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A new diagnostic test for VLCAD
deficiency using immunohistochemistry

Y. Ohashi, MD; Y. Hasegawa, MD; K. Murayama, BS; M. Ogawa, MS; T. Hasegawa, MD, PhD;
M. Kawai, MD; N. Sakata, MD; K. Yoshida, MD, PhD; H. Yarita, MD, PhD; K. Imai, MD, PhD;
1. Kumagai, MD, PhD; K. Murakami, MD, PhD; H. Hasegawa, MD; 8. Noguchi, PhD; I. Nonaka, MD, PhD;
8. Yamaguchi, MD, PhD; and I. Nishine, MD, PhD

Abstract—DBackground: Muscle pathology is often unhelpful in elucidating the specific underlying abnormality in pa-
tients with metabolic myopathy with rhabdomyolysis, including very-long chain acyl-CoA dehydrogenase (VLCAD) defi-
ciency. Biochemical analyses require large amounts of biopsy samples for each enzyme assay. Objective: To develop a more
efficient diagnostic method for VLCAD deficiency. Methods: The authors performed immunohistochemical analysis using
an antibody to VLCAD on muscles from 344 patients (226 men and 118 women) without a specific diagnosis who had at
least one of the following symptoms: myoglobinuria, high CK level, muscle pain, muscle stiffness, sudden infant death
syndrome, and Reye-like syndrome, Results: Immunoreactivity to VLCAD was absent or markedly reduced in 13 patients.
Biochemical analyses confirmed that all these patients had low enzymatic activity and reduced amount of protein. They all
had the myopathic phenotype. The authors identified homozygous or compound heterozygous mutations in all of them. All
recombinant proteins had reduced enzymatic activity except for 128G>A (G43D) and 796C>G (P2664A) mutants, indicat-
ing that they are neutral polymorphisms. Conclusions: The new screening methed for the detection of VIL.CAD deficiency
using an immunohistochemical technique identified 13 new Japanese patients with VLCAD deficiency.

NEUROLOGY 2004;62:2209-2213

Muscle biopsies are often performed to look for the
underlying metabolic abnormalities in patients with
rhabdomyolysis. However, pathologic findings are
frequently nonspecific and extensive biochemical
analyses are necessary to make a specific diagnosis
of metabolic myopathy including glycogenosis,
B-oxidation enzyme defects, and carnitine palmityl
transferase (CPT) deficiency. Because large amounts
of muscle tissue are required for each enzyme assay,
biochemical screening is sometimes incomplete.
Mitochondrial fatty acid oxidation is carried out by
the integrated action of the carnitine-dependent trans-
port of long-chain fatty acids across the mitochondrial
membrane and the intramitochondrial f-oxidation cy-
cle. The first step of this cycle is catalyzed by four fatty
acyl-CoA. dehydrogenases, which have different sub-
strate chain-length specificities. Short-chain, medium-
chain, and long-chain acyl-CoA dehydrogenases are
matrix proteins with specificity for C,-Cg, C,-Cy,, and
C15Cys fatty acyl-CoAs, while very-long chain acyl-

Additional material related to this article can be found on the Neurslogy
Weh site. Go to www.neurojogy.org and scroll down the Table of Con-
tents for the June 22 issue to find the title link for this article.

CoA dehydrogenase (VLCAD) is associated with the
mitochondrial inner membrane and is specific for C,-
Cy, fatty acyl-CoAs.t? In 1999, 54 cases of genetically
confirmed VLCAD deficiency were reviewed and 19
cases have been reported thereafter in the English lan-
guage literature (table 1).3

VLCAD deficiency is clinically classified into three
forms: severe form, or severe childhood form, with
early onset, high mortality, and a high incidence of
cardiomyopathy; an intermediate form, or milder

. childhood form, with later onset, usually with hy-

poketotic hypoglycemia as the main presenting fea-
ture in which cardiac involvement is rare and
outcome is more favorable; and a myopathic form, or
adult form, with isolated skeletal muscle involve-
ment, rhabdomyolysis, and myoglobinuria, usually
triggered by exercise or fasting.® Their muscle biop-
sies usnally show nonspecific changes.

We therefore thought that there may be patients
with VLCAD deficiency among our cases with such
symptoms whose muscle biopsies were not diagnos-
tie. To identify patients with VLCAD deficiency and
also to develop an efficient screening method, we
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Table I Clinical classification end number of genetically confirmed patients

Number (%) of genetically confirmed

patients
Form Onset Main manifestation Previous reports This report
Severe Neonatal to early childhood Cardiomyopathy 34 (47) 0
Intermediate Childhood Hypoketotic hypoglycemia 24 (33)
Myopathic Adolescence to adulthood Rhabdomyolysis 15 (20) 13
Total 73 13

performed immunchistochemistry for VILCAD on sec-
tions of skeletal muscle from such patients.

