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intake causes orthostatic hypotension because of impairment
in the vasoconstrictor response to orthostatic stress and it
can induce syncopal events. The dysregulation of cerebral
perfusion due to the insufficiency of constriction of small
cerebral arteries caused by the degeneration of smooth mus-
cle cells, particularly after the consumption of alcohol,
might have caused syncope in patient 1. Of course, careful
considerations should be made prior to concluding whether
the CADASIL vasculopathy by itself directly results in syn-
copal events. However, clinicians need to carefully monitor
CADAIL patients who have drinking habits or have some
other causes of orthostatic hypotension, because these pa-
tients might present an attack of syncope. Although it is
widely accepted that some CADASIL patients could mani-
fest epileptic seizures due to vascular symptomatic epi-
lepsy (3, 17), there has so far been no report of CADASIL
patients who showed only syncope as the sole phenotype.

On the other hand, patient 2 presented with recurrent
ischemic attacks, which is the most frequent initial presenta-
tion of symptomatic CADASIL individuals (3). Although
GOM was not detected in a skin biopsy specimen obtained
from this patient, the results of a brain biopsy were positive.
Recently Tikka et al demonstrated the high sensitivity of
GOM detection in the skin biopsy of genetically verified
CADASIL (18). They estimated the sensitivity of the skin
biopsy to be more than 90%. But this report also indicated
that in some cases a repeat skin biopsy was needed to detect
GOM. Therefore, if GOM is not found in the first skin bi-
opsy in the subjects showing typical clinical presentations
with CADASIL, then additional biopsies should be consid-
ered.

The patient 2 received antiplatelet agents and unfortu-
nately, he developed a large intracerebral hemorrhage (ICH)
during the disease process. While CADASIL is considered
to be a primarily ischemic form of cerebral vascular disor-
der, microbleeds have recently been reported in 31-69% of
symptomatic =~ NOTCH 3  mutation  carriers (19, 20).
Viswanathan et al (21) reported that hypertension and
HbAlc are associated with microbleeds in CADASIL. Be-
cause Patient 2 did not exhibit either hypertension or DM,
ticlopidine might have been associated with his ICH. In fact,
Oh et al (22) reported a patient with CADASIL who had
developed ICH after taking aspirin. However, antiplatelet
drugs are generally used for the prevention of recurrent
ischemic attacks in CADASIL patients (23). Taking into ac-
count the incidence of microbleeds in CADASIL patients
(31-69%) (19, 20), cilostazol, which has been reported to
have lower rate for cerebral bleeding compared to low dose
of aspirin (25), might be a better choice as the first line
therapy for the prevention of recurrent ischemic attacks in
these patients. Further studies are needed to establish the
standard therapy for the prevention of ischemic attacks in
patients with CADASIL.

In conclusion, this is the first report of the detailed clini-
cal phenotypes of Japanese CADASIL families with the
p.Arg332Cys mutation of NOTCH3 gene, which is rare in

Japan. Comprehensive genetic screening for NOTCH3 muta-
tions is definitely important in Japan, as well as in the other
parts of the world;, when a patient shows recurrent syncope
attacks as the presenting sole symptom and characteristic
MRI findings, then CADASIL should be included in the dif-
ferential diagnosis.
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ABSTRACT

Background: Syringomyelia is a rare disease characterized by abnormal fluid-filled cavities within the spinal
cord, and is associated with Chiari malformations, arachnoiditis, or spinal cord tumors. The widespread avail-
ability of magnetic resonance imaging (MRI) in Japan has allowed for easy identification of syrinxes. The aim
of this study was to survey the clinicoepidemiological characteristics of syringomyelia in Japan.

Methods: A 2-stage postal survey was conducted in late 2009. The first survey aimed to estimate the number
of patients with syringomyelia, and the second survey aimed to elucidate clinicoepidemiological characteris-
tics. Diagnosis of syringomyelia was based on the findings of MRI or computed tomographic myelography.
Results: In the first survey, we received 2133 responses from 2937 randomly selected departments and col-
lected data of 1215 syringomyelia patients (543 men and 672 women). The total response rate for the first
survey was 73%. The estimated prevalence of ambulatory syringomyelia patients in Japan was 1.94 per
100000. In the second survey, the proportion of asymptomatic syringomyelia patients was 22.7%. Chiari
type I malformations and idiopathic syringomyelia were the first and second most common etiologies.
Conclusions: Our nationwide survey indicated that widespread MRI availability has contributed to the diagno-

sis of both asymptomatic and idiopathic cases.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Syringomyelia is a heterogeneous disorder characterized by ab-
normal fluid-filled cavities or cysts within the spinal cord. The etiolo-
gies of syringomyelia can include Chiari malformations, arachnoiditis,
trauma, and spinal cord tumors [1-3], but the pathophysiology of syr-
inx development remains enigmatic. Some cases with Chiari Type 1
malformations manifested asymptomatic syringomyelia [4]. The
reported prevalence was 8.2 to 8.4 per 100 000 in Western countries
[5,6]. An epidemiologic survey that collected data from 1243 patients
between 1982 and 1991 in Japan showed the predominance of Chiari
Type 1 malformations in syringomyelia, and identified a few cases of
spontaneous remission [7]. Surgical treatment for syringomyelia is es-
sential to stop the progression of the disease and further cavity en-
largement. However, the previous epidemiologic survey did not

* Corresponding author at: Department of Neurology, Hokkaido University Graduate
School of Medicine, Kita-15, Nishi-7, Kita-ku, Sapporo 060-8638, Japan. Tel.: +81 11
706 6028; fax: +81 11 700 5356.
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0022-510X/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
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determine the prevalence of the disease in the Japanese population
[7].

The diagnosis of syringomyelia has been greatly aided by the devel-
opment and widespread availability of magnetic resonance imaging
(MRI) scanners, which have allowed for the relatively easy identifica-
tion of syrinxes. Japan has the highest number of magnetic resonance
imaging (MRI) scanners per capita, with national healthcare insurance
coverage allowing universal access to outpatient hospital care. Hence,
both symptomatic and asymptomatic syringomyelia patients can be
more adequately examined than was possible prior to MRI facilities be-
coming widely accessible.

The characteristics of asymptomatic syringomyelia have not been
sufficiently investigated. The aim of this study, therefore, was to esti-
mate the prevalence of syringomyelia in Japan and identify its clini-
coepidemiological characteristics by taking advantage of the current
widespread availability of MRI facilities.

2. Methods

We conducted a 2-stage postal survey according to methods de-
scribed previously [8,9] in late 2009. The first survey aimed to esti-
mate the number of individuals with syringomyelia, and the second
survey aimed to elucidate the clinicoepidemiological characteristics
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of syringomyelia. We collected data from patients diagnosed with sy-
ringomyelia by neuroimaging from the departments of neurosurgery,
neurology, orthopedics, and pediatrics. We requested the numbers of
male and female ambulatory syringomyelia patients from each de-
partment in the past year (August 2008 to july 2009).

