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Evaluation of neurological symptoms related to hip fracture in a 29-year longitudinal study of
subacute myelo-optic-neuropathy (SMON)

Masaaki Konagaya", Satoshi Kuru” and Yoko Konagaya®

Abstract

Aim: Hip fracture in elderly people is a major risk factor in the deterioration of activities of daily living (ADL). The aim of
this study was to investigate the incidence of hip fractures and the neurological symptoms contributing to hip fracture in pa-
tients with subacute myelo-optic-neuropathy (SMON), a drug-induced neurological disease manifesting various symptoms,
Methods: We investigated the incidence of hip fracture in 3,269 SMON patients with 24,187 medical check-ups from 1979
through 2007 by the SMON Research Committee in Japan. Neurological symptoms were evaluated in 80 patients who had
undergone clinical examinations within 2 years before the fracture (hip-fracture group: age at examination = 75.7 =88 years
(mean =SD)), and the control group (160 SMON patients without a history of hip fracture; 76.5 = 10.4) were matched for age,
gender, and duration of illness. Incidence of hip fracture in SMON as well as severity of visual acuity, motor and sensory
symptoms, and ADL were investigated.

Results: A total 230 hip fractures occurred in 208 patients (6.4%) with a men-to-women ratio of 21 : 187. In comparison with
the Japanese general population, SMON patients showed a statistically high incidence of hip fracture in the 50s and 60s age
groups in women (p < 0.002 in both), and in those under 40 {p < 0.02) and in their 50s {p < 0.002) in men. In those with neuro-
logical symptoms related to gait, the percentage of subjects who could walk with crutches was significantly higher in the
hip-fracture group (43.8%) than in the control group (28.1%}) (p < 0.05). Analysis of the vibratory sensation revealed that the
hip-fracture group showed a significantly higher percentage of severe impairment (51.9%) than the control group (32.0%) (p
< 0.025). There were no significant differences in variance between the two groups in other clinical symptoms or ADL.
Conclusions: Impairment of vibration sense, a deep sensation, is more likely to be associated with falling and hip fracture
than visual acuity or other neurological symptoms in SMON patients, Those persons with vibration sense disturbance, such
as elderly or patients with neurological diseases, should be particularly cautious of falling.

Key words: Subacute myelo-optic-neuropathy, Falls, Femoral neck fracture, Deep sensation, Gait disturbance

(Nippon Ronen Igakkai Zasshi 2010; 47: 445-451)
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Current Perception Threshold in Subacute

Myelo-0Optico-Neuropathy
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and Tomohiko Mizutani

Dyvision of Neurology, Department of Medicine, Nihon University School of Medicine, Irabashi-ku, Tokyo, Japan

ABSTRACT

We report the first current perception threshold (CPT) examination of sensory disturbance in subacute myelo-
optico-neuropathy (SMON). SMON patients experience serious neurological symptoms, including dysesthesia,
sensory loss, motor weakness, and visual impairment. During CPT examination, 5 Hz, 250 Hz, and 2,000 Hz
stimulations were used to stimulate C fibers, A-§ fibers, and A-8 fibers, respectively. Ten SMON patients (mean
age, 73.8 + 8.4 years) and ten age-matched controls (72.3 + 6.3 years) were studied using CPT measured at the
index finger and near the external malleolus. The CPTs to 250 Hz and 2,000 Hz stimulations near the external
malleolus were significantly higher and the CPT to 5 Hz stimulation was significantly lower in the SMON group
than in the control group. Although peripheral nerve impairment is mild in SMON, pathological examination
shows a decrease of large fibers. This is thought to increase the CPTs to 250 Hz and 2,000 Hz stimulations. The
center of the gate control of pain exists in the posterior horn receiving information from the dorsal root ganglion.
The dorsal root ganglion at the lumber cord is strongly impaired in SMON; therefore, the gate control may not
work effectively, and decreases CPT to 5 Hz stimulation.

