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Purpose: Electrophysiological evaluation of the visual function of patients with toxic neur-
opathy caused by toluene abuse.

Methods: Fifteen patients (mean age 25.6 years, eight men and seven women) were diag-
nosed with bilateral optic neuropathy. Pattern visual evoked cortical potentials (PVECPs)
and clinical symptoms were investigated.

Results: Visual acuities at the initial visit were less than 0.1 in 5 cases and 0.1-1.0 in 10 cases.
PVECPs were followed up in the 15 cases. At the first recording, PVECPs were nonrecord-
able in both eyes of 11 cases, the P100 peak latency was prolonged in both eyes of 3 cases,
and only 1 case showed a normal P100 peak latency. After treatment, visual acuities im-
proved more than 2 lines in 6 cases, 3 of whom showed normal P100 peak latency in the
PVECPs. Visual prognosis and PVECP changes were identical in both eyes of all patients.

Conclusions: In patients with toluene optic neuropathy, the P100 peak latency of PVECP
shortened as visual acuity improved. The VECP abnormalities in these patients suggest that

there is a severe effect on the optic nerve after prolonged exposure to toluene. Jpn J Oph-
thalmol 1999;43:438-442 © 1999 Japanese Ophthalmological Society
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Introduction

Toluene is lipophilic and therefore absorbed well
and retained well by the lipid-rich central nervous
system. A number of case reports have described op-
tic neuropathy caused by toluene.'” Most have ap-
peared in Japanese journals® because toluene has
been favored by drug abusers in this country. Previ-
ously, the authors have reported only a single case;
therefore, the clinical picture of visual symptoms and
ophthalmic findings has been incomplete. For this
study, we recruited 15 patients with decreased vision
caused by toluene inhalation. All patients underwent
pattern visual evoked cortical potential (PVECP) re-
cordings. In this study, we discuss their clinical find-
ings and VECP changes with reference to visual
prognosis.
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Materials and Methods

We examined 15 patients who were suffering from
bilateral optic neuropathy caused by toluene addic-
tion. They visited our department at Chiba Univer-
sity Hospital between 1986 and 1996. The eight men
and seven women ranged in age from 20 to 52 years
(mean age 25.6 = 8.02 years, SD). Ten of the 15 pa-
tients had associated neurological defects such as
dysarthria and ataxic gait. Studies were carried out
with approval from the Committee for Human Eth-
ics of the Chiba University School of Medicine. In-
formed consent was obtained from all patients.

The clinical findings in these 15 patients are shown
in Table 1. A black and white checkerboard pattern
displayed on a television monitor was used as a stim-
ulus for VECP recordings. The visual field of a pat-
tern was 7 X 11 degrees, and each check subtended
28 minutes of arc from an observing distance of 170
cm. The contrast level of the checks was 80% and
mean luminance was kept at 39 cd/m?. The pattern
was reversed at a rate of three times per second.
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Pupils were dilated with 0.5% tropicamide and
0.5% phenylephrine hydrochloride, and the subjects
were asked to fixate on the center of the pattern un-
der full refractive correction from a 170-cm distance
through an artificial pupil 3 mm in diameter. The
VECP responses were recorded with one electrode
placed at Oz referred to another at the earlobe. The
responses were amplified by a pre-amplifier (VC-9;
Nihon Koden, Tokyo), with an electric filter set be-
tween 1.5 and 100 Hz. One hundred responses were
averaged (ATAC 350; Nihon Koden) and printed
out with an X-Y recorder (Riken Kagaku, Tokyo).
The amplitude and peak latency of the first scalp
positive component (P100) were evaluated. Visual
fields were examined using a Goldmann perimeter
(Takagi, Nagano), and color vision was evaluated
with the Panel D-15 test (Luneau Ophtalmologie,
Paris, France).

Results

Clinical information and VECP results for the 15
patients are summarized in Table 1. Optic disc ap-
pearance at the initial visit was normal in both eyes
of 11 patients (73.3%) and pale in both eyes of 4 pa-
tients (26.7%). Goldmann visual field findings at the
initial visit were abnormal in 17 eyes (56.7%). Thir-
teen eyes appeared normal (43.3%). Only one case
showed improvement of the visual field in both eyes
later. Pupillary light reflex was sluggish in 6 of the 30
eyes, and was prompt in the other 24 eyes. Relative
afferent pupillary defect was found in one patient.
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Figure 1. Initial visual acuity versus final visual acuity in
15 toxic neuropathy patients.
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Figure 2. Relationship between visual acuity and periods
of toluene inhalation (years).

