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Figure 1. Polycystic kidneys in the patient with an oxysterol 7«-
hydroxylase deficiency. (A) Bilateral polycystie kidneys were detected
with contrast-enhanced computed tomography. (B} Microscopy of the
kidneys revealed glomerular microcysts asscclated with atrophic
glomeruli, cystic dilation of Bowman's capsule {black amowhead),
and renal tubular dilatation (white arrowhead: hematoxylin and
eosln, ariginal magnification x400). (C} The resolution of the
polycystic changes in the kidneys was demonsirated with contrast-
enhanced computed tomography after LDLT.

Figure 2. Hepatic pathology at the age of 8 months. A
histological examination found features of neonatal hepatitls.
which included glant cell transformation of hepatocytes and
bridging fibrosis [hematoxylin and eosin, original magnification
(A} x 100 or (B] x40].

After enzymatic processing with ExoSAP-IT (USB
Corp., Cleveland, OH), the direct sequencing of the
amplified PCR products was undertaken with the

‘DTCS quick-start kit {Beckman Coulter, Inc., Fuller-

ton, CAJ according to the manufacturer's protocol; the
primers were the same as those used for PCR amplifi-
cation, The sequencing reaction product was analyzed
electrophoretically with the SEQ2000XL analyzer
(Beckman Coulter, Inc., Brea, CA).

Two putative mutations were found in the patient.
Subsequently, the patlent's parents and 103 healthy
individuals were screened for these 2 mutations by a
direct sequence analysis or by the digestion of the
appropriate PCR fragment with a restriction enzyme.

RESULTS
Hepatic and Renal Pathology

At the time of LT, the patient's liver weighed 541 g; it
was atrophie and had Irregular surface contours, A
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TABLE 1. Initial, Pre-LT, and Post-LT Analyses of Bile Acids During UDCA Treatment

Initial Analysis:

Analysis
Before LT:

Analysis After LT

6 Months Old 8 Months Old 9 Months Oid 28 Months Old
Serum (pmol/L) '
CA ND 1.8 7.6 —
CDCA 1.1 9.5 2.1 —
Deoxycholic acld 0.2 ND ND —
UDCA 21.2 34.0 6.5 —
3B-Hydroxy-5-cholen-24-oic acid 7.3* ND ND —
Polyhydroxylated bile acids ND 0.1 ND —
TBAs 29.8 45.4 16.2 -
Urine {(pmol/mmot of creatinine)

CA 3.5 5.5 0.2 0.2
CDCA 1.3 0.7 Trace Trace
Deoxycholic acld 0.1 ND ND ND
Lithochotlc acid 0.1 ND ND ND
UDCA 59.2 88.1 1.3 1.3
3p-Hydroxy-5-cholen-24-oic acld 41,7} 4.4t ND ND
Polyhydroxylated bile actds 1.5 3.0 0.1 0.1
Allo-bile acids 0.1 0.1 ND ND
Unsaturated ketonic bile acids 2.0 7.3 ND ND
Other unsaturated bile acids 0.2 0.7 ND ND
TBAs 109.7 109.8 1.6 1.8

NOTE: A dash indicates that the test was not performed.

*The percentage of TBAs was 24.5%, and the percentage with UDCA excluded from the denominator was 84.9%.
'The percentage of TBAs was 38.0%, and the percentage with UDCA excluded from the denominator was 82.9%.
*The percentage of TBAs was 4.0%, and the percentage with UDCA excluded from the denominator was 20.3%.

liver blopsy sample showed changes consistent with
micronodular cirrhosis; there were wide bands of fi-
brous tissue, marked lobular disarray, and frequent
glant cell transformation (Fig. 2A,B). A renal biopsy
sample revealed glomerular microcysts (Fig. 1B).

