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Abstract
The use of paint thinner and glue to achieve an euphor-
ic state has been associated with serious social and
health problems in children and young adults. We pre-
sent the case of a 21-year-old man with dilated cardio-
myopathy occurring following abuse of paint thinner
and glue containing toluene as main compound. After
cessation of toluene abuse, the patient recovered rap-
idly and completely. Because of the increasing preva-
lence of toluene abuse, harmful effects of this volatile
agent on the heart are also discussed.
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Introduction

Since the 1960s, volatile inhalants have become in-
creasingly popular as drugs of abuse among children and
young adults, particularly sniffing of adhesives. Since vol-
atile inhalants are included in common household prod-
ucts and are relatively inexpensive, paint thinner and ad-
hesives are now among the most widely used stimulants
in Turkey and many developing countries. In a recent
study, the prevalence of volatile substance abuse was 73%
among homeless children and 5% among second-grade
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students in high schools in Istanbul, the largest metro-
politan area of Turkey [1, 2]. The number of volatile sub-
stance addicts in Turkey has been estimated at 50,000 [3].
However, recent data have indicated an increase in this
number. In the Western World, e.g. Britain, 3-5% of the
15-year-old children have at least experimented with vol-
atile inhalants at any period of their life. Moreover, in
this age group, 1 of 250 children has been treated at dif-
ferent kinds of specialized hospitals across the country
due to addiction to adhesive substance sniffing [4]. Apart
from the developing countries where volatile substance
abuse has already reached a high prevalence, there is also
an increased tendency towards volatile substance abuse
in developed countries.

Being highly lipophilic, it can easily enter and affect
the lipid-rich nervous system after being inhaled. Perma-
nent damage to the central nervous system, heart, liver,
kidney and lungs may ensue following toluene exposure
[5-12]. Cardiotoxicity, e.g. arrhythmia, sudden death,
myocardial infarction [13-15], cardiomyopathy [16] and
fatal acute myocarditis [17], has often been ignored.

There is a paucity of data on toluene-induced cardio-
myopathy. We report the case of a 21-year-old toluene
addictive with dilated cardiomyopathy. Symptomatic
and echocardiographic improvements were observed and
documented after stopping toluene abuse. Toluene inha-
lation was responsible for the etiopathogenesis of cardio-
myopathy in our patient who has been clinically stable in
the absence of toluene use during the following 3 years.
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Fig. 1. a During volatile substance abuse, left-ventricular diameter was increased (6.2 cm) in the apical four-cham-
ber view. b After 6 months of toluene abstinence, the same projection demonstrated that the left-ventricular dia-
stolic diameter was within normal limits (5.5 cm).

Case Report

After running away from home at the age of 10, our 2 1-year-old
male patient lived mainly in the streets of Istanbul. During these
11 years, the patient inhaled volatile substances for more than 10
years: 1 liter of paint thinner per day in cold seasons and two tubes
of 50-ml glue per day in warm seasons, but he stopped his volatile
substance abuse for 2—-3 months while visiting his family. During
this time, he felt better and gained weight. Moreover, his appetite
increased and his pallor also vanished.

At the time of the first examination, he had given up living in
the street and started to live under the auspices of a non-profit or-
ganization. He presented at the infirmary of this organization with
complaints of shortness of breath while climbing uphill or playing
football, quickly getting tired in other activities, and swelling and
pain in the abdomen. At the infirmary, irregular pulse was noted
and he was referred to our hospital for further examination. He
reported to have had these complaints for 3—4 years. However, his
symptoms became worse during the last 2 months. Apart from him,
no family history of serious health problems was reported in his
parents and seven siblings. On physical examination, his blood
pressure was 110/60 mm Hg and his pulse rate was irregular at 55
beats/min. The liver exceeded the costal margin by 2 cm and was
painful in deep palpation. Other findings were normal. No abnor-
mality was observed in blood counts, erythrocyte sedimentation
rate, urinalysis or biochemical blood analysis. Bigeminal ventricu-
lar extrasystoles and incomplete right bundle branch block were
observed in electrocardiography. Echocardiographic examination
showed that diastolic and systolic diameters of the left ventricle
were 6.2 and 4.6 cm, respectively; the posterior wall and interven-
tricular septum were 0.75 cm thick, the mitral valve was mildly
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regurgitating, the left ventricle was globally hypokinetic and its ejec-
tion fraction was 40% (fig. 1a). In the light of these findings, dilated
cardiomyopathy was diagnosed. Treatment started with the vac-
cination of the patient with influenza and pneumococcus vaccines
and the administration of enalapril 5 mg b.i.d. and aspirin 80 mg
once daily. The dose of enalapril was increased to 10 mg b.i.d. at
the follow-up examination done 10 days later. His compulsory mil-
itary duty was postponed due to the presence of cardiomyopathy.
The institution where the patient lived confirmed that he did not
use any volatile substances during treatment. Echocardiography
after 6 months of treatment demonstrated a decrease in the diam-
eter of the left ventricle and recovery of systolic functions to normal
ranges: the diastolic diameter of the left ventricle was 5.5 cm, sys-
tolic diameter, 3.9 cm, and ejection fraction was 55% (fig. 1b). In
addition to the echocardiographic improvement, sinus bradycar-
dia, ventricular extrasystoles and incomplete right bundle branch
block on the initial ECG had returned to normal at the 6-month
follow-up. Significant improvement in his functional capacity
(from New York Heart Association class III back to class II) was
observed. The patient stated that his complaints had largely disap-
peared, he had no shortness of breath in his daily physical activities
and he could easily play basketball with his friends. Although the
patient did no longer comply with treatment, no deterioration was
observed with respect to the patient’s complaints.