KEYWORDS: C fiber, clioquinol, current perception threshold, drug-induced disease, sensory disturbance, subacute myelo-optico-

neuropathy

INTRODUCTION

Subacute myelo-optico-neuropathy (SMON) is a dis-
ease that causes visual impairment, and sensory dis-
turbance and motor weakness in the lower extremities,
preceding abdominal symptoms, such as diarrhea or
constipation (Shiraki, 1979; Sobue, 1979; Sobue et al.,
1971; Tsubaki, Honma, & Hoshi, 1971). It occurred
frequently in the 1960’s in Japan, and more than 10,000
people were affected. Newly affected SMON patient
decreased dramatically in 1970 because clioquinol (5-
chloro-7-iodo-8-hydroxyquinolin) usage was suspended
by Japanese government. The cause of SMON is an
adverse event associated with the use of clioquinol as
an antiflatulent, and it became a social problem in
Japan. When patients had a daily intake of more than
0.6 g of clioquinol for more than 14 days, the symp-
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toms of SMON appeared within several days (Nakae,
Yamamoto, & Igata, 1971). It is a historical disease in
Japan; this is considered as the origin of drug-induced
disease. Since the discontinuation of the use of clio-
quinol in 1970, the appearance of newly affected pa-
tients stopped. However, there are 2,000 or more pa-
tients who are still affected by the sequelae associated
with this disease, such as dysesthesia, sensory loss, mo-
tor weakness, and visual impairment (Konagaya et al.,
2004; Sobue et al., 1971).

Sensory disturbance in SMON usually occurs sym-
metrically in the lower extremities, Even though tac-
tile sensation and pain sensation are sometimes re-
duced, hypersensitivity or paresthesia is often present.
Numbness is associated with peculiar symptoms, such
as feeling an electric shock, tingling ache, something
stuck to the sole, and tight ankles (Sobue, 1979).
Despite the fact that the patients often experience
these symptoms, there are many cases where an objec-
tive evaluation is difficult. Even though objective ex-
amination is made, abnormal findings rarely proved
because routine sensory nerve conduction velocity
and somatosensory-evoked potentials reflect A-8 fiber
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impairment and do not reflect A-§ and C fiber impair-
ment. Moreover, differentiating these symptoms from
the symptoms of other diseases, especially diabetes mel-
litus or alcoholic neuropathy, is also difficult in some
cases.

The current perception threshold (CPT) examina-
tion is useful for the evaluation, detection, screen-
ing, and diagnosis of peripheral nervous system dis-
eases (Evans et al., 1992; Takekuma, Ando, Niino, &
Shimokata, 2000; Weseley, Liebowitz, & Katims, 1989).
Stimulations of 5 Hz, 250 Hz, and 2,000 Hz are used to
stimulate C fibers, A-§ fibers, and A-§ fibers, respec-
tively (Dotson, 1997; Masson & Boulton, 1991; Mas-
son, Veves, Fernando, & Boulton, 1989; Pitei, Watkins,
Stevens, & Edmonds, 1994; Takekuma et al., 2000).
This study examined SMON’s sensory disturbance us-
ing the CPT. This is the first CPT examination of sen-
sory disturbance in SMON.

MATERIALS AND METHODS

Ten SMON patients (mean age, 73.8 £ 8.4 years) and
ten age-matched healthy controls (mean age, 72.3 +
6.3 years) participated in this study. Table 1 shows
the patients’ characteristics. All patients showed numb-
ness, dysesthesia, or pain in the lower extremities, but
they had no sensory disturbances in the upper extrem-
ities. Written informed consent was obtained from all
of the patients who attended the Neurology Clinics of
the Nihon University Itabashi Hospital and Surugadai
Nihon University Hospital. The patients who also had
other neurological diseases, such as cerebral vascular
disease, diabetes mellitus, and lumbar spondylosis, were
excluded.

TABLE 1 Clinical features of SMON

Current Perception Threshold in Subacute 369

The Neurometer CPT/C (Neurotron, Inc., Bald-
more, MD, USA) was used to measure CPT. This
device delivers sinusoidal electrical stimuli at fre-
quencies of 5 Hz, 250 Hz, and 2,000 Hz. CPT was
measured bilaterally at the index finger and near the
external malleolus. The patients were asked to identify
the presence or absence of the stimulus through a forced
choice protocol. After an initial tentative threshold was
determined, the patient was given stimuli that varied
around the presumed threshold to confirm threshold
stability and repeatability. Sham stimulation was given
by turning off all current without informing the patients
in order to prevent guessing.