Methods, Patients. As candidates, we selected muscle biopsies
from 344 patients (226 men and 118 women) with one or more of
the following: myoglobinuria, high CK level, muscle pain, muscle
stiffness, sudden infant death syndrome (SIDS), and Reye-like
syndrome which showed no diagnostic change after microscopic
examinations with a full battery of histochemical and immunohis-
tochemica! staing against a variety of sarcolemmal proteins, in-
cluding dystrophin, sarcoglycans, dystroglyvcans, merosin, and
collagen VI. Biopsy specimens were frozen in liguid nitrogen-
cooled isopentane, We performed indireet immunohistochemical
staining with the rabbit polyclonal antibody to VLCAD on 7 pm
cryosections of the skeletal muscle. All sections were stained us-
ing an automated immunchistochemical stainer (Nex, Bentana
Medical Systems, Tucson, AZ). As disease control, we used muscle
from a patient with genetically confirmed VLCAD deficiency re-
ported previously.

Enzyme assay. Acyl-CoA dehydrogenase activities toward oc-
tanoyl-CoA (C8-DH) and palmitoyl-CoA (C16-DH), as substrates,
were measured according to the ferricenium method described by
Lehman et al®

Immunoblot analysis. Thirty micrograms of protein from
muscle extracts was applied to a 10% SDS-PAGE gel, and West-
ern blotting was performed on a nitrocellulose sheet using an
anti-human VLCAD antibody. Protein was detected with anti-
rabbit antibody HRP-linked IgG (Cell Signaling, Beverly, MA) and
ECL Western blotting detection reagents (Amersham, Bucking-
hamshire, UK). Anti-human trifunctional protein (TP) antibedy
served as positive contrels, and we compared the amount of
VLCAD protein with TP-o.?

Mutation anelysis. Human VLCAD gene is located on the
short arm of chromosome 17, spanning a 5.3 kb region, and con-
tains 20 exons.?® To identify mutations, we sequenced the VLCAD
gene in DNA from patients with VLCAD deficiency identified in
this study. Genomic DNA was extracted from the muscle biopsies
by a standard method.?® We designed intron-based oligonucleotide
primers and amplified two overlapping fragments which cover the
entire VLCAD gene region. PCR conditions were as follows: the
first fragment, denaturation at 94 °C for 1 minute; annealing at
63 °C for 2 minutes; and extension at 72 °C for 2 minutes, and 30
cyeles of PCR, and the other, denaturation at 94 °C for 1 minute;
annealing at 67 °C for 2 minutes; and extension at 72 °C for 2
minutes, and 30 cycles of PCR. LA Taq polymerase (Takara, To-
kyo, Japan) was used throughout our study. We directly se-
guenced the amplified fragments using 13 primers on an
automated DNA sequencer (Applied Biosystems 3100, Foster, CA)
by the Big Dye cycle sequencing kits (Applied Biosystems) by
following the manufacturer’s protocol. Nuclectide and amino aeid
numbering were carried out according to the VLCAD ¢DNA se-
quence deposited in GenBank.

Enzymatic assey of recombinant proteins. To determine
which missense mutations are actually pathogenic in patients
with more than two identified “mutations,” we measured the en-
zyme activity of recombinant proteins with those mutations. We
extracted total muscle RNA from patients who had three or four
mutations using ISOGEN (Nippon Gene, Tokyo, Japan), synthe-
sized first-strand ¢DNA by Super Seript III First-Strand Synthe-
sis System (Invitrogen, Carlsbad, CA), and PCR amplified the
VLCAD ¢DNA using exon-based oligonucleotide primers. PCR
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products were then cloned into the pGEM-T easy vector (Promega,
Madison, WI).

Seven mutant VLCAD cDNAs, 128G>A, 790A>G, 1748C>T,
796C>G, 1153C>T, 128G>A + T90A>G, and 796C>G +
1153C>T, as well as the wild type of the VLLCAD cDNA were
prepared by in vitro mutagenesis, using QuickChange Site-
Directed mutagenesis kits (Stratagene, La Jolla, CA). These
eDNAs were inserted separately into a pCAGGS expression vec-
tor. We used the LipofectAMINE PLUS Reagent according to the
pratocol. Briefly, 3.5 g of the expression vectors were transfected
into 5 % 10° COS 7 transformed fibroblasts. One point five micro-
grams of pCAGGS expression vector for human cytosolic thiolags
¢DNA was cotransfected to moniter trensfection efficiency. The
cells weve harvested after 48 hours incubation at 37 °C, and the
enzyme activities of C16-dehydrogenase and acetoacetyl-Cod. thio-
lase were assayed.

Results, Immunochemical analysis. Immunoreactivity
was markedly reduced in five patients and absent in nine
patients (see supplementary figure E-1 at www.neurology.
org, table 2}, including the patient previously reported.

Enzyme assay. The C16-DH activity in all 13 patients
identified by immunohistochemistry as well as the disease
control was reduced compared to normal controls, whereas
the C8-DH activity was all within the normal range (see
table 2}, confirming that all 13 patients had VLCAD defi-
ciency, There was no correlation between the residual ac-
tivity of the long chain acyl-CoA esters and the
immunostaining pattern.