In the first survey, we adopted a definition of syringomyelia based
on neuroimaging: a central or lateralized syrinx detected on MRI (in-
cluding syrinxes with septums), or a syrinx detected with computed
tomographic myelography in patients who could not undergo MRI
because of metal in the body. The number of patients with syringo-
myelia in each institution was counted based on this definition. The
departments surveyed were randomly selected by stratified sampling
from a list of all hospitals with 20 or more beds; the list was obtained
from the Ministry of Health and Welfare. Sampling rates were ap-
proximately 5%, 10%, 20%, 40%, 80%, and 100% for the stratum of gen-
eral hospitals with 20 to 99 beds, 100 to 199 beds, 200 to 299 beds,
300 to 399 beds, 400 to 499 beds, and 500+ beds, respectively. Addi-
tionally, all university hospitals in Japan were surveyed.

In the second stage of the survey, we requested details of individ-
ual patients from each department that had 1 or more syringomyelia
patients. The detailed information for each patient was reported
based on a retrospective chart review. Epidemiological items included
sex, date of birth, time of onset and diagnosis, family history, symp-
toms and signs, imaging findings, treatment, and clinical course.
Symptoms included motor function, sensory disturbance, autonomic
failure, cranial nerve disturbance, and skeletal deformity. Motor func-
tions included weakness, muscle atrophy, spasticity, hypotonus, and
planter reflex. Autonomic failure included Horner syndrome, aniso-
coria, dyshidrosis, abnormal nail development, limb hypertrophy,
bladder and rectal disturbance, orthostatic hypotension, impotence,
and neurogenic arthropathy.

Table 1
Summary of data collected in the first stage of the survey.

K. Sakushima et al. / Journal of the Neurological Sciences xxx (2011) xxx-xxx

This study was approved by the Institutional Review Board of
Hokkaido University.

2.1. Estimation and statistical analysis

We estimated the prevalence of syringomyelia based on the re-
sults from the first stage of the survey. The estimation was based on
the assumption that the responses of the departments were indepen-
dent of the frequency of patients [8,10]. Formulas used to estimate
the total number of patients, and the 95% confidence intervals are de-
scribed below.

The point estimation of prevalence was calculated using the follow-
ing equation, where SRT}, RRTy,, NS, n, Ny, and Ny; denote the sampling
rate, response rate, the number of sampling departments, the total
number of departments, the number of responding departments, and
the number of departments with i patients in stratum k, respectively.

. L

_ Moy
%k = SRT,RRT, 5 N, 2 N

1
—_— iN,.
nk NSk

3. Results

In the first survey, we received 2133 responses from 2937 ran-
domly selected departments, and collected data regarding 1215 sy-
ringomyelia patients (543 men and 672 women). The total response
rate of the first survey was 73%.

Results from the first survey (Table 1) showed that the number of
syringomyelia patients who were referred to a hospital between
August 2008 and July 2009 was 2475 (95% CI: 2051-2899). The

Type s of Type s of hospitals and Total no. of  Sampling No. of surveyed No. of departments that Response No. of reported No. of estimated
departments  beds departments rate (%)  departments responded rate (%)  patients patients
Neurosurgery General hospitals with <99 beds 710 5% 35 22 63% 0 0
General hospitals with 100-199 beds 528 10% 52 27 52% 7 137
General hospitals with 200-299 beds 298 20% 59 37 63% 26 209
General hospitals with 300-399 beds 296 40% 119 73 61% 23 93
General hospitals with 400-499 beds 167 80% 133 94 71% 40 71
General hospitals with =500 beds 216 100% 216 147 68% 133 195
University hospitals 113 100% 113 94 83% 267 321
Subtotal 2328 727 494 68% 496 1027
Neurology General hospitals with <99 beds 506 5% 25 13 52% 0 0
General hospitals with 100-199 beds 335 10% 34 18 53% 3 56
General hospitals with 200-299 beds 170 20% 34 27 79% 6 38
General hospitals with 300-399 beds 170 40% 68 38 56% 7 31
General hospitals with 400-499 beds 91 100% 91 59 65% 21 32
General hospitals with >500 beds 93 100% 93 60 65% 25 39
University hospitals 118 100% 118 103 87% 53 61
Subtotal 1483 463 318 69% 115 257
Orthopedics  General hospitals with <99 beds 2278 5% 114 66 58% 4 138
General hospitals with 100-199 beds 1047 10% 105 70 67% 10 150
General hospitals with 200-299 beds 436 20% 87 63 72% 10 69
General hospitals with 300-399 beds 362 40% 145 110 76% 48 158
General hospitals with 400-499 beds 190 80% 152 107 70% 20 36
General hospitals with > 500 beds 228 100% 228 178 78% 120 154
University hospitals 118 100% 118 98 83% 300 361
Subtotal 4659 949 692 73% 512 1065
Pediatrics General hospitals with <99 beds 1069 5% 54 32 59% 0 0
General hospitals with 100-199 beds 613 10% 62 41 66% 0 0
General hospitals with 200-299 beds 356 20% 71 49 69% 0 0
General hospitals with 300-399 beds 339 40% 136 105 77% 7 23
General hospitals with 400-499 beds 184 80% 147 120 82% 11 17
General hospitals with >500 beds 214 100% 214 183 86% 58 68
University hospitals 114 100% 114 99 87% 16 18
Subtotal 2889 798 629 79% 92 126
Total 11359 26% 2937 2133 73% 1215 2475
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estimated prevalence of ambulatory syringomyelia patients in Japan
was 1.94 per 100 000. In the second survey, we collected reports
from 720 of the 1215 patients from the first survey. The response
rate for the second survey was 59%. There were 12 duplicated reports,
and thus, we integrated the data reported in them.

Results of the second survey (Table 2) described the characteristics
of both symptomatic and asymptomatic syringomyelia. The proportion
of patients with asymptomatic syringomyelia was 22.7% (161 cases).
The mean ages at survey and diagnosis of asymptomatic syringomyelia
(28.94-23.3 and 24.4 - 24.1 years, respectively) were lower than those
of patients with symptomatic syringomyelia (40.8422.8 and 353+
22.5 years, respectively). Asymptomatic syringomyelia tended to be pri-
marily associated with localized cavities. The proportion of syringomye-
lia cases with a Chiari type | malformation etiology was higher among
symptomatic than asymptomatic syringomyelia patients. Conversely,
the proportion of cases with idiopathic etiologies was higher in asymp-
tomatic than in symptomatic syringomyelia.

