL/min/1.73 m? (range, 21-93) during
follow up, but no one needed renal replacement therapy.

Cases 2, 3, 4, and 5 were MUTO heterozygotes. In these four cases, changes in the serum
MMA level after transplantation decreased from a mean of 447.7 umol/L (range, 67.4-1,165.7
pumol/L) to a mean of 188.5 pmol/L (range, 27.1-622.9 pmol/L) even with much less protein
restriction over a mean observation period of 1.5 years (range, 0.2-3.0 years).

Cases 2, 3, 4, and 5 were MUTO heterozygotes. In these four cases, changes in the urine MMA
level after transplantation decreased from a mean of 15,670.1 mmol/mol creatinine (range,
1,308.7-30,831.1 mmol/mol) to a mean 1,541.2 mmol/mol creatinine (range, 675.4-2,174.7
mmol/mol) over a mean observation period of 1.5 years (range, 0.2-3.0 years).

DISCUSSION

In patients with MMA, the phenotypes vary in severity; however, the symptoms usually occur
in newborns or infants, with repeated metabolic crises. Without appropriate management,

it can lead to the progression of brain lesions, coma, and even death [3]. In the 1980s, the
mortality rate of MMA was nearly 60%; by the 2000s, it only slightly progressed to 40% [10].
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Fig. 1. Serum methylmalonic acid level (umol/L, month). In four cases, changes in the serum methylmalonic
acidemia level after transplantation decreased from a mean of 447.7 ymol/L (range, 67.4-1,165.7 ymol/L) to 188.5
pmol/L (range, 27.1-622.9 umol/L) over a mean observation period of 1.5 years (range, 0.2-3.0 years).
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Fig. 2. Urine methylmalonic acid level (mmol/mol creatinine, month). Cases 2, 3, 4, and 5 were MUTO
heterozygotes. In these four cases, changes in the urine methylmalonic acidemia level after transplantation
decreased from a mean of 15,670.1 mmol/mol creatinine (range, 1,308.7-30,831.1 mmol/mol) to a mean of 1,541.2
mmol/mol creatinine (range, 675.4-2,174.7 mmol/mol) over a mean observation period of 1.5 years (range,
0.2-3.0 years).

Cases of MMA with the highest severity and earliest onset are caused by variations in the
MUT gene located on chromosome 6p21, which is called isolated MMA [11]. MCM defects are
divided into MUTO, with no enzyme function, and MUT, with some enzyme function. MMA
expressed by MUTO has a worse prognosis [3].

The genotype of patients with MMA in this study was the MUTO homozygote. In other words,
four parent donors provided the liver, and one sibling donor was a non-carrier. However,

in sibling donor case, the GRWR fell short of 0.8% and was conducted with auxiliary LT. In
summary, in five cases in this study, LT was performed in relatively unprepared conditions,
but the liver-based essential activity was not in the prepared condition. According to a recent
study, the postoperative monitoring of pathogenic metabolites in patients with MMA who
underwent LT for correction of enzyme deficiency replacement suggested that preoperative
CRRT was less frequently required [12]. However, in our study, pre- and postoperative dialysis
was performed due to the relatively high risk of metabolic inefficiency, as we believe that
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different perioperative management strategies are necessary to treat the various enzymatic
activities in patients with MMA. In this regard, more studies with a higher number of cases of
LDLT for MMA, with the data of pre and postoperative MMA are required.

One patient required extracorporeal membrane oxygenation due to stress-induced
cardiomyopathy. We believe that it was not due to metabolic decompensation but MMA
activity. However, the conventional complications associated with LT, including ACR, did not
differ from those in the existing literature.

Under these conditions, patients with MMA who undergo LDLT experience improved
quality of life through improvements in bowel habits and diet and a decreased incidence

of metabolic crisis [4]. There were no significant differences in pre- versus postoperative
carnitine supplementation; however, the improvements in Z-scores of the weight and height
were significant. Early LDLT for patients in whom the prognosis is expected to be poor can
improves the quality of life. The pre- versus postoperative serum and urine MMA levels
(compared only in cases 25, which had MUTO homogeneity) generally decreased, while a
moderate increase was induced by the LT complications but not by the metabolic crisis.

It is known that the MUTO homozygote, which is expressed as an isolated MMA, progresses
faster and has a worse prognosis [3]. Therefore, there is a need for prompt enzyme
replacement therapy such as LT [11]; however, finding a deceased donors is difficult in Korea.
Therefore, LDLT could be a feasible option, and the patient prognosis would be superior to
that without LT.

This study has some limitations. The number of cases is small, this was a single-center study
with a retrospective design, and the follow-up period was short. Further prospective studies
with larger sample sizes and longer follow-up periods are required. Neurological evaluation
was not performed using an objective assessment tool, and future studies should include this
for the neurological evaluation.

In conclusion, this study showed that LDLT could be a feasible alternative to DDLT for the
treatment of patients with MMA, even with an auxiliary graft.
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