Immunoblot analysis. All 13 patients had decreased
amounts of VLCAD as compared with TP-a (see table 2).
There was no significant correlation between the amount
of VLCAD protein and the immunostaining pattern.

Mutation cnalysis. Sequence analysis of the entire
VLCAD gene revealed homozygous or compound heterozy-
gous mutations in all 13 patients (see table 2). Among
them, 997insG, 419G>A (G140E), 1800A>C (K600N),
T96C>G (P266A), 1748C>T (3583L), 1153C>T (R385W),
1801delA, and 642—643delCT have not been previously re-
ported. These mutations were absent in 100 genomic DNA
samples from control Japanese individuals, suggesting
that these mutations were pathogenic. An unexpected find-
ing was the presence of the 128G>A (G43D) in addition to
other homozygous or compound heterozygous mutations in
six patients, raising the possibility of a polymorphism.
Among them, Patient 10 had four missense mutations and
Patients 2, 11, 16, and 17 had three mutations. By cloning
the PCR products, we confirmed that 128G>A and
790A>G were present in the same allele, as were 128G>A
and 1801delA. We also confirmed that 796C>G and
I153C>T were in the same allele.

Enzymatic assay of recombinant proteins, Each trans-
fection gave similar levels of acetoacetyl-CoA thiolase ac-

— 180 —



Table 2 Enzyne activities, protein amount, and identified mutations

Enzyme activities Relative protein amount Nucleotide Location Amino acid
Patient Immunohistochemistry Ci1e/C8 VLCAD/TP-o change (exon) change Zygosity
1 A 0.89 2.00 128G>A% 2 G43D Hetero
' T90A>G 9 K264E  Hetero
1349G>A 14 R450H Hetero
2 ’ A 0.68 - 091 419G>=A 6 GI40E Hetero .
1800A>C 19 K600N  Hetero
3 A 0.77 1.24 128G>A%* G43D Homo
T90A>G K264E Homo
4 R 0.80 2.55 128G=A%* G43D Hetero
T90A>G 9 K264E Hetero
1246G>A 12 A416T Hetero
A 0.69 1.30 1144A>C 11 K382Q Homo
A 0.67 1.47 128G>A" .2 G43D Hetero
790A>G K264% Hetero
1748C>T 18 S583L Hetero
7 A 0.48 0.75 644—647 del GTCT 8 Frame shift Hetero
1144A>C 11 K382Q Hatero
8 R 0.46 0.83 1144A>C 11 K382Q Homo
9 R 0.87 1.65 128G>A* 2 (343D Hetero
1801 del A 19 Frame shift Hetero
1246G>A 12 A416T Hetero
10 ’ R 0.69 1.79 128G=A* G43D Hetero
T90A>G K264E Hetero
796C>G* P266A Hetero
1153C>T 11 RB385W  Hetero
11 A 0.43 2.40 64264 dei CT 8 Frame shift Hetero
1349G>A i4 R450H Hetero
12 A 0.79 1.10 1349G>A 14 R45OI;I Homo
13 R 092 3.05 1246G>A 12 A416T Hetero
997 ins G 10 Frame shift Hetero
DCt A 0.61 2.24 1246G>A 12 A416T Hetero
1349G>A 14 R450H Hetero
NC 2.23 = 0.17 5.05 = 1.56
(n =28} (n=8)

* Neutral polymorphism based on enzymatic assay of recombinant proteins.

T Previously reported case.??

A = completely absent; R = reduced; DC = disease control; NC = normal control.

tivity, thereby confirming the transfection efficiency to be
similar among each transfection (data not shown). All re-
combinant proteins showed reduced enzymatic activity ex-
cept for 128G>A (G43D) and 796C>G (P266A) mutants
(see supplementary figure E-2 at www.neurology.org),
clearly demonstrating that they are neutral polymor-
phisms. The recombinant proteins with two mutations,
128G>A (G43D) and 790A>G (K264E), and 796C>G
{P266A) and 1153C>T (R385W), also demonstrated simi-
lar reduction in enzymatic activity as in 790A>G and
1153C>T single mutants,. confirming that 128G>A and
796C>@ have no effect on enzymatic activity.

Clinicopathologic features. The clinical features of the
13 patients with VLCAD deficiency identified in this study
and the one used as a disease control are summarized in
table 3. There were six men and eight women. Ages at
onset varied from 8 to 29 years. The mean age at hiopsy
was 23 years with a range of 8 10 40 years. The main
clinical features at presentation were muscle pain, muscle
stiffness, muscle weakness, and general fatigue, usually
with triggers such as exercise, infection, and cold tempera-
ture, but somefimes without any trigger. Although one
patient had no trigger, all patients had had more than one
episode. Ten patients had myoglobinuria, and two of them
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Table & Clinical features