A subset of patients with symptomatic syringomyelia (Table 3) in-
cluded both those who had, and those who had not undergone sur-
gical treatment. The mean age at onset and diagnosis of patients
who had undergone surgical treatment (29.4+21.0 and 31.64
21.5 years, respectively) was lesser than that of patients who had
not received surgical treatment (40.1 4-22.6 and 44.8 & 22.3 years, re-
spectively). There were only 2 cases with a family history of the dis-
ease. Approximately 11% of patients in each group experienced an
improvement in their symptoms. The most common symptom was
sensory disturbance, which was reported in 75.3% of patients with
surgical treatment and 68.8% of those without surgical treatment.
Motor disturbance was the second most common symptom in each

Table 2
Demographics of patients in the second stage of the survey.
Symptomatic Asymptomatic Total Missing
(N=543) (N=161) (N =708

Age at survey 408228  289:4233 38.0+£235 35
(Mean + SD)

Age at diagnosis 3534225 2444241 3274234 66
(mean =+ SD)

Sex (%)
Male 41.6 441 42.1 1
Female 57.3 534 56.5 3
Missing 1.1 25 14 0

Morphology (%)
Asymmetry 313 8.1 25.8 0
Symmetry 58.9 832 64.4 2
Missing 9.8 8.7 9.7 2

Distribution (%)
Syringobulbia

Bulbus only 1.5 0.6 1.3 0
Bulbus and spinal cord 5.7 1.2 4.8 1

Syringomyelia
Cervical cord only 18.6 329 21.8 0
Thoracic cord only 7.9 8.7 8.2 1
Lumbosacral cord only 0.9 9.9 3.1 1
Cervical-thoracic 494 273 441 0
Thoracic-lumbosacral 2.6 43 3.0 0
Cervical-lumbosacral 4.6 43 45 0
Missing 838 106 93 1

Etiology (%)
Chiari type | 53.6 304 48.0 0
Chiari type Il 4.4 20.5 8.1 0
Bone anomaly 1.1 0.6 1.0 0
Arachnoiditis 5.7 2.5 49 0
Trauma 9.6 0.6 7.5 0
Spinal cord tumor 5.2 5.6 5.2 0
Idiopathic 12.9 24.8 15.7 1
Other 6.1 13.0 79 2
Suspected two or more 1.1 1.2 1.1 0
Missing 0.4 0.6 0.6 1

2 Four patients who did not report on the existence of symptoms were excluded.

Table 3

Demographics, clinical history, and manifestations of symptomatic patients.
Surgical
treatment

Yes No Total

Number of cases 376 157 543 10
Age at onset (mean £ SD) 2944+ 4014 323+

21.0 22,6 220
3164+ 448+ 3534

Missing

Age at diagnosis

(mean = SD) 215 22.3 225
Age at surgery 326+
(mean+SD) 21.0
Family history (%) Yes 0.3 0.6 04 0
. No 644 599 622 2

Unknown/missing 31.1 35.0 324
Course of symptoms after
initial diagnosis (%)

Worsen 51.1 223 422 2
Unchanged 26.3 56.7 355 5
Improved 11.2 108 10.9 0
Stop after progression 4.8 5.7 5.0 0
Missing 6.6 4.5 6.4
Symptoms (%)
Motor Yes 59.8 51.0 57.5 7
No 378 459 394 0
Unknown/missing 2.4 3.2 3.1
Sensory Yes 753 68.8 72.7 4
No 199 210 19.9 0
Unknown/missing 4.8 10.2 7.4
Autonomic Yes 20.7 19.1 199 0
No 652 656 646 3
Unknown/Missing 14.1 15.3 15.5
Cranial nerves Yes 10.1 7.0 9.2 1
No 832 809 814
Unknown/missing 6.6 12.1 94
Skeletal deformity Yes 314 229 293 5
No 649 752 674 4
Missing 3.7 19 33
Past history (%)
CNS infections Yes 3.5 38 3.7 1
No 806 745 78.3 5
Unknown/missing 16.0 21.7 18.0 4
Injuries of head or spine Yes 114 10.2 10.9 0
No 76.3 758 757 5
Unknown/missing 12.2 14.0 134
Surgery of head or spine Yes 13.8 121 134 2
No 774 777 770 5
Unknown/missing 8.8 10.2 9.6
Problems at delivery Yes 2.1 13 20 1
No 66.2 599 639 4

Unknown/missing 31.6 38.9 341

group (59.8% and 51.0%, respectively). Patient histories showed that
approximately one-tenth of the patients in each group had previous
injuries of the head or spine.

The characteristics of patients in each age group (Table 4) showed
that the prevalence of idiopathic syringomyelia was higher in adults,
particularly in the elderly, than in children.

Fig. 1 shows the distributions of patient's ages at the time of sur-
vey (Fig. 1A), age at diagnosis (Fig. 1B), age at surgical treatment
(Fig. 1C), and year of diagnosis (Fig. 1D). The distribution of ages at
survey consisted of 2 peaks, at 10 to 20 years of age, and at 60 to
70 years of age. The distribution of age at diagnosis showed a higher
proportion of 0- to 20-year-olds. Finally, the distribution of diagnosis
year showed an acute increment in the number of cases diagnosed in
more recent years.

4. Discussion
This study revealed the prevalence (1.94 per 100 000) and charac-

teristics of ambulatory syringomyelia patients in Japan. Among these
patients, the prevalence of asymptomatic syringomyelia was 22.6%,
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Table 4 and that of idiopathic syringomyelia was 15.8% according to the sec-
Summary of characteristics of patients according to age group. ond survey.
Etiology The prevalence of syringomyelia in this survey is lower than that
. . in previous studies that used different methods for estimation [5,6].
Age Female Asymptomatic 1st % Localized i ) ‘ A 3
%) %) — cavity Estimation of prevalence in this survey was based on patients who
2nd (%) were referred to a hospital for evaluation or treatment. Therefore,
3rd the data from patients whose syringomyelia was stable and who
<10 51.11 40.9 Chiari type | 406 369 had discontinued their ambulatory care were not collected in this
Chiari type Il 34.8 study. It is noteworthy that the early detection of syringomyelia by
Other 145 MRI can allow for early interventions, including surgery. Early diag-
10-19 6607 239 g;;a;;gii el 72’§ 362 nosis and intervention are more likely to lead to a positive outcome,
Other 53 and may therefore reduce the number of patients requiring ambula-
20-29 5263 14.0 Chiari type | 474 471 tory care. The lower number of patients diagnosed in the years pre-
ldiopathic 228 ceding 2005 (Fig. 1-D) is consistent with our speculation. However,
Trauma 140 these results show the characteristics of ambulatory care among sy-
30-39 4634 205 Chiari type | 494 390 . . .
Idiopathic 173 ringomyelia patients.
Trauma 14.8 The etiology of syringomyelia can include Chiari malformation,
40-49  55.17 15.3 Chiari type | 559 278 trauma, arachnoiditis, and idiopathic origin, among other causes. In
‘Sdi_opﬁl‘fhicd }gg our study, Chiari malformations, including both types I and II, were
pinal cord tumor . . . . .
50-50 6974 145 Chiari type | 21 406 Fhe mqst common cause in both chlldrep and adults, and‘ this ﬁnd}ng
Idiopathic 237 is consistent with those of previous studies [7,11]. In particular, Chiari
Spinal cord tumor 105 malformation is more frequent in children than in adults. These results
60-69 5455 115 Chiari type | 282 429 may be associated with the widespread availability of MRI, which con-
f“’f;g"c ‘:“6"‘71 tributes to early diagnoses in cases of syringomyelia caused by Chiari
ra . . . . g . N .
~70 66.67 243 diopathic 378 400 malformation. Interes!:mglyZ idiopathic syringomyelia was the second
Chiari type | 27.0 most common cause according to our survey. Bogdanov et al. suggested
Arachnoiditis 135 that idiopathic syringomyelia is associated with a small posterior fossa
with a narrow cerebrospinal fluid (CSF) space as well as with Chiari
malformation [12]. It is possible that some of the cases of idiopathic sy-
ringomyelia in our survey may be attributable to a small posterior
A B
-80 - 80
F70 - 70
- 60 60
L 50 - 50
-40 40
- 30 F30
- 20 F20
L 10 10
10 20 30 40 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 1(30
Age at survey Age at diagnosis
C D

