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PRESENTATION OF THE CASE

A 57-year-old right-handed man presented with an 18-
month history of progressive cognitive impairment
leading to immobility and mutism. The patient initially
developed memory problems and gait instability. Six
months after the onset of these symptoms, he was eval-
uated by a physician who described the patient as with-
drawn and unable to follow complex commands. Three
months after this doctor visit, the patient had the onset
of generalized tonic-clonic seizures, requiring multiple
anticonvulsant regimens and several hospitalizations
before obtaining seizure control. Subsequently he con-
tinued to have decreased spontaneous behaviors, pro-
gressive mental slowing, disorientation to time, and
poor memory.
The patient was of Guamanian Chamorro origin, had

a 12th-grade education, and worked as a paralegal. His
family history was significant for an older sister with
Parkinson’s disease and mild dementia, which was not
felt to be due to the parkinsonism dementia complex of
Guam. There was no family history of cerebrovascular
diseases. His past medical history was significant for
previously treated hypertension, but there was no his-
tory of stroke, diabetes, cardiovascular disease, mi-
graine headaches, alcoholism, or toxic exposures. On
presentation, he was taking valproate (200 mg q6h) and
phenobarbital (60 mg bid) but no longer required anti-
hypertensive medications.
The patient’s examination was remarkable for an

akinetic-mute state. Vital signs were within normal lim-
its, except for elevated blood pressures in the 153/97
range. His eyes were open and he appeared awake, but

he did not initiate any motor or verbal behavior. He
blinked to visual threat and visually tracked people and
environmental movement. On attempted interview, the
patient looked directly at the examiner but did not re-
spond to any verbal commands, although he withdrew
all extremities from noxious stimuli. The patient re-
mained bedridden and incontinent, had to be fed, and
had a normal wake-sleep cycle. His pupils were equal
and reactive to light, oculocephalic and corneal reflexes
were present, and bilateral gag reflexes appeared nor-
mal and symmetric. The motor evaluation showed in-
creased tone of a spastic “clasp-knife” nature rather than
an extrapyramidal rigidity. There was no myoclonus or
other movement disorder. Deep tendon reflexes were
within normal limits, but plantar responses were up-
going. He had positive glabellar and snout reflexes.
The patient underwent an evaluation for an akinetic-

mute state associated with a rapidly progressive de-
menting illness and generalized seizures. All routine
laboratory results were normal, including blood cell
counts, metabolic panel, renal and hepatic tests, and in-
flammatory and autoimmune screen. Human immuno-
deficiency virus serology and blood and urine cultures
were negative. An electroencephalogram (EEG) dis-
closed generalized slowing without evidence of seizure
activity or of periodic discharges. Magnetic resonance
imaging (MRI) of the brain showed extensive and dif-
fuse signal abnormalities in a bilaterally symmetric fash-
ion involving the subcortical white matter of both hemi-
spheres (Figures 1, 2, and 3). There was generalized
cerebral atrophy and thinning of the corpus callosum.
Magnetic resonance angiography did not show changes
consistent with a vasculitis, and single-photon emission
computed tomography (SPECT) disclosed diffuse,
widespread hypoperfusion. The cerebrospinal fluid
(CSF) had normal glucose and cell counts with a mildly
elevated protein level (67 mg/dl). CSF syphilis serol-
ogy was nonreactive, and bacterial, viral, and fungal
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FIGURE 1. T1-weighted MRI showing extensive white matter
hyperintensities with compensatory ventricular
enlargement. FIGURE 2. T2-weighted images showing similar white matter

lesions.

cultures were negative. CSF immunoglobulin and c-im-
munoglobulin (IgG) synthesis levels were also normal,
and there were no oligoclonal bands. In addition, the pa-
tient’s CSF was negative for the 14-3-3 protein marker
associated with Creutzfeldt-Jakob disease (CJD).1

The patient’s clinical course continued to be one of
relentless deterioration. He remained in an akinetic
mute state without any spontaneous behavior, depen-
dent for all activities of daily living, and fed through a
percutaneous endoscopic gastrostomy tube. He died
within a year of his assessment from a cardiorespiratory
arrest.