The visual acuity at the initial visit was reduced in
most cases, and it varied from mild to severe loss. Vi-
sual acuity improved in 23 (76.7%) of the 30 eyes
(Figure 1). No relationship was found between visual
acuity and period of toluene inhalation (Figure 2).

Figure 3 shows actual VECP recordings in a repre-
sentative patient whose VECPs were recordable and
could be followed up. She (case 11) was a 22-year-
old woman who complained of blurred vision. This
patient had a visual field defect in the left eye and
cerebeller ataxia. Her visual acuity was 1.2 in the
right eye and 1.0 in the left eye. She had been ad-
dicted to toluene for 6 months. The P100 component
of VECP was prolonged in both eyes at the initial
visit on October 20, 1995. Thereafter, the latency be-
came shortened as subjective visual acuity improved.
However, it remained still longer than what we con-
sider normal range (between 90.5 ms and 119 ms,
mean * 2 SD).

VECP:s at the initial visit were nonrecordable in 22
(73%) of the 30 eyes. The high rate of nonrecordable
VECPs demonstrated no relationship to the grade of
visual acuity loss (Table 2). The rate of nonrecord-
able VECPs decreased to 26.7% during the recovery
stage of visual disturbance.

In Figure 4, the P100 latency was plotted as a func-
tion of the best visual acuity at the recovered stage
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of visual disturbance. There was no significant corre-
lation between best visual acuity and P100 latency.
In fact, the recovery of latency was not found at the
stage when subjective vision improved.

Discussion

Toluene is inexpensive and readily available, and
its use has continued to increase. Central nervous
system disorders resulting from the inhalation of tol-
uene have been well described in the literature.®’
The present study reports the ophthalmological find-
ings and the results of VECP evaluations in 15 pa-
tients whom we examined at our clinic.

In 1918, the first case of optic neuropathy caused
by binitrotoluene was reported by Hamilton and
Nixon.! Keane® described the case of a 20-year-old
man with a 3-year history of inhaling primarily tolu-
ene. His visual acuity was 4/200 in both eyes, with
normal fundi. His vision improved to 20/30 in each
eye within 2 months after treatment. Pattern reversal
VECPs after visual recovery were abnormal al-

Table 2. Rate of Nonrecordable VECPs at
Initial Visit (22 Eyes of 30 Eyes: 73.3%)

VA No. of Eyes %

0.1> 5 22.7
0.1-0.5 12 54.6
0.5< 5 22.7
Total 22 100.0
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though the latency was less prolonged, whereas an
electroretinogram (ERG) was normal.

Ehyai and Freemon* reported a 27-year-old man
who developed bilateral optic atrophy over a 5-year
period of extensive toluene glue sniffing. There was
a total absence of VECPs in both eyes. The ERG
showed no abnormalities. The optic discs had a mild
pallor, and the visual acuity was 20/400 bilaterally.
No improvement was described.

In addition to these papers published in English,
several case reports are available in Japanese. Toyo-
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Figure 4. P100 peak latency as function of best visual acu-
ity at recovered stage.



442

naga et al’ reported electrophysiological results such
as electrooculogram, ERG, and pattern VECP in
three patients with optic neuropathy resulting from
toluene addiction for 1.5, 5, and 7 years. Their
VECPs were prolonged in latency. Among these pa-
pers, only Keane? reported a follow-up case.

Our particular interest was in the VECP findings
in our study as well as the clinical ophthalmological
findings. On the initial visit, pattern VECPs were
nonrecordable in 22 eyes of 11 patients, and record-
able in 8 eyes of 4 patients in whom the P100 peak
latency was prolonged. The P100 peak latency de-
creased concomitantly with improvement of visual
acuity. This result agrees with findings in the case re-
ported by Keane? on less-prolonged VECPs after re-
covery of visual acuity.

Pathological studies® of the effects of toluene inha-
lation based on biopsies of the sural nerve have
shown swelling of the axons and an extremely thin
lamella of the myelin sheath. Furthermore, Skoog
and Nilsson’ in experiments with monkeys after tol-
uene infusion, found clear changes in the amplitude
of the c-wave and the standing potential of the eye.
To date, no histopathological retinal changes caused
by toluene addiction have been reported. It is, how-
ever, assumed that functional retinal changes caused
by toluene might occur. The VECP abnormalities in
our patients suggested that the agent has a more se-
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vere effect on the optic nerve, where the axons and
myelin sheath are affected by the toxin.

The authors are grateful to Ms. Maxine Gere for editing our manu-
script.
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