Clinical Course After LDLT

After an uneventful postoperative course, the patient
was discharged on postoperative day 43; at this time,
her therapy comprised oral tacrolimus, a corticoste-
rold, and UDCA. Subsequently, after 20 months of fol-
low-up when the patient was 29 months old, her
treatment consisted of only oral tacrolimus (0.07 mg/
kg/day) and UDCA (5.8 mg/kg/day). At that time, the
results of routine liver function tests were normal,
and her growth and development were satisfactory
{(height = 89.1 cm, weight = 13.8 kg).

After LDLT, the renal cysts (Fig. 1C) and the rachitic
bone lesions were resolved.

Biochemical Identification of an Inborn
Error of Bile Acid Synthesis

An analysis of the bile acids present in her serum and
urine during UDCA therapy when the patient was 6
months old detected large amounts of the rare bile
acid 3B-hydroxy-5-cholen-24-oic acld (Table 1}. In
addition, small amounts of other uncommon bile
acids, such as 3f-dihydroxy-A® bile acids, allo-bile

aclds, and 3-oxo-A* bile acids, were also detected in
her urine. Common bile acids [eg, cholic acid (CA),
chenodeoxycholic acld (CDCA), deoxycholic acid, and
lithocholic acid] were absent or were detected only in
small amounts [n her serum and urine. 3f-Hydroxy-
5-cholen-24-oic acid accounted for 84.9% and 82.9%
of TBAs (with UDCA excluded) in her serum and
urine, respectively. In the absence of a standard sam-
ple for 3f-hydroxy-5-cholen-27-oic acid, this bile acid
could not be accurately measured in samples from
the patient.

The concentrations of common bile acids in her se-
rum and urine at 8 months were higher than those at
6 months. The concentration of TBAs in her serum
was also higher at 8 months. The concentration of 3§-
hydroxy-5-cholen-24-oic acid in her urine was lower
at 8 months, but the concentrations of other uncom-
mon bile acids were higher (Table 1). After LDLT, the
concentrations of bile aclds in her serum and urine
tended to normalize; in particular, uncommon bile
acids could not be detected in her serum or urine (Ta-
ble 1). The results of analyses of bile acids in speci-
mens from the parents (before LDLT} are shown in Ta-
ble 2.

Identification of Defects in the CYP7B1 Gene

Two heterozygous mutations of the CYP7B! gene {but
no mutations of the CYP7AI gene) were ldentified.
One heterozygous mutation (R112X) was found in
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TABLE 2. Analysis of the Parents’
Bile Acids Before LDLT
Mother
Father (Donor}
Serum (umot/L)
CA — ND
CDCA — 0.5
Deoxycholic acid — 0.4
Lithocholic acid - ND
UDCA — ND
3p-Hydroxy-5-cholen-24-olc acid — ND
TBAs — 0.9
Urine (pmol/mmol of creatinine}
CA Trace 0.2
CDCA Trace  Trace
Deoxycholic acld Trace Trace
Lithocholle acid ND ND
UDCA Trace  ‘Trace
3f-Hydroxy-5-cholen-24-oic acid ND ND
Polyhydroxylated bile actds ND  Trace
Other unsaturated bile acids ND ND
TBAs Trace 0.2
NOTE: A dash indicates that the test was not performed.

exon 3 at nucleotide 538; R112X is a previously
reported C-to-T substitution that changes arginine
{CGA) to a stop codon (TGA) at amino acld position
112.% The other heterozygous mutation (R417C},
which has not been reported previously, is a C-to-T
substitution in exon 6 at nucleotide 1453; it results in
a substitution of cystelne (TGT) for arginine (CGT) at
amino acld position 417. R112X was detected Inn the
father but was absent in the mother and 103 healthy
controls. R417C was detected in the mother but was
absent in the father and 103 healthy controls.

The previously cited nucleotide numbers indicating
the posttions of the individual mutations are based on
GenBank accession number NM_004820.