CLINICAL DISCUSSION

The patient presented with a rapidly progressive de-
mentia with akinetic mutism, seizures, and uppermotor

neuron signs. In addition, his neuroimaging disclosed
diffuse white matter disease. This pattern of deficits
raised several concerns in the differential diagnosis.
The main manifestation of this patient’s illness was

akinetic mutism. Patients with akinetic mutism appear
cognizant of the activity around them and are able to
move and speak, but do not. Lesions that produce the
commonest form of akinetic mutism, also called coma
vigil, involve bilateral medial frontal areas, particularly
the anterior cingulate gyrus or its projections.2 Akinetic
mutism may also result from lesions of the ventral stria-
tum or globus pallidus, the medial thalamus, the medial
forebrain bundle as it courses through the anterior hy-
pothalamus, and the midbrain reticular structures or
their course through the subthalamic region. Specific
causes include frontal trauma, bilateral anterior cerebral
artery occlusions, hydrocephalus, bilateral thalamic in-
farction, diencephalic area tumors, subthalamic or mid-
brain strokes, and advanced frontal-subcortical dement-
ing illnesses.
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FIGURE 3. T1-weighted midsaggital MRI illustrating associated
atrophy of the corpus callosum.

Clinicians must distinguish akinetic mutism from
other potential causes of involuntary mutism (Table 1).
Akinetic mutism differs from the milder abulia, which
is characterized by a reduced impulse to act, slow and
delayed responses, and difficulty performing more than
one step in a series. Apathy and depression are altera-
tions in emotional tone rather than action or motor ini-
tiation. Catatonia is marked by associated features of
waxy flexibility, catatonic posturing, or mannerisms. Ex-

trapyramidal mutism may result from marked parkin-
sonian rigidity. Patients with the persistent vegetative
state or apallic state have lost cognitive abilities but re-
tain basic brainstem functions such as respiratory and
cardiovascular regulation. In the locked-in syndrome,
basilar artery occlusion with pontine infarct causes a
state of motor paralysis where only ocular movements
remain. Aphemia and the onset of several aphasia syn-
dromes include an inability to produce verbal output,
but with intact nonverbal behavior.
Two early etiologic considerations in this patient were

Creutzfeldt-Jakob disease (CJD) and the parkinsonism
dementia complex (PDC) of Guam.3,4 The rapid pro-
gression of the clinical dementia dictated consideration
of CJD, a subacute prion encephalopathy associated
with myoclonus and gait difficulty.3 Our patient, how-
ever, lacked supportive findings for CJD, such as 1–2
cycles/second triphasic sharp complexes on EEG and
the 14-3-3 protein marker for CJD in the CSF.1 The PDC
of Guam, which is often associated with amyotrophic
lateral sclerosis, is a neurodegenerative disorder en-
demic to the Chamorros of Guam.4 The patient’s rapid
clinical course, lack of parkinsonism or motor neuron
disease, and extensive white matter involvement made
the diagnosis of PDC unlikely.
The differential diagnosis focused on the presence of

extensive white matter hyperintensities (WMH) onMRI
(Table 2).5 Periventricular white matter abnormalities, or
leukoaraiosis, consist of ill-defined regions with low at-
tenuation values around the frontal and occipital horns
of the lateral ventricles, often extending into the white
matter of the centrum semiovale.6,7 Some degree of leu-
koaraiosis occurs in the majority of individuals over the

TABLE 1. Differential diagnosis for involuntary mutism

Behavior Core Features Differential Features Usual Lesions

Akinetic mutism
(and coma vigil)

Immobility and muteness but
appears alert

Eyes open, follows environment,
unresponsive to verbal commands

Medial bifrontal; anterior cingulate;
midbrain-diencephalon

Abulia Reduced impulse to action Aspontaneity with slow, limited
answers to questions