H125

100

10 20 30 40 S0 60 70 1970 1975 1980 1985 1990 1995 2000 2005 2010
Age at surgery Year of diagnosis

Fig. 1. (A) Histogram showing age distribution of patients at time of survey. (B) Histogram showing age distribution of patients at diagnosis. (C) Histogram showing age distribution
at time of surgery. (D) Histogram showing the diagnosis by year.
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fossa. Holly et al. described slit-like syrinx cavities characterized by
remnants of the central canal and an asymptomatic clinical course
[13}]. Therefore, idiopathic syringomyelia has several potential causes,
including congenital remnants of the central canal and acquired dila-
tions by a small posterior fossa. Hida et al. reported an association be-
tween syringomyelia with Chiari [ malformation and birth injuries [14].
In this study, patients with problem at delivery accounted for 2.0% of
symptomatic syringomyelia cases, but it had a higher unknown/miss-
ing proportion in the past history. Nakamura et al. discuss 2 types of id-
iopathic  syringomyelia: localized and extended. Localized
syringomyelia is associated with congenital enlargement of the central
canal of the spinal cord and can be managed conservatively [15]. Actu-
ally, most of the patients with idiopathic cases in our study did not un-
dergo surgical treatment. Idiopathic syringomyelia might be less
progressive than syringomyelia with other causes.

Asymptomatic syringomyelia comprised 22.7% of all syringomye-
lia cases in our second survey. Prior to this survey, the proportion of
asymptomatic syringomyelia cases was unknown. Cases of a few pa-
tients with asymptomatic syringomyelia caused by a brain tumor of
the posterior fossa have been previously reported [16-18]. The infre-
quency of asymptomatic syringomyelia seems inconsistent with our
survey results. There are 2 possible explanations for the relatively
high proportion of asymptomatic syringomyelia in our survey. Firstly,
the symptoms of patients who did not complain because of their age
were underestimated. Secondly, the availability of MRI in Japan has
resulted in an increase in the number of incidental diagnoses of
asymptomatic syringomyelia including slit-like syrinx cavities.

Resolution of syringomyelia without surgical treatment was ob-
served in 17 patients (3.2% of symptomatic patients) in our second
survey. Spontaneous resolution of syringomyelia has recently been
found to be more common than previously thought [19]. The mecha-
nisms involved in the development and spontaneous resolution of sy-
ringomyelia are unclear despite multiple hypotheses {20]. The
number of patients with spontaneous resolution may be underesti-
mated because cases of asymptomatic syringomyelia patients who
had not sought consultation were not evaluated in our survey.

Symptoms of syringomyelia include pain, sensory disturbance,
and amyotrophy. Bogdanov et al. reported that 90% of patients had
unilateral or bilateral sensory disturbances, while 79% of patients ex-
perienced weakness or wasting of the upper limbs [21].

Familial syringomyelia cases with autosomal dominant or reces-
sive inheritance have been reported [22,23]. Chatel et al. suggested
that the incidence of familial syringomyelia is approximately 2%
[24]. However, a large-scale survey has not yet been conducted to de-
termine the proportion of familial cases. In our study, familial syrin-
gomyelia comprised only 2 cases (0.6%) of patients with a reported
family history. Although a potentially large number of patients who
have been lost to follow-up affect the accuracy of the proportion of
syringomyelia, familial syringomyelia cases are extremely rare.

This study has several limitations. Firstly, the prevalence of syrin-
gomyelia reported in this study was calculated using the estimated
number of ambulatory patients. Cases of patients who did not receive
ambulatory care in the past year were not evaluated. Therefore, the
potential number of syringomyelia patients may be larger than that
reported in this study. Secondly, this cross-sectional survey could
not evaluate the entire clinical course of syringomyelia. The disease
progression from asymptomatic to symptomatic is particularly
unclear. The clinical course of idiopathic cases is also unclear. Further
investigation is required to determine the most appropriate evalua-
tions and treatments for these patients. Thirdly, the response rates
in this study were 73% and 59% in the first and second stage surveys,
respectively. Characteristics of patients whose cases were not
reported in the second survey are unknown. The effect of this selec-
tion bias on our results is also unknown.

Finally, the definition of syringomyelia associated with spinal cord
tumor has been changing, and peritumoral cysts have been

differentiated from other distinct forms of syringomyelia. In this
study, syringomyelia associated with spinal cord tumor was regarded
as merely 1 type of syringomyelia.

Taken together, the findings of our survey can contribute to the
development of healthcare services for syringomyelia patients.
Knowledge of the characteristics of asymptomatic and symptomatic
syringomye¢lia patients without surgical treatment can be useful for
the optimization of those services. Further evaluations of the poten-
tial number of non-ambulatory syringomyelia patients should be per-
formed to estimate the precise prevalence of syringomyelia.

In conclusion, we have investigated the epidemiology of syringo-
myelia in Japan. Asymptomatic and idiopathic syringomyelia cases
are more common than was previously believed. The widespread
availability of MRI scanners has potentially contributed to the early
diagnosis of these cases.
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FUBHIC

1gG4 BEL ar ) o/ SRR BRI, B 1gG4 M & 1gG4
EHIEEMLOMBEMZI®E L, BORERARRER
EBOBECTITEREF S TNLEBIETH Y. POEMS ER
W organomegaly 245 & 3595 BEXKEZ &L
BB v, S, bbb EEXZ 2T 5 POEMS
FEREREIC R L, BB K 1G4 M & H58ipn B, EET B
5 1gG4 BER B OBRE (BORBEHENR) Ths LB L
7o WL BICHRES T 7Y CEESEH T, BE M R
ANOBEREZONTBY, THOABHIIEFICHRR, &
TS,

E B

FER 57 5%, B

EF CHPROTV VYV, FRIKOER, SMTEEE

FEAERE © 4FinsrE e U, FRIRE @ FitdEmk L.

BRI © 20004 10 B L VEERASWFEROT VI ¥
BB L. 0 TR L Y EEOBECERIES LD &
PEREPRET ALY, BATVREEE 2o 72 HEZ 23
L, MEOBKEET, THEEMBOHBIKT 2HEH I
11 B X 9 MRESEIcHR & BUEASHBR L7z fEED 720 11
BTHIICABRL.

