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Abstract Subacute myelo-optico-neuropathy (SMON) is a disease characterized by subacute onset of

sensory and motor disorders in the lower half of the body and visual impairment preceded by

abdominal symptoms.

A large number of SMON were observed throughout Japan, and the

total number of cases reached nearly 10,000 by 1970.

Despite clinical features mimicking infection or multiple sclerosis, SMON was confirmed as

being caused by ingestion of clioquinol, an intestinal antibacterial drug, based on extensive

epidemiological studies.

After the governmental ban on the use of clioquinol in September
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1970, there was a dramatic disappearance of new case of SMON,
In the 1970s, patients with SMON Initiated legal actions against the Government and pharma-
ceutical companies, and the court ruled that the settlements would be made as health manage-
ment allowances and lasting medical check-ups.
The physical condition of patients with SMON remains severe owing to SMON as well as
gerontological complications.
The pathological findings in patients with SMON included symmetrical demyelination in the
lateral and posterior funiculi of the spinal cord and severe demyelination of the optic nerve in
patients with blindness.
Although clioquinol may show activity against Alzheimer’s disease or malignancy, its toxic
effects cause severe irreversible neurological sequelae.  Thus, caution must be exercised in the
clinical use of clioquinol.

Key words  clioquinol, intoxication, subacute myelo-optico-neuropathy, history, clinicopath-
ological features
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Abstract

Background: Subacute myelo-optico neuropathy was the first epidemic drug intox-
ication that affected many people in Japan in the 1970s.

Aim: More than 40 years later, we assessed the real conditions of subacute myelo-
optico neuropathy patients.

Methods: The present study examined current cognitive and affective functions,
activities of daily living, and vascular endothelial function in aged subacute myelo-
optico neuropathy patients (n = 28) compared with age-, sex-, body mass index-
and years of schooling-matched normal controls (n = 141).

Results: Mini-Mental State Examination, Hasegawa Dementia Scale-Revised,
Montreal Cognitive Assessment and Frontal Assessment Battery scores were not
significantly lower in subacute myelo-optico neuropathy patients, but the Geriatric
Depression Scale was significantly higher without apathy. Computerized touch-
panel tests showed poor performance in the flipping cards game, arranging pic-
tures game and beating devils game, whereas activities of daily living and vascular
endothelial function were within normal limits.

Conclusion: The present study shows that subacute myelo-optico neuropathy
patients showed essentially normal cognitive function using standard cognitive
assessments, although the touch-panel tests detected some decline in subacute my-
elo-optico neuropathy patients. Subacute myelo-optico neuropathy patients pre-
sented a higher depression score without evident apathy, activities of daily living
decline or vascular endothelial dysfunction.

Introduction

Subacute myelo-optico neuropathy (SMON) is a neurologi-
cal disorder with acute abdominal pain and diarrhea, fol-
lowed by sensory disturbance, ascending muscle weakness
beginning from bilateral lower extremities, and visual distur-
bance as a result of symmetrical demyelinization of the lat-
eral posterior funiculi of the spinal cord, optic nerve and
peripheral nerves.'™ SMON was the first epidemic drug
intoxication due to an oral intestinal amebicide clioquinol®
in Japan in the 1970s, affecting 11 000 people.> Clioquinol
is associated with the interaction between oxidative stress
and heavy metals, both of which are also associated with
Alzheimer’s disease (AD).*®

More than 40 years after the occurrence of the SMON
epidemic, most aging SMON patients were concerned about
dementia. A report showed a small prevalence of dementia
in SMON patients compared with the normal Japanese pop-
ulation.” However, SMON patients also showed cognitive
impairment with abnormal P300 of event-related potentials,’®
higher depressive disorder® and limited activities of daily liv-
ing (ADL).’
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We previously reported the usefulness of a touch-panel
test for early detection of cognitive dysfunction in ischemic
stroke, Parkinson’s disease and amyotrophic lateral sclero-
sis.'™'2 However, touch-panel tests have never been applied
to SMON patients. Cognitive, affective and ADL functions
are the three major criteria when evaluating dementia
patients. The oxidative stress that clioquinol and AD are
associated with is also related with endothelial function.'?
Thus, we examined these three criteria in SMON patients
using standard tests, a new computerized touch-panel test
and an endothelial function test.