Medial bifrontal

Apathy Emotional tone is dulled, absent, or
indifferent

Can verbalize lack of interest Medial frontal

Depression Emotional tone of excessive sadness Other symptoms of depression and
anhedonia

Left frontal or anterior temporal

Catatonia Immobility and muteness due to
psychiatric disease

Preserved posture (sitting or
standing); waxy flexibility

Usual morbidity: psychotic
disorders, neuromedical diseases

Extrapyramidal mutism Reduced action from increased
rigidity and tone

Signs of parkinsonism on
examination

Basal ganglia disease

Persistent vegetative state Loss of cortical functions;
unawareness of environment

Eyes usually closed; no purposeful
responses

Extensive cortical gray matter
destruction

Locked-in state Quadriparesis and lower cranial
nerve palsies

Paralyzed but alert and can
communicate by eye blinks

Bilateral pontine

Aphemia Cortical anarthria with impaired
verbal output

Preserved nonverbal and written
behavior

Left inferior frontal

Onset of aphasia Neurological language impairment Disturbed linguistic aspects of
communication

Predominant left hemispheric
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age of 75, and many of these individuals are cognitively
intact.7–10 Mild leukoaraiosis with smooth periventric-
ular rims and thin caps may be nonischemic, from
breakdown of the ependyma and subependymal gliosis,
but severe leukoaraiosis with extensive periventricular
rims and patchy and confluent deep white matter hy-
perintensities typically results from demyelinating dis-
ease or ischemic injury.7 The absence of CSF IgG changes
consistent with demyelinating disease suggested that is-
chemic injury was the more likely explanation. Periven-

tricular and deep white matter are perfused by distal
branches of penetrating arterioles that are susceptible to
chronic ischemia,11,12 which results in arteriolosclerosis
with white matter degeneration, demyelination, reactive
gliosis, hyalinosis, and fibrinoid necrosis.7,13

This patient’s WMH may represent a form of vas-
cular dementia (VaD) from leukoaraiosis.14,15 The ex-
tent of these lesions on T2-weighted MR images can be
an indicator of cognitive impairment,10,16–20 and exten-
sive leukoaraiosis is more common in demented pa-
tients than in nondemented ones.10,12,19,21,22 Callosal
atrophy, present in our patient, may be another impor-
tant predictor of global cognitive impairment in pa-
tients with WMH.23 The presence of severe leukoar-
aiosis may be associated with decreased psychomotor
speed and mental control, abnormal sustained and di-
vided attention, memory retrieval difficulty, decreased
performance IQ, frontal executive dysfunction, and de-
creased flexibility of mental functions.22,24–26 The pref-
erential subfrontal location of the white matter lesions
suggests that involvement of subcortical-frontal behav-
ioral circuits and cingulate involvement are responsible
for these neurobehavioral changes.23,27

VaD with extensive WMH can have several causes.
Some of these are familial, such as cerebral autosomal
dominant arteriopathy with subcortical infarcts and leu-
koencephalopathy (CADASIL),28 Fabry’s disease,29 and
other rare hereditary cerebrovascular disorders.30,31

Gradually progressive dementia without discrete cere-
brovascular events can result in Sneddon’s syndrome in
a patient with widespread livido reticularis.32 When he-
reditary and other specific causes are excluded, we are
left with severe leukoaraiosis, otherwise known as Bins-
wanger’s disease.33,34 Otto Binswanger first described
“subcortical arteriosclerotic encephalopathy” as a promi-
nent dementia with a history of hypertension and exten-
sive periventricular white matter rarefaction on pathol-
ogy.35 As in our patient, the victims of Binswanger’s
disease have gradually progressive aspontaneity, slowed
cognition, frequent falls, upper motor neuron signs, and
possible seizures.36