DISCUSSION

Our patient manifested clinical and laboratory fea-
tures that are associated with an oxysterol 7«-hydrox-
ylase deficiency: progressive jaundice beginning soon
after birth, hepatomegaly, conjugated hyperbilirubine-
mia unaccompanied by pruritus, an absence of nor-
mal TBA concentrations in serum {(measured enzy-
matically with 3x«-hydroxysteroid dehydrogenase),
normal serum y-glutamyltransferase levels, and pro-
gressive intrahepatic cholestasis associated with
severe hepatic fibrosis.?3 High levels of 3p-monohy-
droxy-A® bile acids in her serum and urine and a
compound heterozygous mutation in the CYP7BI
gene were detected. She underwent LDLT, after which
the features of cholestatic liver disease were resolved.

Macroscopically, the surface of the excised lver was
dark brown and was characterized by many large
nodules. The patient's liver was found to have the fol-

lowing microscopic features: giant cell transformation
of hepatocytes (Fig. 2A); consistent and prominent
portal zone inflammation; periportal fibrosis, which
had progressed to micronodular clirhosis associated
with bile ductular proliferation by 8 months (Fig. 2B};
and bile plugs in a few cholangioles and hepatocytes
but not in interlobular ducts. These findings agreed
with those reviewed by Bove et al.? Interestingly, poly-
cystic changes in the kidneys were demonstrated by
computed tomography; such changes also occur in
patients with Zellweger syndrome.® Her renal function
was normal desplie the cystic renal lesions (Fig. 1A).
A microscopic examination of her kidneys revealed
glomerular microcysts assoclated with atrophic glo-
meruli, cystic dilation of Bowman's capsule, and renal
tubular dilation (Fig. 1B}. The cause of these renal
changes has not been established; they may have
arisen because of renal toxicity induced by certain
bile acids {(especially monohydroxy bile acids such as
3f-hydroxy-5-cholen-24-oic acid).

After LDLT, the levels of uncommon toxie bile acids
such as 3f-monohydroxy-A® bile acids decreased, pre-
sumably because of the increased activity of oxysterol
7«-hydroxylase, and the polycystic changes in the kid-
neys were resolved.

The level of 3p-hydroxy-5-cholen-24-oilc acid as a
percentage of TBAs and the absolute concentration of
this bile acid in her serum and urine decreased
between the first and second analyses of the bile acids
(the interval was only 2 meonths; see Table 1). The
changes indicated that the main pathway for bile acid
metabolism had changed from the acidic pathway to
the classic pathway: the activity of cholesterol 7«
hydroxylase gradually increased from the late neona-
tal period to late infancy, even though the C,7 bile
acid present in patients with this disease, a 38-mono-
hydroxy-A%-Cy; bile acid,? is a high-affinity ligand for
farnesotd X receptor (FXR; Fig. 3}.}° We suggest that
the level of activity of cholesterol 7«-hydroxylase in
this patient (ie, a low level or none} is consistent with
previous physlological observations establishing that
the activity of cholesterol 7u-hydroxylase is low or
absent in the fetal and early neonatal periods.'!-!2

Progressive liver disease in patients with this condi-
tion may be exacerbated by the accumulation of 3f3- -
hydroxy-5-cholen-24-olc acid; our patient had devel-
oped clrrhosis by the age of 8 months. Clearly, there
is a need for a novel treatment that promotes the
excretion of toxic monohydroxy bile acids such as 3-
monohydroxy-A® bile aclds. Currently, orthotopic LT
is the only therapeutic optfon. Any new ireatment
ideally would prevent the development of clithosis af-
ter the diagnosis is made in the early neonatal perlod.
An carly diagnosis would be facilitated by screening
for inborn errors of bile acid synthesis: urine samples
would be subjected to liquld secondary lonization
mass spectrometry.'?