Age at Apge at Main Myoglobin Forearm exercise Family
Patient Sex onset, ¥y biopsy, y Trigger symptoms uria CK level test Hemodialysis  history
1 M Adolescence 32 E P + 50,000 No lactate increase + -
2 M Adolescence 34 E PG + Unknown Not done + -
3 M Adolescence 33 E 1 P + 10,000  Not done - -
4 - M Adolescence 27 E,C P,S + 44,000 Normal - -
5 M 16 16 E P + 100,000 Not done -
6 M 16 34 E 3 + 77,000  No lactate increase -
7 F 20 F P,W + 10,000  No lactate increase - -
8 F 22 E P.S + 130,000 No lactate increase - -
9 F 10 19 E P,G + 26,000 Normal - —
10 F 14 17 None P,W + 25,000  Not done — +
11 F 15 16 E P - 19,000  No lactate increase - -
12 F 29 40 E PG - 90,060 Normal - -
13 i 13 14 E,LC P,W - 44,000 Not done - -
DC F 8 8 E,F P,G - 10,000  Not done - -

E = exercise; P = muscle pain; G = gencral fatigue; I = infection; C = cold temperature; S = muscle stiffness; W = muscle weakness;

F = fatigue; DC = disease control.

needed hemodialysis for acute renal failure. None had car-

diomyopathy or hypoglycemia. All 14 patients had the’

myopathic form with normal development and normal
intelligence.

Laboratory tests showed markedly elevated serum CK
levels from 10,000 to 130,000 IU/L (normal range: <220)
during the attacks. However, CK levels normalized within
2 weeks, Bloed glucose, ammonium, and lactate levels
were within the normal range. Forearm exercise fest was
performed in eight patients, and five patients showed no
elevation in the lactate level.

Three patients had a positive family history. Patient §
had a younger brother with similar muscle pain. The older
sister of Patient 6 had died of heart failure at the age of 23
years. Patient 11 had an older sister with repeated epi-
sodes of rhabdomyolysis.

In most patients muscle bicpsy showed mild fiber size
“yariation, especially of typel fibers (see supplementary ta-
ble E-1 at www.neurology.org). In more than 50% of the
patients there were type 2C fibers. A few necrotic and
regenerating fibers were found in only three patients.

Discussion. We identified 13 new patients with
VLCAD deficiency by immunohistochemistry. All 13
patients had various homozygous or compound het-
erozygous mutations, including 8 novel mutations.
Among them, 128G>A (G43D) and 796C>G (P266A)
were neutral polymorphisms, as evidenced by the
preserved enzymatic activities in recombinant pro-
teins. Point mutations were frequently found in exon
9 (T90A>G, 21.4%), exon 11 (1144A>C, 17.9%), and
exon 14 (1349G>A 17.9%). Because five of six pa-
tients with 128G>A had 790A>G and since they
existed in the same allele, 128G=>A should be consid-
ered to be a polymorphism tightly linked to 790A>G,
suggesting the presence of a common founder effect.

Previous reports indicated that severe and inter-
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mediate forms are frequent while the myopathic
form is rare.? To our knowledge, 73 patients with
genetically confirmed VLCAD deficiency have been
reported in the English literature, with severe, inter-
mediate, and myopathic forms comprising 47%, 33%,
and 20% (see table 1).? Interestingly, all 13 patients
as well as the disease control who was identified
before this study had the myopathic form, suggesting
that the myopathic form may be more prevalent in
Japan. Alternatively, a substantial number of pa-
tients with the myopathic form may have been
unrecognized.

Five patients had no lactate increase on ischemic
forearm exercise test even though B-oxidation disor-
ders theoretically should have a normal response.
This was most likely due to improper test procedure.

‘The older sister of Patient 6 had died of heart
‘failure at age 23. Although there is a report of a
S-year-old boy with VLCAD deficiency with acute
cardiomyopathy," she may not have had VLCAD de-
ficiency because cardiomyopathy in adults with
VLCAD deficiency is very rare.

Immunoblot analysis showed that the VLCAD
protein was reduced, but not absent in any patient.
In the severe phenotype, no VLCAD protein or only @
trace amount, if any, is present, indicating the in-
verse correlation between the residual amount of the
VLCAD protein and clinical severity.22® Our pa-
tients may have sufficient residual VLCAD activity
to maintain metabolic status when receiving ade-
quate nourishment without any stress. Most likely
during exercise, infection, fasting, or exposure to
cold, the residual VLCAD activity is insufficient to’
sustain the demands of muscle fatty acid oxidation,
causing rhabdomyolysis.