Unusual features for Binswanger’s disease in our pa-
tient are the rapidity of the course and the absence of
severe hypertension at the time of presentation. Al-
though the typical course of Binswanger’s disease is
about five years, there is a wide range of durations, and
this patient’s eventual 2- to 3-year course is still com-
patible with this diagnosis. Furthermore, the clinical di-
agnosis of Binswanger’s disease demands a history of
chronic hypertension rather than evidence of markedly
elevated blood pressures at the time of assessment. Fi-
nally, the definitive diagnosis of Binswanger’s disease
requires pathological confirmation. Early in the course,

TABLE 2. Differential diagnosis for white matter
hyperintensities on T2-weighted MRI scan

Disease Type and Diagnosis
Vascular/hypoxic
Behçet’s syndrome
Binswanger’s disease
CADASIL
Carbon monoxide intoxication
Hereditary cerebral amyloidosis
Hereditary endotheliopathy
Leukoaraiosis
Postanoxic changes
Sjögren’s syndrome
Sneddon’s syndrome
Systemic lupus erythematosus
Thromboembolic infarcts
Vasculitis (systemic or primary)
Venous sinus thrombosis

Demyelinating
Acute disseminated encephalomyelitis
Central pontine myelinolysis
Multiple sclerosis

Infectious/inflammatory
Cerebritis and post-infectious
Creutzfeldt-Jakob disease
Lyme disease
Neurosarcoidosis
Neurosyphilis
Progressive multifocal leukoencephalopathy
Subacute sclerosing panencephalitis
Tuberculosis
Viral encephalitis (including HIV)
Whipple’s disease

Metabolic/nutritional
Alexander’s disease
Canavan’s disease
Cerebrotendenous xanthomatosis
Fabry’s disease
Leukodystrophies: ALD, Krabbe, MLD
Mitochondrial encephalopathies
Toluene intoxication
Vitamin B12 deficiency
Neuronal intranuclear hyaline inclusion
Polyglucason body disease
Susac’s disease

Neoplastic
Glioma, infiltrating or butterfly
Lymphomatosis cerebri

Radiation-induced

Note: CADASIL�cerebral autosomal dominant arteriopathy
with subcortical infarcts and leukoencephalopathy; HIV�human
immunodeficiency virus; ALD�adrenal leukodystrophy;
MLD�metachromatic leukodystrophy.
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FIGURE 4. Coronal section of fixed brain, parietal region. Note
pronounced collapse and a “moth-eaten” appearance
to the subcortical white matter. Overlying cortical
ribbon appears focally thinned.

SPECT scans may show decreased perfusion in frontal
cortex and basal ganglia,35 but late in the course, as in
this patient, the hypoperfusion is more diffuse and non-
specific. In the future, newer laboratory findings may
support the diagnosis of Binswanger’s disease during
life, such as magnetization transfer images,37 ischemia on
diffusion-weighted MRI,38 slowed arterial-venous transit
times by transcranial sonography,39 and decreased cere-
bral reactivity to apnea during cognitive tasks.40

CLINICAL DIAGNOSIS

Binswanger’s disease.

PATHOLOGIC DISCUSSION

The gross neuropathology was primarily remarkable
for white matter changes. The brain weighed 1,210
grams prior to fixation, and there was no evidence of
hemorrhage, mass effect, or cerebral edema. The cere-
bral hemispheres were symmetrical, were uniformly
cream-colored, and had a normal pattern of sulci and
gyri. On serial sections (coronal plane at approximately
l cm intervals), the cortical ribbon appeared intact, with-
out cysts or infarcts. The telencephalic deep gray struc-
tures and the hippocampi were unremarkable, as was
most of the neocortex. In contrast, the subcortical white
matter was diffusely softened, with a “moth-eaten” ap-
pearance (Figure 4), a change most prominent in the
frontal lobes, with corresponding dilatation of the lat-
eral and third ventricles. Other observations included
mild atherosclerosis of the basal vessels and normal ex-
aminations of the brainstem, including substantia nigra
and locus ceruleus, and the cerebellum.
On histological examination, there were multiple