Primary bile acld therapy with CA, CDCA, or both is
effective in the treatment of inborn errors of bile acid
synthesis.}*!® In our patient, however, CYP7Al
enzyme activity in the classic pathway would have
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Figure 3. Flow chart showing the elfects of an oxysterol 7«-hydroxylase deficiency. The reduced synthesis of primary bile aclds from
cholesterol in the classie pathway is assoclated with the increased synthesis of 3ﬁ~manohydroxy-ls5 bile actds in the acidic pathway.
The 3f-monohydroxy-a® bile acids (especlaily 3B-monohydroxy-A®-Ca7 actd), which have a high affinity for FXR, lead to reduced
cholesterol 7u-hydroxylase activity. However, the activity of cholesterol 7a-hydroxylase may increase from the late neonatal period to
late fnlancy when the main pathway of bile acld synthesis changes from the acldie pathway to the classic pathway.

been suppressed via FXR by therapeutic doses of pri-
mary bile acids; consequently, toxic intermediates of
bile acid synthesis such as 3B-monohydroxy-A%-Cyy
bile acid in the acidic pathway would have accumu-
lated. We suggest that this patient may have benefited
at an early stage from mild suppression of CYP7Al
induced by low-dose primary bile acid therapy.
Because our patient was diagnosed at a late stage,
primary bile acid therapy was not attempted.

The human CYP7BI gene contains 6 coding exons
that correspond to 506 amino acids; so far, 2 distinct
mutations that result in an oxysterol 7u-hydroxylase
deficiency have been reported.”® Our patient had 2
heterozygous mutations, R112X and R417C, in the
CYP7B1 gene. The previously reported R112X hetero-
zygous nonsense mutation in exon 3 was identified in
the father but not in the mother or in control subjects.
The novel R417C heterozygous missense mutation in
exon 6 was ldentified in the mother but not in the
father or in control subfects. The patient received 1
allele containing the R112X mutation from the father
and another allele containing R417C from the mother.

Thus, the patient was a compound heterozygote for
the CYP7BI gene.

Screening for the potentially informative mutation
R417C was undertaken for 103 heaithy individuals,
but this mutation was absent {n all of them. Moreover,
the R417C mutation was predicted to probably have
an adverse effect (score = 1.000) by an analysis with
Polymorphism Phenotyping version 2.'® Accordingly,
we believe that the R417C mutation may have con-
tributed to a loss of function of oxysterol 7¢-hydroxy-
lase In our patient.

LT is an established treatment for patients with
heritable metabolic disorders. For our patient, we
obtained an allograft from her mother. After LDLT,
all abnormal effects of chronic cholestatic liver dis-
ease were gradually resolved. When an appropriate
parent is avallable as the donor, LDLT represents an
effective treatment option for pediatric patients with
heritable metabolic disorders.!” In pediatric patients
with autosomal recessive disorders, the parent who
serves as the donor is almost always a heterozygote,
Morioka et al.’” confirmed that (ransplantation from
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heterozygous donors does not have a negative impact
on either the donor or the recipient. However, when
the effects of the disease are less hepatospecific than
the effects tn our patlent, additional treatment may be
necessary to optimize the outcome after LDLT.

In conclusion, we have reported the first Japanese
patient with an oxysterol 7«-hydroxylase deficiency and
compound heterozygous mutations (R112X and R417C)
in the CYP7B1 gene. LT with an allograft obtained from
a heterozygous living donor was followed by the resolu-
tion of the manifestations of the disease.
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Abstract: Dialysis immediately before liver transplanta-
tion for patieats with methylmalonic academia (MMA)
with the mut0 mutation is considered to be necessary to
reduce plasma methylmalonic acid (MMA) levels and
prevent metabolic decompensation for a successful surgical
outcome; however, this has ot yet been conclusively con-
firmed. Ten pediatric patients underwent living donor liver
transplantation at the National Center for Child Health
and Development, Tokyo, Japan. Seven patients received
dialysis immediately before surgery, but the three most
recent patients did not receive dialysis. We monitored
plasma MMA [evels and evaluated metabolic status during
the perioperative period. Plasma MMA levels of patients
who received preoperative dialysis were significantly
decreased. However, lactic acidosis developed in two
patients during surgery. One of the patients who had

