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whereas the majority of SMN2-derived transcripts lack
exon 7 (A7-SMN).

Phenotypic variations in SMA are inversely correlated
with SMN2 copy number, and a higher SMN2 copy number
ameliorates the clinical phenotype."*'® SMN2 might com-
pensate for the loss of SMNI by modifying disease severity
through production of a small amount of full-length SMN

protein. Thus, treatment strategies for SMA have focused -

on increased production of the SMN protein from SMN2.
Valproic acid (VPA) is a histone deacetylase (HDAC)
inhibitor as well as an anticonvulsant used for treatment of
epileptic patients, as it increases SMN levels in SMA
patients through activation of SAMN2 transcription and
splicing correction of SMN2 exon 7.1"12 Its effects as a ther-
apeutic agent of SMA are expected.'>?® In the present
study, we evaluated the efficacy of VPA in SMA patients.

Methods

The present study was carried out from January 2012 to
March 2013.Seven consecutive Japanese SMA patients were
recruited, of whom six were type 2 and one was type 3. The
type 2 patients were as follows: case A, 34-year-old man;
case B, 33-year-old woman; case C, 23-year-old man;
case D, 30-year-old woman; case E, 2 years and 10-month-
old girl; and case G, 15-year-old girl, whereas the type 3
patient was a 42-year-old man denoted as case F.

None of the participants possessed the SMNI gene, and
had three copies of SMN2 and the neuronal apoptosis
inhibitory protein. All except for cases B and E used non-
invasive ventilation at night. The demographic features of
the patients are summarized in Table 1. All patients under-
went physiotherapy, such as range of motion exercises of
the extremities and respiration, before, during and after the
study. The frequency and contents of physiotherapy differed
among the patients, and were dependent on their situation
including hospitalization, outpatient status and other fac-
tors.

VPA was given daily for 6 months to reach trough levels
of 50-100 mg/dL, a dosing level typical of that used in epi-
lepsy patients. L-carnitine was also given. We evaluated
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using the Modified Hammersmith Functional Motor Scale
for SMA (MHFMS),?! and also examined respiratory func-
tion and carried out SMN transcript analysis using quantita-
tive real-time polymerase chain reaction (qRT-PCR)
measurements with peripheral white blood cell samples®
obtained from the patients before and 1, 3 and 6 months
after starting VPA treatment. Blood samples were obtained
from all patients in the daytime after fasting.

For SMN transcript analysis, we measured total-SMN,
FL-SMN and A7-SMN transcript levels using qRT-PCR,
with the latter two quantitated from the levels of the prod-
ucts encompassing SMN exons 7 and 8, and exons 5, 6 and
8, respectively. We used glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) as an endogenous reference gene, and
the levels of SMN are expressed relative to those of GAP-
DH* The detailed methods utilized for qRT-PCR have
been described.?? We also evaluated the ratio of FL-SMN
to A7-SMN transcript (FL/A7-SMN). For respiratory func-
tion, we assessed vital capacity (VC), maximum insufflation
capacity (MIC) and cough peak flow (CPF).?>»?* In addition,
we also checked subjective symptoms, side-effects and body-
weight changes in each patient.

Statistical analysis. anova with Tukey’s or a Games—
Howell post-hoc test were used to evaluate the differences in
SMN transcript levels for each evaluation time. Statistical
significance was accepted at P < 0.05.

Ethics. Written informed consent (for adults), or parental
consent and assent (for children) were obtained for all par-
ticipants. The study protocol was approved by the local eth-
ical committees of Toneyama National Hospital and the
University of Kobe.

Results

VPA and L-carnitine administration. Table 2 shows
the dose of VPA administered and VPA concentration in
each patient. Case A was eliminated before the 1-month
evaluation because of sleepiness induced by VPA and dis-
comfort caused by L-carnitine. Cases B-E and G completed

Table 1 Demographic features of patients with spinal muscular atrophy

SMN2
Age SMN1 SMN1 copy
. Case Sex (years) Type exon?7 exon8 number NAIP Respiratory status Scoliosis Motor function
A Male 34 2 Delete Delete 3 (+) Night NPPV (+++) Assisted sitting
B Female 33 2 Delete Delete 3 (+) Voluntary (+) Assisted sitting
C Male 23 2 Delete Delete 3 (+) Night NPPV (+++) Assisted sitting
D Female 30 2 Delete Delete 3 (+) Night NPPV + 02 () Assisted sitting
inhalation in daytime
E Female 2 years 2 Delete Delete 3 (+ Voluntary (+) Assisted sitting
10 months
F Male 42 3 Delete Delete 3 (+) Night NPPV (+/-) Sitting
G Female 15 2 Delete Delete 3 (+) Night NPPV {(+)Spinal Assisted sitting
surgery
NAIP, neuronal apoptosis inhibitory protein; NPPV, non-invasive positive pressure ventilation.
2 Neurology and Clinical Neuroscience {2014} 1-9
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Table 2 Results obtained from each patient. Dose of valproic acid, valproic acid concentration, score for Modified Hammersmith Functional Motor Scale for SMA, respiratory function, tran-

scription amount of SMN and change in body weight.

Time VPA VPA
period  administration concentration VC MiC CPF Body weight

Case (months) {mg) (ng/mL) MHFMS  (mbL) {mL) (L/min) FL-SMN A7-SMIN FLIAT-SMIN Total -SMN (kg)
A Pre 0 965 - 115 0.51 {£0.06) 1.77 {(£0.13) 0.28 (+0.02) 1.19 (037
B Pre 4 840 960 140 0.56 {£0.02) 1.12 {£0.19) 0.50 (£0.07)* 1.02 {+0.03) 314

1 400 50 4 1000 810 95 0.80 {+0.05) 0.68 {£0.03} 1.17 {£0.03)* 5.47 {£2.17)

3 400 45 5 850 1000 165 0.86 {:0.35) 0.92 (£0.39) 0.95 (£0.74) 3.27 (1.33)

6 400 42 5 810 1060 130 1.08 (£0.13} 0.58 (+0.26) 2.05 {+0.57) 1.61 {£0.13) 33.4
o Pre 0 380 630 85 0.38 (:0.03) 2.02 {(:0.47) 0.20 (0.04) 2.82 {+0.67) 16

1 200 39 0 400 600 30 0.49 (+0.09) 1.37 {+0.24) 0.36 {+0.07) 4.78 {0.09)% **

3 400 62 4} 430 580 95 0.51 {£0.17} 1.16 {£0.76) 0.78 {+0.80) 2.96 (£0.34)*

6 400 75 0 500 710 100 0.45 {£0.24) 1.26 {0.25) 0.38 {£0.27) 3.09 (£0.15)** 17.5
D Pre 0 380 440 75 0.60 (0.40} 0.83 {:0.13) 0.73 {£0.14} 3.61 (£0.19)* =* 19