patchy regions of pallor with prominent demyelination
of the subcortical white matter (Figure 5 A, B). There
was a profound arteriosclerotic changes in deep pene-
trating end-arterioles, especially in periventricular and
deep white matter, characterized by the replacement of
smooth muscle fibers by fibrohyaline material (Figure
6). These changes were associated with focally promi-
nent adventitial inflammation composed primarily of
scattered lymphocytes in the vascular adventitia and
throughout the white matter (Figure 6). In addition,
there were prominent microglia in both white matter
and adjacent cortex and scattered collections of macro-
phages present in white matter adjacent to the deep
white matter, deep central gray matter, and midbrain.
In general, this patient did not show lacunar infarc-

tions, but rather a severe multifocal patchy rarefaction of

the white matter with collections of histiocytes, especially
prominent around the blood vessels. These vascular
changes were also present, though to a lesser degree, in
the basal ganglia and the cortex. There was no evidence
of neurofibrillary tangles, diffuse neuritic plaques or
granulovacuolar degeneration, Lewy bodies, or amyloid
angiopathy in the entorhinal cortex, hippocampus, or
neocortex. There were no spongiform changes in the neu-
ropil of the cortex and no viral inclusions within the nu-
clei or cytoplasm of any neuroglial cells. Therewas severe
neuron loss and gliosis, however, in the hippocampus
(especially the CA1 sector) consistent with severe unilat-
eral hippocampal sclerosis. Finally, therewas no evidence
of granular osmiophilic material deposition or of specific
changes seen with CADASIL or other genetic cerebro-
vascular diseases.28
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FIGURE 5. Section stained for myelin (Klüver-Barrera
technique). Panel A shows relatively well preserved
myelin bounded by cortical ribbon (at top and
bottom of micrograph). By contrast, panel B shows a
relatively pale, markedly demyelinated, and gliotic
region of subcortical white matter. (Both panels,
magnification�25).

FIGURE 6. Typical arteriosclerotic change in a white matter
artery (arrow) seen in a region of demyelination.
Scattered lymphocytes are present in the vascular
adventitia. (Hematoxylin and eosin stain;
magnification�130).

Recent work demonstrates astrocytic gliosis, activation
of microglia, and an inflammatory response in clinico-
pathologically proven Binswanger’s disease.41 The
pathological alterations include a decrease in the oligo-
dendroglia, which are associated with the degradation of
both myelin and axonal components.41 Immunohisto-
chemical characterization of tissue sections was carried
out by using primary antibodies to glial fibrillary acidic
protein (GFAP, an astrocyte marker), CD68 (a macro-
phage/microglial marker), and CD3 (a T-cell marker), all
with appropriate positive and negative controls. GFAP
immunohistochemistry showed astrocytic gliosis in the
subcortical white matter but a surprisingly severe degree
of astrogliosis in the overlying neocortex (Figure 7 A).
CD68 immunohistochemistry showed prominent mac-
rophages in thickened arterial walls, as well as abundant,
evenly spacedmicroglia andmacrophages in the adjacent

subcortical white matter (Figure 7 B). Anti-CD3 immu-
nostaining also disclosed immunoreactive cells (Figure 7
C). These results were consistent with the hypothesis that
an inflammatory reaction may play an important role in
the pathophysiology of Binswanger’s disease.41

In sum, the patchy subcortical leukoencephalopathy
associated with severe arteriosclerotic change findings in
this patient are diagnostic of Binswanger’s disease.42–44

This patient was unique in having extreme Binswanger’s
disease without accompanying lacunes or cystic lesions,
as are usually seen in the presence of hypertensive cere-
brovascular arteriolosclerosis. The other unusual feature
of this patient was the focally severe degree of adventitial
inflammation, including macrophages and T lympho-
cytes, around the white matter microvessels.

PATHOLOGICAL DIAGNOSIS

Binswanger’s disease.
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