decreased renal function suffered from severe lactic acido-
sis after the transplantation and died on post operative day
44, In the three patients who did not receive preoperative
dialysis, high plasma MMA levels persisted, but they did
not develop metabolic decompensation. Their plasma
MMA levels gradually decreased after transplantation,
Our results indicated that reducing MMA. with preopera-
tive dialysis does not decrease the risk of metabolic
decompensation. We will need to evaluate whether
preoperative dialysis is necessary for the success of surgery
with more cases in the future. Adequate perioperative
glucose infusion and careful lactate monitoring are pivotal
for success.  Key Words: Lactic acidosis, Liver transplan-
tation, Methylmalonic acidemia, Preoperative dialysis,
Renal insufficiency.

Methylmalonic acidemia is a rare autosomal reces-
sive genetic disorder characterized by a complete or
partial deficiency of methylmalonyl-CoA mutase
or by defects in the synthesis of adenosylcobalamin.
The estimated frequency in Japan is 1:80 000. Most
(~90%) neonates with the mut0 (complete deficiency
of methylmalonyl-CoA mutase) develop clinical
symptoms, such as vomiting, hypotonia, lethargy and
convulsions, and >50% of them die before reaching
10 years of age. Developmental delay and chronic
renal failure are inevitable in the other 50%. Such
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patients require a severely protein-restricted diet and
their quality of life is clearly reduced.

Liver transplantation can decrease plasma and
urine methylmalonic acid (MMA) levels, reduce the
frequency of metabolic decompensation, alleviate
protein restriction and lead to an improved quality of
life (1).To our knowledge, there have been 25 patients
with methylmalonic acidemia who have undergone
liver transplantation (2-15). Some authors advocated
that preoperative dialysis immediately before liver
transplantation is necessary to reduce plasma MMA
levels and to prevent metabolic decompensation
(5,7,11-13). However, there have been 1o reports of
the necessity of preoperative dialysis, and whether it is
essential remains unknown. Between November 2005
and June 2010, 10 pediatric patients with mut0 meth-
ylmalonic acidemia underwent living donor liver
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TABLE 1. Preoperative characteristics of 10 patients with methylmalonic acidemia who underwent living donor
: . tiver transplantation
History of 24 h Cer Serum

Paticnt Age at Age at Weight at  blood purification  (mLfmin/  cystatin C Preoperative

number ouset LT (mo}  Geader LT (kg) therapy 173 m?) (mg/L) Donor  hemodialysis
1 1 day 58 Male 15.0 Nane 1362 Not done  Father Yes
2 3 day 90 Female 24.6 PD 1589 0.94 Father Yes
3 0 day 63 Male 152 PE 136.2 0738 Father Yes
4 9 day 7 Female 84 None 94.0 0.88 Father Yes
s 45 days 3 Male 11.8 PD 138.1 0.86 Father Yes
6 7 months 52 Female 200 BE-PD 659 1.60 Father Yes
7 3 days 12 Female 89 BE 1599 0.82 Father Yes
8 14 days 18 Male i1.s CHD 1159 1.01 Father No
9 2 months 65 Male 17.7 None 96.5 1.29 Mother No
10 3 days 9 Male 9.3 HD 1247 101 Father No

24 Cer, 24-hour creatinine clearance; BE, blood exchange; CHD, continuous hemodialysis; LT, liver transplantation; PD, peritoncat

dialysis, PE, plasma exchange.

transplantation at our center. Seven patients who have
already been described (2) received dialysis immedi-
ately before surgery; however, as 6th and 7th patients
developed lactic acidosis during surgery in spite of
reducing MMA by preoperative dialysis, we tried liver
transplantation without preoparative dialysis for the
most recent three patients. In this study, we monitored
plasma MMA levels during the perioperative period
in all of the patients and evaluated perioperative
metabolic status, We also discuss the necessity for
preoperative djalysis.