Immunestaining pattern did not show clear corre-
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lation either with the residual protein amount on
immunoblot or to residual enzymatic activity. This
may be atiributed to the non-quantitative nature of
indirect immunohistochemical methods. Although
we did not find any equivocal case, the sensitivity
-and specificity of our method should be investigated
further,

Biochemical examination, organic acid analysis in
urine, and acyl-carnitine analysis in dried blood
spots or serum using tandem mass spectrometry are
useful for initial screening.* VLCAD deficiency can
be diagnosed by enzyme activity in fibroblasts, lym-
phocytes, or muscle.’ Muscle biopsy is not necessary
for the diagnosis when VLCAD deficiency is specifi-
cally suspected. However, since symptoms of VLCAD
deficiency resemble those in other metabolic myopa-
thies including glycogenosis and CPT deficiency and
because mmscle biopsy is a safe procedure, albeit
more invasive than blood sampling, muscle biopsies
are frequently performed in such patients. Therefore,
our immunchistochemical method is useful to make
a specific diagnosis of VLCAD deficiency. In addi-
tion, our method requires only a single section of
frozen muscle in contrast to biochemical enzymatic
assays. According to previous reports, muscle biopsy
sometimes shows lipid storage.*1¢ However, our pa-
tients did not show any specific changes on muscle
-pathology, but they were not completely normal.
This may be because all our patients had the myo-
pathic form and, therefore, milder symptoms. Ab-
sence of specific histopathologic findings emphasizes
the importance of our immunohistochemical method
in_identifying the possibly unrecognized patients
with VLCAD deficiency.
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BCPOERICELTVAILAFHEENSEY. bh
DI MSBEIZIFNSEHREZEAT 5720 DOCP R E
ML, HFREERRFLL

MR EFHE

Y [z T clinically definite MS & B ¥F® L, 200141
A5 2008 £ 3 A ORICIFNS B OB A % BB AR
L7aMS 82 A (BfE11A, 21 A) 2@ L LA
BEEEBEMS 29\, TREEFTEMSIATH- L.
MRITH, FHOWTRIOEMICHESRHL L E
HEL: CPOEAZRALBREOIEIC, T8 BF
P44 8T @ expanded disability status scale™ % Table 1
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AT, FHEM, ERBTEHRINZF—LI2LY)CP
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Table 1 Patients profile

Age Onset | MS - Duration of Treatment
Patient Sex EDSS | hospitalization Variance type period
{year) (year) | type (day) (months)
1 40 M 31 RR 7.0 16 31
2 41 M 35 RR 6.0 15 30
3 37 F 29 RR | 3.5 15 %
4 51 M 40 RR 7.0 14 30
5 40 M 37 RR | 25 16 _ 29
6 30 F .| 19 RR 9.0 18 Self-injection procedure 23*%
7 29 F 21 RR 2.0 6 ‘ 28
8 54 F 40 sp 7.5 - = Prick test positive C -
9 39 M 29 RR | 2.0 13 _ 12*
10 46 M 35 RR | 3.0 14 .25
11 22 F 18 RR 3.5 12 25
12 29 F 24 RR 2.5 13 24
13 31 F 17 RR | 20 15 24
14 21 F 18 RR | 20 15 23
15 29 B 21 RR 4.0 23 Symptom exacerbation - 22
16 52 M 44 RR 1.5 15 21
17 40 F 23 8P 3.5 18 Self-injection procedure 20
18 34 M 31 RR 2.0 11 17
19 49 F 40 | SP 7.0 11 19
20 49 F 43 SP | 80 - Depression -
21 29 Fo| 22 RR 8.0 13 . 18
22 27 F 23 RR | 20 13 _ 17
23 32 F 20 | RR | 6.0 15 17
24 37 F 33 RR | 25 15 - o 17
25 56 F 29 RR 9.0 57 Self-injection procedure 14
. _ | Relapse
26 -] 50 M 44 RR 2.0 12 ' - : 13
o oe7 20 |.F 16 { RR | 6.0 24 - .|Liverdysfunction =~ | 12
28 .89 | M 33 | RR | 15 24 | Gutaneous pain o 1
29 44 F 42 RR 1.5 15 ' 5
30 33 M 26 | RR | 20 14 _ _ 3
31 45 M 33 SP 3.0 15 2
32 33 . F 30 RR 7.0 - Self-injection procedure -

M : male, F : female, MS : multiple sclerosis, EDSS : expanded disability status scale, RR : relapsing-remitting
type, SP : secondary progressive type, (—) : patients in whom IFNS treatment cannot be introduced, (%) : patients
in whom treatment was discontinued after the start of IFNS treatment.

T, 77 M ARTFELAZAREBATOIFNSBR®
B, FEZES~OHL, EHFEOTEHEL- B
L7279 b ADUERICER SR WBE R AY T AL
Lic. $4bb, IFNSHBRLEATE b ol BE,
ESRFEEABRTE Do - 88 FEHESIIHML X
hiapho/zBE, FEXIDVLARPEBALLZEET
L, NYTFTYRAEDWL, CPiZEERRELE.
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IFNB#E# L, 7Y v 7 5 A M ifT#, IFNB 8007
EEREA2BETHETES L. DEIOKR TS IIER
AEHL, 2~3EE XFEMAERL 2. BEEMR
4mH (ABRESHE) LK FBEMOBHET TITW, &
HFEHEDOTERZFERIEELFML A (Table 3).
EFMIIFNS L v P ORECREEOERE, BEED
HE, BEFRICBEIIFNSENELZBATIFEOR
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Table 2 Critical path for interferon f1b treatment

Day 1 Day 2 Day3~6 Day 7 Day8~12 Day 13~ 16

Purpose To properly To introduce | To learn the To assess the | To practice To introduce
understand safe [FNf injection neurological | and learn the | treatment
IFNG treat- treatment. procedure, examination. | self-injection | into daily life.
ment. method.

