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Case
A 27-year-old man presented to an ED af-
ter experiencing a syncopal episode. His 
vital signs at presentation were normal. 
Physical examination was generally nor-
mal except that there were blisters on the 
patient’s abdomen, left hand, and right 
arm, as well as a hypertrophic nodule on 
the right elbow (Figure) and hard growths 
on the digits of the right hand. The patient 
stated the growths started 5 months ago 
and had been increasing in size. On further 
questioning, the patient admitted to “huff-
ing” (ie, inhaling) at least six cans of pres-
surized dust-removal keyboard cleaning 
spray daily for the past 11 months.

Why do patients abuse  
keyboard cleaning spray?
The propellant used in certain liquefied 
compressed gas products is 1,1-difluoroeth-
ane (1,1-DFE), a fluorinated hydrocarbon. 
It is a member of a broad class of related 
compounds that are present in spray paints, 
glues, nail polish removers, fuels, hair 
sprays, and air-freshening products. These 
1,1-DFE-containing products are abused for 
their rapid and short-acting central nervous 
system (CNS) depressant effects—not unlike 

that of ethanol. Typically, the vapor of a vol-
atile hydrocarbon is inhaled directly from 
the open container (“sniffing”), from a bag 
(“bagging”), or from a soaked rag (huffing). 
Not only are such hydrocarbon-containing 
products easy to conceal, they are also highly 
accessible and inexpensive. Moreover, there 
are generally no direct legal consequences 
resulting from abuse of these substances. 
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A 27-year-old man presented to the ED  
following a syncopal episode.

Figure. The patient’s right elbow at presentation demonstrates  
a hypertrophic nodule.
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All of the aforementioned factors make 
hydrocarbons a popular drug of abuse 
among adolescents. Approximately 75% 
of the population abusing hydrocarbons is 
younger than age 18 years, half of whom 
reported first use prior to age 13 years.1,2 
Though inhalant abuse rarely continues 
into adulthood, 0.1% of individuals be-
tween the ages of 18 and 30 years report 
having an inhalant-use disorder. 

Hydrocarbons and their halogenated de-
rivatives are lipophilic compounds that are 
rapidly absorbed after inhalation and rap-
idly distributed to CNS and cardiac tissue. 
The brain concentration of 1,1-DFE likely 
peaks higher than concentrations in other 
organs and is cleared more rapidly.3 Hy-
drocarbons produce CNS depression sec-
ondary to multiple mechanisms, including 
gamma-aminobutyric acid agonism, dopa-
mine modulation, and N-methyl-D-aspar-
tate-receptor antagonism.4,5 

What causes skin lesions  
on the abdomen and arms?
The lesions on the patient’s abdomen and 
extremities were consistent with frostbite. 
The liquefied compressed gas in computer-
cleaning and related products is housed in 
a pressurized canister. The pressure is re-
leased when the spray nozzle is depressed; 
this causes the liquid to rapidly expand to 
a gas as it is released, resulting in a quick 
decrease in the temperature of the metal 
canister. This process, referred to as adia-
batic cooling, demonstrates the first law of 
thermodynamics. The cold temperature of 
both the liquid and the canister can cause 
frostbite in the digits and other parts of 
the body with which the canister or liquid 
comes into contact.6

Why did the patient have syncope?
Halogenated hydrocarbons inhibit the car-
diac delayed rectifier potassium channels 
involved in the repolarization of cardiac 
myocytes, causing a delay in repolarization 
that is manifested as prolongation of the QT 
interval on an electrocardiogram. This con-

dition places patients at an increased risk 
of developing torsades de pointes (TdP).7 
In most cases, TdP is self-terminating; 
however, if TdP persists, degeneration to 
ventricular fibrillation will result. Deaths 
caused in this fashion have been referred to 
as “sudden sniffing death syndrome,” and 
account for half of all hydrocarbon-related 
deaths.6,8 In addition to the cardiac effects, 
hydrocarbons are simple asphyxiants that 
act by displacing oxygen from inspired air, 
which also contributes to syncope.

