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\s=b\We describe a case of akinetic
mutism associated with diffuse cerebral
leukoencephalopathy, which developed
in a bone marrow transplant recipient
following total-body irradiation and am-

photericin B chemoprophylaxis. A trial of
high-dose bromocriptine did not stimulate
purposeful verbal or motor activity.
Fluorine 18-fluorodeoxyglucose posi-
tron emission tomographic studies, per-
formed before and during bromocriptine
therapy, demonstrated cerebral hypome-
tabolism and treatment-related decreases
in regional cerebral blood volume. We
conclude that whole-brain or total-body
irradiation may increase blood-brain barri-
er permeability to polyene antibiotics,
and that high-dose therapy with dopamine
agonists is unlikely to benefit patients
with akinetic mutism due to diffuse white-
matter lesions.

(Arch Neurol 1987;44:414-417)

Akinetic mutism was originally
described by Cairns et al1 as a

condition in which the patient
appears to be awake and may follow

the examiner with his eyes, but spon¬
taneous motor and verbal responses
are lacking; he is doubly incontinent
and responds incompletely to noxious
stimuli. Akinetic mutism following
bilateral damage to the frontal lobes
(including cingulate and orbital gyri
and the septal area)2"4 and small
lesions of the paramedian reticular
formation in the diencephalon and
midbrain has been described."

This article describes the clinical
history of a bone marrow transplant
recipient in whom the rapid onset of
akinetic mutism in the setting of
amphotericin chemoprophylaxis for
systemic fungal infections was asso¬

ciated with widespread demyelination
of cerebral white matter. Fluorine 18-
fluorodeoxyglucose (18FDG)/positron
emission tomographic (PET) scans
were performed before and during a

therapeutic trial of bromocriptine
to study the effect of this direct do¬
pamine agonist on regional cere¬
bral metabolic rate for glucose
(rCMRGlu).

REPORT OF A CASE

A 23-year-old right-handed man was
admitted to Memorial Sloan-Kettering
Cancer Center (MSKCC), New York, in
August 1985, for evaluation of aplastic
anemia. Results of a neurologic examina¬
tion on admission were normal. After pre¬
treatment with cyclophosphamide and
1500 rad (15 Gy) total-body irradiation,
bone marrow transplantation was success¬
fully performed in mid-November, and he

was discharged from the hospital in early
January 1986, having been afebrile for two
weeks. At the time of discharge, he was

fully ambulatory, and his mental status
was normal. During his five-month hospi-
talization he received multiple antibiotics,
including intravenously administered cefo-
taxime sodium, ticarcillin disodium, tobra-
mycin sulfate, vancomycin hydrochloride,
acyclovir, and amphotericin  (total dose,
5.67 g).

Seven days after hospital discharge, his
family reported aggressive behavior, con¬

fusion, and lethargy. When readmitted to
the hospital five days later, his vital signs
were normal, and his neck was supple.
There was little spontaneous verbal or
motor activity, his affect was flat, and his
responses to questions were often delayed.
Although language function appeared
intact, he was confused and disoriented.
His gait was slow and shuffling. Within a

week after admission, he was unable to
follow verbal commands; however, sleep-
wake cycles were present, and visual fixa¬
tion and following movements were

retained. Three weeks after admission, he
was akinetic and mute, with marked
hypertonia, prominent grasp and snout
reflexes, hyperactive deep tendon reflexes,
and a right extensor plantar response.
Brain-stem reflexes were intact, and he
would intermittently blink to visual
threat. Noxious stimuli prompted slow and
incomplete withdrawal.

Results of admission laboratory studies
were normal, and a screen for intoxicants
(ethanol, narcotics, barbiturates, and ben¬
zodiazepines) were negative. Serial platelet
counts and coagulograms were within nor¬
mal limits. Neither acute nor convalescent
serum titers for herpes simplex virus
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Fig 1.—Left, Section of cerebrum stained for myelin with Luxol Fast Blue-periodic acid-Schiff
reagent. Except for two small tongues of intragyral myelin (arrows), there is virtual total myelin
loss, including subcortical U fibers. Right, High-magnification view of cerebral white matter
illustrating marked vacuolation and infiltration by lipid laden macrophages with dark granular
cytoplasm (arrowheads) (X100).

