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Abstract 

Susac syndrome (SS) is a central nervous system vasculitis characterized by the clinical triad 

of encephalopathy, sensorineural hearing loss, and visual disturbance caused by branch reti-

nal artery occlusion. It is considered as an inflammatory disorder, and an autoimmune etiol-

ogy is suggested. A 29-year-old man with a history of recent cocaine abuse developed the 

clinical features of SS. Toxicological analysis including hair testing revealed that cocaine 

had been adulterated with levamisole. After an initial clinical improvement following corti-

costeroid therapy, the introduction of mycophenolate mofetil was justified a few weeks later 

by the progression (or relapse) of the retinal injury, followed by complete recovery. The pres-

ence of levamisole has been documented in patients with multifocal inflammatory leu-

koencephalopathy (MIL). Further investigations are needed to determine if levamisole as an 

adulterant of cocaine could also play a role in the development of rapidly progressive 
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leukoencephalopathy in young men, with Susac or Susac-like syndromes as possible variants 

of MIL. 

 © 2020 The Author(s) 

 Published by S. Karger AG, Basel 

Introduction 

Susac syndrome (SS) is a rare central nervous system vasculitis characterized by the com-
bination of encephalopathy, sensorineural hearing loss, and visual disturbance due to branch 
retinal artery occlusion [1]. Since its initial description by Susac et al. [2] in 1979, more than 
300 cases have been reported. Female patients are more frequently affected than male pa-
tients who generally suffer from more aggressive forms of the disorder. The pathogenesis of 
SS is not yet fully understood but is usually considered as an inflammatory disease of putative 
autoimmune etiology [3]. On the other hand, exposure to levamisole in monotherapy has been 
associated with multifocal inflammatory leukoencephalopathy (MIL). The lesions are then 
prominent in the centrum ovale, per-lateral ventricles, and basal ganglia bilaterally [4]. These 
lesions appear distinct from those of cocaine-related leukoencephalopathy. Toxic agents have 
been rarely hypothesized as triggering cofactors of SS or variants [5]. We report a case of acute 
SS developed in a young man shortly after the start of levamisole-adulterated cocaine abuse.  

Case Presentation 

A 29-year-old man was referred to the emergency department (ED) due to severe head-
ache and behavioral changes.  

The symptoms had started 12 days before admission with the headache considered as 
migraine and treated by oral pain killers. The patient came back to the ED 2 days later with 
persisting headache and right-sided paresthesia. Brain computed tomography (CT) failed to 
reveal any abnormality, and the patient was sent home again with nonsteroidal anti-inflam-
matory drugs and tramadol.  

Two days later, he developed severe behavioral and cognitive changes with incompre-
hensible vocalizations, anterograde amnesia, aggressiveness towards his family members, 
and agitation. Sleeping rhythm was inverted with alternating periods of apathy/somnolence 
and agitation.  

Patient’s medical history was unremarkable, and he did not take any medication. Occa-
sional use of tobacco and alcohol was reported. We learned from his father that he had started 
regular cocaine consumption 3 months ago but should have stopped about one week before 
admission. 

On admission, the patient was awake, but disorientated in time and place, and did not 
properly answer to questions. There was no sign of lateralization and cerebellar tests were 
normal. Neck stiffness and photophobia were noted.  

Routine laboratory investigations were unremarkable, as well as blood and urine toxico-
logical screening. Repeated brain CT was also normal. Lumbar puncture showed a normal 
opening pressure, and cerebrospinal fluid (CSF) analysis revealed 7 mononuclear cells/mm3 
and a high protein level at 224 mg/dL. The albumin quotient was highly increased (37.9, nor-
mal value <6.5 under 40 years of age), confirming, together with the further brain magnetic 
resonance imaging (MRI) findings, significant alteration of the blood-CSF barrier permeabil-
ity. Microbiological and viral CSF tests were negative. No CSF-specific IgG oligoclonal bands 
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were found. As infectious encephalitis was ruled out, antimicrobial and antiviral therapy was 
interrupted.  

While staying in the ICU, the patient had been less agitated but remained disoriented in 
time and space and had suffered from transcortical sensitive aphasia. Brain MRI was per-
formed 14 days after symptom onset which showed ubiquitous small lesions within white 
matter displaying high signal intensity on diffusion-weighted images and water diffusivity re-
striction on apparent diffusion coefficient (ADC) maps. The radiologist initially considered the 
hypothesis of disseminated ischemic foci due to cocaine-related vasoconstriction (not illus-
trated). Brain MRI examination was repeated after 3 days and showed numerous additional 
punctate lesions involving the corpus callosum, together with abnormal meningeal enhance-
ment and contrast agent leakage in the CSF (Fig. 1).  

Retinal fluoroangiography revealed multiple segmental occlusions of the central retinal 
artery (Fig. 2), and an audiogram showed bilateral but asymmetric sensorineural hearing loss, 
with a left predominance. 