The patient was lost to follow-up during the following 2.5 years.
We learned that he was serving his postponed compulsory military
duty. A coronary angiographic examination due to an unknown
indication performed at the military hospital during his military
duty demonstrated neither structural nor functional lesions in his
coronary arteries. The structure and function of the left ventricle
continued to improve (fig. 2) in the absence of toluene abuse.
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Fig. 2. Ventriculography of the case shows that left-ventricular systolic function was increased (ejection fraction:
72%) at the end of the 3-year period during which he did not sniff toluene vapor. Ventriculographic images dur-
ing diastole (a) and systole (b) are shown; arrows indicate the width of the left ventricle during diastole and sys-
tole, respectively.

Discussion

Paint thinners and adhesives sold in Turkey contain
50-70 and 35-40% toluene, respectively. Following in-
halation or skin contact in the industrial setting, toluene
rapidly diffuses into the blood and easily penetrates tis-
sues that are rich in lipids such as the brain. In tissues,
toluene is oxidized by monooxidase enzymes that are
connected to cytochrome Pys. As a result of this oxida-
tion, free radicals are released. Therefore, increased
amounts of malondialdehyde, a lipid peroxidation prod-
uct, are found in the blood as well as glutathione peroxi-
dase and superoxide dismutase, which are antioxidant
enzymes found in the erythrocytes of workers employed
in toluene-diisocynate-manufacturing plants. Conse-
quently, toluene inhalation increases lipid peroxidation
and triggers the synthesis of antioxidant enzymes [18].

Experimental studies revealed that toluene inhalation
causes morphological changes in the lung, liver, kidney,
adrenal gland and in the central nervous system of mice
in the short and long term (4 and 12 weeks, respectively)
[19]. Nonspecific myocarditis findings were observed
with the above-stated effects in a similar study performed
in mice in Turkey.

In previously published studies, myocardial infarction
has been associated with toluene inhalation. Recurrent
ventricular fibrillation resistant to defibrillation and an-
tiarrhythmic treatment was reported [13-15]. We hy-
pothesized that toluene exerted direct cardiotoxic effects.
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Toluene may render the heart susceptible to endogenous
catecholamines or induce lipid peroxidation in addition
to evident ischemia related to vasospasm, which may play
an important role in the development of fatal rhythm
problems. Moreover, coexisting electrolyte abnormalities
caused by renal toxicity of this substance may also con-
tribute to the development of fatal arrhythmias [20].

In our case, the diameter and systolic function of the
left ventricle and mitral valve functioning completely re-
turned to normal ranges after the patient had quit toluene
inhalation. In addition, ventriculographic findings show-
ing permanent improvement in the diameter and func-
tion of the left ventricle after 3 years were striking. In a
similar case report from Poland, Lisowska et al. [21] not-
ed atrial fibrillation and congestive heart failure in a tolu-
ene addict. Toxic cardiomyopathy was diagnosed in this
patient, and his initial left-ventricular ejection fraction
was 15%. In the absence of toluene use and following
medical treatment, left ventricular ejection fraction in-
creased to 45%.

ECG changes in the form of sinus bradycardia, bigem-
inal ventricular extrasystoles and incomplete right bundle
branch block occurred concomitant with cardiomyopa-
thy in our case. All these ECG changes were found to have
improved at the 6-month follow-up. In another case sniff-
ing adhesives, severe sinus bradycardia was also diag-
nosed. It was reported that the bradyarrhythmia simi-
larly returned to normal in this case in the absence of the
effect of the volatile substance. Zee-Cheng et al. [22] con-
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cluded that some of the sudden deaths due to volatile
substance inhalation might be related to bradyarrhyth-
mia instead of ventricular tachyarrhythmias.

Taking into account that the function of the myocar-
dium was completely or largely restored in the absence of
substance use in cases with toluene-induced cardiomy-
opathy, it could be argued that the toxic effect of toluene
on the heart muscle may be reversible. Similarly, myocar-
dial dysfunction or segmental wall motion abnormalities
was generally reversible in patients developing toluene-
induced myocardial infarction. In summary, toluene had
caused evident ischemia and myocardial infarction due
to coronary vasospasm. Myocardial function had obvi-
ously returned to normal ranges in the absence of spasm.
On the contrary, recurrent non-Q wave infarction associ-
ated with toluene inhalation may obviously result in per-
manent myocardial damage [15].

We assumed that the development of cardiomyopathy
without evident ischemia symptoms might result from
silent ischemic damage associated with toluene inhala-
tion. The fact that toluene causes evident ischemia in
some and silent ischemia in others may be related to both
the dose and the duration of substance abuse and the pos-
sible genetic and environmental factors that increase the
cardiotoxic effect of this substance. Furthermore, it
should be mentioned that the direct cardiotoxic effect of
toluene leading to the development of arrhythmia might
affect the development of cardiomyopathy.

Consequently, in young patients, a possible cause of
dilated cardiomyopathy may be toluene inhalation, and
examination for cardiomyopathy is warranted in toluene
addicts.
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