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A 56-year-old woman presented with changes in balance, handwriting, and thinking. Approximately 1 year
before her first visit, the patient developed difficulty
walking, which caused multiple falls without serious
injury. She also developed bilateral upper-extremity
tremors that worsened with movement. At the time
of her visit, she could barely sign her name.
Approximately 4 months before her first visit, the
patient’s family noticed she was having more difficulty speaking, causing frequent pauses in conversation. Sentence structure in her e-mails was abnormal
but her family believed that her comprehension was
intact. She was still able to do most of her activities of
daily living, but only cooked simple meals, and had
stopped driving because of a minor car accident.
The patient’s medical history was notable for breast
cancer, treated with mastectomy, chemotherapy, and
radiation 7 years prior. She also had kidney stones necessitating a total nephrectomy after failed lithotripsy, and
experienced urinary incontinence and constipation.
Medications included letrozole 2.5 mg daily, polyethylene glycol 17 g daily, and solifenacin 10 mg daily. She
had a family history of dementia in her mother when she
was in the eighth decade of life, but no other family
history of dementia or neurodegenerative illness.
At the time of her first visit to a neurologist, the patient’s vital signs were normal. On cognitive testing,
the patient’s Mini-Mental State Examination score was
28/30, with difficulties in figure copying and writing
that were both attributable to a tremor. Further cognitive testing showed decreased naming and difficulty
understanding a syntactically complex sentence. Spelling was reduced for longer words. She had some right/
left confusion. Ideomotor, limb kinetic, and oral apraxias were prominent, as were bilateral palmar grasp
responses. Gegenhalten was present. Her cranial nerve
examination was notable for saccadic pursuits. On
motor examination, her strength was intact. She had
postural and action tremors bilaterally. She had severe
impairment of fine finger movements and rapid alternating movements due to decreased amplitude and
frequent arrests of movement. Her gait was notable
for decreased arm swing and en bloc turning.

The patient was referred to a movement disorders
specialist who also noted extrapyramidal signs of bradykinesia and postural instability, apraxia, and myoclonus,
with apraxia being the dominant component (video).
Question 1: How would you localize the degenerative
process? The patient’s examination is notable for speech

difficulty and apraxia. Apraxia may localize to frontal or
parietal lobes. Left parietal lobe lesions, in particular,
have been associated with buccofacial and bilateral limb
apraxia.1,2 These apraxias may also be associated with
conduction or Broca aphasia, which may be pertinent
to this patient’s word-finding difficulty and trouble with
complex sentences.3 She also had bradykinesia suggesting involvement of the extrapyramidal system.
Question 2: What is your leading clinical diagnosis?

Given her prominent apraxia, postural tremor, and
bradykinesia, the patient was diagnosed as having a
corticobasal syndrome (CBS).4 Whereas corticobasal
degeneration implies a unique pathology involving a
4-repeat tauopathy, CBS describes the clinical presentation and has an expanded pathologic differential
diagnosis (table e-1 on the Neurology® Web site at
www.neurology.org). For example, cases of CBS have
shown Alzheimer pathology, Lewy body disease, or
progressive supranuclear palsy at autopsy.5,6
CBS classically begins as a unilateral akinetic-rigid
disorder with associated localizing cortical findings that
may include cortical sensory loss, alien limb phenomenon, and pyramidal findings. Apraxia is frequently
associated with CBS. Patients with CBS may also first
present with cognitive problems including a language
disorder, and later develop motor symptoms.7
Given the rapidity of her decline, other disorders to
consider that have also presented with the clinical picture of CBS include a paraneoplastic syndrome or prion
disease such as Creutzfeldt-Jakob disease (CJD). Cases
of prion disease presenting with abnormal movements,
myoclonus, aphasia, and apraxia are well described.8
Question 3: What tests would you like to order and
review? MRI can be suggestive of CBS if there is asym-

metrical cortical atrophy.9 For other diagnoses, MRI
scans show midbrain atrophy in progressive supranuclear