1 200 35 0 350 550 80 0.67 {+0.24) 1.13 {£0.13) 0.60 (+0.24) 2.96 {£1.27)

3 200 34 0 350 610 85 0.67 (+0.004) 1.14 {£0.69) 0.77 {£0.61) 2.57 {+0.10)*

6 400 70 0 370 750 30 1.07 (+£0.35} 1.09 {£0.18) 0.98 {:0.33} 2.25 {(£0.171)** 20
E Pre 11 410 - - 0.83 (£0.02)* ** 1.25 (+0.05)* 0.67 {£0.03)* 258 (+0.21)* 10

1 25 13 1 400 - - 1.04 {£0.004) * 1.12 (£0.17) 0.95 {£0.186) 3.18 {+0.18)**

3 75 25 11 250 - - 1.16 (£0.08)** 1.31 {£0.05)** 0.88 (£0.03)* 4.27 {41.00)%**

6 100 34 18 410 - - 0.57 {+0.13) 0.99 (+£0.06)*,** 0.58 (+£0.15) 0.68 (£0.35) * ** *+x 11
F Pre 10 3950 - 400 0.31 {£0.06) 0.25 (£0.08)* 1.29 (£0.19) 1.01 {£0.03) 78

1 200 18 10 4200 ~ 400 1.02 {(+0.07) 1.18 (0.21)* 0.88 (+0.10) 1.37 (£0.39)

3 400 26 9 4290 -~ 420 1.64 (£0.91) 1.37 (+0.55) 1.15 (0.2} 1.24 {(£0.43) 79
G Pre 1 400 1570 95 0.62 {+0.16) 1.13 (+£0.186) 0,55 {£0.02) 1.12 {£0.11)* 19

1 200 47 1 410 1440 g5 0.66 (x£0.15) 1.09 (£0.17) 0.80 {z0.08) 1.31 {£0.32)

3 400 50 1 410 1350 105 0.57 {£0.13) 1.44 {+ 0.10) 0.40 {+ 0.10) 0.73 {£0.01)*

6 400 43 1 420 1200 95 0.76 (+0.01) 1.65 {+£0.78) 0.53 {£0.21) 1.77 {£0.02)* ** 18

All data for SMN transcription are expressed as the mean {SD).
woxkokrk P < 0,05, Tukey's or a Games-Howell post-hoc test was used to evaluate the differences in each level of SMN transcript or ratio of FL/A7-SMNin each patient.
CPF, cough peak flow; MIC, maximum insufflation capacity; VC, vital capacity.
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the 6-month study, whereas case F was eliminated after
3 months because of chronic cholecystitis (no evident rela-
tionship to VPA trial).

VPA was started at 25-200 mg/day and gradually
increased, with a final dosage in cases B, C, D and G of
400 mg/day, and 100 mg/day in case E, while the dose in
case F at 3 months was 400 mg/day. VPA concentration
reached an optimal range after 3 months in case C, and
6 months in case D. In cases B and G, the transient moder-
ate VPA concentration was decreased under the optimal
range at 6 months. In cases E and F, VPA concentration
was at less than the optimal range during the study. Serum
levels of VPA concentration in each patient are summarized
in Table 2.

In cases A and B, L-carnitine was administered at 300 mg
throughout the study. In case C, after starting L-carnitine at
300 mg, the dosage was decreased to 100 mg from the sec-
ond week because of abdominal discomfort, and then
increased to 200 mg from week 6. In case D, L-carnitine
was started atl00 mg and increased to 200 mg in week 5,
then decreased to 100 mg in week 6 because of discomfort.
In cases E and G, L-carnitine was administered at 100 mg
throughout the study. In case F, L-carnitine was started at
100 mg and increased to 200 mg in week 5.

MHFMS, respiratory function and SMN
transcript. Table 2 shows sequential changes in scores for
MHFMS, respiratory function and transcription amount of
SMN for each patient. Furthermore, Table 3 presents a
summary of changes in MHFMS score, and rates of change
in respiratory function and FL-SMN transcription from pre-
treatment to 6 months after beginning VPA administration
in each case (3 months in case F).

MHFMS for cases C, D and G did not change during the
dosage period (cases C and D: 0 points, case G: 1 point).
MHFMS in case B was 4 points in a pretreatment evalua-
tion and 5 points at 6 months later, while that in case F
was 10 points at pretreatment and 9 points at 3 months.
MHFMS in case E was 11 points at the pretreatment evalu-
ation and increased to 18 points at 6 months. Case E gained
motor function to turn from side to side.

There was a great number of improved respiratory func-
tion items even in cases with a VPA blood level lower than
optimal, all of which were cases with progression. VC
increased in cases C, F and G, while MIC increased in
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cases B, C and D, but decreased in case G, and CPF
increased in cases C, D and F.

The transcription amount of FL-SMN generally showed
an increasing tendency, whereas that of A7-SMN and total-
SMN, and thé ratio of FL/A7-SMN showed no consistent
tendency in accordance with VPA administration in the
patients. In some cases, the difference in level of SMN tran-
script or ratio of FL/A7-SMN was significant.

VPA concentration, MHFMS, respiratory function
and transcription amount of FL-SMN in each
case. Case B: VPA blood level after 6 months administra-
tion was lower than an optimal level. However, MIC
increased and the FL-SMN transcription product quantity
showed an increasing tendency.

Case C: VPA blood level was within an optimal level,
whereas VC, MIC and CPF increased, and the quantity of
the FL-SMN transcription product showed an increasing
tendency.

Case D: VPA blood level was within an optimal level,
whereas MIC and CPF increased. The quantity of the FL-
SMN transcription product showed an increasing tendency.

Case E: MHFMS score was dramatically improved, as
described earlier. However, VPA blood level at 6 months
after administration was lower than optimal, and the quan-
tity of the FL-SMN transcription product showed a decreas-
ing tendency.

Case F: Although VPA blood level was lower than an
optimal level and MHFMS worsened, VC and CPF
increased, and the quantity of the FL-SMN transcription
product showed an increasing tendency.

Case G: VPA blood level was lower than an optimal level
and MIC decreased. There was no change in MHFMS,
However, VC increased and the quantity of the FL-SMN
transcription product showed an increasing tendency.

Subjective symptoms, side-effects and changes
in bodyweight. Case A: Malaise, sleepiness and a pre-
cordial sense of incongruity.

Case B: Condition immutability and sleepiness.

Case C: Condition immutability and a precordial sense of
incongruity.

Case D: Difficulty with fatigue and a precordial sense of
incongruity.