ABEEBE - B K 170cm, K 61kg. THRLEICHERD Y.
FRREEIIC, BRECRARIC R 2 L. TR

T EFHIRETEMG 4+, EEH4-)0DD,
T RSB T, T i SR RS O Bl & A & 7z,
MARRT A - S, BER, BRBAEEIEHR. Br-microglobulin
2.2mg/1 (FE#E<2.0mg/D), IgG 1,860mg/dl (870~1,700mg/
dn), 1gG1939mg/dl(320~748mg/dl), 1gG2 230mg/dl (208~
754mg/dl), 1gG3 25.3mg/dl(6.6~883mg/dl), 1gG4 392mg/
dl (48~105mg/d)), M{ET IgGA B M EHEKEE, MmiE vas-
cular endothelial growth factor (VEGF) 777pg/mi (FR#afE<
220pg/ml), JET I 5 —¥ 1231U/1 (FL#ME<57IU/D), HbAlc
59%, CA19950U/ml T o 7z, [HEEIHA T Ma% 2/
mm’®, &M 46mg/dl. ‘B HEEN T ML 46% & BEEE OB
%R L7 SRR 7 b o 72, R AR EERE T, B
g, EEHMRRIC IOy 2 2 L b WEBRER & HER
THEALN, BHEOFREEZ Ohz 1, SEHEHEN
RIEEIRBHECEERATL, THRTCEBECET LihkE
EHEb%oTniz(Tablel). $HHEERTIERNIERH, £
B CHEEREMN L 2 32y, BIREEMORAET
LR E L AL O, EREMRETE I o oiike
WAEARD LR VEBWR Y VA VTV — BB, AR
TR B SO PR o, MR IR T & IR i R
OFIERDHY, I Y VEFALN. T, B OIEE 2
MEABA SN, BT OMERENE & BB O RRAEL
T L &Nz (Fig 1). BE CT ¢, WERIZTEE - 45
EHUFAMITER L T3 (Fig. 2), FFRIE L 2% 7.
ERCP (endoscopic retrograde cholangio-pancreatography) ¢
i, EHE OO F AP/MEDHER & 1z (Fig. 3). EUSFNA
(endoscopic ultrasoundscopy-fine needle aspiration) T 2. 5

*Corresponding author: K&K 2B E LR BI 7SR AR PR 2 (T755-8505 LR SEEHR/NE 1 TH 1—1)

WK &R S IR S AR JE R A Pk 22
(Sf+H 201148 1 A 31 H)
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Table 1 Peripheral nerve conduction study.
MNC Distal latency CMAP amplitude (mV) Conduction velocity
(msec) {baseline-peak) {m/sec)
Rt. median 43 82 534
Lt. median 43 6.4 56.0
Rt. ulnar 38 47 59.1
Lt. ulnar 35 49 535
Rt. tibial 4.0 35 382
Lt. tibial 53 14 36.6
SNC Peak latency SAP amplitude (V) Conduction velocity
(msec) (baseline-peak) (m/sec)
Rt. median 37 157 470
Lt. median 39 58 432
Rt. ulnar 37 111 526
Lt. ulnar 37 52 49.0
Rt. sural 33 119 543
Lt. sural 36 104 470

CMAP: compound muscle action potential; MNC: motor nerve conduction; SAP: sensory ac-
tion potential; SNC: sensory nerve conduction

Fig. 1

Sural nerve biopsy specimen (Toluidine blue staining, bars =50 pum).

Endoneurial and subperineurial spaces are edematous. Both myelin ovoids (arrow) and nerve fibers
with thin myelin (arrowhead) are occasionally observed, indicating axonal degeneration with demy-

elination.

NI I BEERE O R £, BERMICHRMEIL )
BN, €DOEIC 1gG4 BEDOEMBAER L T (Fig
4). BERCOBEORMILE L 2o Tw . BELBE
A 0 BREE, «EHE icm N

## © ABEtk, TR DIP BB & RE R o/El
HBB L, M OMEBSEIGETHEICELL, THakGo
HHETREFHIRET I LARVICHEL 7. POEMS &
BEEE WL, BHERBEEBI 20, 201041 HicAn
T I vRHBWHORMMEBNRBEE & b2 KE
B CUBRMBEARHCER L7z, BTRM LS
2D BIKREAFBREI Y ARCEEEROY VY
& BEBBEEIL, HHIERE2Y, AFLFEHEREL
7z TRFRBAAERTICWE 1,700pg/ml ¥ ¢ LA L7z VEGF i,
BFES 7 BBICIE 548pg/ml TTET L, Mmoo M B IZH
KL7 B7II— Y4101 L/ TF L7225 IgG4 i 735

mg/dl & ER L, WU T AMERICEE 2572
£ =

AIEBNE, BRI R IgGA B M & B M, & VEGF I
IE, ‘B BN T OB OB R, BA AT R R T
DR MEEEPIRAE LT OSH - a —unF—%
& @, POEMS JEERE L W L 72, POEMS JE BHE T3 les
BE IR, TR, B & TOBEERE VA, KO LS I
PR Z &7z L2BERIZBRIC V. BERO U AMEEX
EMEAMER L3 RIER 2 —unF—OWHBELET
HERE LT, HEESY VAERHEAEIEOT R
MrEi, BERZETL2SERBESZORRILOR,
Modz BERICHEMEL S oG4 BEREMBREL A LD 5
FRHET R, BEERETUE AN ORIER L BEOR/ME
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RHhIl, MBEFHCEE2E g IMELALDDLT L SN K o THIF L D RB SR EBREE T, OF 1g64 M¥E
b, 1gG4 BIES M) > S MR BRI OMFZE (BT A BH Y, OMERRICHHELCTELL & b o2 1gG4 BHBE
BRL) OB BW L. MIEEE AL DS, 02 o TRMT AL S5, BT
IgG4 BIEL R V) o /S BEFRE B RE 1L, 2008 4F I Masaki RIBMHEMES I 1gG4 BHES AR ) & /ST RFE O EIRE C

Fig. 2 Contrast-enhanced computed tomography showing
diffuse enlargement of pancreas with capsule-like rim (ar-

Trow).

HBLEILNTWES, FAMOBE L LT IgG4 BB L%
BB R 4 B 1 TgG4 BT BUMI R A S I8 S v
%9, POEMS JERAE & 1gG4 BIELER 1) > 7 S BEFlE GERE O
A0 L7OESIEBERIC It 72 . POEMSIERRETR, €/ 2
= RO MR E SN TB Y Y, BB BSRKE

Fig. 3 Endoscopic retrograde cholangio-pancreatography
demonstrating irregular narrowing of the main pancreat-
ic duct.

Fig. 4 Pancreas biopsy specimen.
A. Fibrosis is observed around the pancreatic duct. Hematoxylin and eosin. Bar =100 pm
B. Immunohistochemical staining of IgG4 demonstrating the massive infiltration of IgG4-positive
plasma cells, especially around the pancreatic duct. Bar =100 pum
C.D. Immunohistochemical staining using anti-A (C) and anti-x (D) antibodies. Representative immu-
noreactive plasma cells are indicated by arrows. Bars =50 pm
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THEBREM E—2 2T 5. —F, oG4 BMEL R ~
SYBETEIE BRECIE, MRS U 72 1gG4 B Ml & SRS I
D IgG4 MBI R 70—+ N TH D, ME—2 kA
SNy, FEFCE, BABRAKE TER:E M ¥—290%
DIMER S AR IgG AT yu—F it e —7F,
PERBARE AR 1 A & D72 TgG4 Btk DIE M I 0 88, « B840 &
bIBMETH YR 20— F v BERIE OB P
T HLEZON /-, BOEMMBMIRMEZ & b72)
KEALFEHEEEIC1Z POEMS i B#E O RS & VEGF ME
EEE L, Mo M BRI LA, BRI 2 55850
RiZnL, 22000 L 2 ARBFHEL T2 HEENS.

