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We report the case of a 17-yr-old man diagnosed as a toluene
abuser. He had an 8-mo history of toluene inhalation exposure and
was admitted to this hospital with symptoms of auditory and visual
hallucination. Magnetic resonance imaging (MRI) revealed no struc
tural abnormalities both on T1- and T2-weighted images, whereas
SPECT using ""Tc-ethyl cysteinate dimer (ECD) showed multifo-

cally decreased perfusion in the cerebral cortex, basal ganglia and
thalami. Our case indicates that SPECT detects early central ner
vous system injury from toluene inhalation even when neurological
examination and neuroanatomic imaging such as MRI are normal.
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Aoluene is one of the most commonly used and abused organic
solvents and is a major component of many paints, lacquers and
glues. Toluene has a high potential for abuse primarily from
inhaling toulene vapors from products such as glue or spray
paint (1-3). Toluene has a low general toxicity, but chronic
inhalation by abusers has been reported to cause several
impairments including tremors, changes in visual intelligence,
disturbance of sensory function, memory function and verbal
intelligence, convulsions, cerebellar ataxia and dementia (4-8).

Acute toluene intoxication releases behavioral inhibition and
causes a loss of consciousness at higher concentrations (9).
Neuroanatomic imaging findings of toluene abuse using mag
netic resonance imaging (MRI) have been reported (4-7,10-
14)', however, cerebral perfusion changes of toluene abuse using

brain SPECT had not been previously reported.
This case report describes the SPECT findings of a patient

with toluene abuse and compares them with correlative gross
morphological MRI findings.

CASE REPORT
A 17-yr-old man who had a 2 wk-history of auditory and visual

hallucinations and decreased memory function was admitted to
psychiatry for delinquent behavior and substance abuse. Medical
history was notable for chronic and frequent glue sniffing for 8 mo.
According to a survey of the glue labels he had used, toluene was
the major agent. He had no history of neurological or psychological
problems before he began to abuse toluene. The family history was
negative for neurological disease.

General physical examination showed no abnormalities except
for emaciation. He was submissive, attentive and cooperative
during the interview. Detailed neurological and substance abuse
histories were obtained. The patient received a psychological test
battery consisting of the Wechsler Adult Intelligence Scale, Wech
sler Memory Scale, the modified Halstead-Reitan neuropsycholog-
ical test battery and computerized neuropsy.chological test. Verbal,
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performance and full-scale IQ were 81, 106 and 92, respectively.
He showed impairment of short-term memory and mild abnormal
ities on tactual performance test, finger tapping test and fingertip
number writing test; however, other neurological abnormalities
were not present. Normal results were obtained for the following
laboratory tests: complete blood count, urinalysis, Venerai Disease
Research Laboratories, fluorescent troponomal antibody absorp
tion, serum electrolytes, liver function test, blood urea nitrogen,
serum creatinine and chest and skull radiographs. An electroen-
cephalographic mapping revealed mild cortical dysfunction of the
right frontal lobe. Visual evoked potential and brainstem auditory
evoked potential were normal.

We performed both brain MRI and SPECT on the same day.
SPECT using 99mTc-ethyl cysteinate dimer (ECD) showed multi-

focal impairment of perfusion in bilateral frontal, parietal cortex,
basal ganglia and thalami (Fig. 1A), whereas MRI revealed no
perceptible morphological and signal abnormalities on either Tl-
or T2-weighted images (Fig. IB).

After discharge from the hospital, he discontinued sniffing glue.
A follow-up SPECT study taken 14 mo after toluene abstinence
revealed nearly complete normalization perfusion (Fig. 1A).

DISCUSSION
Recently, solvent abuse became an important public health

problem particularly among school-aged children. Inhalation of
toluene-based products such as glue or spray paint is popular
with solvent sniffers because of the euphoric effect and easy
accessibility of these substances. The neurotoxicity of toluene
in humans has been discussed for many years, and the brain
seems to be the main target organ for toluene toxicity (I). The
mechanism of the toluene neurotoxicity is not clearly under
stood; however, toluene is known to enter the blood rapidly
through the respiratory tract, and asymptomatic levels are
reached within approximately 60 min ( /5). Toluene has a high
lipid solubility and no protein binding capability and distributes
according to lipid contents of the brain (Â¡6). By the results,
toluene may cause progressive multifocal impairments. Pancer-
ebellar dysfunction, pyramidal tract abnormality, personality
changes, emotional instability, paranoid psychosis, cognitive
impairment and frank dementia have been attributed to toluene
abuse (1-4,7). Persistent neurologic abnormality has been seen
in spite of variable degree of spontaneous recovery within
months after the cessation of toluene inhalation (3).

Previous investigations using CT combined with gross nec
ropsy findings have described diffuse cortical atrophy in tolu
ene inhalant abusers (3,17). In addition, MRI of toluene abuse
has been reported to show poor differentiation of gray and white
matter, increased periventricular signal intensity and moderate
hypointensity of thalami and basal ganglia on T2-weighted
images (4-7,10-14). Our case, unlike other studies, showed no
structural abnormality on MRI. SPECT findings depicted mul
tifocal cerebral cortical and basal ganglia and thalamic perfu
sion impairments. Only a few reports dealing with perfusion
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FIGURE 1. (A) Initial"Tc-ECD brain SPECT using annular crystal gamma

camera revealed multiple areas of decreased perfusion involving bilateral
basal ganglia (solid arrow), thalami (open arrow) and cerebral cortex irregu
larly (upper panel). A follow-up SPECT 14 mo after initial study revealed
nearly complete normalization perfusion, (lower panel). (B) T2 (left)- and T1
(right)-weighted axial MRI at level of basal ganglia and thalami showed no

morphological or signal intensity abnormalities.

changes of toluene intoxication had been documented (6). In a
study to examine effects of toluene on synaptic transmission
and neuronal morphology using guinea pig hippocampal slices,
toluene at high concentrations (1000 jug/ml) inhibits synaptic
transmission selectively and causes lasting physiological effects
unaccompanied by gross morphological changes with longer
exposures (9). Neurobehavioral abnormalities are the most
disabling and frequent features of chronic toluene abuse, and
they may herald the onset of permanent central nervous system
(CNS) dysfunction. Moreover, Stengard and O'Conner (18)

suggested that toluene-induced behavioral effects were associ
ated with the decreased release of y-aminobutyric acid within

the globus pallidus in a rat toluene inhalation study. Thus,
multifocal perfusion impairments in the basal ganglia, thalami
and cerebral cortex on initial SPECT without corresponding
abnormalities on MRI in our case may reflect functional
alterations rather than structural abnormalities.

On a follow-up SPECT study, significant restoration of
perfusion abnormalities after discontinuing glue sniffing was
noted with clinical improvement. The behavioral effects of
inhaling toluene after a single exposure are reversible, but
although reversible, they may also be an early sign of CNS
impairment leading to irreversible losses in performance with
repeated exposures (19,20).

CONCLUSION
SPECT detects early CNS injury from toluene inhalation even with
normal MRI findings and only subtle neurological abnormalities.
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