Case E: Parents think that tremors have decreased.

Table 3 Summary of data obtained for each patient at end of administration of Valproic acid (6 months, 3 months for Case F). Valproic acid con-
centration, changes in Modified Hammersmith Functional Motor Scale for SMA, respiratory function and transcription amount of FL-SMN.

Case VPA concentration MHFMS VC MIC CPF FL-SMN

B Below 1 -3.6 10.4 ~-7.1 Increasing tendency
C Optimal 0 31.6 12.7 17.6 Increasing tendency
D Optimal 0 -2.6 70.5 20 Increasing tendency
E Below 7 0 - - Decreasing tendency
F Below -1 8.6 - 5 Increasing tendency
G Below 0 5 —23.6 0 Increasing tendency

Data shown represent changes in score of Modified Hammersmith Functional Motor Scale for SMA (MHFMS), rate of change (%) in respiratory
function from pretreatment to 6 months after administration of valproic acid (VPA) (3 months in case F).
CPF, cough peak flow; MIC, maximum insufflation capacity; VC, vital capacity.
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Case F: Condition immutability.

Case G: Condition immutability and sleepiness.

Many of the patients reported no subjective symptoms.
Three complained of sleepiness including a dropout case
(case A), while a precordial sense of incongruity was noted
by three patients, including case A. There was also a com-
plaint of belching, which was thought to be an effect of car-
nitine administration. There was no liver function
abnormality reported and carnitine fractionation was nor-
mal. Table 2 shows changes in bodyweight for each patient.
In five of the six patients, bodyweight increased by 1-3 kg
from pretreatment, whereas that decreased by 1 kg in
case G.

Discussion

After a 6-month administration of VPA, many items related
to respiratory function were improved in the participants of
the present study. Our items used to evaluate respiratory
function, such as MIC and CPF, were not utilized in previ-
ous reports. Increasing MIC and CPF is important for
patients with neuromuscular diseases to maintain good
respiratory condition.”® Our results showed that those
improved values indicate the effectiveness of VPA adminis-
tration to maintain a good respiratory condition even in
adult SMA patients who show progression. Although Swo-
bota reported improvements in maximum inspiratory pres-
sures, forced vital capacity and forced expiratory volume in
1 s in patients aged over 5 years in an open label study,'”
there were no changes in any results of pulmonary function
testing carried out in a double-blind trial thereafter.!” Fur-
thermore, no previous studies have reported that respiratory
function was clearly improved with VPA administration,
except for one that speculated that improved respiratory
function might have been a result of growth and develop-
ment. '8

As a next step, our evaluation items of respiratory func-
tion, such as MIC and CPF, which have not been used in
previous studies, should be evaluated as part of a placebo-
controlled randomized trial to confirm the effects of VPA
on respiratory condition in SMA patients.

In contrast, there was no relationship between VPA blood
level and change in FL-SMN transcription products. Also,
the level of VPA in blood in cases with improved MHFMS
was less than an optimal level. Thus, improvement at the
study end-point was not necessarily associated with VPA
blood level or FL-SMN transcription product.

Past reports of VPA administration in SMA patients are
summarized in Table 4, with most of those cases being
SMA type 2 and 3.2 The VPA dose in each of those
reports is assumed to have been in accordance with the dose
or blood level when used as an anticonvulsant. In four
reports, carnitine administration was combined.!>""® Two
of those were designed as a double-blind study, whereas the
others were open label.!? In six reports, either SMN tran-
scription level or SMN protein level was evaluated.'* %2
As an evaluation of motor function, the original Hammer-
smith Functional Motor Scale (HFMS) or MHFMS was
used in four reports,!>!7"1% whereas a muscle strength test
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was also used in five reports.'*'"*® One study found
increased levels of SMN mRNA in association with VPA
administration,” and another noted increased levels of
SMN protein with VPA administration.'® However, in three
reports, there was no evident change in SMN transcription
level with VPA administration'™'”"® In the report by Weihl,
motor function efficacy was noted in SMA type 3 and 4
patients,'" whereas Darbar reported that HFMS improve-
ment in SMA type 3 was not observed.'” Kissel reported no
statistically significant differences regarding changes in maxi-
mum voluntary isometric contraction in ambulatory SMA
adults.?® Also, Swoboda reported that children aged under
5 years,'” furthermore, those aged 2-3 years with SMA
type 2 showed MHFMS improvement with VPA adminis-
tration.'”

So the effects of VPA on SMA patients are controversial.
Based on the present results, we expect that respiratory func-
tion in adult patients with progression, as well as motor
function in younger children, has a possibility to improve
after VPA administration. However, our open study was lim-
ited by the number of cases analyzed, and establishment of a
control was difficult. We cannot conclude that the change in
end-point after VPA administration is exclusively related to
VPA administration. In particular, in the MHFMS of
case E, growth development could have influenced our evalu-
ation of clinical manifestations. The effects of growth devel-
opment on motor functional evaluation should be evaluated
in a placebo-controlled randomized trial.

As for the effects of VPA on SMN, promotion of SMN2
gene transcription by activation of the SMN2 gene promoter
(production increase of full length type SMN2 mRNA and
A7T-SMN2 mRNA), splice progress of the SMN2 gene
exon 7 by gene activation to encode a splicing related pro-
tein and a combination of these two mechanisms have been
considered.'""'? An increase in FL- and A7-SMN transcrip-
tion product quantity is expected to occur with VPA admin-
istration. Furthermore, VPA is a multifunctional drug that
is expected to have a neuroprotective effect.”® Therefore, it
is also speculated that VPA blood level, FL-SMN transcrip-
tion product quantity and improvement in outcome are not
necessarily linked.

Regarding the change in quantity of the SMN transcrip-
tion product after VPA administration, we considered the
effects of fluctuations in the system of measurement.
Whether an increase in SMN protein in peripheral blood
leukocytes reflects an increase in that in ventral horn cells
remains unknown. It is also not clear if an increase in SMN
protein in the ventral horn cells is directly associated with
clinical manifestation improvement. In addition, if an imper-
ceptible change in motor function occurs, it might not be
possible to detect the difference using the method of evalua-
tion utilized in the present study. Thus, subtle changes in
clinical signs and symptoms might not be detected by the
present evaluation method.