Methods

Participants. A total of 28 SMON patients living in
Okayama Prefecture (9 men and . 19 women; age
75.5 = 8.5 yearsy who received an annual health checkup
examination for SMON in Okayama University Hospital or
affiliated hospitals participated in the present study. Age-,
sex-, body mass index- and years of schooling-matched indi-
viduals (n = 141) who lacked any history of neurological or
psychiatric disorders were included as normal controls in the
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present study (42 men and 99 women; age 76.0 + 5.3 years).
Demographic details for each group are shown in Table 1.
Among the 28 SMON patients, four had a severe visual dis-
turbance at the onset of the disease and required support in
this study because of visual loss.

All patients and control participants provided written
informed consent, and the study protocol was approved by
the ethics committee of Okayama University (approval num-
ber 775).

Standard cognitive and affective
assessments. Cognitive functions were assessed using the
Mini-Mental State Examination (MMSE), Hasegawa
Dementia  Scale-Revised (HDS-R), Montreal cognitive
assessment (MoCA) and Frontal Assessment Battery (FAB).
Affective functions were assessed using the 15-item Geriatric
Depression Scale (GDS) and the Apathy Scale (AS). The
cut-off values of each examination are 24, 20, 20, 12, 6 and
14, respectively.'**°

Touch-panel test. According to our previous reports, a
touch-panel test for the early diagnosis of dementia (Ryo-
kansan; Ohtsu Computer Corporation, Ohtsu, Japan) was
applied to all participants with MMSE, HDS-R, FAB and
MoCA."™2 The screening test included the following four
games: flipping cards, finding mistakes, arranging pictures
and beating devils.

In the flipping cards game, we measured the time taken
(seconds) to turn over all pairs of two identical picture
cards. In the finding mistakes game, we measured the time
taken to find all three differences between two panels. In the
arranging pictures game, we measured the time taken to
arrange four scenes from a famous fairy tale in the sequence
of the story. In the beating devils game, participants had to
distinguish between the emergence of heroes and devils, and
we measured their accuracy in hitting only the devils during
a 30-s period.

Because the touch-panel test requires visual acuity,
SMON patients were divided into two subgroups, with no
to moderate visual disturbance (n = 24) or with severe visual
disturbance (n = 4) at 0.1 or less of binocular visual acuity,
or at 0.02 or less of one eye’s visual acuity with 0.6 or less
of the other eye.?®

ADL. ADL was measured in some participants (normal

controls n = 6, SMON »n = 8) by an AD Cooperative Study
— ADL. which contains items of basic or instrumental ADL,

Table 1 Demographic data of participants in the study

Control SMON
n 141 28
No. severe visual disturbances Q 4
Sex (male : female) 42:99 9:19
Mean age (years) 76.0 £ 53 755 + 85
BMI 228 £ 3.5 21.7 £ 25
Years of schooling 109 £ 1.9 10.8 + 2.4

BMI, body mass index; SMON, subacute myelo-optico neuropathy.
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such as eating, toileting, grooming, use of cell-phones and
watching television.

Vascular endothelial function. Vascular endothelial
function by Endo-PAT2000 (Itamar Medical, Caesarea,
Israel) was also measured in some participants (normal con-
trols n =22, SMON #n = 16). Before examination, partici-
pants remained quiet in. a supine position for 15 min. A
probe was placed on the tip of both index fingers to measure
pulse volume changes by applying uniform pressure to the
skin surface. Baseline pulse amplitnde was measured from
each fingertip for 5 min. By inflating a cuff placed around
the proximal forearm with a pressure of 60 mmHg above
systolic blood pressure, arterial flow was blocked for 5 min.
Next, the cuff was deflated and pulse amplitudes were
recorded for § min during hyperemia to obtain the reactive
gyperemia index (RHI) and the augmentation index (AI).zl‘

Statistical analysis. All data were expressed as
mean + SD. Statistical analyses were carried out using sta-
tistical software (spss 18.0.0; SPSS, Chicago, IL, USA). We
carried out unpaired t-tests to compare cognitive and affec-
tive assessments, vascular endothelial function, and AD
Cooperative Study — ADL between the control group and
SMON patients, one-way factorial analysis of variance (ANO-
va) among the controls group and the two SMON sub-
groups. P-values <0.05 were considered significant.

