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Summary

Ornithine transcarbamylase deficiency (OTCD) is a ge-
netic disorder causing disturbed urea metabolic cycle
with a high mortality rates. It's a genetic metabolic dis-
ease manifesting as hyperammonemia. Drugs and he-
modialysis may reduce blood ammonia levels in the pa-
tients. Liver transplantation may improve the long-term
survival rate of patients, but it cannot reverse the nervous
system damage that has occurred before, and cannot im-
prove cognition. If the liver transplant is performed early
in childhood, neurodevelopment may be normal at later
terms. Late-onset patients should also be transplanted
when required. Heterozygosity for OTCD in the donor
is still risky and should only be used when there are no

Introduction

Ornithine transcarbamylase deficiency (OTCD) is an
X-linked genetic urea cycle disorder (UCD) caused by the
mutation of the ornithine transcarbamylase (OTC, Xp2.1)
gene. OTC is a mitochondrial enzyme synthesized in the cy-
toplasm. Following OTC transfer to the mitochondria, car-
bamoyl phosphate and ornithine are catalytically converted
to citrulline. Then citrulline is transported to the cytoplasm
to participate in the urea cycle reactions. The OTC gene mu-
tations block normal urea metabolism. Therefore, increased
blood ammonia, decreased blood citrulline and increased
urine orotic acid are typical biochemical phenotypes of
OTCD. High blood ammonia could cause the nervous sys-
tem damage, epilepsy-like symptoms, disturbed conscious-
ness, and cognitive impairment appear.

Early-onset OTCD mainly occurs in male heterozygous in-
fants, usually with a rapid onset and a high mortality in the
neonatal period [1]. The patient can be normal at birth. Then
irritability, deteriorating feeding, drowsiness and tachypnea
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other options. Hepatocyte transplantation can be tried if
necessary. Prevention of infection, long-term monitoring
of liver function and blood ammonia are required post-
transplant. Liver transplantation should be considered
for all patients with genetic OTCD. The final decision of
whether and how to use this treatment mode depends on
individual clinical circumstances.
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appear soon. It often develops into metabolic encephalop-
athy rapidly and leads to death if treatment is not applied.
Severe intellectual impairment will be left in survivors due to
the extensive damage to the brain caused by elevated blood
ammonia [2]. Late-onset OTCD can occur in hemizygous
males and heterozygous females. The clinical symptoms are
variable and mild compared with early-onset OTCD.

The main principle of treatment is to control diet, reduce
protein intake, avoid hyperammonemia, and use drugs to
promote blood ammonia metabolism. However, excessive
restriction of protein intake can lead to hypertrophy of en-
dogenous protein catabolism, increase blood ammonia, and
affect the patient's intelligence and physical development
[3]. If the drug treatment is not effective, dialysis treatment
should be considered as soon as possible.

Liver transplantation (LTx) is the most effective treatment
of this disease, since OTC activity is mainly expressed in
liver tissue. In these cases, the patients can stop anti-hyper-
ammonemia drugs and return to normal diet after LTx. Hy-
perammonemia will not occur again, and the quality of life
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is significantly improved [4, 5]. Though LTx can correct the
patient's urea cycle disorder and reduce blood ammonia sub-
stantially, it cannot reverse the nervous system damage that
has occurred before LTx [5].

Indications for surgery

For the neonatal-onset patients, LTx should be performed
as soon as possible if the patient’s condition is stable, inde-
pendently on the blood ammonia levels. Considering the pa-
tient's tolerance for surgery and the risk of post-transplant
hyperammonemia, the age of 3 months to 1 year, or body
mass of >5 kg are appropriate pre-requisites for surgery [3].
It is usually done at six months of age. Early transplantation
in the neonatal-onset patients may be associated with nor-
mal neurodevelopment compared with those without LTx.

For late-onset patients, it is now generally believed that, even
with mild current manifestations, there is a risk of sudden,
potentially life-threatening hyperammonemia at any age.
Therefore, surgery should be considered for any OTCD pa-
tient. Final decision of LTx depends on the individual cir-
cumstances.

The peak of death with OTCD is noted at the age of 12-15
years in female patients, thus considering LTx before that
time [6]. LTx in adolescents may also promote normal neu-
rodevelopment. The patients should undergo LTx at peak
blood ammonia levels of >300 umol/L [7]. In cases of severe
progressive liver disease, repeated metabolic abnormalities
after standard treatment or poor compliance with current
treatment, LTx can be also performed [3].

Analysis of data on the patients under 18 year subjected to
LTx between February 2002 and September 2020, the wait-
ing list time and male sex were associated with long-term
risk for a cognitive delay. Minimizing the waiting time is
quite important, in order to maintain the patient's cognition
capacities at later terms and improve the quality of life [8].