(HSV) or cytomegalovirus (CMV) were sig¬
nificantly elevated. The results of four
lumbar punctures were as follows: opening
pressures ranged between 90 and 180 mm
of cerebrospinal fluid (CSF); there were
mononuclear cells, 4 to 9/mm3(4 to 9 X 10V
L); protein, 11 to 52 mg/dL (0.61 to 2.9
mmol/L); and glucose, 62 to 90 mg/dL (0.62
to 0.90 g/L). Cerebrospinal fluid cultures
for virus, bacteria, and fungi, as well as
VDRL and CSF cytology were negative.
Cerebrospinal fluid titers for coxsackievi-
rus, HSV, CMV, cryptococcal antigen, and
Toxoplasma (immunofluorescent antibody
and IgM) were all less than 1:16. Computed
tomographic scanning with and without
iodinated contrast was normal on admis¬
sion and again 12 days later. Magnetic
resonance imaging revealed areas of white
matter hyperintensity on T2-weighted
images, especially in the frontal lobes, but
also in the temporal and parietal lobes.

One month after admission, bromocrip¬
tine was started at a dose of 2.5 mg admin¬
istered orally every eight hours and
increased, over a nine-day period, to 30 mg
every six hours. There was no change in the
patient's mental status during treatment.
When the total daily dose exceeded 80 mg,
orofacial and upper-body dyskinesias
developed. These side effects ultimately led
to a discontinuation of treatment after
three weeks. Prolactin and growth hor¬
mone levels decreased dramatically during
therapy: prolactin fell from 9.8 ng/mL to
nondetectable, and growth hormone fell
from 10.1 to 0.4 ng/mL. Fluorine 18-fluoro-
deoxyglucose/PET scans were performed
before bromocriptine therapy and after
two weeks of therapy when the patient's
daily dose was 80 mg.

Two months after admission the patient
developed aspiration pneumonia, followed
by progressive respiratory deterioration.
He died on April 19, three months after the
onset of his neurologic illness.

18FDG/PET Measurements of Regional Cerebral Blood Volume (rCBV)
and Metabolic Rate for Glucose (rCMRGIu) Before and During a Trial

of High-Dose Bromocriptine (80 mg/d)*

Region of Interest

Before Treatment

rCBV rCMRGIu

During Treatment

rCBVt rCMRGIu*
L Cerebellum 5.93 4.80 3.58 4.03
R Cerebellum 3.93

Medulla/pons 6.22 3.96 2.73 2.33
Midbrain 6.78 3.03 5.45 2.71
L basal ganglia
R basal ganglia
L thalamus 4.20 4.08 2.61 2.63
R thalamus 3.39 3.09 2.83 2.91
L hippocampus
R hippocampus
L lateral temporal cortex 3.39 3.73 2.76
R lateral temporal cortex 4.37 3.02 3.98 3.47
L opercular cortex 5.85 4.90
R opercular cortex
L posterior temporal cortex 4.73 3.94 2.69 3.96
R posterior temporal cortex 3.52 3.46 2.69 2.92
L medial frontal cortex
R medial frontal cortex 3.80 2.94 3.30 2.87
L lateral frontal cortex 3.78 3.36 2.65 2.85
R lateral frontal cortex 4.10
L calcarine cortex
R calcarine cortex 3.55 2.86 2.71
L cuneus 4.64 3.30 3.02 3.41
R cuneus 4.32 3.41
L inferior parietal cortex
R inferior parietal cortex 3.70 4.59
L paracentral cortex 3.44 4.16 3.92 3.57
R paracentral cortex 6.28 4.32 3.66 3.38
Mean
L centrum semiovale 1.36 1.72
R centrum semiovale 2.28 1.92 1.82 2.16

*18FDG/PET indicates fluorine 18-fluorodeoxyglucose/positron
expressed as follows: rCBV, milliliters per 100 g; rCMRGIu, milligrams

tP< .001 vs before treatment.
  < .005 vs before treatment.

emission tomography.
per minute per 100 g.

Values are
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Fig 2.—Metabolic profiles for "before" (circles) and "during" (triangles) bromocriptine fluorine
18-fuorodeoxyglucose/positron emission tomographic studies compared with mean profile for
18 normal controls (squares); error bars on control profile represent standard error of the mean.
Regional cerebral metabolic rate for glucose (rCMRGIu, milligrams per minute per 100 g) on
ordinate is plotted against anatomical region on abscissa, coded as follows: 5, cerebellum; 10,
brain stem; 15, midbrain; 20, basal ganglia; 25, thalamus; 30, hippocampus; 35, lateral temporal
cortex; 40, opercular cortex; 45, posterior temporal cortex; 50, medial frontal cortex; 55, lateral
frontal cortex; 60, calcarine cortex; 65, cuneus; 70, inferior parietal cortex; 75, paracentral
cortex. Closely spaced data points refer to left and right, respectively. ROI indicates region of
interest.