The statistical analysis was performed using Mann-
Whitney’s U test for comparison between the SMON
group and the control group.

RESULTS

Table 2 shows a comparison between the SMON group
and the control group. The CPT to 2,000 Hz stimmula-
tion and the CPT to 250 Hz stimulation near the ex-
ternal malleolus were significantly higher in the SMON
group (334 £ 61 CPT unit and 96 £ 37 on the right
side, 349 £ 46 and 100 £ 31 on the left side) than in
the control group (231 + 28 and 76 + 15 on the right
side, 235 £ 24 and 78 = 13 on the left side), whereas
the CPT to 5 Hz stimulation was significantly lower in
the SMON group (31 £ 9 on the right side, 31 £ 6 on
the left side) than in the control group (50 + 11 on the
right side, 52 £ 13 on the left side). No significant dif-
ferences were observed between the right side and the
left side with any stimulation in both groups.

Patient 2 3 4 5 6 7 8 9 10
Age (years) 81 75 71 60 62 70 72 84 74 78
Sex F F F F F M M F F M
Duration of disease (years) 40 41 44 40 40 43 38 39 39 39
U/E weakness? 0 0 0 0 0 0 0 0 0 0
L/E weakness® 0 2 1 1 1 1 0 2 1 0
PTR - - t t + 1 - 4 t -
ATR - - — 0 1 ) — N 4 —
Grade of severity of sensory 3 2 3 2 1 2 2 2 1 1
disturbance?

Stuck to the sole + + + + + + +
Tight ankles + + + + + +

Electric shock + + + + + + +
Tingling ache + + + + +

Coldness + + + + + +

3. 3, severe; 2, moderate; 1, mild; 0, none.

U/E, upper extremities; L/E, lower extremities; 1, hyper; |, hypo; —, normal.

All patients gave their written informed consent.

© 2010 Informa Healthcare USA, Inc.
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TABLE 2 Mean and standard deviation of current perception thresholds (CPT unit)

5Hz 250 Hz 2000 Hz
SMON R hand 76 £27 129 + 37 271£39
L hand 80+23 133 £32 279+ 37

R foot 31+9* 96 +37* 334+ 61*

L foot 31+ 6" 100 +£31* 349 £ 46**
Control R hand 81+19 12619 286 +25
L hand 86122 129+18 276120
R foot 5011 76115 231428
L foot 52413 78£13 235+24

*p < .05 compared to the control group.
**p < .01 compared to the control group.

Hand, the index finger; foot, near the external malleolus; one CPT unit = 10 zAmp.

In addition, no significant differences were seen in the
CPTs to 5 Hz, 250 Hz, and 2,000 Hz stimulations at the
index finger between the SMON group and the control
group.

DISCUSSION

CPT can be performed noninvasively and easily without
distress (Katims, Rouvelas, Sadler, & Weseley, 1989). It
is useful to measure the level of peripheral neuropathy.
Stimulation at 5 Hz, 250 Hz, and 2,000 Hz is used to
stimulate C fibers, A-§ fibers, and A-8 fibers, respec-
tively (Dotson, 1997; Egashira & Matsuyama, 1982;
Evans et al., 1992; Katims et al., 1989).

The precise biochemical mechanism behind SMON
is not fully understood. It is speculated that clioquinol
may work like heavy metals, such as iron and zinc (Ar-
biser et al., 1998), have a pro-oxidant effect (Benvenisti-
Zarom, Chen, & Regan, 2005) and disturb the retention
of vitamin Bj; (Yassin, Ekblom, Xilinas, Gottfries, &
QOreland, 2000). The neurological findings observed in
SMON are thought to be a type of central axonopathy
(Shibasaki, Kakigi, Ohnishi, & Kuroiwa, 1982). It is a
condition associated with axonal degeneration in the
distal portion of the long nerve fibers within the central
nervous system. The pathological findings are symmet-
rical myelin pallor of the lateral and posterior funiculi of
the spinal cord, the optic nerve, and peripheral nerves
(Konno, Takase, & Fukui, 2001; Shiraki, 1979).