Results

Standard cognitive and affective
assessments. There was no significant difference in age,
sex, body mass index, and years of schooling between
SMON patients and normal controls (Table 1).

Compared with normal controls (MMSE 27.3 £ 2.6,
HDS-R 27.4 + 2.8, MoCA 23.5 + 4.5, FAB 15.4 + 2.0), all
four cognitive scores were lower in SMON patients (MMSE
26.8 + 3.8, HDS-R 27.3 & 3.8, MoCA 219 + 5.6, FAB
14.4 £ 3.3), but not significantly. All four scores in both
groups were within the normal range (Fig. 1).

As for the affective scores, GDS scores were significantly
higher in SMON patients (SMON 5.1 + 3.8, normal con-
trols 3.3 4 3.5; *P < 0.05). In contrast, AS scores did not
differ significantly between SMON patients and normal con-
trols (SMON 11.3 + 8.9, normal controls 9.3 + 6.3; Fig. 2).

Touch-panel test. Compared with normal controls,
SMON patients required a longer period of time to com-
plete the flipping cards game with a significant increase in
SMON patients with severe visual disturbance (normal con-
trols 22.8 + 14.5 s; SMON with no to moderate visual dis-
turbance 30.7 &£ 21.6s; SMON with severe visual
disturbance: 53.3 + 22.2's, *P < 0.05; SMON with no to
moderate visual disturbance vs SMON with severe visual
disturbance, **P < 0.01; normal controls vs SMON with
severe visual disturbance; Fig. 3; leftmost columns).

There were no significant differences among normal con-
trols and the two SMON subgroups in the finding mistakes
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Figure 1 Scores of standard cognitive function tests. Mini-Mental State Examination (MMSE), Hasegawa Dementia Scale-Revised (HDS-R),
Montreal cognitive assessment (MoCA), and Frontal Assessment Battery (FAB) comparing normal controls (open bars) and subacute myelo-optico
neuropathy patients (striped bars). Cut-off scores are shown as dotted lines. Note all four cognitive scores were within a normal range in

subacute myelo-optico neuropathy patients, similar to the normal controls.
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Figure 2 Scores of affective function tests, 15-item Geriatric
Depression Scale (GDS) and the Apathy Scale (AS), comparing normal
controls {open bars) and subacute myelo-optico neuropathy patients
(striped bars). Cut-off scores are shown as dotted lines. Note a
significant increase in the GDS score of subacute myelo-optico
neuropathy patients relative to the control, reaching the area of a
depressive state (*P < 0.05 vs control).

game (normal controls 60.8 + 35.6 s; SMON with no to
moderate visual disturbance 60.7 + 37.9 s; SMON with
severe visual disturbance 84.8 + 40.7 s; Fig. 3, second col-
umns from the left).

Compared with normal controls, only SMON patients
with no to moderate visual disturbance required a signifi-
cantly longer time for the arranging pictures game (normal
controls 23.9 + 17.5 s; SMON with no to moderate visual

Neurology and Clinical Neuroscience 3 (2015) 173-178
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disturbance 34.4 £ 27.1 s; SMON with severe visual distur-
bance 33.7 £ 10.7 s; *P < 0.05, normal controls vs SMON
with no to moderate visual disturbance; Fig. 3, third col-
umns from the left).

There was a significant decrease in accuracy of the beating
devils game by the two SMON subgroups (normal controls
89.3 &+ 16.2%; SMON with no to moderate visual distur-
bance 74.0 £+ 25.5%; SMON with severe visual disturbance
374 £ 352%; **P < 0.01, among all groups; Fig, 3, right-
most columns),

ADL. AD Cooperative Study — ADL scores consist of basic
and instrumental ADL items (10 items each). Although both
ADL items’ scores tended to be lower in SMON patients
than in normal controls, especially instrumental ADL items
scores, the decrease was not significant (basic ADL: normal
controls 15.0 £ 0.0, SMON 13.9 + [.9; instrumental ADL:
normal controls 11.9 £ 2.1, SMON 9.9 & 4.8; Fig. 4).