All the patients with OTCD should be considered for LTx
to prevent progressive neurological injury. But the decision
is usually taken in cases of unstable condition and frequent
episodes of hyperammonemia.

Donor selection

Liver transplants from either living or deceased donors are
acceptable for the children of 1.5 to 3.0 years old. Three pa-
tients received cadaveric LTx at this age period. They devel-
oped well after this operation, and no recurrences were ob-
served within follow-up for 13 years [9].

LTx from living donors is the most effective method in these
cases. Living donors for the LTx should be in healthy con-
dition, but sometimes there is no time to wait for another
donor, except for subjects heterozygous for the mutated
gene. A symptom-free carrier may be a donor for LTx, if
OTC enzyme activity is high enough, and if no other options
exist. The mutation carrier must undergo careful and com-
prehensive examination. OTC activity in liver biopsy sam-
ples must be tested to determine the suitability of heterozy-
gote to be a donor [10]. According to Wakiya, T, the OTC

activity of late-onset patients requiring LTx, ranges from
4.4% to 18.7%. Meanwhile, in those cases where LTx is not
necessary, the residual enzyme activity ranges from 33% to
38% [11]. Rahayatri et al. [12] reported two 5-year-old girls
who received liver transplants from heterozygous mutation
carriers. The OTC activity in the first case and in her donor
was 15% and 62%, respectively. She developed hyperam-
monemia within 2 months after the surgery. OTC activity
in the second case and the donor was 9.7% and 42.6%, re-
spectively. She developed hyperammonemia within 12 days
after the surgery. Following continuous intravenous/venous
hemodialysis, they were performing well without intensive
care [12].

However, this method has potential risks. The enzyme activ-
ity in selected biopsy samples cannot represent its activity in
other parts of the liver. Hence, one cannot accurately predict,
whether the transplanted liver lobe exhibits sufficient activ-
ity, nor to predict whether total enzyme activity retained in
the left liver is sufficient for heterozygous carrier donors.

Transplantation of hepatocytes may be another treatment
option. Enosawa et al. reported an 11-day-old baby who
underwent hepatocyte transplantation. The patient needed
urgent LTx, but there was no source of liver, thus requiring
hepatocyte transplantation. The patient was later in good
condition and without recurrence within 3 months after the
operation [13]. For the patients with poor overall clinical
conditions, hepatocyte transplantation is less risky than liver
grafting. Following hepatocyte transplantation, biochemical
parameters of a 12-year-old patient with repeated metabol-
ic decompensation showed decreased levels of plasma am-
monia and increased urea production. However, the patient
died because of a nosocomial fungal sepsis [14].

Surgical methods

Orthotopic LTx is still the best choice in OTCD. It has fewer
complications than auxiliary LTx [5]. Over recent years, a
domino cross-auxiliary LTx has been tried in the clinical set-
ting. This method is based on exchanging part of liver tissue
with patients suffering from other metabolic diseases aiming
to achieve metabolic complementation. It does not require
additional organ donation. Of the three OTCD patients in
China, subjected to domino cross-auxiliary LTx, two cases
recovered well after the operation, without any complica-
tions during the follow-up period. One patient experienced
occult graft rejection resulting into graft dysfunction and
eventual disease recurrence [15]. The domino cross-auxilia-
ry LTx is a feasible method, without any problems caused by
the operation itself.

Post-transplant management

Due to long-term therapy with immunosuppressive drugs
and postoperative weakness, one should notice prevention
of postsurgical infections, which may cause failure of this in-
tervention and death of the patient.

Following transplantation, the liver function should be test-
ed regularly, to discern graft injury. The graft-derived cell-
free DNA in blood may be of similar discriminative value,
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it was also able to differentiate between the trend for graft
injury and normal liver function. However, this technique
is not as convenient as routine liver function tests [16]. The
peak blood ammonia level of >356 pmol/L predicted poor
neurodevelopmental outcomes in the patients undergoing
LTx [17].

Clinical effect

According to the data from United Network for Organ Shar-
ing (UNOS) database including 403 patients with urea cycle
disorders (46.2% were OTCD) who underwent transplanta-
tion, the 1-, 3-, and 5-year graft survival rates were 90.4%,
86.3%, and 85.2%, respectively. Increased mass of the liver
graft and male sex are related to decreased risk of graft loss
[8]. In Japan, the 1-, 5-, 10-, and 15-year graft survival rates
comprised 91.2%, 87.9%, 87.0%, and 79.3% among pediatric
patients with metabolic disorders (OTCD, 20.6% of total) as
shown by Kasahara et al. [18].

The 1-, 5-, and 10-year overall survival rates among 278
UCD patients who underwent LTx between 1987 and 2010
were 93%, 89%, and 87%, respectively, according to the
UNOS database [19]. However, the article only stated that
most UCD patients are OTCD, without any specific data on
OTCD patients.