PATIENTS AND METHODS

Table 1 shows the characteristics of the 10 patients
(6 boys and 4 girls; median age, 41.5 months; range,
7-90 montbs; median weight, 134 kg, range,
8.4-24.6 kg) who underwent living donor liver trans-
plantation in the National Center for Child Health

and Development, Tokyo, Japan, between November |

2005 and June 2010. This center is the largest pediat-
vic liver transplantation center in Japan and trans-
plant surgeons, pediatric nephrologists, pediatric
surgeons and specialists in pediatric metabolic

disease are regularly available. So patients from all
parts of the country who need liver transplantation
are referred here,

Gene analysis confirmed that all of the patients
had the mut0 mutation accompanied by a history of
recurrent metabolic decompensation episodes, mild
to moderate developmental delay and required tube
feeding to provide enough energy to avert aggravat-
ing catabolism, Patient 6 had developed chronic renal
insufficiency due to the disease by the time of liver
transplantation. No patients received chronic renal
replacement therapy before liver transplantation.
Patients 1 to 7 underwent preoperative dialysis,
whereas patients 8 to 10 did not.

Except for patient 2, who started dialysis 2 days
before transplantation, the remaining 6 patients
began dialysis on the day before transplantation
(Table 2). Patients 1 and 2 underwent continuous
hemodialysis, but MMA was not sufficiently removed
in patient 2, Thus, patients 3 to 7 underwent continu-
ous hemodiafiltration (CHDF). Dialysis was admin-
istered under the control of mechanical ventitation in
the pediatric intensive care unit because body move-
ment interrupts the dialysis and they need sedation

TABLE 2. Maode of preoperative dialysis for seven patients

Area of
Patient Made of Duration of hemofilter QB/QDIQS
number dialysis dialysis (h) wembrace (i) (mL/min}(mUh)(mlsh) Anticoagulant
i CHD 10 0.6 50/800/0 Heparin
2 CHD 40 L0 100/2000/0 NM
3 CHDF 17 0.6 S0/1C00/1000 NM
4 CHDF 19 03 30/£000/500 NM
s CHDF 18 0.6 30/1000/300 N
6 CHDF 18 0.6 S0/1000/600 NM
7 CHDF 7 0.3 4071000600 NM

CHD, continuous hemodialysis; CHDF, continuous llemodiafiltration; NM, nafamostat mesilate; QB, bloed flow rate; QD, dialysate flow

rate; QS, subslitution flow rate.
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TABLE 3. Peri- and postoperaiive plasma methylmalonic academia levels (normal range, 0.35 + 0.22 nmol/mL,)

Patienl  Admission to  Just before  Just after  Just before  Anhepatic After Just aftec

number hospital dialysis dialysis surgery time reperfusion  operation POD1 TOD7 POD30
1 2680 922 58.5 70.8 62.0 64.0 47.8 378 3.7 99.4
2 470 40.0 33.6 50.7 447 482 48.8 60.9 65.1 592
3 1430 317 329 259 32.9 38.1 39.6 364
4 33.0 14.4 134 123 19.0 26.8 38.4 370 281 293
R 3750 137.3 87.1 86.4 1146 106.4 1002 1905 1096 87.8
6 1970.0 3570 140.5 2510 199.0 1815 1464 3290 1769 232.0
7 166.0 107.3 387 38.7 46.3 352 315 44.4 22.7 138
8 2780 NA NA 342,0 298.0 3370 251.0 1758 77 59.6
9 702.0 NA NA 302.0 303.0 2300 191.0 1175 147.9 124.4

10 255.0 NA NA 160.0 147.0 1190 83.0 1290 338 85

NA, not applicable; POD, post operative day.

dwring dialysis. Central catheters were inserted into
the right internal jugular veins of all patients to
access blood. These procedures were approved by the
institutional review board, and informed consent was
obtained in all the cases.