POEMS fEMREE L 1gG4 BELaR Y HEREEL b
WEDLDTENLRERTH AN, BEMBEIVRRBICEET S
HATHERIEVT 2205, BEVORECHEELTY
HAHMAEEINS. LA L, HORENEESHEE LT
TR EN T 5 1gG4 BES R ) /S HIEE BEEDS, JES
BEMEE R E £ 2 5N T \wb POEMS EBROERTH %
LiEE AW, —H, POEMS ERBECTLEET 5 [gC ¥ 72
T AEW O PIENT VR, REF T 1gG4 D LFAH
D 1gG ¥ 727 5 2K L TE DO TE{, POEMS JERE
BEOEBC L-REMIBE), £ 20—+ 1gG 750
T AR) 20 —F Vi [gGe dEFEA LT w2 gk As
BEIND. 2F ), BEICEAINZIgGL AR E 2 E
CRBEMHRAZVDEBZ LEEZLE, 200EEEROA
B —TTHCEBETE B, L L, 1gG4 BESKEE Y /3
JHIERERECA DN D [gG4 MIIERWERNFZ L L, Mk
BB RIERTHAHLEZLONTEI, COMTIEL
v, B [gG4 B AR ) v\ BERBETI’], BB
FIS4 5 Thl # 4 7O CD4, CDS Bkl a2 #0415 » 4
YETHIEOEERERD 1 OTHLLELLNTWEY, §
BE T Al 0L BEERIUCKE TCRRFBETH D90,
ZORWA XY HIEE T Wil ost, RErEEsRs. K
BITRFMETS 545, POEMS EFEEEC XM O TGF-B
LARVBET L TR Z EAHME SN TE Y, POEMS i
BBETIE TGFP OBAIT & 1) 1G4 BIEL IS o /e
BRETFZ LR TVWITRESZEZ 6N,

FIEGTIE, RBEFO T rOru—FIF4ERLT
POEMS JEfRRE & 1G4 BB IEs ) /S FE ho e BE s 3t
FLTWAHILEBE LY WEOEHEZ2O0DELDTTE
NREFERORRIORRE 5 272, 4, POEMS ERETO
FIET QT YOV T 7 5 A ORI R RS
DERH TR EDOMBMHO-DICEEF NS,

BE RERLAICHELY, RESERNREIIH 2w
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Abstract
A case of POEMS syndrome with enlarged pancreas due to IgG4-related autoimmune pancreatitis

Hideaki Nishihara, M.D., Jun-ichi Ogasawara, M.D., Michiaki Koga, M.D.,
Masatoshi Omoto, M.D., Motoharu Kawai, M.D. and Takashi Kanda, M.D.
Department of Neurology and Clinical Neuroscience, Yamaguchi University Graduate School of Medicine

A 57-year-old man developed bilateral hands and feet numbness, followed by weakness with the legs and skin
pigmentation. These symptoms became gradually worsened, and we made a diagnosis of POEMS syndrome be-
cause of progressive polyneuropathy, skin changes, IgG lambda type monoclonal proteinemia, and elevated level
of serum vascular endothelial growth factor (VEGF). Diffusely enlarged pancreas was noticed in computed to-
mography. Serological, radiological, and histological findings revealed enlarged pancreas was due to IgG4-related
autoimmune pathogenesis. After high dose chemotherapy with autologous peripheral stem cell transplantation,
his clinical manifestations, IgG lambda type monoclonal proteinemia, and elevated level of serum VEGF were im-
proved, whereas diffuse enlargement of the pancreas did not change. This is the first case report of POEMS syn-
drome accompanied with IgG4-related autoimmune pancreatitis. Co-existence of monoclonal and polyclonal plas-
maproliferative changes in the present patient may provide keys to clarify common mechanisms shared by these
two rare disorders, POEMS syndrome and IgG4-related autoimmune disease.

{Clin Neurol 2011;51:417-421)

Key words: POEMS syndrome, 1gG4-related autoimmune pathogenesis, pancreas swelling
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EOIHE
REREZ B L, o7 ) YEREREICLD
T ALPITEEE U 7@ AEVE S E T S = 2 — a3 — D
46 1S3 VEBI

wr o o®E HE O EYW RBAR KR
ANERE— PE o dE o R

BE EPIIL 46 RBYE. SHAMLY, BFHEEHBOEVEVELERERBEIHEL - AR LEEMSHCE
BEOBHMET MR BICEREE L4 O ERMREERET, HoPARBMBEHL O, BEMES
BB GEART TH > /. ERBHEWETE, FOBEHET T IAREROERBIREShE:. BEREs:
HMET HRMBORMREMBEES K= 1 —0/3F — (CIDP) £EBML, £EITOTU BB EEBI o1,
2HEETERESER, GREEIRETOREMASGHEL, UBREHSELALZEAL L. B0 CIDP 4, %iE

ZRBELFEDL, HHEELLC—AMOBBE LD EPSE, RUOBBONABBENANZELL.

(ERPE % 2011;51:478-482)

Key words : 1BHESEEMMELE = = — 0t —, #UR, fES 07 ) YRR, distal acquired demyelinating

symmetric neuropathy

LB

1BHLEE M S = 2 —n/tF — (CIDP) &, 1975
12 Dyck SV L DVIRB 3N EBMAT, FWRG £58,
GRS, PREEMCIVERTHLIERS, T
o7 ¥R Y 5 BERBETH B, CIDP 2% L OBRIE
BIpd 5 2%, MBI WG IERA ST 0 Bt G R i A 55
LRSS 2 21, EESMROBESEMTH B, b
hbhhid, MEEMSOLEN LR EsEE 2 THe T
5IEMAR 2 CIDP BHIC, RIEF 0 7)) Y REFEEE
(IVIg) ZMAT L, S CEWREIRE BRAEHENOWE
RHRLO/. FOBRDEFEEEBILS T L~k
BIFLHEBEZR L. MERMBOREEE2IHET S
CIDP #EZY & L Tid, distal acquired demyelinating symmet-
ric neuropathy (DADS) & W9 HESASEIE X T Ww 522, &K
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Table 1 Nerve conduction studies.
Motor conduction study
Right (*) Left
MCV (m/sec) 40.7 (>50.0) 330
Median CMAP amplitude (distal/proximal) (mV) 20/14 (>6.0/>50) 09/0.9
Distal latency {msec) 200 (<38 21.0
F wave latency not evoked not evoked
MCV (m/sec) 425 (>51.0) 65.0
Ulnar CMAP amplitude (distal/proximal) (mV) 26/15 (>6.0/>5.0) 15/1.5
Distal latency (msec) 11.0(<3.0) 8.6
F wave latency (msec) not evoked 574
MCV (in/sec) 28.2 (>42.0)
Tibial CMAP amplitude {(distal/proximal) (mV) 0.21/021 (>7.0/>6.0) not o med
Distal latency (msec) 79 (<6.5) xamme
F wave latency not evoked
Sensory conduction study
Right Left
SCV (m/s
Median SAP glmjl?gx de not evoked not evoked
SCV (m/sec)
Ulnar SAP amplitude not evoked not evoked
Sural SCV (m/sec) 55.2 (>40) 552
SAP amplitude (1V) 6.7 (>9.0) 6.7

CMAP amplitude was measured from onset to the peak of the initial monophasic negative mus-
cle response.

Sensory nerve conduction studies were performed using an antidromic method. Skin tempera-
tures was kept to range between 32C and 34C .