After the diagnosis of SS, bolus corticosteroid therapy was initiated using methylpredni-
solone 1 g daily for 5 days, followed by tapering oral doses. Toxicological investigations were 
completed by hair analysis using ultra-performance liquid chromatography tandem mass 
spectrometry operating in positive electrospray mode (Quattro Premier, Waters, Milford, MA, 
USA). Hair samples were cut into six segments of 1 cm, and the presence of cocaine, levami-
sole, opioids, and several amphetamines was investigated. Only cocaine together with metab-
olites, levamisole, and tramadol were detected. Quantification was possible using deuterated 
analogues: cocaine-D3 for cocaine and norcocaine, benzoylecgonine-D8 for benzoylecgonine, 
methylecgonine-D3 for methylecgonine, 6-acetylmorphine-D6 for levamisole, and tramadol-
D3 for tramadol. The following concentration ranges were found in the hair: cocaine (>5,000 
pg/mg), benzoylecgonine (>5,000 pg/mg), methylecgonine (68–113 pg/mg), norcocaine (581 
to >1,000 pg/mg), levamisole (73–139 pg/mg), and tramadol (1,378–2,155 pg/mg). The pa-
tient was transferred from our institution to a rehabilitation center 13 days after admission. 
Cognitive status progressively improved, but the patient remained dysexecutive and had fea-
tures of frontal lobe syndrome. Five weeks after discharge, the patient presented with a sub-
acute left-eye central scotoma and altitudinal visual field deficit while still on a daily oral dose 
of 16 mg methylprednisolone. New retinal branch artery occlusions were documented on 
fluoroangiography (Fig. 2). However, brain MRI did not show additional microvascular is-
chemic lesions when compared to previous examination, and lepto-meningeal enhancement 
had significantly decreased (not shown). This relapse (or progression of the initial lesions) 
was again treated by repeated methylprednisolone pulse therapy followed by oral tapering. 
Immunosuppressive treatment with mycophenolate mofetil was started. At 10-month follow-
up, the patient was asymptomatic. He resumed work and did not report any residual cognitive 
deficit, as confirmed by neuropsychological testing performed 3 months after the initial epi-
sode. 

Discussion 

Levamisole is an “old” antihelminthic and immunomodulatory drug still used in veteri-
nary medicine. No more indications exist in human medicine, but it is unlawfully used to adul-
terate cocaine. The Dutch drug monitoring system has observed an increase of up to >70% of 
cocaine adulterated with levamisole from 2006 to 2014. Levamisole is cheap, has similar 
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physical properties as cocaine, and its metabolite (aminorex) has a longer half-life and am-
phetamine-like effects that can lengthen the effects of cocaine [6–8]. 

Significant complications were reported with levamisole use in human inflammatory dis-
orders. They included leukopenia and agranulocytosis, as well as several forms of vasculitis 
(leukocytoclastic vasculitis, cutaneous necrotizing vasculitis, thrombotic vasculopathy). Most 
of these adverse effects may improve after discontinuation of levamisole therapy, but cortico-
steroid therapy was required in some cases [6, 7]. The most severe but rare cerebral compli-
cation of levamisole exposure is MIL which was not usually observed after the use of cocaine 
alone [7]. A large review of 203 cocaine users with suspected levamisole-related side effects 
failed to report a single case of MIL [6, 7]. Similarly, several observational reports of MIL-like 
syndrome after cocaine use failed to reveal the presence of levamisole [9–11]. In turn, recent 
case reports have documented the presence of levamisole in patients with MIL or related 
forms of the disorder with cocaine use [4, 12, 13]. As in a previously reported case, the patient 
presented a rapidly progressive leukoencephalopathy with clinical and radiological signs con-
sistent with SS, including numerous inflammatory white matter foci with synchronous con-
trast-enhancement and decreased ADC value prominently involving the corpus callosum. The 
only significant difference between the two patients was the strong meningeal thickening and 
contrast enhancement observed in the herein reported patient, which was not present in the 
previously reported case [5]. Usually, features of levamisole-induced MIL include the subacute 
onset of cognitive disturbances together with motor and sensitive dysfunctions. The delay be-
tween exposure and symptoms ranges from days to weeks. The most severe neurological im-
pairment usually occurs several days after symptom onset [14]. Multiple white matter lesions 
disclosing ring enhancement at post-contrast MR images are usually seen. Gray matter is usu-
ally spared in MIL. In turn, gray matter involvement is frequent in SS together with highly 
suggestive lesions of the mid-portion of the corpus callosum and leptomeningeal inflamma-
tion [2, 3]. 

SS is usually considered as a monophasic disorder contrasting with the relapsing-remit-
ting (RR) course of multiple sclerosis, but longer follow-up of some SS patients has highlighted 
a possible RR course of the disorder [15]. 

Conclusion 

An inflammatory and autoimmune physiopathology for the SS has been hypothesized, but 
the triggering conditions/antigens remain poorly identified. The documented relationship be-
tween levamisole and MIL and the observation of SS after the exposure to cocaine adulterated 
with levamisole raise the hypothesis that the latter could play a synergistic role as a triggering 
cofactor in the onset of Susac or Susac-like syndromes in cocaine users.  
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Fig. 1. Magnetic resonance workup. a Contrast-enhanced transverse fluid-attenuated inversion recovery 

view showing numerous hyperintense foci within brain parenchyma, i.e. within corpus callosum (dotted 

arrow), together with strong enhancement of peripheral subarachnoid spaces (arrows) contrasting with 

normal signal suppression of intraventricular CSF (asterisk). This unusual feature assessed intense me-

ningeal inflammation with subsequent massive leakage of contrast agent molecules within surrounding 

CSF. b Transverse diffusion-weighted (DW) view in similar slice location as a with b factor at 1,000 mm/s2 

showing punctate foci seen on previous images as hyperintense foci of restricted water diffusivity with 

strongly decreased apparent diffusion coefficient (ADC) values (parametric ADC map not shown). Syn-

chronous DW positivity of all lesions closely matched the synchronous enhancement of all lesions seen 

on post-contrast T1-weighted views (not shown). 

 

 

 

Fig. 2. Fluoroangiography at 1 week (a) and 6 weeks (b). a Segmented arterial occlusions (arrows) on the 

nasal-inferior branch of the central retinal artery. b Whitish ischemic retinal edema (star) on the inferior 

part of the macula due to a new episode of arterial occlusion affecting the temporal-inferior branch of the 

central retinal artery (arrow). 
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