Although the impairment in the peripheral nerves
is thought to be mild (Egashira & Matsuyama, 1982),
pathological findings show a decrease of large fibers
(Tateishi, 2000). This is thought to increase the CPT to
250 Hz and 2,000 Hz. The CPT to 5 Hz is not increased
because unmyelinated fibers are preserved. Yamashita
et al. (2002) examined CPT in 48 lumbar radiculopa-
thy patients suffering from lumbar disk herniation com-
pared with 11 control subjects. They found CPT in the

patient group was significantly higher than those in the
control subjects at 2,000 Hz and 250 Hz, while there
was no difference at 5 Hz. Also they found CPT to 5 Hz
was significantly higher in patients with severe pain than
in those with less pain. Their findings do not explain our
finding that CPT to 5 Hz was lower in our SMON group
than in the control group. It may be due to the difference
in the mechanism and/or the distribution of the impair-
ment. SMON patients have myelopathy in addition to
polyneuropathy, and decreased CPT to 5 Hz might be
related to gate control. For C fiber stimulation, 5 Hz
stimulation is the most suitable, but it also stimulates
A-f fibers and A-§ fibers because it is the strongest stim-
ulation (Dotson, 1997). Although the effect of firing at
5 Hz is less than that at 250 Hz, A-$ fiber may influence
the gate control in 5 Hz CPT examination. The center of
the gate control of pain is considered to exist in the pos-
terior horn receiving information from the dorsal root
ganglion. The dorsal root ganglion at the lumbar cord
1s strongly impaired in SMON, and degeneration and
depletion of neurons or hyperplasia of interstitial tissue
may be observed (Shiraki, 1979). The gate control that
decreases the pain sensation by C fibers may not work
effectively when A-g fibers are impaired. The CPT to 5
Hz, which is related to C fibers, was lower in SMON,
consistent with their significant hyperalgesia.

Diabetic patients and heavy alcohol users may
present with paresthesia, such as a burning sensation or
pain in both lower extremities, as observed in SMON.
The CPT examination at 5 Hz and 2,000 Hz stimulation
increases in diabetic (Masson & Boulton, 1991; Masson
et al., 1989; Pitei et al., 1994) and alcoholic polyneu-
ropathies (Qishi et al., 2002). This is mainly because
the peripheral nerves are injured. In contrast, SMON
patients showed increased CPT to 250 Hz and 2,000
Hz stimulations and decreased CPT to 5 Hz stimula-
tion. Therefore, a CPT examination may be useful to
differentiate sensory disorders caused by other diseases,
such as diabetes mellitus and heavy alcohol usage.

International Journal of Neuroscience
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Cervical MRI of subacute myelo-optico-neuropathy

E Kimura', T Hirano!, S Yamashita', T Hirai?, Y Uchida'3, Y Maeda' and M Uchino!

"Department of Neurology, Graduate School of Medical Sciences, Kumamato University, Kumamoto, Japan; ZDepartment of
Radiology, Graduate School of Medical Sciences, Kumamoto University, Kumamoto, Japan and *Laboratory of Pharmacology,
Division of Life Science, Faculty of Pharmaceuticul Sciences, Sojo University, Kumamoto, Japan

Study design: Case study.

Objectives: Subacute myelo-optico-neuropathy (SMON) is a severe neuro-degenerative disorder
caused by poisoning due to over-dose and prolonged oral administration of clioquinol; this disorder was
more frequent during 1957-1970. It is characterized by axonal degeneration and gliosis in the cervical
gracile fasciculus. Recently, copper-deficient myelo-neuropathies presenting similar symptoms (that is,
painful dysesthesia/paresthesia in the lower limbs, ataxia, spastic paraplegia, autonomic disorders and
visual impairment) were reported. Magnetic resonance imaging (MRI) of these patients detected
T2-weighted hypetintensities in the cervical spinal cord. An unbalanced zinc—copper metabolism was
suggested as one of the candidate pathogenesis of clioquinol toxicity because of its metal-chelating
ability. The aim of this study was to present MRI findings of old SMON patients and to compare them
with those of current copper-deficient myelo-neuropathies.