SAP from the median nerve was recorded at the digit II. The stimulating electrode is place on
the skin over the patient’s median nerve at the wrist (stimulation-recording distance standard-
ized at 140 mm).

SAP from the ulnar nerve was recorded at the digit V. The stimulating electrode is place on
the skin over the patient’s ulnar nerve at the wrist {stimulation-recording distance standardized
at 140 mm).

SAP from the sural nerve was measured at the lateral malleolus with stimulation of the nerve
at the posterolateral side of the calf (stimulation-recording distance standardized at 140 mm).

*: At our institute

MCV: motor conduction velocity SCV: sensory conduction velocity CMAP: compound muscle
action potential SAP: sensory action potential

R & R AT, ISR T L, 7% L AR
BEEE L Co/e RS2 L, BIEEC T, B
BRICBEIAON P72,

WMARER M - E{LERE T, I ERE, TR
BE, PUEHLR, BUETRERMIIAE DU, B SS-A Hufk, $LSSB
PR, 4 70 F ¥ AR, TNFo % 5 DiFnd <& 8
BEdrodz Vo< b A4 FRFPSBE LR LTS fE
Fu 7 R AMERIERE, b MER (BRKE) B
Tholr. LFEIFBELLLWLHZETH S 720, DDVP
EBECHEREOS L BEOMPBELRE LY B
BAabNadol. WEB X U X8, WEERCT, EH
MRIICH BT REBERALD LD o 7. WEHERET
&, BHA86mg/dl & LE L Cwiaas, Mijask s/ul, M6
mg/dl (ifLh 95mg/dl) W h b EFEHWEATH Y, 1gGin-

dex 069 LWL P BEBBEEA SN2 d o7z EHIEE
BRACTE, EY - RE - REEEOESHHRFCE W CEM
BRPHEICERLTBY, REL2HRANSHREEATHED
EMORBET 24 & 07 (Table 1), EET0y 7 idwih
DRFFTB T H A S N2h o o EEME TR, PR
BEARTEHEMREIET LB, EETIHERTRET
otz HHBERTEIANEEHTERE 2P o7z,
FEWERE AR T3 A B R B B SRR R O IR B 5 & Hhe
LCBERTLTBY, MBS GRE AT 5 KEAHM
B SN, WREBE T ICRES A SN (Fig 1A). RIE
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EEdAtDhmrod L EIFCUERTE, BiEICERL L
T b oMM T 42% A& 77245, paranode (B S 72T
BEEASNA b - 72 (Fig 1B). EEMEHCZEETR
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Fig. 1 Histopathlogical findings of the left sural nerve. (A)
Cross section of toluidine blue-stained epon-embedded
semithin shows mild subperineurial edema (allow), some
fibers with thinning myelin sheath (allow heads), and
mild reduction of myelinated nerve fibers. No naked ax-
ons, myelin ovoids or onion bulb formations are observed.
(B) Teased fiber preparations show segmentally thin my-
elin sheaths.

W&ot
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RIGE B AN TERIC 2 o 72, MISEE R EIT ST, Vg
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THBESPHEZALDTWW,

£z =B
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Fig. 2 Motor conduction studies on median nerve.
Motor conduction studies on median nerve show markedly
prolonged distal latency and abnormal temporal dispersion
before intravenous immunoglobulin (IVIg) treatment (A).
These abnormalities apparently were lessened 5 days after
IVIg treatment (B), and abnormal temporal dispersion dis-
appeared shortly after oral administration of prednisolone
©).

BE LT, IVIgHEIC L 5 JUSTBIFCRAN—HETH 5
TEBPBIFOLND.

FEK CIDP 1%, #iEEE ORI & U K8, 1B~ JUSH:
PH—TRVWIEPMONTBY, SHORBFRET A5
BERELTEIALONTVWS, BNBTREBE NEAD
CIDP @HERIE L C, distal acquired demyelinating symmet-
ric neuropathy (DADS) & 9 HE& ISR S Twv 529,
DADS B#EMAMEERENEAT, LIELEMEAMEZ
b, BENSESFEFCARRERBEE LCELON
Twh, UL, MEAMES & b b daiiikEEson
SAEr b DADS & ST BB OIS, EHE 59k
FICRIFTH 5 —BOFESRE SN THE2Y. HERHID,
WREEEOSMAE, MERIVEL & b bk v, HRERE
BRVGEADPL, ZO—ROBKICALLEZ LN, BEOD
DADS &g C &2 5 CIDPEHE & UCHET A2 L AW R
ThHhheEZDLNA.
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BRI B W TR TFORE L -0 REREETH 5
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BELAWEE E CORMYBRASERE T 22 b, i
BTt { HEPURIC X B channel block 7 & DR e REE
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Abstract

Good response to intravenous immunoglobulin therapy in sensory dominant distal variant of chronic
inflammatory demyelinating polyneuropathy

Yukio Takeshita, M.D., Michiaki Koga, M.D., Masatoshi Omoto, M.D,

Jun-ichi Ogasawara, M.D., Motoharu Kawai, M.D. and Takashi Kanda, M.D.
Department of Neurology and Clinical Neuroscience, Yamaguchi University Graduate School of Medicine

A 46-year-old man experienced numbness and muscle weakness in the distal portions of both hands, which
progressed over following three months. Neurological examination showed mild muscle weakness only in distal
arms, hypoflexia or areflexia, and hypesthesia in glove and stocking distribution. Motor conduction study revealed
markedly prolonged distal latency and abnormal temporal dispersion. Sensory nerve potentials were reduced or
could not be recorded. Histopathlogical findings of the sural nerve showed several nerve fibers with thinning mye-
lin sheath and mild reduction of myelinated fibers. These results suggested the diagnosis of chronic inflammatory
demyelinating polyneuropathy (CIDP). Two weeks after intravenous immunoglobulin therapy, neurological defi-
cits rapidly improved and electrophysiological abnormalities were also ameliorated. Thereafter, there was no clini-
cal deterioration for two years without further treatment. Our patient suggested that immunomodulating treat-
ment is needed for stopping the initial progression of neurological deficits, but maintenance therapy is not always
necessary for keeping the remitting state in distal variant of CIDP.

(Clin Neurol 2011;51:478-482)
Key words: chronic inflammatory demyelinating polyneuropathy, distal variant, intravenous immunoglobulin, distal ac-

quired demyelinating symmetric neuropathy
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Four cases of anti-ganglioside antibody-positive neuralgic amyotrophy with good
response to intravenous immunoglobulin infusion therapy
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Neuralgic amyotrophy (NA), which is an idiopathic disorder in the peripheral nerves, is characterized by an
acute onset of unilateral pain in the proximal limbs followed by muscular weakness and wasting. Some cases
of NA are thought to be related to immune pathogenic disorders such as Guillain-Barré syndrome (GBS). We
report the case of four patients with NA who were positive for anti-N-acetylgalactosaminyl GD1a (anti-
GalNAc-GD1a) antibodies, had a preceding infection, and showed a good response to intravenous
immunoglobulin infusion therapy. Anti-ganglioside antibodies, especially the anti-GalNAc-GD1a antibody,
may be a useful marker for predicting response to immune therapy.

© 2011 Elsevier B.V. All rights reserved.