It was also difficult to evaluate the effects of physiother-
apy on motor and respiratory functions in a comprehensive
manner because of variations in each patient. In the present
cases, uniform physiotherapy was not possible because of
functional differences among our patients, the therapeutic
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Table 4 Summary of reports related to administration of valproic acid in patients with spinal muscular atrophy

Evaluation
Clinical
trial SMA Motor
Author phase VPA Carnitine type n  Age Duration function PFT SMN Others  Results Conclusion Year Ref
Weihl Open Administration - 34 7 17-45 years 1-15 months Muscle - - - Improvement of VPA 2006 13
et al, 500-1000 mg/day (mean 17 years) {mean strength motor strength and treatment is
Mean serum level 8 months) subjective benefit efficacious in
87 pg/ml adult SMA
type 3/4
Brichta Open Administration - Carrier 10 50.0 &+ 10.9 years >5 weeks - - SMN protein - Increased Long-term 2006 14
et al. 1200-1800 mg/day analysis SMN messenger clinical trials
Serum level SMN2 messenger RNA and protein in SMA patients
70-100 mg/L RNA (blood) levels in that correlate
Serum level 1 5 1.6 4 0.9 years >4 weeks SMN2 messenger seven carriers SMN expression
38-99 mg/L RNA (blood) Elevated in blood with
Serum level 2 11 103 £ 7.1 years SMN2 messenger individual
47.9-98.3 mg/L RNA levels in motor function
Serum level 3 4 208 + 6.9 years seven patients tests are
58.5-99.0 mg/L Unchanged or required
decreased in
13 patients
Swoboda Open Serum level Administration 1 2 2-3years 6 months MHFMS FVC, FEV1, Quantitative CMAP, Increased mean The study 2009 15
et al. 50-100 mg/dL 50 mg/kg/day 2 29 2-14 years MEP, MIP assessment MUNE, score on the provides good
3 11 2-31 years {over 5 years) of SMN DEXA MHFMS scale in evidence that
mRNA SMA 2 VPA can be used
However, significant safely in
improvement SMA subjects
restricted to SMA 2 over 2 years of age
participants under in the setting of
5 years of age close monitoring
Some items of carnitine status
improved in PFT
Unchanged Full length
SMN levels
Significantly reduced
A7-SMN levels
Piepers Open Serum level - 23 6  1.6-16.5 years 4 months - - SMN protein - Significantly increased SMN protein 2010 16
et al. 70-100 mg/mL concentration of | SMN protein levels: quantification
ymphocyte five of six by ELISA is
a useful tool

for evaluating
the effects of
treatment

in SMA
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Table 4. Continued

Evaluation
Clinical
trial SMA Motor
Author phase VPA Carnitine type n  Age Duration function PFT SMN Others  Results Conclusion Year Ref
Swoboda Double Serum level Administration 23 30 1.8-8.7 years 6+8 months MHFMS, FVC, FEV1, Cuantitative TIMAP, Children ages HNo benefry 2010 17
et al. blind 50-100 mg/dL. 50 mg/kg/day {mean 4.3 years) Myosmetry MEP, MIP BEERIHMENT DEXA, 2-3 years that of treatment
{maximum of measurement fover B years)  of SN PadsOL  received weith VPA and
1000 mg) mANA 32 months L-oamitiong
Placebo Placebo 23 31 2.1-7.8 years Placebo weatnent had n yourg
{mean 4.4 years) & menths + VPA significantly pon-amblatony
6 months improved Shaa
MHFMS scores
No change of QOL,
CMAP, mypometry
measurements, and
SN
Treatment not
associated with
changas in the
PFT cutcomes
{ower § years)
Excessive weaight gain
was the most fraguent
drugrelated adverse
avent
Kissel Open Serum level Administration 23 33 2.8-16.3 years 12 months MHFMS-Extend, FVC, FEVL, Cuantitative THAP, Weight gain of 20% VPA is not 2011 18
et al. 50-100 mg/dL. 50 mg/kg/day standers and {median 8.9 years} TTF, FaIM, MEP, MIP B5SBESMENT DEXA, abxve body weight effective in
{maximum of walkers Myometry {over B ysars) of SMN PadsOL occurred i 17%. inproving
1000 mg) measurament mRNA No significant strangth or
{over 5 years] change of function in
MHFMS-Extend, SMA childeen
TIF, FMIM,
PedsQL and SMN
wansoript lsvet
FVC, FEVY showed
improvement @
ona year 85 expactad
with nonmal growth
Darbar Open Administration Administration 23 22 2-18 years 1 year MRC method, - - Barthel Gained no mustle syength YPAmay be s 2011 19
et al. 20 mg/kg/day 100 mg/kg/day {mean 5.5 years) HFMS Index SMA 2 presented poteniial
significant gain in alternative 10
HFMS, but not type 3 ameliorste the
improvement of progression of
Barthel Index SMA
Kissel Double Administration - Ambulant adults 33 19.8-55.3 years Placebo MVICT, SMAFRS, FVC, SMN2 copy number, CMAP, Thers was no change VPA did not 2014 20
et al. blind, 10-20 mgfkg/day with SMA {mean 37.2 years) 8 months + VPA hand-held FEV1, MIP mANA levels, and MUNE, in outcomes at Enpoes
cross over Trough levels of 8 months dynamometer, SMN protein levels DEXA, & or 12 months strength or
50-100 mg/dL {cross over) distance in 6-min walk, aoL function in
time to climb 4 standard SMA aduhs

stairs

CMAP, maximum ulnar compound muscle action potential; DEXA, dual-energy X-ray absorptiometry; ELISA, enzyme-linked immunosorbent assay; FEV1, forced expiratory volume in 1 s;
FMM, fine motor modules; FVC, forced vital capacity; HFMS, Hammersmith Functional Motor Scale; MEP, maximum expiratory pressure; MIP, maximum inspiratory pressure; MHFMS, Modi-
fied Hammersmith Functional Motor Scale for SMA; MHFMS-Extend, Modified Hammersmith Functional Motor Scale-Extend; MRC method, Medical Research Council method; MUNE, motor
unit number estimation; MVICT, maximum voluntary isometric contraction testing; PedsQL, Pediatric Quality of Life Inventory; PFT, pulmonary function testing; QOL, quality of life; SMAFRS,
modified SMA Functional Rating Scale; TTF, timed tests of function.
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environment (hospitalization, outpatient status and so on)
and ethical reasons. Thus, variations in physiotherapy
should be minimized to better evaluate the effectiveness of
VPA in future studies.

We found no serious side-effects caused by VPA adminis-
tration. However, many of our patients gained bodyweight
as compared with pretreatment, which was induced by VPA.
Excessive weight gain has negative effects on motor and
respiratory conditions in such patients, thus careful adminis-
tration of VPA is required. As for carnitine administration,
we should recognize side-effects including a precordial sense
of incongruity and a complaint of belching, which have not
been reported in previous reports.