RESULTS
Neuropathologic Findings

Gross examination of the formalde¬
hyde-fixed brain disclosed mild corti¬
cal atrophy. Microscopically, the cere¬
bral cortex and deep gray structures
were normal. Examination of the
white matter revealed myelin pallor,
vacuolation, diffuse infiltration with
lipid-laden macrophages, and marked
reactive fibrillary astrocytosis (Fig 1).
These changes were less prominent in
infratentorial white matter. Relative
preservation of axons was demon¬
strated by Bodian staining. No viral
inclusions or microorganisms were
identified, and immunostaining for
HSV, herpes zoster, CMV, and Toxo-
plasma was negative.

Positron Emission Tomography
Informed consent for the 18FDG/

PET studies was obtained from the
patient's next of kin. The 18FDG, pro¬
duced by a modification of Tewson's
synthesis,8 was greater than 97%
radiochemically pure. Serial PET
images were acquired with a positron
camera9 (PC 4600) following the injec¬
tion of tracer (5 mCi), while the sub-

ject lay quietly in the scanner gantry
with eyes patched, listening to light
music through acoustically isolated
earphones. The time course of plasma
fluorine 18 radioactivity was deter¬
mined by sampling radial arterial
blood and counting aliquote of plasma
in a scintillation well detector.

Region-of-interest (ROI) analysis
was performed on 128X128 PET
reconstructions that were corrected
for random coincidences, tissue atten¬
uation (transmission scan), and elec¬
tronic deadtime; a single scalar cor¬
rection was used to compensate for
scatter effects in transmission, cross-

calibration, and emission scans.

Twenty-four (12 per hemisphere)
standardized cortical and subcortical
ROIs were outlined on reconstructed
PET brain slices with reference to
coplanar CT scans; two cerebellar, two
brain-stem, and two white-matter
ROIs were also defined (Table).

Compartmental rate constants (k1;
k2, k3) and regional cerebral blood
volume (rCBV) were estimated from
the time course of blood and regional
brain radioactivity.10 Regional cere-

bral metabolic rate for glucose was
then calculated directly as:

Cp/LC
 

k,k3/(k2 + k3),
where LC is Sokoloff's lumped con¬
stant,11 and Cp is plasma glucose con¬
centration. A thresholding strategy
was used to obtain mean ROI radioac¬
tivity concentration as a function of
time for rate constant determination:
the upper 15% of ROI pixel values
were highlighted on the last ten-
minute scan, and the corresponding
pixel coordinates were then stored
and "replayed" on the entire set of 21
frames.

Accurate patient repositioning
(within 1 mm along with Z-axis) was
facilitated by means of a custom-
molded Polyurethane headholder-
immobilizer (Smithers Medical Prod¬
ucts, Hudson, Ohio) and crossed
lasers. Regional cerebral blood vol¬
ume and rCMRGIu values derived
from the same gray-matter and
white-matter ROIs on pre- and post-
treatment 18FDG/PET studies (Table)
were compared using the signed-rank
test.12 The observed decreases in rCBV
and rCMRGIu, although highly statis¬
tically significant (P < .001 and
 < .005, respectively), most likely
reflect a global reduction in cerebral
metabolic rate. "Before": "during" ra¬
tios (BDRs) were computed using the
rCBV and rCMRGIu data in the Table.
Regional BDRs were then compared
with their corresponding mean

(across regions) BÖR. Only one

regional BDR (medulla:pons; Table) in
each dataset deviated from its corre¬

sponding mean BDR by more than
two SDs.

Figure 2 depicts metabolic profiles
for the "before" and "during" 18FDG/
PET studies compared with the mean

profile for 18 normal volunteer sub¬
jects aged 27 ± 5 years (mean ±
SD), who had no history of recent
medical illness, neurologic or psychi¬
atric disease, developmental disorder,
or substance abuse. All control sub¬
jects underwent a complete neurologic
examination and neuropsychologic
evaluation prior to FDG/PET scan¬

ning. In comparison with normal con¬

trols, rCMRGIu in both patient
studies is markedly reduced, and the
corresponding metabolic profiles are

noticeably altered; the depression of
frontal, posterior temporal, and occip¬
ital rCMRGIu (ROIs 45 to 65) is espe¬
cially striking in the scan performed
during treatment.