Setting: Japan.

Methods: We conducted and analyzed cervical and brain MRIs of seven oid SMON patients who
contracted the disorder during the 1960s. Serum iron, magnesium, copper, zinc and ceruloplasmin
levels were also measured.

Results:  Cervical T2-weighted MRIs showed mild volume loss and faint hyperintensities in the dorsal
columns, which might reflect residual gliosis. Brain fast fluid-attenuated inversion-recovery images and
tractography were normal. Current levels of serum copper and zinc were within almost normal ranges.
Condlusion: Although fainter, the abnormal T2 MRI signals we observed were similar to and occurred
in the same locations as those reported in copper-deficient myelo-neuropathy patients. We suggest that
these findings are useful to study the mechanism of clioquinol toxicity before using it to treat
neurodegenerative diseases such as Alzheimer's disease.

Spinal Cord advance online publication, 15 June 2010; doi:10.1038/5¢.2010.68

Keywords: cervical dorsal column; copper-deficient myelo-neuropathy; clioquinol; magnetic resonance
imaging (MRI); subacute myelo-optic-neuropathy (SMON)

Introduction

Subacute myelo-optico-neuropathy (SMON) is a neuro-
degenerative disorder caused by poisoning due to over-dose
and prolonged oral administration of clioquinol. This was
shown by an epidemiological study in Japan in 1971," and
confirmed by a series of animal experiments.® It is char-
acterized by symptoms of severe myelo-neuropathy: painful
dysesthesia and paresthesia (such as tingling, stinging,
fastening, cold, and sticking sensations) initiating in and
moving upwards from the feet, loss of sensations, gait
disturbance with ataxic and spastic paraplegia, autonomic

Correspondence: Dr E Kimura or T Hirano, Department of Neurology,
Graduate School of Medical Sciences, Kumamoto University, 1-1-1 Honjo,
Kumamoto 860-8556, Japan.

E-mall: enkimura@kumamota-u.ac.jp or terry07@kumamoto-u.ac.jp
Received 16 March 2010; revised 26 April 2010; accepted 28 April 2010

disorders, and visual impairment, which almost invariably
followed a severe abdominal pain (and sometimes led to loss
of consciousness and opisthotonus), constipation, and
diarrhea.> In Japan, there are still more than 2500 SMON
patients suffering from severe dysesthesia/paresthesia and
ataxic paraplegia.® Many autopsy case reports confirmed that
the characteristic pathological finding of SMON was a ‘dying
back neuropathy’ in the upper cervical gracile fasciculus (the
axon terminals of dorsal root neurons) and the lateral
funiculus (the long peripheral terminals of the pyramidal
tract). In SMON patients who died at an early stage of the
disease, active gliosis and axonal degeneration were detected
in the gracile fasciculus (Goll fasciculus), and both the lateral
funiculus and dorsal root ganglion were also severely
affected.” In another autopsy case of SMON, performed 42
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years after the onset of the disease, gliosis was observed in an
atrophic gracile fasciculus, but not in the lumbar lateral
funiculus.®

A recent study of patients with copper deficiency related to
hyperzincemia,™'® called ‘human swayback’, presenting
with symptoms of severe sensory ataxic myelo-optic-neuro-
pathy and urinary incontinence, showed abnormal magnetic
resonance imaging (MRI) findings in their cervical spinal
cords. Although the mechanism by which clioquinol toxicity
developed into severe myelo-optico-neuropathy remains
undefined, Kumar'! and Schaumburg'? suggested that it
might be similar to that involved in the copper deficiency
related to hyperzincemia reported in recent studies,'>% as
some of the hypocupremia patients presented with severe
dysesthesia in their lJower extremities.

As the peak period of the SMON epidemic in Japan was
about 10 years before development of MRI technology,
SMON patients were not examined with MRI at that time.
Even now, we are not aware of any literature presenting the
MRI findings of SMON patients. To compare SMON with the
copper-deficient myelo-neuropathies, we took and analyzed
cervical and brain MRIs of some of the surviving SMON
patients. We also present their clinical laboratory data,
including serum copper, zinc and ceruloplasmin levels.