VPA is expected to show good effects as a therapeutic
drug for SMA in younger patients for motor functional
improvement and even in adult patients for respiratory
improvement. To fully elucidate its effectiveness and efficacy
in SMA patients, development of an evaluation method to
better determine minimal changes in clinical manifestations
including respiratory function items, such as MIC and CPF,
which were not used in previous reports, as well as introduc-
tion of a new biomarker that can be easily evaluated and is
able to differentiate responders to VPA treatment from non-
responders are required. Although improvements in
MHFMS in the young girl and respiratory function
improvements in the older subjects were observed in the
present study, our results are difficult to interpret because of
the open label nature and small scale. The effects of growth
development on motor functional evaluation in child cases,
respiratory function using MIC and CPF, and efficacy of
VPA for SMA should be evaluated using a placebo-con-
trolled randomized trial protocol.
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Abstract :
Communicating about Duchenne muscular dystrophy and its prognosis can be difficult for affected children and their family. We
focused on how physicians provide support to the mothers of children with Duchenne muscular dystrophy who have difficulty
communicating about the condition with their child. The eligible participants were certified child neurologists of the Japanese
Society of Child Neurology. Participants responded to questionnaires consisting of free descriptions of a vignette of a child with
Duchenne muscular dystrophy and a mother. We analyzed 263 responses of the participants. We found 4 themes on advising
mothers, involving encouraging communication, family autonomy, supporting family, and considering the child’s concerns. These
results provide a better understanding of the communication between physicians and family members who need help sharing
information with a child with Duchenne muscular dystrophy. These findings will assist clinical practitioners in supporting families
and the affected children throughout the course of their iliness.
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In recent years, the circumstances of patients with Duchenne
muscular dystrophy have undoubtedly improved. Despite this
progress, Duchenne muscular dystrophy is still a severe disease
causing a significant burden to patients as well as their families.
The lives of parents with a child with Duchenne muscular dys-
trophy are profoundly affected, and they generally suffer from
high levels of stress.’

Duchenne muscular dystrophy is a recessive X-linked pro-
gressive muscular disease, which is caused by a mutation in the
gene responsible for dystrophin production.? Duchenne muscu-
lar dystrophy occurs primarily in boys. Boys with Duchenne
muscular dystrophy have progressive loss of muscle function
and weakness, resulting in a loss of ambulation and deteriora-
tion of respiratory and cardiac functions. Clinical management
and care for Duchenne muscular dystrophy has improved in the
past few decades because of corticosteroid treatment, noninva-
sive mechanical ventilation, and cardioprotective medications,
resulting in prolonged life expectancies.>

It is a difficult process for the affected child and its family to
receive the diagnosis of Duchenne muscular dystrophy and com-
municate about the child’s prognosis. Although pharmacologic
interventions and corticosteroid therapy have been reported as
effective in slowing the decline of muscle strength and function

in Duchenne muscular dystrophy,>”*® there are no curative treat-

ments in existence. Informing a family of the life-limiting con-
dition of their child can be one of the most difficult and
stressful events for a physician to experience.” Emotional
responses of physicians could have consequences on how the
diagnosis process progresses. In addition, the manner in which
the condition is explained and communicated by medical profes-
sionals has an impact on the parents and child. Generally, one of
the recommended communication styles is explaining the condi-
tion and providing information on the course of the disease at a
level that is comprehensible to both the child and family.
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Although there is a great deal of research on disease
communication for major pediatric diseases such as childhood
cancer,'™'! Duchenne muscular dystrophy differs in both prog-
nosis and therapeutic potential. There are few studies focusing
on communication between physicians and the families of chil-
dren with Duchenne muscular dystrophy.'?

This study aimed to explore how physicians explain the
diagnosis and support families with a child with Duchenne
muscular dystrophy. The original study was designed to reveal
physicians’ attitudes and examine how they dealt with the dif-
ficulties inherent in explaining the condition to affected chil-
dren. This article focuses on how physicians deal with and
support mothers who ask for advice on explaining the condition
to their children.

Methods
Participants

We obtained permission to mail survey questionnaires to board-
certified child neurologists of the Japanese Society of Child Neurol-
ogy. The eligible members of certified child neurologists were
1,022 physicians, the same number of participants as in our previous
study.'?

Thirteen participants were not eligible because their addresses
were unknown. The final sample consisted of 1,009 pediatric neurol-
ogists in the Japanese Society. This survey was conducted between
August 2010 and February 2011.

Procedure

We developed the questionnaires based on a review of the literature
and an exchange of opinions among clinical psychologists (HF, OI)
and experienced physicians (TS, TM, HF, SS) with experience in
pediatric neurology and muscular dystrophy. The main part of the
questionnaire consisted of free descriptions regarding a case vignette,
which addressed how physicians deal with and support mothers who
ask for advice on explaining Duchenne muscular dystrophy to their
children. Additionally, it included domain items of physician’s views
about important factors in explaining the condition and their attitudes
towards doing so. Details of the study methodology were reported
elsewhere.'?

This study was approved by the research ethics committee of the
National Hospital Organization Toneyama National Hospital.

Case Vignette

A hypothetical case depicting a mother who needs help in dealing with
her child’s needs was constructed for this qualitative study. A detailed
description of the case is as follows:

An 11-year-old boy who was diagnosed with Duchenne muscular
dystrophy at the age of 18 months is now in the fifth grade at elemen-
tary school. The boy started using a wheelchair in fourth grade
because he had begun to experience difficulty in standing and walking
at that time. For several years, the boy has gone to the physician about
twice per year. No signs of mental retardation have been observed.
According to his mother, the boy had a class at school in which pupils
thought about “living.” This class prompted him to vaguely think of
the future and learn more about his disease. Although he had already
been informed about his needs in daily life, and he knew his disease

was a muscular disorder, the future or his prognosis had not been dis-
cussed at home. The mother did not know how to explain this to him
and had come to the physician for a consultation.

We asked for an open-ended question about how to deal with the
mother in this situation,

Analysis

Qualitative data were analyzed using the thematic analysis approach.
Thematic analysis is a method of identifying and analyzing the themes
within qualitative data.

The responses of the free descriptions were carefully read several
times to identify themes and subthemes from the physicians’ view-
points on how to deal with and support the mothers. These processes
resulted in the categorization of specific subthemes. Two researchers
(HF, OI)—male, certified clinical psychologists—with experience of
psychological research in the field of muscular dystrophy extracted the
themes, and disagreements were discussed until consensus was
reached. Once the themes were identified, the responses were
reviewed again, and the frequencies of the themes were calculated.
A qualitative research software package was not used for the collating
and coding. Consolidated criteria for reporting qualitative studies
(COREQ) checklist was used as a reporting framework."?

- Additionally, we performed %? test, using SPSS Statistics 21.0
software (SPSS Japan Inc., Tokyo, Japan), to assess the difference
in the approach by age.