Supplemental data at
www.neurology.org
From the Departments of Neurology (P.P., D.G., C.Z.) and Pathology (E.H.B.), and Cognitive Neurology and Alzheimer Disease Center (E.H.B.,
D.G.), Northwestern University Feinberg School of Medicine, Chicago IL.
Go to Neurology.org for full disclosures. Funding information and disclosures deemed relevant by the authors, if any, are provided at the end of the article.
e162

© 2013 American Academy of Neurology

ª"NFSJDBO"DBEFNZPG/FVSPMPHZ6OBVUIPSJ[FESFQSPEVDUJPOPGUIJTBSUJDMFJTQSPIJCJUFE

Figure 1

Fluid-attenuated inversion recovery
MRI of the patient’s brain in the axial
plane

There are confluent T2 hyperintensities involving subcortical white matter of the superior frontal gyri bilaterally and
central to the motor strip, with additional T2 hyperintensities in periventricular white matter and atrophy of the paracentral lobules bilaterally.

palsy. MRI has a sensitivity of 91% to 92%, and specificity of 94% to 95% for CJD.8 MRI findings suggestive
of CJD include cortical ribboning or basal ganglia hyperintensity on fluid-attenuated inversion recovery and diffusion-weighted images with corresponding low signal
on the ADC sequences. Conventional MRI scans are
neither sensitive nor specific for the diagnosis of Alzheimer disease or Lewy body dementia.
An MRI of the brain done 6 months before her first
examination in our clinic demonstrated mild vermian
atrophy with some midline frontal atrophy. The lateral
and third ventricles were prominent, with periventricular and subcortical T2 hyperintensities. The body and
splenium of the corpus callosum were markedly
Figure 2

Coronal section at the level of the anterior commissure

Note marked attenuation of subcortical white matter.

thinned. The caudate nuclei were also thinned bilaterally (figure 1).
Laboratory studies of serum and CSF are also indicated in the workup of a rapidly progressive neurodegenerative process. White and red blood cell counts,
glucose, and protein were normal in her CSF. The venereal disease research laboratory test, oligoclonal bands,
myelin basic protein, cytology, and cryptococcal antigen
were all negative. CSF 14-3-3 protein was indeterminate. A paraneoplastic panel including Hu, Ma1,
Ma2, Yo, Ri, LEMS, CV2, VGKC, and Zic4 antibodies
was negative. Blood tests including thyroglobulin, thyroid peroxidase, thyroid stimulating hormone, vitamin
B1, Lyme disease antibodies, antigliadin immunoglobulin A, immunoglobulin G, serum protein electrophoresis, HIV-1 and -2, methylmalonic acid, erythrocyte
sedimentation rate, antinuclear antibody screen, B12,
folate, and hemoglobin A1c were all normal.
A 30-minute EEG demonstrated bilateral slowing
that was most prominent over the left hemisphere. A
PET scan of the brain demonstrated minimal asymmetrical areas of hypometabolism in the left parietal lobe.
Question 4: What therapies might you recommend?

Aside from her cognitive deficits, the patient’s dominant problem was her apraxia, the medical treatment of
which is limited. The patient also had myoclonus,
which can be best treated with trials of levetiracetam,
clonazepam, or valproic acid.10 Carbidopa-levodopa
for the associated parkinsonism can also be tried but
is typically much less effective than in its use for idiopathic Parkinson disease.
She was started on levetiracetam for myoclonus with
no change in her symptoms. It was subsequently discontinued. Clonazepam was also tried without success. A
trial of carbidopa-levodopa showed no benefit, and was
discontinued. Escitalopram was added for concomitant
depression.
Question 5: What other steps should be taken in the care
of a patient with incurable, advancing neurodegenerative
disease? Over the course of 2 years, the patient deteri-