Patient Given expla- | Evaluates Given subcu- . | Given neuro- | Introduced to | Informed of
nation and infracutane- | taneous logical evalua- | self-injection | the day of
agrees to | ous reaction. | injection by tion by doctor. | under super- | discharge
IFNg treat- Begins IFNZ | nurse. vision of from the
ment. treatment. Trained in the nurse. hospital.

injection
procedure,

Doctor (btains Instructs Checks for Verifies any Select treat- Confirms any
informed IFNE treat- adverse changes in ment medi- changes in
consent for ment. events. neurological cine, neurological
IFNS treat- Begins to examination examination
ment. monitor for (EDSS). (EDSS).
Evaluates the | adverse Determines
neurological effects. the time of
examination self-injection
(EDSS). according to
Prescribes the time of
therapeutic onset of
medicine. adverse

effects.

Examination | Blood test. Prick test. Blood test. Blood test
Chest X-ray. before hospi-
ECG. tal discharge.
Pgychological
teat (SDS),

Nurse Explains the | Begins to Teaches the Teaches the Evaluates the
critical path. | monitor for injection injection injection

adverse procedures. method. method.
effects. ’

Pharmacist | Provides Provides Teaches the Confirms the
instruetion on guidance on vial storage prescribed
TENB treat- preparing and disposal | medicine.
ment using injections. method. Forwards the
video tape. Explains prescription of
Confirms the preseribed IFNgZto a
patient’s medicine, pharmacy
current outside the
medications, hospital.

IFNg : interferon-£1b, EDSS : expanded disability status scale, SDS : self-rating depression scale.
MS O IFNSHAEEAD 2 )7 4 A /s R
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Table 3 Evaluation items for the injection procedure

1. Preparation of necessary articles
1) wash hands thoroughly
2) prepare a set of injections utilizing underlay
2. Aspiration of solvent
1) handle vial while observing sanitary precau-
tions
2) handling injection syringe
a) draw 1.2 air into injection syringe and as-
pirate solvent
b) confirm that the tip of the needle is in the
fluid
¢) evacuate extra air from the injection syringe
d) read calibration of injection syringe correctly
3. Lysis of IFNS ' ‘
1) title the injection syringe and depress solvent
into the vial: '
2) rotate vial and lysis of IFNgG
3) check the degree of clarity of the injection solu-
tion
4, Aspiration of solution
1) aspirate 1m! of the injection solution
2) evacuate air in the injection syringe
3) recap the needle and keep in sterilized state
5. Subcutanecus injections
1} disinfect with alcohol
2) uncap the needle
8) pinch up the skin and inject at a right angle to
the injection site '
4) wipe the injection site gently
5) throw syringe iqto disposal box

NER~OBEM 2 L E T o7, FHRI-FEHSON
MEBTFOL I CRELL ", BESRBERL, &
BITSCULORBI Do E, AT A FHEH
#4% 3 (NSAID) (ibuprofen 100mg) #WEHR™. TEA
%A GMEFL L1BA, NSAID (ibuprofen 100mg)
HERY. HERMNESBRESHL-BE, IFNSR
BERRELENLATI AL F2OL A EHE (methyl-
prednisolene succinate 1,000mg % 3 B R S iEE &) .
IENG# # & A 3 12 B 4T L 72 self-rating ‘depression
scale (SDS) T DR H 2GS, BRELLE
k. IFNGHMIAICI) DERBB LS, SDSER
L, BESRTRETH 522 1. HmED2,000/mm’
RBIHED, b L IGI/MEAT50,000/mm? i 12 A
Liza, IFNgE#EFIE. P YR 73— M
FEORF G, IFNAHBER, BrumBE1BRs2EE
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VBT OWTEBIRAE L .

= S

IFNp#ERIE 32 AF29 A (91%) cEA LA (Fig.
1). CPOFEELBHICECEFIFWETH > 201322
A 189%) Thotls ERFHOGEIEETH- A3
A2 AN (BfFe HBE) BRERFEFFEEEERL

- IFNpEHR T HA L2, FEMHZEET L) 7

Aot BEBROZBLFig 2I0FT. B&#L
e BE T THEER R RENHEL, £ nE
EHO2~3HEEIORBLE F7 BHLA23A
Ho0 N (87%) FEUFE BAORBER LOEHED
BEr—EHIIHELL BEI5~320IFNREED
BATE, WE»S3EE8 X TOESE E5HR RN
X80 BER, TORRIBMBRCHEREE=SY

LV FL, RAAORACELTHREBIVCULETHT

NSAIDZWRT 2 LI REROM M EEEL /.
NSAID & 8 ML LM & &\ CPRRL, 103@ET
L7 BFHHEZHEBFRAOSY 7 2 RIHREL 2H
o7, BERBCRHMOZONSAID OERISLETH
F2DE29 AT A (24%) Thol BEIINSAIDOD