Results

We received 311 replies (30.9%). Within the 311 replies, 263
were included for the analysis of the free description of the case
vignette. Twenty-two were excluded because of no experience
in the specialty field of muscular dystrophy. Twenty-six were
excluded because answers for free description were missing.
The majority of the participants were men (70.7%), with a
mean age of 50.6 years. They had been working in pediatric
neurology for a mean of 20.4 years and in the specialty field
of muscular dystrophy for a mean of 13.4 years. Table 1
describes the demographic information of participants.

Four key themes were identified through thematic analysis
and each theme contained several subthemes. There are no sig-
nificant differences in frequencies of the themes and subthemes
by age of the physicians. Themes and subthemes are summar-
ized in Table 2 and the details are described below.

Help With Communication

Explanation from the physician. The most common response was
telling the mother that the primary physician would or could
explain the nature of the condition to the child. In the case vign-
ette, the mother asked the physician for advice because of her
difficulty in explaining the condition. Telling the mother that
the physician is able to explain the condition would provide
support in such cases.

It is about time to directly tell the child about the disease in
detail and how to handle it in life. However, since telling
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Table I. Demographic Information of Participants

n
Gender

Male 186

Female 77
Age group

35-39 37

40-49 80

50-59 109

>60 37
Workplace®

Public hospital 82

University hospital 77

Private hospital 59

Clinic 45

National Hospital Organization 24

Mean SD Range

Age 50.6 9.1 35-86
Years working in pediatric neurology 204 8.9 1-55
Years working in muscular dystrophy 13.4 10.4 I1-55

Abbreviation: SD, standard deviation.
?Some of the participants’ responses included 2 or more locations.

everything at once would confuse the child, the physician
should talk to the child directly on several occasions. (P55)

This child is 11 years old with no mental disability. So, if the
child wants to know about the disease, the truth should be given
accurately. I would tell the mother that the child’s doctor could
explain it to the child directly. Although the child might be
bewildered at the time, the child would understand it better in
the future. (P56)

Physicians take an active role in facilitating communication
among family members and physicians. They thought it was
better to have the primary care physician properly tell the child
about the disease.

Suggests talking to the child because of his growth. According to
the developmental stage of the child, how he views himself,
and what he wishes to know about himself, the physicians
encouraged the mother to provide an explanation and talk with
her child.

The child has reached the age of getting interested in his
own things and of needing to prepare for positively con-
fronting the disease. After telling the child the name of the
disease, we should provide support so that the child can
cope with what needs to be done from now on, particularly
respiratory rehabilitation and cardiac management, on the
child’s own initiative. (P17)

I would tell them that considering both the child’s age and psy-
chological state, it was the right time to start giving an objective
explanation about the disease. As the child’s doctor, I would
help the child learn about the disease, while taking into account
the parents’ wishes. (P66)

This must be properly discussed sooner or later, and if the child
wants to know about the disease now, then it may be a good
time. (P22)

Physicians referred to the growth of the child and the child’s
desire to know, and decided it was appropriate to talk about the
disease with the child at that time. In addition, their perspective
was that the child’s desire to know was related to his growth.

No need for an explanation. A small number of the physicians
thought it was not necessary to tell the prognosis and the future
given the age and the developmental level of the child.

I do not think it is necessary for the mother to explain about
respiratory failure or heart failure, which could occur in the
near future. Isn’t it better to talk to the child after the child
becomes more aware? (P35)

I would not tell the [child of his] prognosis until the condition
becomes more advanced. We are not supposed to let him lose
hope at this point.” (P242)

The intention of the physicians in withholding the prognosis
from the child was to allow them to maintain hope for the
future. It is believed that being aware of the life-limiting nature
of the disease could have a negative impact on the child’s
adjustment.

Do not hide the facts. Parents of a child with an intractable dis-
ease often have trouble disclosing the facts of the disease,
which could lead them to hide the nature of the disease from
the child. Despite the difficulties in disclosing the facts, a small
number of physicians emphasized the need to explain the facts.

1 would suggest honestly talking to the child about the disease
and the mother’s views of life and death. In so doing, it is not
necessary to choose words so that the child can understand, but
rather, to be honest. (P34)

The disease is gradually progressing, and the child shows no
mental retardation. Since the child wants to know more about
the disease, hiding it would jeopardize the relationship between
the child and his parents as well as the medical staff. (P53)

Concealing the facts from affected children might give them an
unrealistic image of the disease and set them up to have diffi-
culties in accepting the facts of the disease and the natural
course of the disease progression. Therefore, physicians
thought they should not conceal the facts from the child, even
though they did not tell the child “everything.”

Family’s Autonomy

Confirm the family’s intentions. The family’s intentions affect the
process of disclosure and communication about the condition.
Parents might have different ideas about conveying the details
of the condition. Physicians affirmed their attitudes and
encouraged them to discuss the decision within the family.
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Table 2. Key Themes of the Physicians’ Responses

Theme n Content
Help with communication
Explanation from the physician 94 The doctor takes on the role of disclosing the information to the affected child

or tells the mother that he/she can talk to the child.

The physician suggests talking to the affected child since he is growing and wishes
to learn more about the disease.

The physician says to the mother that she should not explain what does not need

to be explained at that time.

Even though you do not need to tell everything, you should not hide the facts

about the disease or lie to the child.

Have a discussion with the family of the affected child and determine what to do.
The physician provides an explanation to the parents to enhance their

understanding of Duchenne muscular dystrophy.

Suggest that the mother should tell the affected child what she knows about the

disease.

Suggests talking to the child because of his growth 8l

No need for an explanation 21

Do not hide the facts I
Family’s autonomy

Confirm the family’s intentions 57

Help the parents understand the disease better 25

Talk about what the mother understands 24

The family cares about and supports the affected child |1
Support for the family

Support resources and patients’ associations 32

Support for the mother’s emotional responses 16
Consideration of the child’s concerns

Talk to the affected child according to his level of 26

understanding
Listen to the child’s concerns 23

Tell the child that his family cares about and supports him.

Refer the family to patients’ associations, family associations, and counseling.
Support the mother as she experiences confusion and emotional responses.

Think about the child patient’s current age, understanding, and emotional state.

Talk to the child while asking about his concerns and what he wants to know.

I would tell the patient’s family to discuss and decide whether
or not to talk about the disease including the prognosis and
whether or not the doctor should be the one to do it. (P70)

As I would like to explain about the disease and follow-up plans
for the child, please set up a counseling (genetic) opportunity,
or have a discussion about it between the parents. (P15)

To help parents be more autonomous in explaining the disease
to the child, physicians encouraged parents to think about how
they would explain the disease and they provided encourage-
ment to them while they made their decision. Physicians also
expressed a desire to respect the parents’ decision.