It is important to note that epinephrine 
and other catecholamines increase the risk 
for dysrhythmias such as TdP in the set-
ting of hydrocarbon abuse.9 For this reason, 
epinephrine should be used with caution 
in the setting of a hydrocarbon-induced 
arrhythmia. Beta-adrenergic antagonists 
such as esmolol and propranolol are pref-
erable because they reduce the incidence 
of ectopia that may trigger TdP.10 

What is the significance of the masses 
noted on the examination and radiograph?
Fluorosis is associated with abnormalities of 
skeletal and dental tissue. Skeletal fluorosis 
causes osteosclerosis of the axial skeleton, 
periosteal new bone formation, ligamentous 
and tendinous ossification, and osteophyte 
formation. Dental fluorosis causes a yellow/ 
brown discoloration of the teeth with hori-
zontal streaking (mottling), pitting, and 
chipping.11 Fluorosis is well-described in 
regions where water fluoride concentrations 
are high due to industrial exposure; from 
consumption of fluorinated wine or chronic 
overconsumption of tea (especially green or 
black tea); or from fluoridated toothpaste.12-14 

More recently, fluorosis has been described 
in patients treated for an extended duration 
of time with voriconazole, a fluorinated an-
tifungal agent.15 Unlike other hydrocarbon 
products, fluorinated hydrocarbons such as 
1,1-DFE can significantly increase system-
ic fluoride concentrations with excessive 
use. Rapid skeletal fluorosis is not well de-
scribed, but has been reported after chronic 
abuse of fluorinated hydrocarbons.16
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How is fluorosis diagnosed and managed?
The lack of rapid laboratory testing avail-
able for serum, urine, and bone fluoride 
concentrations makes the initial diagnosis 
of fluorosis a clinical one. Imaging studies 
are generally highly suggestive of fluorosis 
and can be used to support the diagnosis. 
A dual energy X-ray absorptiometry scan of 
the spine, hip, femur, and distal portions of 
the radii can reveal elevated T-scores con-
sistent with osteosclerosis.14 These find-
ings, in conjunction with bone or joint 
pain, reduced range of motion, or kyphosis, 
should prompt clinicians to conduct further 
testing—even without a confirmed fluoride 
source. A serum fluoride (reference range, 
0.2-3.2 mg/L) and 24-hour urine fluoride 
(reference range, 0.2-3.2 mg/dL) and cre-
atinine evaluation can be used to diagnose  
fluorosis. However, a bone biopsy with 
quantitative bone ash fluoride analysis  
remains the gold standard for the diagnosis 
of skeletal fluorosis.16 Laboratory evalua-
tion should also include an assessment of 
electrolytes, specifically calcium, 25-hy-
droxyvitamin D, and alkaline phosphatase. 
The differential diagnosis should include 
hemoglobinopathies, renal osteodystrophy, 
Paget disease, hypothyroidism, and skeletal 
metastases.16

Treatment of fluorosis is largely symp-
tomatic and supportive, with identification 
and discontinuation of the fluoride source. 
Patients should be referred to an orthope-
dist for evaluation and management as 
needed. Evaluation by an endocrinologist 
should also be considered because patients 
may have chronic vitamin D and calcium 
deficiencies as a result of systemic fluorosis.

Case Conclusion
The patient’s laboratory assessment was 
notable for the following: alkaline phos-
phatase, 624 U/L (reference range, 44-147 
IU/L); vitamin D, 10 ng/mL (reference 
range, 20-40 ng/mL); serum fluoride, 0.3 
mg/L (reference range, 0.2-3.2 mg/L); urine 
fluoride, 52 mg/dL (0.2-3.2 mg/dL); and 
urine creatinine, 1 g/L (reference range, 

0.3-3 g/L). Imaging studies noted periosteal 
bone formation on the lateral epicondyle of 
the distal right humerus, as well as similar 
osseous abnormalities in other locations. 
A bone biopsy was scheduled. The patient 
was treated with oral vitamin D and edu-
cated about the importance of discontinu-
ing the huffing of all hydrocarbons. 
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