CERETHEL, ERFBICNSAID DERILETH -2

DIF2OAEIA (10%) THok. LEBERIER
BRIBFINTH S EBE b o [FNFIES £ I
#, FEERHBI CORMIIBETLICFNTEL
EHE L, BREOCEFREICSGbE, EHEMHERL %
BELZ. EHHEOEBOBAT20 AP 10N (34%)
CIEL, IEERO2~4 B, OBELELETAE
EhEh ok BoPULDIFNEO A 7 LEEFERS T
iz b, EHEBEEFRLZY, BHBEORKCE
& A%V B3 13 alclometasone dipropionate %4 L7z
M0 BFLIFH TR Aotk EROBAIABRA
THLBENEL, BETEHIECEHEIA (BF28)
R OER, BACHLLERATRY 7P Ak
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Hospitalized MS patients. n=32

v

Variance: the injection procedure could not be acquired. n=3

A4

The patient’s family was
not cooperative. n=1

Y

Depression. n=1

Positive prick test. n=1

\ \ 4

v Patients who could introduced IFN 8 treatment. n=29 v

Patients whose family
performed injection. n=2

Patients who could perform self-
injection treatment. n=27

Variance: adverse reactions |

Liver dysfunction. n=1

v

could not be managed. n=2

Adverse reactions.
*Fever n=23

Fatigue n=17

Treatment of relapse. n=1 <

Self-injection training was .

=Cutaneous pain n=10
*Headache n=8
Relapse n=1

+Previous symptom exacerbation n=20

prolonged. n=t

Y

Variance: IFN 8 treatment was
not started. n=3

Variance: the scheduled pericd of
IFN B treatment was prolonged. n=T

Normal path n=22

Fig.1 Chart of variance development after critical path. (n : number)

30

251

Fever

20

T

15F,

10

Number of patients

Previous symptom exacerbation

Number of h

Cutaneous pain

ospitalized patients

6 7 8 9 10 M
Duration of hospitalization

12 13 14 15 16 17 18

(Day)

Fig. 2 Incidence and course of adverse reaction. Half-tone mesh : the day of IFNS administration
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Investigation on Critical path of the Introduction of
Interferon B1b Treatment for Multiple Sclerosis
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Miho Karacisur*, Katsuhisa Ogata*, Mitsuyo TakesHiMA®** Takashi YAMAMURA®##¥
and Mitsuru Kawar*

* Department of Neurology, National Center Hospital for Mental, Nervous and Muscular Disorders,

National Center of Neurology and Psychiatry

** Department of Pharmacy, National Center Hospital for Mental, Nervous and Muscular Digoxders,

National Center of Neurology and Psychiatry

*** Department of Nursing, National Center Hogpital for Mental, Nervous and Muscular Disorders,

National Center of Neurology and Psychiatry

*ixk Department of Immunology, National Institute of Neuroscience, National Center of Neurology

and Psychiatry

-A medical team consisting of physicians,
nurses, and pharmacists prepared a critical
path (CP) to introduce interferon S1b (IFNR)
treatment to patients with multiple sclerosis
(MS). The outcomes were established as : (1) the
introduction of IFNg treatment ; (2) the man-
agement of adverse reactions ; and (3) learning
the injection procedure during a 2 week period.
Screening was performed for variance under
which the above procedures could not be per-
formed favorably. The patients were 32 individ-
~uals who were diagnosed as having clinically or
definitely MS. IFNS treatment was introduced
. to 29 of the 32 patients. Self-injection was pos-
sible in 22 patients as scheduled in .the CP.
IFNE treatment could not be introduced to pa-
tients with depression, patients with positive
findings on a prick test, or to patients for whom
it was difficult to learn the self-injection proce-
dure and whose family was not cooperative.

182 WEEHE Vol.21 No. 2 (2004)

Variances occurred in the CP schedule with the
following patients exceeding the timeframe :
two patients for whom injections were per-
formed by family members, a patient who suf-

fered a relapse during IFNf treatment, a pa-

tient in whom liver dysfunction was detected on
hospitalization, a patient in whom ataxia exac-
erbated, a patient with marked cutaneous pain
at the injection site, and a patient in whom self-
injection training was prolonged. The most com-
mon adverse effect was fever, during which pre-
vious MS symptoms were often exacerbated.
Fever management led to a decrease in the inci-
dence of variance. In a questionnaire survey af-
ter discharge, all patients reperted that hospi-
talization was necessary to introduce IFNp
treatment ; 26 of 29 patients continued IFNS
treatment and complied with the injection pro-
cedure learned during hospitalization. Our CP
may be useful for introducing IFNS treatment.
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Fig.1 Results of standard language test of aphasia {(SLTA). There are no wrong answers in “hear-
ing” or “reading”. In "speaking”, marked impairment in rhythm and a few syllable-stumblings and
grammatical errors are observed. In “writing”, grammatical errors similar to those in “speaking”