Vascular endothelial function. Both RHI and Al did
not show significant differences between normal controls
and SMON patients (RHI: normal controls 2.3 4 0.6,
SMON 1.9 & 0.7; Al: normal controls 34.8 + 18.4, SMON
25.7 + 18.3; Fig. 5).

Discussion

The present study showed the preservation of four standard
cognitive measurements in SMON patients within a normal
limit (Fig. 1). In contrast, SMON patients showed a signifi-
cant increase in GDS compared with normal controls,
although still within the cut-off point of depressive ten-
dency, similar to AS (Fig. 2). Severe visual disability might
be related to the longer duration of the flipping cards game
and the lower accuracy of the beating devils game (Fig. 3,
both ends). However, the significant extension in time
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Figure 3 Scores of the touch-panel screening tests (flipping cards game, finding mistakes game, arranging pictures game, beating devils game),
comparing normal contrals (open bars) and subacute myelo-optico neuropathy patients with no to moderate visual disturbance (gray-striped bars)
and with severe visual disturbance (black-striped bars). Examples of each touch screen are shown above the graph. Note the significant extension

of time required for the flipping cards and arranging pictures game in subacute myelo-optico neuropathy patients, and low accuracy in the beating

devils game (*F < 0.05, **P < 0.01).

required to arrange pictures could be directly related to the
decreased cognitive function in SMON patients (Fig. 3,
third columns from the left).

Although a previous report showed the lower prevalence
of dementia in SMON patients” compared with the average
data in Japanese people,® another report showed a mild
cognitive impairment in SMON patients with abnormal
P300 of event-related potentials.® Clioquinol might be asso-
ciated with AD? in relation to heavy metals,?> oxygen radi-
cals® and vitamin By, abnormalities,?’ but our present data
showed no significant cognitive decline in SMON patients
aged an average of 75.5 years in standard cognitive function
measurements (Fig. 1). We previously reported cognitive
assessment data using touch-panel tests in patients with
ischemic stroke,'® Parkinson’s disease'' and amyotrophic
lateral sclerosis,'? and showed the possibility of using these
to make a sensitive cognitive assessment of these diseases.
Touch-panel tests might be similarly sensitive for SMON
patients with no effect by visual disturbance (Fig. 3, third
columns from the left).

A previous report showed that the prevalence of a major
depressive disorder in SMON patients was sevenfold higher

176

than age-matched healthy controls.” Other studies also
showed anxiety, impaticnce, depressed mood, strong resent-
ment, hostility and confused feelings in SMON patients.?®%
A significant increase in GDS in the present study (Fig. 2)
could be correlated to the symptoms shown in previous
studies, probably as an iatrogenic drug-induced disease.

SMON patients undergoing continuous medical examina-
tion were younger, and the mean Barthel Index scores were
significantly better than those without continuous medical
examination.®® The present study included SMON patients
who received an annual health checkup, resulting in an
insignificant decline of ADL (Fig. 4).

The present study also showed a decreasing tendency in
vascular endothelial functions in SMON patients, as
detected by RHI and AI (Fig. 5). Although the difference
was not significant, their previous intake of clioquinol could
affect vascular endothelial function by an oxidative mecha-
nism.?

In conclusion, the present SMON patients showed an
essentially normal cognitive function using standard cogni-
tive assessments, although the touch-panel tests detected
cognitive declines in SMON patients. SMON patients pre-

Neurology and Clinical Neuroscience 3 (2015) 173-178
© 2015 Japanese Society of Neurology and Wiley Publishing Asia Pty Ltd

— 276 —



Y Kawahara et al.

36

10

0_

Normal

Figure 4 Scores of basic (white bars) and instrumental {gray bars)
items in activities of daily living, comparing normal controls (left) and
subacute muyelo-optico neuropathy patients (right, striped bars). Note
small, but insignificant, decreases in subacute myelo-optico
neuropathy patients.
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Figure 5 Values of reactive hyperemia index (RHI) and the
augmentation index (Al) measured by Endo-PAT2000, comparing
normal controls {open bars) and subacute myelo-optico neuropathy
patients (striped bars). Cut-off value of RHI is shown as a dotted line.
Note small, insignificant decreases in SMON patients, but above cut-
off scores.

sented a higher depression score without evident apathy or
vascular endothelial dysfunction.
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