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Serial Positron Emission Tomography with Fludeoxyglucose F 18 in
Creutzfeldt-Jakob Disease

Toshihide Ogawa, Atsushi Inugami, Hideaki Fujita, Jun Hatazawa, Eku Shimosegawa, Iwao Kanno, Toshio Okudera,
Kazuo Uemura, and Ken Nagata
Summary: We serially examined a patient with Creutzfeldt-Jakob
disease using fludeoxyglucose F 18 and positron emission to-
mography. Marked cerebral hypometabolism reflected clinical
deterioration in the early stages of Creutzfeldt-Jakob disease
when no parenchymal abnormalities were present on MR imag-
ing.

Index terms: Dementia; Positron emission tomography

Creutzfeldt-Jakob disease is a fatal and trans-
missible disease with no effective therapy (1).
Therefore, it is important to make an early di-
agnosis for preventing person-to-person trans-
mission. Computed tomography (CT) andmag-
netic resonance (MR) imaging have not shown
any specific findings for CreutzfeldtJakob dis-
ease (2–8). We serially examined a patient with
histologically verified Creutzfeldt-Jakob disease
by fludeoxyglucose F 18 (FDG) and positron
emission tomography (PET). These findings are
compared with those present on CT and MR
imaging at similar stages of the disease.

Case Report
This 59-year-old woman had a 3-week history of pro-

gressive numbness of the right extremities. When admitted
to our hospital in early September 1990, she was alert and
well oriented and free of neurologic deficit except for deep
sensory disturbance of the right extremities. CT scan of the
brain was normal. Soon after admission, a disturbance in
proprioception in the right extremities developed. In early
October, she exhibited a rapid mental deterioration and
disturbance in general performance including motor apha-
sia, dementia, and spasticity. The first electroencephalo-
gram (EEG), obtained 1 month after admission, revealed a
marked slowing of the background activity mainly in the
left cerebral hemisphere.

CT scan obtained in October 1990 showed mild brain
atrophy (Fig 1A). MR imaging obtained 3 days after the CT
scan also revealed mild brain atrophy (Fig 1B). FDG PET
obtained 1 day after the MR study showed left cerebral
hypometabolism (Fig 1C). The cerebral metabolic rate for
glucose was assessed by the FDG method of Phelps et al
(9). Cerebral metabolic rate for glucose was calculated
using fixed rate constants of healthy volunteers and a
lumped constant of 0.52 (10). Cerebral metabolic rate for
glucose of the left cerebral cortices was decreased to 52%
of the normal value (11) (Table). The reduction of cerebral
metabolic rate for glucose in the right cerebral cortices was
65%. Cerebral metabolic rate for glucose measurement of
cerebellum, brain stem, basal ganglia, and white matter
were only slightly decreased. Follow-up EEG recordings
showed periodic synchronous discharge suggestive of
Creutzfeldt-Jakob disease.

In early November 1990 quadriplegia and myoclonic
jerks developed. The follow-up FDG PET (Fig 1D) ob-
tained in January 1991 showed a remarkable decrease of
cerebral metabolic rate for glucose in the whole brain
without showing the asymmetry observed in the first FDG
PET. Cerebral metabolic rate for glucose of cerebral cor-
tices and subcortical gray matter were decreased to about
30% of normal values (Table). CT scan obtained on the
same day as the FDG PET showed marked progress of
diffuse brain atrophy (Fig 1E).

The patient died of respiratory disturbance in April
1991. At autopsy, pronounced, diffuse atrophy of the ce-
rebral cortex and subcortical gray matter and marked ven-
tricular dilatation were observed. In addition to severe cor-
tical neuronal loss and astrocytic hyperplasia and
hypertrophy, spongiform changes were evident in the
deeper layers of the cerebral cortex, especially in the oc-
cipital lobes.
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Fig 1. A, Noncontrast CT scan
(October 8, 1990) shows slightly en-
larged anterior horns of lateral ventri-
cles and mild widening of cortical
sulci.

B, T2-weighted spin-echo image
(3000/90/1 [repetition time/echo
time/excitations]) (October 11, 1990)
reveals mild brain atrophy without pa-
renchymal abnormalities.

C, FDG PET (October 12, 1990)
shows left cerebral hypometabolism.
Glucose metabolism in left basal gan-
glia and occipital lobe is almost nor-
mal.

D, Follow-up FDG PET (January
25, 1991) performed 3 months after
the first FDG PET shows a remarkable
decrease of glucose metabolism in the
whole brain.

E, Follow-up noncontrast CT scan performed on the same day as the FDG PET (D) shows marked progression of ventricular
enlargement and diffuse widening of cortical sulci compared with that seen in A.
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Discussion