are observed.
Table 1 Cognitive test of environmental sounds
Sound sources Patient's answer
1 Drip-drop % (I cannot hear it well}
2 Glass breaking x {High-pitched sound. Something drops.)
3 Laughter of many persons x (Vehicle starting)
4 Train starting )
5 Cuckoo clock % (Monit's preaching. I cannot hear it well)
6 Car starting x (Wind) '
7 Water flowing from the tap o]
8 Army trumpet @]
9 Baby's cry Q
10 Yawn X (Sigh}
11 Sneeze % (Angry shout)
12 Cicada's voice 0]
13 Dog “bowwow” Q
14 Cat "mew, mew” X (Animal's voice)
15 Buzzing of cicadas O
16 ~ Female's scream % {Mimetic sounds, I cannot understand)}
17 | Beating time with the hands (3-3-7 claps) % (Claps hands)
18 Child's cry G
19 Cow “meoc, moo” X (Groan)
20 Gas stove igniting sound % (Vehicle)
21 Burst of thunder » (I cannot hear it well)

Correct answers are obtained for 8 of 21 types of sound seurces. Even when the sound volume is
increased for the sound sources for which wrong answers were obtained, correct answers still were
not obtained. C; correct answer, X: wrong answer and ( ): what our patient answered.
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Fig. 2 Result of pure tone audivgram. The pure tone audio-

" gram showed a slight hearing impairment at high frequen-

cies in bilateral ears. O : right air conduction, X : left air

conduction, [ : right bone conduction and ] : left bone con-
duction.
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Fig.3 Brain MRI (axial; FLAIR TR =105, TE =8,000). MRI finding demonstrates slight atrophy of
_ the right temporal lobe, but there are noinfarctions. Rt.: right, and Lt. : left.
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Fig. 4 Quantitative ECD-SPECT evaluation using modified Patlack method demonstrates there are
no abrormalities in the bilateral hemispheres. (A) axial view, (B) coronal view, Rt.: right, and Lt.:

left.

Surface Coronal
Right lateral

Fig.5 Easy Z-score imaging system (eZIS) for comparing
SPECT data for a patient with a database of normal sub-
jects. The blood flow of our patient decreased in the right
superior temporal gyrus and part of arcuate fasciculus.
There are no abnormalities in the left hemisphere. Ant.:
anterior, Rt.: right, and Lt. : left.
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Abstract

Dysprosody associated with environmental auditory sound agnosta in
right temporal lobe hypoperfusion—A case report

Toshiyuki Yamamoto, M.D., Takeshi Kikuchi, M.D., Junko Nagae, S.T., Katsuhisa Ogata, M.D,,
Masafumi Ogawa, M.D. and Mitsuru Kawai, M.D.
Department of Neurology, National Center Hospital for Mental, Nervous and
Muscular Disorders, National Center of Neurology and Psychiatry

A 60-year-old right-handed man showed dysprosody and agnosia for environmental sounds. His mother
tongue was Japanese, and he could not speak foreign languages. He gradually developed difficulty in speaking
from the age of 57 years, speaking non-native Japanese. In addition, he often complained of difficulty in hearing
sounds, but audiometry showed no abnormalities. At the age of 60 years, the standard language test of aphasia
showed no abnormalities in repetition, verbal comprehension, or reading, suggesting the absence of aphasia. How-
ever, in speaking, marked abnormality in rhythm, and occasional lack of postpositional particles and syllable-
stumblings were observed. Writing was almost accurate, but a few grammatical errors were observed in speak-
ing were observed. There were no cerebellar symptoms, pyramidal signs, pathclogic reflexes, or abnormalities in
phonation-related organs. Though the recognition of verbal sounds was maintained, impairment in the recogni-
tion of non-verbal sounds was observed. An environmental sound perception test showed correct answers only in
8 of 21 non-verbal sound sources {such as a car starting, glass breaking and so on), suggesting agnosia for environ-
mental sounds. He insisted that the difficulty in perception was due to hearing impairment, However, re-
examination with an increase in the sound volume showed similar results. He had no inconvenience in daily life
and was not aware of agnosia for environmental sounds. He could recognize and differentiate sounds he heard

_once. His intelligence was normal, and neither apraxia nor frontal lobe symptoms were observed. MRI of the brain
revealed slight atrophy of the right temporal lobe, Cerebral blood flow SPECT showed decreased blood flow from
the superior temporal gyrus to the area around the arcuate fasciculi in the right temporal lobe. We considered
that the lesion responsible for environmental auditory sound agnosia was present in the area around the secon-
dary auditory area of the right temporal lobe and this patient differed from slowly progressive aphasia character-
ized by decreased blood flow in the left tempo'r.al lobe. Although the pathological process occurring in the area of
hypoperfusion remained unclear, early stage of some degenérative disorders was more likely than cerebrovascu-
lar disease. '

(Clinica Neurel, 44 : 28—33, 2004
Key words : dysprosody, environmental auditory sound agnosia, right temporal lobe, SPECT, MRI :
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