Help the parents understand the disease better. Physicians offered
to provide information about the disease so the parents could
obtain a better understanding of the condition.

The doctor should talk specifically about the symptoms, general
prognosis, and treatments (steroid, respiratory, cardiovascular)
so that the parents can first understand the medical condition.
(P90)

Discuss with the mother, check her level of understanding, and
answer her questions to enhance her understanding. (P174)

The mother’s comprehension has an impact when she talks
with the family about the child’s condition. Some parents do
not completely understand the nature and prognosis of the dis-
ease so physicians try to teach them so they are knowledgeable
about the disease.

Talk about what the mother understands. Physicians also sug-
gested that the mother should tell the affected child what she
knows about the disease when her child has reached a certain
age.

Since the child has reached the age of being able to understand
about “living” and “life,” I’d like to suggest telling the child
the information deemed necessary in a straightforward manner.
P211)

Moreover, some physicians thought the child should be able to
understand his disease by that time and suggested the mother
try to talk to the child little by little about what she understood.

The family cares for and supports the affected child. Some physi-
cians emphasized that the parents should tell the child that the
parents would always provide care and support for the child.
When informing the child of the nature of the disease, parents
should make sure to let the child know that his family will
always be there for him and care about him. When the child
is given information about the challenges of the disease, the
family should understand the child’s response, provide support
to him, and anticipate that he will react with shock.

Support for the Family

Support resources and patients” associations. Another recommen-
dation was that mothers be provided information about
patients’ associations and psychological counseling as support
resources for the child and mother.
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“Please try to provide accurate information about the disease,
incorporating its positive aspects and helpful stories of other
patients with the same disorder. In addition, how about hearing
stories of families who have actually talked to their child
patients?” (P40)

I would suggest that the mother referred to support resources
such as patients’ associations and genetic counseling, and pro-
viding an opportunity for the patient, the patient’s mother, and
doctor to discuss the disease. (P112)

Parents with considerable experience of having a child with
Duchenne muscular dystrophy could perhaps serve as role
models for parents with less experience. Physicians related that
sharing information among families of different ages could
provide support to younger families.

Support the mother’s emotional responses. Physicians also
focused on the emotional responses of the mother, including
worry, anxiety, and confusion.

Check on the mother’s concerns first and learn what she is most
worried about. (P138)

Ask the mother what she understands and how she is feeling.
Provide support for the mother and ask her wishes. (P139)

As the disease progresses, parents often repeatedly experience
feelings of sorrow, loss, and guilt. Looking at the mother’s
emotional responses can help the physician encourage her to
express her emotional distress, which might lead to her being
able to construct a supportive relationship with the physician.

Consideration for the Child’s Concerns

Talk to the dffected child according to his level of understanding.
When telling the child about his condition, physicians and the
family should consider his age, understanding, and psychologi-
cal state.

It is important to give information to the child gradually, based
on his level of understanding. (P79)

When answering the child’s questions, devise ways of explain-
ing the disease according to his comprehension of the words
being used and with the use of good judgment. (P151)

Physicians believed the child’s cognitive development and psy-
chological state should be considered in deciding how and what
to tell.

Listen to the child’s concerns. One of the recommendations was to
listen to the child’s concerns to figure out their needs and ease
their anxiety.

Go on with the discussion slowly after fully understanding the
child’s knowledge and concerns, and also giving careful con-
sideration to his personality. (P210)

Start by asking the affected child what he wants to know and is
concerned about. Then, discuss that with him, explain when-
ever possible, and respond to him with affection if there is any-
thing unknown. (P291)

Physicians also stated that supporting resources are needed to
assist in providing support for the emotional response of the
child. They recommended confirming whether the child is able
to get support from family members, schoolteachers, and
friends.

Discussion

This study focused on how physicians dealt with and supported
mothers of patients with Duchenne muscular dystrophy who
asked for advice on explaining the disease to their children. For
physicians, tailoring the explanation of the diagnosis and prog-
nosis for the level of comprehension for the child and the fam-
ily can be a challenging task.'*

Because of the progressive nature of the disease, there
should be a gradual approach to the process of disclosure and
the explanation of Duchenne muscular dystrophy. Each time
the disease progresses (eg, use of wheelchair, loss of ambula-
tion, or decline of respiratory function), physicians provide the
child and the family with relevant information for that level of
functional impairment. In case the child has not been informed
about the fundamental nature of the disease, sessions where the
child knows about severe prognosis can be a difficult moment
for parents. In this study, physicians’ attitudes towards parents’
needs were found to consist of 4 themes. They were not
affected by age of the physicians, suggesting that other factors
determine the approaches to those kinds of families.

Help With Communication

The first was “help with communication.” Having the respon-
sibility to tell their child with Duchenne muscular dystrophy
about the disease and its genetic nature could be a burden for
mothers. As the child grows, mothers have more opportunities
to talk about the child’s future and the nature of the child’s ill-
ness. However, mothers of children with Duchenne muscular
dystrophy are often reluctant to talk about the condition.!® The
physician told the mothers that he or she is willing to tell the
child about the disease, which might ease the mother’s distress
and facilitate communication about the disease. Additionally,
talking about the growth of the child can work supportively,
alleviating her pain and difficulties. These experiences could
facilitate open conversation about the difficult condition
between the child and family. Parents of children with severe
chronic genetic diseases, like Duchenne muscular dystrophy,
tend to think that because the children experience the effects
of the condition in their everyday life, they know what is going
on.!'® Usually, there are difficulties in communicating a genetic
condition with an affected child; however, communications
between parents and affected children cultivate shared under-
standing and knowledge. Six fact sheet could a useful tool to
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encourage the autonomy of young patients, managing their care
and making decisions about their health interventions.'” This is
particularly important in transition process.

Family’s Autonomy

The second theme identified was “family’s autonomy.”
Autonomy in parents and patients is an essential part in advan-
cing the process of sharing information about the disease. Phy-
sicians recommended that the mother obtain more information
and tell the affected child what she understands. They also
emphasized the role of the family in supporting and caring for
the affected child. These attitudes support the parents’ capacity
to manage difficult conditions. In our previous study, pediatric
neurologists agreed that parents’ understanding and acceptance
of the condition were critical for explaining the condition.'?

In a previous study conducted in the United Kingdom,
about a half of the parents of children with Duchenne muscu-
lar dystrophy did not tell the diagnosis to the child because of
the life-limiting nature of the disease.'® It can be a very diffi-
cult problem when the parents are not prepared to communi-
cate about the disease to the child. Therefore, medical
professionals or counselors could help prepare them and pro-
vide support while they decide on how to talk with the child.
Medical staff are considered to have an important role in facil-
itating such communication and thus improving family
adjustment.'* However, some children prefer that the parents
discuss the condition in a less formal way, and this may
reduce anxiety in the children."’