orated significantly. She became globally aphasic, and
her difficulty walking progressed so that she required
a wheelchair for mobility. She became increasingly apathetic and developed a pseudobulbar affect. Her examination was further marked by myoclonus in the right
arm, with mild rigidity in all extremities and dystonic
posturing in the left hand. She was unable to initiate
eye movement without a head thrust.
Speech therapy was offered. A swallow study was normal. Hospice was notified and brain donation was discussed. The utility of a feeding tube was also discussed
but was declined by the family. The patient was maintained on a diet of thickened liquids and pureed foods.
While in hospice, she developed aspiration pneumonia
and died 3 years after symptom onset.
Neurology 80

April 9, 2013

e163

ª"NFSJDBO"DBEFNZPG/FVSPMPHZ6OBVUIPSJ[FESFQSPEVDUJPOPGUIJTBSUJDMFJTQSPIJCJUFE

Figure 3

Marked white-matter rarefaction with neuroaxonal spheroid (open
arrow) and glial cell with brownish pigment (arrow)

Hematoxylin & eosin, 6003 magnification.

Autopsy revealed a 1,190-g brain with moderate
frontal and parietal and mild temporal atrophy. Coronal sections revealed severe dilatation of the lateral
ventricles and severe attenuation of the subcortical
white matter (figure 2). Microscopically, there was
severe white-matter rarefaction with loss of both axons and myelin, and frequent neuroaxonal spheroids
and pigmented glia and macrophages (figure 3).
Spheroids were highlighted with a neurofilament immunostain (figure 4). Two separate neuropathologists
confirmed the diagnosis of adult-onset leukodystrophy with neuroaxonal spheroids and pigmented glia.
Adult-onset leukodystrophy with neuroaxonal spheroids, also known as hereditary diffuse

DISCUSSION

Figure 4

Neuroaxonal spheroids highlighted by neurofilament immunostain

leukoencephalopathy with spheroids, is an uncommon
disorder that usually demonstrates autosomal dominant
inheritance. However, sporadic cases have been reported.
A recent literature review reported that the age at onset
varies from 15 to 78 years, with a mean of 42 years of
age. Age of death averages 48 years, with a range of 17
to 89 years of age. The duration of symptoms ranged
from 2 months to 34 years, with symptoms including
dementia, apraxia, ataxia, urinary incontinence, and
extrapyramidal symptoms.11 Depression, aggression,
and psychotic features may also develop. The differential
diagnosis includes frontotemporal dementia, corticobasal
degeneration, and other leukoencephalopathies such as
metachromatic leukodystrophy, cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy, and Binswanger disease.11,12
The leukoencephalopathy is most severe in the
frontal and temporal lobes, although the thalamus
and rostral caudate may be mildly reduced in size,
and the corticospinal tracts and basis of the pons
may also be atrophic. This gray-matter involvement
may reflect neuronal death due to lack of sustaining
cortical/subcortical projecting fibers, or may also be
due to white-matter damage to tracts that traverse
these nuclei.12,13 Pre- and postcentral gyri tend to
be most involved. U fibers are relatively spared.
MRI demonstrates signal abnormality in bilateral
white matter. The corpus callosum may be thinned,
and cerebellar degeneration may be noted. The MRI
findings are nonspecific, however.12
Earlier this year, heterozygous mutations in a gene
encoding the tyrosine kinase domain of the colonystimulating factor receptor 1 (CSF1R) were associated
with hereditary diffuse leukoencephalopathy with
spheroids.14 The relationship between this gene and
sporadic cases is less certain.
Before the recent discovery of the CSF1R mutation, the only way to confirm this diagnosis was by
histopathology. Microscopy reveals widespread leukoencephalopathy with axonal spheroids and macrophages in affected white matter. The spheroids are
best identified with Bielschowsky, Bodian, and antineurofilament immunostains. There is a pronounced
loss of Purkinje cells in the cerebellum. At this time,
supportive care is the only therapeutic option.
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