COMMENT
In our patient, akinetic mutism was

associated with global cerebral hy-
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pometabolism and widespread lesions
in cerebral and cerebellar white mat¬
ter. Administration of high-dose bro¬
mocriptine mesylate, a dopamine ago¬
nist that stimulates D2 (nonadenyl
cyclase-linked) receptors,13 was not
clinically beneficial and was associ¬
ated with severe dyskinesias and
reduced rCBV and rCMRGIu.

The following features of our

patient's illness are consistent with
previous descriptions of akinetic
mutism: (1) absence of prior stupor or

coma; (2) lack of spontaneous verbal
and motor responses; (3) minimal
response to noxious stimuli; (4) lack of
primary motor or sensory deficits to
account for akinesia; (5) inability to
signal yes or no in response to simple
questions with voluntary eye move¬

ments; (6) preservation of sleep-wake
cycles; and (7) intermittent, seemingly
purposeful, conjugate eye movements
("following movements"). Neuropath¬
ologic examination disclosed wide¬
spread destruction of cerebral and
cerebellar white matter, most severe
in the frontal lobes. This localization
is consistent with previous reports of
akinetic mutism with bilateral frontal
damage extending into adjacent lim¬
bic and neocortical regions.

The recent report by Ellis et al14 of
leukoencephalopathy in patients
treated with amphotericin  methyl
ester, a more soluble anionic form of
amphotericin B, suggests that radia¬
tion-induced enhancement of blood-
brain barrier permeability to ampho¬
tericin  was responsible for our

patient's neurologic deterioration.
Ellis et al14 described 14 patients with
mycotic infections who were treated
with intravenously and/or intrathe-

cally administered amphotericin  
methylester; all seven patients who
received more than 9.8 g of intrave¬
nous amphotericin  methyl ester
administered intravenously developed
severe neurologic disorders, including
dementia and akinetic mutism. The
role of amphotericin  in producing
this neurologic/neuropathologic syn¬
drome remains unproved,15 but the
similarities between the clinical and
pathologic features of our patient and
the patients reported by Ellis et al are

striking indeed. In our patient,
amphotericin  was the only medica¬
tion administered during the two
weeks prior to the onset of his neuro¬

logic illness. The lack of previous
reports of akinetic mutism and leu¬
koencephalopathy complicating am¬

photericin  treatment is noteworthy,
suggesting that increased blood-brain
barrier permeability to amphoteri¬
cin—in this case, as a result of total-
body irradiation—may be a necessary
precondition to the development of
irreversible neurotoxicity.

Ross and Stewart16 successfully
treated a patient with akinetic
mutism secondary to postsurgical
anterior hypothalamic damage. Stu-
porous postoperatively, their patient
evolved after two weeks into an aki¬
netic mute state. After treatment
with lergotrile mesylate, a direct
dopamine agonist, and bromocriptine
mesylate (up to 110 mg daily), he
could converse and ambulate without
assistance. In our patient, treatment
with bromocriptine in doses up to 120
mg daily had no therapeutic effect,
but resulted in dose-dependent orofa-
cial and upper-body dyskinesias. The
therapeutic success of direct dopa-

mine agonists in Ross and Stewart's
patient and the failure of bromocrip¬
tine in our patient suggests that the
location of the lesion producing aki¬
netic mutism may be important in
determining therapeutic response.

Levodopa and the dopamine ago¬
nists piribedil and apomorphine
affect cerebral hemodynamics and
metabolism in baboons and in man;
widespread increases in cerebral
blood flow, cerebral metabolic rate for
oxygen, and cerebral metabolic rate
for glucose have been reported.17'20
These experimental results, and the
results of PET studies of patients
with Parkinson's disease21·22 led us to
anticipate an increase in rCMRGIu
during bromocriptine therapy. How¬
ever, the results of our "before" and
"during" 18FDG/PET studies indicate
that (in an akinetic mute patient)
high-dose bromocriptine does not
stimulate cerebral glucose metabolism
and may even produce marked region¬
al reductions in rCMRGIu. We have no

explanation for our finding of reduced
rCBV during bromocriptine therapy,
although it may reflect a proportional
decrease in rCBF, coupled to the
observed decrease in rCMRGIu.

A fuller understanding of the cere¬
bral hemodynamic and metabolic con¬

sequences of bromocriptine therapy
awaits serial PET measurements of
rCBV, rCBF, and rCMRGIu in normal
volunteer subjects and in patients
with Parkinson's disease and altered
consciousness.
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