Although parents think it is critical that they talk about their
child’s condition with him, many desire to delay such a talk
until the progression of the disease seems more imminent. In
other words, there is a tendency for parents to avoid reality
to limit their distress.'>'® The family history of Duchenne mus-
cular dystrophy also affects the process.?’

Support for the Family

“Support for the family” was the third theme identified. Caring
for a child with Duchenne muscular dystrophy is emotionally
difficult for parents. As the disease progresses, parents often
feel strong emotions, such as feelings of sorrow, loss, guilt,
anxiety, depression, and frustration,'®?!*% whereas parents
of patients with muscular dystrophy could have positive conse-
quences from caregiving, despite practical difficulties.”> Sup-
port resources from outside of the family have been found to
be important in parents’ adjustment and coping with Duchenne
muscular dystrophy.?* As such, physicians should refer the par-
ents to support groups and recommend that they participate
with the child. Peer groups can be a vital source of support for
families and children®; however, parents and affected children
can have ambivalent feelings toward support groups.?® By
going to a group and meeting older children and families, they
have to confront the progressive nature of the disease; thus,
some parents experience strong negative feelings about attend-
ing these groups. This is a very difficult problem, as feeling

Journal of Child Neurology

connected to other people is a very important contributor to
psychological adjustment.?’

Consideration for the Child’s Concerns

Patients with Duchenne muscular dystrophy experience
repeated losses during adolescence as they develop and
establish their own self-concepts. The disease influences
their psychological adjustment and personality development;
therefore, some of them may seek psychological support,
whether consciously or unconsciously, during a difficult
time. Although parents and physicians sometimes have dif-
ficulties in facing the emotional responses of the child when
informing him of the disease and its life-limiting nature,
communicating about the condition with medical profes-
sionals could help patients and their families hope for more
out of life.”®

Limitations

Several limitations should be noted in the present study.
Response rate was low in this study. Because all certified
child neurologists do not engage in the specialty field of
muscular dystrophy, the proportion of responders of our
research seemed reasonable. All the responders included
in current study had experience of practice in the field of
muscular dystrophy. This study was a questionnaire survey,
which employed a case vignette to investigate how physi-
cians would deal with and support mothers who ask for
advice on explaining the diagnosis of Duchenne muscular
dystrophy to their children affected by it. Generally, the
process of supporting families of children with Duchenne
muscular dystrophy begins at the child’s diagnosis and con-
tinues as the disease progresses, with continuous interac-
tions between the physician and family. Further research
is needed to investigate the actual roles of physicians and
the interactions with the families during the disease progres-
sion. Participants of this study were Japanese physicians
with experience of practice in the field of muscular dystro-
phy; therefore, their responses were naturally affected by
the conditions of medical care in their specific region and
cultural background.?® Experience of practice in the field
of other pediatric and neurologic disorders may also contrib-
ute to their approaches. However, several themes were sim-
ilar to those found in a previous study examining the
experience of genetic counselors in another setting and
region®’; thus, it suggested that the important themes of the
current study could apply in other countries and cultures.
Novel treatments, such as exon skipping therapy, are being
developed, and these will lead to more effective interven-
tions for improving muscle strength and functioning in
Duchenne muscular dystrophy patients.>!** The perception
of Duchenne muscular dystrophy could change with the
development of efficacious treatment, which may affect the
disclosure process between parents and affected children.
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Conclusion

Despite these limitations, to our knowledge, this is the first
study that has examined physicians’ recommendations to moth-
ers of children with Duchenne muscular dystrophy regarding
the disclosure of information about the condition to their
child. Although there is no single or best way to deal with the
difficulties the parents of children with Duchenne muscular
dystrophy face, keeping these key themes in mind could aid
physicians in their clinical practice. Further studies are required
to establish helpful guidance for physicians on suitable ways to
disclose information about the diagnosis and prognosis of
Duchenne muscular dystrophy to parents and their children.
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A Questionnaire Study on Surgical Treatment for Scoliosis in
Neuromuscular Disorders
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Abstract

Purpose :© Spinal fusion is recommended for patients with neuromuscular disorders such as
spinal muscular atrophy (SMA) and Duchenne muscular dystrophy (DMD), However, the actual
condition in Japan is not clear. A questionnaire study on spine surgery in Japan was performed.

Subjects and methods © Questionnaire mails on spinal surgery were sent to institutes appeared
on Homepage of Japanese Scoliosis Society. The questionnaire included experience of spine surgery
of neuromuscular disorders, summary of operated cases, and adaptation standard for surgery, and so
on.

Results : Eighty eight institutes answered the questionnaire (38% ). Spine surgery operation was
done in 14 institutes (15% of answer) . Seventy operation cases were reported, including 14 patients
with SMA, 22 with muscular dystrophy, 16 with cerebral palsy, 5 with spina-bifida, 3 with Chiari-
malformation, and so on. Distributions of the numbers and varieties of operation cases were
different among institutes. Complications of operation were respiratory failure, infection, heart
failure, and so on. Fourteen SMA cases included 6 males and 8 females aged 11~23 years old
(mean 13.6). Values of Cobb angle of pre-operation were 55~143 degree (mean 106.7), and those
of post-ope were 17~83 (mean 43,6). While, 19 with DMD were males aged 12~22 years old
(mean 13.9). Values of Cobb angle of pre-operation were 35.7~115 degree (mean 65.3), and those
of post-ope were 5~50(mean 23.7). Postoperative remarks of patients and families were almost
satisfactory for sitting balance, however also included deteriorated difficulties of care. For
adaptation standard for spine surgery, lower limit of age ranged from 3 to 15 years old, and upper
limit from 10 to 75 years old. Lower limit of Cobb angle ranged from 25 to 90 degrees, and upper
limit from 60 to 150 degrees. Unstable sitting balance was stated as indication for surgery.

ENLRBERRE T RILER  MERAE - ANEMERPRE(T560-8552 KBRAF & H T 7J4E115-1-1) Division of Child Neurol-
ogy, Department of Neurology, National Hospital Organization Toneyama Nanonal Hospital
(20124.5%%, 2013.1.1453)
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Conclusions : Among pediatricians and neurologists, information of spine 3urgery is not fully

known. Sharing information of spine surgery between pediatricians, neurologists and orthopedic

surgeons will be desired for further expansion of surgical treatment to neuromuscular scoliosis.

Key words * % (scoliosis), L #: 4 (neuromuscular disorder), FFHERE SEAT (spine surgery)
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