The definite diagnosis of Creutzfeldt-Jakob
disease is based on histopathologic findings. In
general, Creutzfeldt-Jakob disease is diagnosed
clinically from its symptoms and course show-
ing a rapidly progressive dementia associated
with upper motor neuron dysfunction and my-
oclonus (1). Characteristic EEG changes, such
as periodic synchronous discharge, help make
the diagnosis despite nonspecific findings for
this disease (1). Neuroimaging studies have
provided supporting information for the diagno-
sis. Although Falcone et al reported a case that
showed focal abnormalities on CT scan (8), CT
scan usually did not show any abnormalities
except for brain atrophy (3–5). Therefore, CT
scan has been used to exclude focal lesions as a
cause of the patient’s symptoms.
There are several reports that MR imaging
was more sensitive than CT scan in detecting
cortical atrophy and pathologic changes (6–8).
Some reports did not show any abnormalities in
the cerebral cortex except for brain atrophy in
patients with Creutzfeldt-Jakob disease on MR
imaging in the early stages of the disease (7,
12). In our patient, only mild brain atrophy was
observed in the early stage of Creutzfeldt-Jakob
disease. Others reported that T2-weighted MR
images displayed focal abnormal hyperintensity
in the cerebral cortices and subcortical gray
matter (6, 8). However, most of the abnormal-
ities on MR were seen in the late stages of
Creutzfeldt-Jakob disease. Falcone et al re-
ported that symmetric hyperintensity of both
occipital lobes without cerebral atrophy was ob-
served on T2-weighted image in the early stage



Cerebral metabolic rate for glucose (CMRGlu) changes in each region on serial FDG PET studies

Regions
First PET CMRGlu, mg/100 mL/min Second PET CMRGlu, mg/100 mL/min Normal CMRGlu

(9), (mg/100 mL/
min)Right Hemisphere Left Hemisphere Right Hemisphere Left Hemisphere

Frontal 3.9 (61) 3.0 (47) 1.8 (28) 1.9 (30) 6.4
Temporal 4.2 (66) 3.3 (52) 1.9 (30) 1.8 (28) 6.4
Parietal 3.3 (51) 2.4 (37) 2.1 (32) 2.2 (34) 6.5
Occipital 5.7 (79) 4.8 (67) 2.3 (32) 2.5 (35) 7.2
Basal ganglia 5.7 (90) 4.7 (75) 2.6 (41) 2.5 (40) 6.3
Thalamus 4.1 (68) 3.7 (62) 2.6 (43) 2.3 (38) 6.0
Oval center 2.4 (75) 2.0 (63) 1.5 (47) 1.3 (41) 3.2
Cerebellum 3.5 (69) 3.6 (71) 2.7 (53) 2.6 (51) 5.1
Brain stem 3.4 (100) 2.2 (65) 3.4
Mean cortex 4.3 (65) 3.4 (52) 2.0 (30) 2.1 (32) 6.6

Note.—Numbers in parentheses indicate percent of normal value in each region.
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(8). On the basis of the histopathologic findings,
they stated that the hyperintense changes in the
cortical gray matter probably reflected areas of
gliosis and microvacuolation rather than areas
of edema and inflammatory cell infiltration.
A few reports refer to cerebral blood flow and

metabolism in Creutzfeldt-Jakob disease (12–
14). Friedland et al reported that temporal lobe
hypometabolism with hemispheric asymmetry
was observed on FDG PET, although CT and
MR imaging were negative (13). Shishido et al
quantitatively evaluated glucose metabolism in
a patient with Creutzfeldt-Jakob disease using
FDG PET. They observed a decrease of glucose
metabolism in cerebral cortices to about 45% of
the normal value when CT scan revealed mini-
mal brain atrophy (14). Glucose metabolism in
the corpus striatum, cerebellum, brain stem,
and white matter was preserved in the early
stages.
In our study, left cerebral hypometabolism

reflected the patient’s neurologic findings. This
left cerebral hypometabolism is based on
the varied pathologic presentations. Cerebral
metabolic rate for glucose in white matter
was preserved in the early stage of this disease.
Because gray matter is most affected micro-
scopically, preservation of glucose metabo-
lism in the white matter corresponds to the
pathologic changes. Shih et al reported a case
of Creutzfeldt-Jakob disease studied by
[123I]HIPDM brain imaging (12). They observed
decreased perfusion in the left frontal and left
temporoparietal cortices. Functional studies
such as PET and single-photon emission CT
provide biophysiologic information such as
blood flow and metabolism. However, one must
remember that diffuse hypoperfusion and hypo-
metabolism may be overlooked if a quantitative
measurement is not taken.
In Creutzfeldt-Jakob disease, the hypome-

tabolism on FDG PET can be easily interpreted
as a reflection of severe cortical neuronal loss
on pathologic specimens. The most important
differential diagnosis of hypometabolic regions
on FDG PET is Alzheimer disease. It initially was
shown that temporoparietal hypometabolism
with no significant interhemispheric metabolic
differences was characteristic for Alzheimer dis-
ease (15). Although temporoparietal hypome-
tabolism is the most common metabolic pattern
in Alzheimer disease, it has been shown later
that brain metabolic patterns in patients with
Alzheimer disease are heterogenous, belonging
to at least four distinct metabolic groups that
correspond to different patterns of cognitive and
behavioral abnormalities (16). Therefore, it is
difficult to differentiate Creutzfeldt-Jakob dis-
ease from Alzheimer disease by FDG PET (13).
However, we believe that in a patient with a
rapidly progressive dementia, hypometabolism
on FDG PET compatible with a clinical deterio-
ration should suggest the diagnosis of
Creutzfeldt-Jakob disease.
In conclusion, this case illustrates the fact

that in Creutzfeldt-Jakob disease, FDG PET
may enable detection of physiologic abnormal-
ities before the appearance of morphological
abnormalities demonstrated by CT and MR im-
aging.
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