Methods

Seven SMON patients diagnosed by their neurological
manifestations and confirmed histories of intake of high/
prolonged doses of oral clioquinol (1.2-2.4 g per day, for 4
weeks to 6 months), who were followed up in our hospital,
participated in this study (average age 72.619.3 years).
Patient characteristics are given in Table 1. All seven patients
have survived more than 40 years after the onset of their
symptoms, and still have the typical symptoms of SMON:
severe dysesthesia, paresthesia, loss of sensation in the lower
extremities, sensory ataxia, spastic paralysis and/or visual
impairments. All of them have normal scores on the
Mini-Mental State Examination (28.811.6). At the same
time, we also measured serum levels of copper, zinc, iron and
ceruloplasmin.

The patients underwent MR imaging for the head and
cervical regions on a 3-T MRI scanner (Achieva 3.0T; Philips
Medical Systems, Best, The Netherlands) using eight-channel
head coils. The imaging sequences for the head region
included axial spin-echo T1-weighted (repetition time (TR)/
echo time (TE)/number of signal intensity acquisition
(NSA) 450ms/10ms/1, matrix 320 x 320), turbo spin-echo
T2-weighted (TR/TE/NSA 4060 ms/80ms/2, turbo factor 9,
matrix 512 x 512), fast fluid-attenuated inversion-recovery
(TR/TE/NSA 9000ms/120ms/1, inversion time (TT) 2500 ms,
turbo factor 15, matrix 352 x352) and diffusion-tensor
images. For diffusion-tensor imaging we used a single-shot,
spin-echo, echo-planar technique; the parameters were
TR/TE/NSA 8500ms/95ms/2, motion-probing gradient in
six directions, b value 1000 s mm™2, matrix 128 x 128, voxel
size 1.8 x 1.8 x 2.0mm? and no intersection gap. The field of
view was 23 cm on all conventional MR images. The imaging
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Table 1 Demographics, clinical manifestations and laboratory findings of seven old SMON patients

Present

Disease Onset

duration

Patient Age Sex

Oral
clioguinol

administration

Ceruloplasmin

(mg per
100mi)

Fe Mg (mg per Cu Zn
100mh)  (ugmi~) (ugmi')

MMSE  (ugmi™')

Barthel
index

Sensory  Autonomic
dysfunction

ataxia

Dysesthesia/  Spastic

Visual
impairment  paresthesia  paralysis

Abdominal
pain
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Abbreviations: MMSE, Mini-Mental State Examination; 1-7, patient number; SMON, subacute myelo-optico-neuropathy.



sequences for the cervical region included sagittal and axial
spin-echo T1-weighted (TR/TE/NSA 450ms/10ms/4, slice
thickness 3mm) and turbo spin-echo T2-weighted images
(TR/TE/NSA 3000 ms/90 ms/2, turbo factor 17, slice thickness
3mm). The diffusion-tensor imaging data were transferred to
an offline workstation (Precision 530; Dell, Round Rock, TX,
USA); Philips Research Imaging Development Environment
(PRIDE) software (Philips Medical Systems) was used
for image analysis. Fiber tracking was performed with
FiberTracking V4.1 (PRIDE) on the same workstation.

Results

Although we did not have data from their peak disease
period, the patients’ current serum copper, zinc, iron and
ceruloplasmin levels were all within the normal range
(Table 1). We first examined T2-weighted and fast fluid-
attenuated inversion-recovery images to see whether there
were specific signal changes in the cervical dorsal column,
where the severest degeneration was observed in previous
autopsies of SMON patients. In three of the seven patients,
no abnormal findings on the spinal cord were observed. In
the other four patients, we observed medium-sized depres-
sions in the cervical dorsal columns, possibly related to
volume loss in the gracile fasciculus. A slight T2-weighted
hyperintensity on the cervical spinal cord of a 56-year-old
female patient is shown in Figure 1. In the other three
patients, such abnormal signals were also observed at the
same level of the cervical spinal cord, but they were much
weaker than in the first case. Three patients (one with T2-
weighted hyperintensity and two without any abnormal
findings) exhibited mild compression damages with spon-
dylotic changes or disc herniations in their cervical spinal
cords. There were no abnormal findings detected on the
brain MRIs, except mild brain atrophies or nonspecific
ischemic changes that are probably attributable to aging.
In MR tractography, the higher cortico-spinal tracts and
visual cortex-related fibers were normally traced.