We examined perioperative plasma MMA levels
and blood lactate levels in all patients. The Wilcoxon
signed-rank test was used to compare plasma MMA
levels before and after preoperative dialysis. The
results were analyzed with JMP ver, 8.0 (SAS Insti-
tute Japan Ltd, Tokyo, Japan). Statistical significance
was established at P <0.05.

RESULTS

Table 3 shows peri- and postoperative plasma
MMA levels (normal range, 0.35 * 0,22 nmol/mL) of
the 10 patients, MMA levels at the time of hospital
admission were very high, possibly because most of
the patients lived far from the hospital and might have
been stressed from transfer. The plasma MMA levels
of seven patients who underwent preoperative
dialysis were significantly decreased (pre vs. post:
111.4 £ 117.1 vs. 57.8 £ 43.3 nmol/mL; P = 0.02) and
these levels vemained suppressed, except in patient 6,

In particular, very high plasma MMA levels before
dialysis (patients 5, 6, and 7) remarkably decreased,
Patient 6 who had decreased renal function suffered
from severe uncontrollable lactic acidosis and acute
rejection of the graft after the transplantation, and she
required CHDFE. She continued to have high plasma
MMA levels untii she died of sepsis on post operative
day 44. High plasma MMA Ievels persisted during the
operations in the three patients who did not undergo
preoperative dialysis. However, their plasma MMA
levels gradually decreased after liver transplantation,

Table 4 shows perioperative blood lactate levels,
Relatively high blood lactate levels persisted during
surgery. Patients 6 and 7 developed lactic acidosis
despite preoperative dialysis. Lactate levels in patient
6 became greatly elevated (11.8 mmol/L, normal
range 0-2) and prominent metabolic acidosis required
the administration of a large amount of sodium bicar-
bonate during surgery. There were no particular prob-
lems in surgeries. Although patients 8,9 and 10 did not
undergo preoperative dialysis and high plasma MMA
levels persisted (>100 nmol/mL), they did not develop
lactic acidosis (lactate levels, 1.4-4.7 mmol/L). These
three patients successfully completed liver transplan-
tation without any adverse events. All patients were

TABLE 4. Perioperative blood lactate levels (mmol/L)

Patient Just before Just after Tust before " Anhepatic Alter Just after
number dialysis dialysis surgery time reperfusion operation
1 3.1 29 3.6 5.5 42 35
2 39 3.6 4.1 4.1 33 4
3 2.6 2.5 32 2.7 27 33
4 13 1.1 18 2.6 2.5 18
5 14 2.4 22 2.1 15 1.9
6 3.6 5.5 97 118 10.8 6.6
7 Ll 2.1 3.6 6.2 7.9 7.9
8 NA NA 36 47 2 1.4
9 NA NA 5 4.2 21 1.9
10 NA NA 2.1 22 15 1.5
NA, not applicable,
© 2011 Tho Authors
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TABLE 5, Perioperative blood glucose levels (ng/dL)

Patient Just before Just after Just before Anhepalic Alter Just after
number dialysis dialysis surgery time repetfusion operation
1 115 119 94 156 136 148
2 89 136 140 159 144 126
3 126 127 {51 83 153 130
4 159 116 74 15 142 224
5 104 153 144 94 95 120
6 82 138 93 139 168 169
7 161 317 275 289 219 184
8 NA NA 179 117 - 170 140
9 NA NA 113 96 112 148
10 NA NA 123 23 154 228

NA, not applicable.

infused with hyperalimentation to avoid catabolic
aggravation during surgery and relatively high blood
glucose levels persisted during surgery (Table 5).
Patient 7 developed severe hyperglycemia that
required insulin during the surgery.

The patients remained under observation for
various periods ranging from 19 to 53 months after
transplantation, All patients except for patient 6
remained alive, free of metabolic decompensation
requiring hospital administration and could ingest
food by mouth. Tube feeding was no longer required
and the parents all agreed that the quality of life
of these children had improved as a result of
transplantation.