13 of 69 Chinese OTCD patients received LTx, at a median
age of 3 years and one-year survival rate of 100% [20]. In Ja-
pan, the 1-, 5-, 10- and 15-year survival rates in 194 pediatric
patients with metabolic disorders (OTCD=40) who under-
went living donor LTx, were 91.2%, 87.9%, 86.1%, and 74.4%
[18].

Hence, LTx can improve long-term survival rates of the pa-
tients, prevent recurrent hyperammonemia, and reduce the
blood ammonia level. However, it did not improve neurode-
velopmental outcomes in the patients with severe sympto-
matics, because hyperammonemia exerts early brain dam-
age. Urgent LTx in another UCD, i.e., arginine succinate
synthase deficiency, may improve the longitudinal cognitive
and behavioural outcomes [17].

Conclusions

LTx can improve the long-term survival rate of patients with
OTCD, but it cannot reverse the nervous system damage that
occurred previously, and cannot improve cognitive impair-
ment. However, neurodevelopment may normally proceed
after LTx if it is performed early in childhood. The patients
with late-onset disease should also be transplanted when re-
quired. Donorship of heterozygote carriers is still risky and
should only be used when there are no other options. Hepat-
ocyte transplantation can be tried if necessary. Prevention of
infection, long-term monitoring of liver function and blood
ammonia are required post-transplant.
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TpaHCnnaHTauma neyeHu npu nevyeHmn peduumta
OPHUTUH-TpPaHCKapbamunasbl

JIxunrya Baii, bo Xron

HenaprameHnt HeBponoruy, locnmrans CumpkuH, 4-11 Boenno-MegnumHacknii yuusepcutet, Cuanb, Kurait

Pesiome

Hedunur opanrnH-Tpanckapbammtassl (JOTK) npen-
cTaBisAeT coOoil HaC/lIeNCTBEHHOe 3a0o/leBaHMe C Ha-
pyHIeHI/IeM VK1 O6MeHa MOYE€BVHBI, XapaKTepmsy—
[oljeeCsT BBICOKOJ JIETA/IBHOCTBI0. DTO TeHeTMYeCcKoe
HapylIeHne oOMeHa BEIeCTB IPOSIB/LIETCS TUIIEPaM-
MOHUEMMEN. HeKapCTBa I TEMOOVAIN3 MOryT CHU3UTDH
ypOBeHb aMMMaKa B KpOBU y IIaIIMM€eHTOB. TpaHCIITIaH-
TallVA MIeYCHU MOXKET YIyqIInTb HOHI‘OCPO‘IHYIO BbIKI-
BAeMOCTH IALVEHTOB, HO HE MOXKET U3/IEINTh Heobpa-
TUMBIE TIOBPEXNIEHNA HepBHOﬁ CUCTEMBI, BOSHUKIINE
paHee, 1 HE MOXET YIyqIInTb KOTHUTVBHbBIC (byHKI_H/H/I.
Ecnn TPpaHCIUVTAHTAOVIO II€Y€HM IIPOBOIAAT B paHHEM
[eTCTBe, BIIOC/IENCTBUM HEPBHOE pAa3BUTHE MOXKET
6bITh HOpMAIBHBIM. [Ipy HEOOXOOMMOCTH MAlVEHTAM
C IIO3[HVM [1e0I0TOM TaK>Ke CIIeflyeT IIPOBOSYUTD TPAHC-
mwraHTanyio. lereposuroraocts o JIOTK y noHOpa BCe
XK€ IIPECTAB/LIET CYLIECTBEHHBII PUCK, VI €€ CIeAyeT

VICTIONIb30BATh TO/IBKO TOI7IA, KOI/Ia HET APYTMX BapyMaH-
TOB. IIpy HEOOXOAMMOCTI MOYKHO TIOIBITATHCS CHEATD
TpaHCIIaHTaUMI0 rematonurtoB. Ilocme TpaHCIIIaH-
TauyuM Heobxommma NpOoGUIaKTHKA MHQEKIUN, -
TE/IbHBIII KOHTPO/Ib (PYHKUMYM MEYeHU U COfepKaHUs
aMMMakKa B KpoBU. TpaHCIUTAaHTanMs MeYeHU AO/DKHA
paccMaTpuBaThCs I BCEX MAIVIEHTOB C TeHETUYEeCKIM
HJOTK. OkoHuaTenbHOE pellleHre O TOM, CTIefyeT I U
KaK MCIO/NIb30BaTh 3TOT PEXMM JIeUeHUA, 3aBUCUT OT
VHIVMBU/IYa/IbHOV KJIMHINYECKO CUT yalluL.

Kniouesble c10Ba

Jeduiur OpHUTMH-TpAaHCKapOaMIIassl, HapylleHMe
LIVK/Ia MOYEBVHDI, TPAHCIIJIAHTALVA TT€YEHM.
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