Discussion

In this MRI study of old, surviving SMON patients, we found
slight hyperintense signals in the cervical spinal cord and
medium-sized depressions in their cervical dorsal column. As
only old SMON survivors were able to participate in this
study, these mild findings might be consistent with a
decrease in or cessation of the degeneration followed by
gliosis after they had stopped taking clioquinol. On the other
hand, the relatively low severity of their symptoms possibly
enabled these patients to survive longer, and thus to have a
chance for these MRI examinations. Alternatively, such low
signals might be considered as an artifact of the 3-T MRI or
over-estimation.

The first reported cervical MRI of a copper-deficient myelo-
neuropathy patient'” showed a T2-weighted hyperintensity
in the dorsal column of the cervical spinal cord (C1-C7).
In 11 of 25 clinically diagnosed patients, Kumar et al.'® also
found T2-weighted hyperintensities at almost the same

Cervical MRl of SMON
E Kimura et af

Figure 1 MRl of a 56-year-old female SMON patient. (a) T2-
weighted image of the cervical spinal cord shows a longitudinal,
faint hyperintensity in the sagittal image (arrowhead), (b) which was
located on the dorsal column of the spinal cord in the axial image
(arrowhead). (¢) Brain MRI FLAIR image appears normal. (d) MR
tractography shows normal tracing of the pyramidal tract above the
brain stem.

portions (central dorsal midline cord involving the dorsal
columns) of the spinal cord (spread out from cervical to
thoracic, mainly C2-C7 level). Some signals were quite
strong and some were faint, which might depend on the
severity or the duration of neurological symptoms. In
addition, Spinazzi et al.® presented a patient with copper
deciency myelopathy induced by parenteral zinc over-
loading during chronic hemodialysis with a longitudinal
midline central and dorsal lesion in the lower cervical spinal
cord. The abnormal T2 hyperintensity signals of these
patients disappeared’® or declined™'® as the symptoms
recovered when they were treated with copper supplements.
The T2 hyperintensities we observed on the cervical spinal
cord images of old SMON survivors (4 out of 7) were all much
fainter but in the same positions, cervical mid-dorsal
columns, and were accompanied by mild volume loss. We
considered that these fainter signals might reflect the
duration and severity of the clioquinol-induced neuronal
damages; the patho-mechanism by which the ‘iatrogenic’
over-dose and prolonged administration of clioquinol
induced SMON may be related to a hyperzincemia-induced
copper deficiency, which is described as the most probable
theory by Kumar and Knopman'! and Nations et al.!

w
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The previously reported hyperintensities seen in T2-
weighted MRIs from patients with copper deficiency related
to hyperzincemia might partly represent an active phase of
SMON.? The brain MRIs of all seven SMON patients, as well
as the tract-tracing study of their higher cortico-spinal tract
and visual cortex-related fibers, were all normal. It was
suggested that these portions were quite mildly (or not at all)
affected, and had recovered, over a long period, well after
they stopped receiving clioquinol. An autopsy record of an
SMON patient in our hospital described memory loss,
cognitive dysfunction and/or character changes before his
death. However, given the lack of brain abnormalities in the
current patients, it is difficult to confidently suggest that
these psychotic symptoms are a direct result of clioquinol in
the central nervous system or other factors related to
comorbid metabolic disorders.

Conclusion

Finally, we believe that it is worthwhile to examine MRI
evidence in the old SMON patients in order to compare
them with those of hyperzincemia-induced copper-deficient
myelo-neuropathy patients, which might partly mimic the
patho-mechanism of SMON. Even though its toxic
mechanism still remains incompletely understood, clioqui-
nol is currently being considered as therapy for other neuro-
degenerative diseases such as Alzheimer’s and Parkinson’s
diseases in the mnear future.®?® Thus, it is important to
further our understanding of the mechanism of clioquinol
toxicity before using it therapeutically for neurodegenerative
diseases as ‘a new therapy’.
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