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CASE SUMMARY 
A 29-year-old man presented with 

a three-week history of slurred speech, 
poor coordination, and imbalance while 
walking. He did not have a family his-
tory of neurodegenerative disorders 
or autoimmune conditions. On phys-
ical exam, he was alert and oriented to 
person, place, time, and situation. He 
displayed dysarthric speech and ataxic 
gait, and he scored 4/5 in upper and 
lower extremity strength testing. Cere-
brospinal fluid studies revealed normal 
protein, cell count, and glucose levels. 
Syphilis, HIV, West Nile, HSV, JC 
virus, CMV, and arbovirus serologies 
returned negative. Likewise, the patient 
tested negative for ANA and rheuma-
toid factor antibodies. Urine toxicology 
was positive for opiates. Upon further 
questioning, the patient admitted to 
smoking heroin vapor. Over six days of 
hospitalization, his physical exam find-
ings were stable, and the patient was 
discharged to a rehabilitation facility.

IMAGING FINDINGS  
On MRI, FLAIR sequence showed 

bilateral and symmetrical hyperintensi-
ties in the posterior limb of the internal 
capsule, occipital lobe white matter, 
and splenium of the corpus callosum 
(Figure 1). Additional symmetrical 
FLAIR hyperintensities involved the 
cerebellar white matter extending to 
the middle cerebellar peduncles (Fig-
ure 2). On T1 sequences, these lesions 

were hypointense and did not enhance 
following contrast administration. On 
diffusion weighted imaging (DWI), 
the lesions displayed increased signal 
(Figure 3), and corresponding apparent 
diffusion coefficient (ADC) sequence 
findings were consistent with diffusion 
restriction.

DIAGNOSIS
Heroin-associated spongiform leu-

koencephalopathy (HASL). 

DISCUSSION  
Heroin-associated spongiform 

leukoencephalopathy was initially 
described in 1982 in the Netherlands 
among 47 patients who inhaled heated 
heroin vapor, and the resulting clin-
ical and radiological manifestations 
reflect spongiform degeneration of 
the white matter.1 The coalescence 
of vacuoles formed between myelin 
lamellae in the oligodendroglia results 
in a pattern termed “vacuolating myel-
inopathy” when seen under electron 
microscopy.2,3 Although the etiology 
of HASL is unknown, it is postulated 
that heating of heroin releases patho-
genic contaminants, likely a lipophilic 
impurity given the high lipid content 
of myelin. These histopathological 
changes have not been described after 
intravenous use of heroin.2,3 

Ataxia and dysarthria are common 
presenting signs; however three clin-
ical stages of the disease have been 

described. The initial stage is character-
ized by cerebellar ataxia, soft speech, 
and motor restlessness.4 Patients may 
remain within the first stage or prog-
ress onto the second and third stages. 
Approximately half of patients develop 
an intermediate form of illness and 
exhibit worsening cerebellar signs, 
hyperactive reflexes, spastic paraparesis, 
myoclonus, and chorea.4 One-quarter of 
patients enter the third stage of illness 
marked by akinetic mutism, hypotonic 
areflexic paresis, central pyrexia, and 
eventual death.4 The natural history of 
HASL is variable, with survivors exhib-
iting mild to marked improvement.  

White matter changes on MRI 
T2-weighted sequences are highly 
specific for toxicity from heroin vapor 
inhalation. Supratentorial disease is 
characterized by bilateral white mat-
ter hyperintensities with occipital and 
parietal lobe predominance.2 The pos-
terior limb of the internal capsule is 
involved while the anterior limb is 
spared.2 Abnormal signal also shows 
predilection for the splenium of the 
corpus callosum.3 Characteristically, 
gray matter structures including the cor-
tex, basal ganglia, and thalami remain 
uninvolved.5 Posterior fossa disease 
manifests as bilateral and symmetrical 
cerebellar white matter hyperintensi-
ties with extension into the cerebel-
lar peduncles.2,3,5 The involvement of 
brainstem structures is also well-doc-
umented, and increased T2 signal may 
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affect the corticospinal, solitary, and 
central tegmental tracts.2,3 

Increased DWI signal is common; 
however associated ADC findings are 
variable and likely reflect a dynamic 
disease process. In the acute setting, 
increased DWI signal with concomi-
tant low ADC signal reflects diffusion 
restriction that is postulated to correlate 
with vacuolization and fluid entrap-
ment between myelin lamellae.6 Sub-
sequently, the extracellular space 
becomes enlarged as the number of 
oligodendroglia and neuronal axons 
decrease, causing increased water diffu-
sion and giving rise to high DWI signal 
without low ADC signal.7,8

Clinical management for HASL 
is based on supportive care. In case 
reports, treatment with coenzyme 
Q has been associated with rever-
sal of clinical and radiological find-
ings.9 Enhanced cognition has been 
observed after treatment with methyl-
phenidate.10 To date, however, no ran-
domized clinical trials have tested the 
efficacy of these interventions. 

CONCLUSION  
The inhalation of impurities in heroin 

vapor is responsible for a vacuolating 
myelinopathy termed heroin-associated 
spongiform leukoencephalopathy. Find-
ings on MRI T2-weighted sequences 
are nearly pathognomonic and are char-
acterized by bilateral and symmetrical 
white matter hyperintensities with a 
predilection for the occipital and parietal 
lobes, splenium of the corpus callosum, 
and posterior limb of the internal capsule 
with sparing of the anterior limb. Infra-
tentorial involvement is characterized by 
T2 hyperintensity in the cerebellar white 
matter and peduncles. Three distinct 
stages of illness are recognized, with 
ataxia and dysarthria being common ini-
tial presenting signs. The clinical course 
is variable, and no definitive treatment 
has been identified.  
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FIGURE 3. DWI demonstrates increased sig-
nal in the posterior limb of the internal capsule, 
occipital lobe white matter, and splenium of the 
corpus callosum which corresponds to areas 
of hyperintensity on FLAIR. The ACD map (not 
shown) confirms diffusion restriction. 

FIGURE 1. Supratentorial axial FLAIR image 
demonstrates bilateral and symmetrical 
hyperintensities in the posterior limb of the 
internal capsule, occipital lobe white matter, 
and splenium of the corpus callosum.

FIGURE 2. Posterior fossa axial FLAIR image 
shows bilateral and symmetrical hyperintensi-
ties involving the cerebellar white matter and 
middle cerebellar peduncles.