DISCUSSION

A total of 25 patients with methylmalonic acidemia
have undergone liver transplantation (2-15), Sixteen
patients underwent preoperative dialysis immedi-
ately before liver transplantation to remove MMA,
although the other nine patients did not undergo pre-
operative dialysis. Twenty-one patients successfully
completed liver transplantation; four patients (three
of thew received preoperative dialysis and one of
them did not receive preoperative dialysis) died after
the operation. Nagarajan et al. (11) advocated that
hemodialysis is desirable a few hours before com-
bined liver-kidney transplantation to reduce serum
MMA levels and to avoid immediate toxicity to the
transplanted kidney. Hsui et al. (13) also performed
dialysis immediately before transplantation and sug-
gested that it is neccssary for a successful surgical
outcome. The purposes of preoperative dialysis are to
reduce MMA levels to maintain an optimal environ-
ment for the graft and to prevent lactic acidosis and
metabolic decompensation during surgery. Seven of
our patients underwent preoperative dialysis in
accordance with these reports. However, the real

© 2011 The Authors
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necessity for this procedure remains to be demon-
strated. Therefore, we evaluated the necessity of pre-
operative dialysis by monitoring plasma MMA levels
and metabolic status during the perioperative petiod.
Because the molecular weight of MMA is 118
Daltons, we postulated that it could be easily
removed with continuous hemodialysis. We applied
this procedure to patients 1 and 2, but plasma MMA
levels were not sufficiently removed in patient 2.
Therefore, we applied CHDF to patients 3 to 7,
Plasma MMA levels were significantly decreased
with CHDF, but we could not prevent lactic acidosis
during surgery in patients 6 and 7. Patient 6 devel-
oped severe lactic acidosis agaiu after transplantation
and died of sepsis on postoperative day 44. We specu-
late that preexisting renal insufficiency caused by the
disease is an important risk factor for a poor outcome
because control of the acid-base balance could be
difficult under conditions of reduced renal function.
Lactic acidosis is likely to occur during the anhepatic
phase because the liver plays an important role in
lactate metabolism. In contrast, high plasma MMA
levels persisted during the operation in three patients
who did not receive preoperative dialysis, but they
did not develop mstabolic decompensation during
the perioperative period. They successfully com-
pleted the operations and their plasma MMA levels
gradually decreased after trausplantations. Our find-
ings indicate that reducing MMA levels with pre-
operative dialysis does not decrease the risk of
metabolic decompensation and it is not pivotal for
the success of liver transplantation. However, the
number of cases was small and we have not con-
ducted a prospective randomized controlled study.
The adverse effects of dialysis include the need for
mechanical ventilation in the pediatric intensive care
unit, central blood access from the day before surgery
and complications such as hypoproteinemia due to
dialysis and infection. It was necessary for us to

Ther Apher Dial, Vol. 15, Ne. 5,201t
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perform continuous hemodialysis overnight to
- remove MMA sufficiently, so we needed mechanical
ventilation. These factors might stress the patients,
aggravate disease activity and result in metabolic
decompensation. Sufficient hyperalimentation is nec-
essary for patients with methylmalonic acidemia to
prevent catabolism, but excessive hyperalimentation
often leads to hyperglycemia due to mitochondrial
dysfunction, which in turn might cause lactic acidosis
between removal of the diseased liver and transplan-
tation. Thus, transfusion must be controlled with
properly adjusted glucose doses and blood glucose
levels should be carefully monitored. Patients who
have already developed renal insufficiency are at
very high risk for liver transplantation and-such
patients might warrant another strategy, such as prior
kidney transplantation or combined liver-kidney
transplantation,

CONCLUSION

Reducing methylmalonic acid levels with preop-
erative dialysis cannot prevent lactic acidosis during
surgery and we did not find any merits to carrying out
hemodialysis. This study result should be supported
with more cases in future. Adequate glacose infusion
and careful perioperative lactate monitoring are
pivotal for success. Those patients who have already
developed renal insufficiency are at very high risk for
liver transplantation.
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