1. Introduction

Neuralgic amyotrophy (NA), or Parsonage-Turner syndrome, is an
idiopathic disorder in the peripheral nerves that is characterized by an
acute onset of shoulder and arm pain, which is followed by muscular
weakness and wasting (Parsonage and Turner, 1948). Similar symptoms
in the lower extremities have been reported and are considered to be a
variant of NA (Takata et al,, 2007). Although some cases have developed
subsequent to surgery or trauma, the frequent association of this
disorder with preceding infections and immunizations indicates an
autoimmune pathogenesis (Suarez et al., 1996).

Frequent findings of increased levels of anti-ganglioside antibodies
in sera obtained from patients in the acute phase of Guillain-Barré
syndrome (GBS) and other inflammatory neuropathies have been
reported, and clinical features of these diseases were associated with the
reactivity of anti-ganglioside antibodies (Hartung et al., 1995; Kaida et
al,, 2000). Herein, we report the case of four patients with NA who
presented with increased levels of anti-ganglioside antibodies in their
sera and who had a good response to intravenous immunoglobulin
infusion therapy (IVig).

Abbreviations: NA, neuralgic amyotrophy; GalNAc-GD1a, N-acetylgalactosaminyl
GD1a; GBS, Guillain-Barré syndrome; IVig, immunoglobulin infusion therapy; CMV,
cytomegalovirus; MRC, Medical Research Council.

* Corresponding author at: Department of Neurology, Kinki University School of
Medicine, Ohno-Higashi, Osaka-Sayama, Osaka 589-8511, Japan. Tel.: 481 72 366
0221x3552; fax: +81 72 368 4846.

E-mail address: miyamoto@med kindai.ac.jp (K. Miyamoto).

0165-5728/$ - see front matter © 2011 Elsevier B.V. All rights reserved.
doi:10.1016/j.jneuroim.2011.08.005

2. Case Report
2.1. Case 1

A 34-year-old woman presented with fever and vomiting which
was followed by right shoulder pain that radiated to the forearm after
2 weeks and weakness in the right arm after 4 weeks. Her medical
history was normal. Physical examination showed slightly decreased
strength in the proximal and distal muscles of the right arm (Medical
Research Council [MRC] score, 4). There was a slight diminution of
touch sensation in the right hand. Tendon reflexes were normal.
Laboratory tests were normal for complete blood counts, liver and
renal function tests, thyroid hormone tests, and immunological
screening. An enzyme-linked immunosorbent assay (ELISA) was
performed for antibodies to the ganglioside as described previously
(Kusunoki et al,, 1994). Ganglioside antigens used in the ELISA were
200 ng each of GM1, GM2, GD1a, GD1b, GD3, GT1a, GT1b, GQ1b, and
N-acetylgalactosaminyl GD1a (GalNAc-GD1a). The ELISA was also
performed for antibodies to ganglioside complex containing 100 ng
each of GD1a and GD1b.

ELISA revealed an IgM antibody to GalNAc-GD1a and an IgG
antibody to cytomegalovirus (CMV) in her serum. IgM antibody
against GM2 was negative. An examination of cerebrospinal fluid ( CSF)
showed slightly increased proteins (0.42 g/L). An electrophysiological
investigation showed low F-wave persistence in the right median
nerve (25%). Needle electromyography was unremarkable. Brain and
cervical magnetic resonance images (MRIs) were normal. The patient
underwent a course of 5-day IVIg (400 mg/kg) because her symptoms
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were suspected to be caused by an immune-mediated mechanism.
Neuropathic symptoms improved during the regimen. On day 2 of the
IVIg, muscle strength returned to the preillness state. The right arm
pain subsided gradually, and 2 months later, she showed complete
recovery {Fig. 1A).

2.2. Case 2

A previously healthy 26-year-old woman developed pain in both
legs 2 weeks after an upper respiratory infection. Upon examination,
muscle strength testing revealed mild weakness of both distal
dominant legs (MRC, 4). Sensory examination showed hyperalgesia
in her legs. Tendon reflexes were normal. The routine blood test
results were normal. Serum antibody testing showed high titers of the
anti-GalNAc-GD1a IgM antibody and the anti-CMV IgG antibody. igM
antibody against GM2 was negative. CSF examination was normal. An
electrophysiological study showed decreased motor conduction
velocity and F-wave persistence in the right ulnar nerve (50%).
Brain and cervical MRIs were normal. Treatment with IVIg was
effective for alleviating her pain, and muscle strength improved. On
the 14th day after onset, she showed complete recovery (Fig. 1B).

2.3. Case 3

A previously healthy 54-year-old man presented with fever and
developed left shoulder and forearm pain the next day. On day 2, he
developed weakness in left arm elevation, and his pain continued to
progress. Examination showed muscular weakness and atrophy in
only the left deltoid muscle (MRC, 3). A sensory examination showed
a moderate loss of vibration sensation and a mild loss of touch and
pinprick sensation in the left upper extremity. Tendon reflexes were
normal. Blood tests showed liver function disorder (AST, 137 IU/L;

ALT, 234 1U/L) and high titers of the anti-GalNAc-GD1a IgM antibody,
anti-GM2 antibody, and anti-CMV IgG antibody. A CSF examination
showed slightly increased proteins (0.48 g/L). An electrophysiological
study showed low F-wave persistence in the left median nerve (45%).
Brain, cervical, and thoracic MRIs were normal. The patient recovered
completely within 30 days without any treatment.

2.4. Case 4

A 37-year-old man had a history of three operations to his right
arm when he was 16, 25, and 28 years old. He had a 2 years and
5 months history of right neck pain that extended to the elbow. From
the seventh month after the onset of the right arm pain, he had
developed weakness and muscular atrophy in his right chest and arm.
Although prednisolone was administered by his local doctor, his
symptoms were aggravated gradually. After his pain and weakness
spread to his right leg, he visited our hospital. An examination showed
muscular weakness in the right neck extensor and the right upper and
lower extremities. A sensory examination showed a mild loss of
vibration, touch, and pinprick sensations in the right upper and lower
extremities. Deep tendon reflexes were decreased in both upper and
lower extremities. Laboratory studies were normal except for the
positivity of the IgG anti-GalNAc-GD1a antibody and the anti-CMV IgG
antibody. IgM antibody against GM2 was negative. CSF examination
on admission showed slightly increased proteins (0.5 g/L). An
electrophysiological investigation, including needle electromyogra-
phy, showed no remarkable findings. Brain and cervical MRIs were
normal. Because his clinical course was different from that of other 3
cases, it may be difficult to have a diagnosis of NA. However, the
existence of anti-GalNAc-GD1a antibodies and neurological symp-
toms inexplicable by his history of operations allowed us to consider
as immune-pathogenesis. The patient was treated with IVIg, which
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Fig. 1. The clinical course of Case 1 and Case 2. A) Case 1: The acute onset of arm pain and muscular weakness after a preceding infection is illustrated, The patient's neurological
symptoms improved gradually after immunoglobulin infusion therapy (IVIG), and the titers of the serum anti-N-acetylgalactosaminyl GD1a (GalNAc-GD1a) antibody decreased. Her
clinical course was considered to be monophasic. B) Case 2: The patient developed acute leg pain and muscular weakness of the extremities after an antecedent infection, Her

symptoms improved immediately after IVIG.
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