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Imaging occupies an important role in the investigation of
dementia and neurodegenerative disease. The role of imaging
in prion disease used to be one of exclusion of other conditions.
Over the past decade, the non-invasive nature of MRI, the
improved range of magnetic resonance sequences and the
availability of clinical and neuropathological correlation have
led to a more prominent position of MRI and its inclusion in the
diagnostic criteria for variant Creutzfeldt-Jakob disease. As
experience of imaging in human prion disease increases,
patterns of change related to strain and genotype may improve
the diagnostic potential of imaging in the future, may reduce the
need for more invasive festing and prove useful in future
therapeutic trials. This paper reviews the current knowledge of
imaging appearances in human prion disease.
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maging occupies an important role in the

investigation of dementia and neurodegenera-

tive disease. Early diagnosis of human prion
disease is difficult. At present, there is no
diagnostic blood test (except in inherited cases)
and the definitive diagnostic tests of brain biopsy,
or tonsil biopsy in variant Creutzfeldt—Jakob
disease (vCJD), are invasive.

The role of imaging in prion disease used to be
one of exclusion of other conditions. Over the past
decade, the non-invasive nature of MRI, the
improved range of MRI sequences and the avail-
ability of clinical and neuropathological correlation
have lead to a more prominent position of MRI
and its inclusion in the diagnostic criteria for vCJD
(table 1). This paper reviews the current knowl-
edge of imaging appearances in human prion
disease.

FINDINGS IN THE DIFFERENT FORMS OF
HUMAN PRION DISEASE

Human prion diseases are uniformly fatal, pro-
gressive neurodegenerative disorders. These trans-
missible diseases are associated with an abnormal
form of the human prion protein. In addition to
abnormal prion protein staining, neuropathologi-
cal examination is characterised by gliosis, spon-
giosis and neuronal loss. The most common form
of human prion disease is sporadic CJD (sCJD)
with an incidence worldwide of 1-2 per million per
annum. Inherited prion diseases are a group of
autosomal dominantly inherited conditions with
high penetrance. Acquired human prion disease
includes vCJD, seen mainly in the UK associated
with exposure to bovine spongiform encephalo-
pathy prions, iatrogenic CJD, caused by infection
from medical or surgical procedures, and Kuru,

caused by exposure to human prions via endocan-
nibalism. Kuru is seen only in Papua New Guinea
and neuroimaging findings have not been
described.

Variant Creutzfeldt-Jakob disease

vCJID was described in 1996," and is causally linked
to bovine spongiform encephalopathy.” The trans-
missible prion agent has a characteristic strain type
on western blotting. The characteristic clinical
features so far reported in cases of vCID differ
from those of other prion diseases. vCJD predom-
inantly affects a young age group with a median
age of presentation of 26 (range 12-74) years,’
occurring in males and females equally.* There are
early psychiatric and behavioural symptoms and in
half concurrent sensory symptoms such as limb
pain and dysaesthesia occur. As the disease
progresses, neurological features become more
prominent, particularly ataxia and cognitive
impairment. The disease has a median duration
of 13 (range 6-39) months.’

Initially the MRI scans of vCJD were reported as
being normal.”> The first two case reports of
pulvinar change were published in 1996.°” The
pulvinar sign is now part of the World Health
Organization (WHO) diagnostic criteria for vCJD.*
The current WHO definition of the pulvinar sign is
bilateral symmetrical pulvinar high signal relative
to the signal intensity of other deep grey matter
nuclei and cortical grey matter using T2 weighted
imaging (T2WI), proton density weighted, fluid
attenuated inversion recovery (FLAIR) and axial
diffusion weighted imaging (DWI) sequences.’
This, and the “hockey stick” sign of high signal
in both pulvinar and dorsomedial thalamic nuclei
was described in 2000." As yet there is no evidence
that the pulvinar sign could be used as a
presymptomatic test for vCJD prion infection as
scanning has only been carried out in symptomatic
patients.

In a study of 36 neuropathologically confirmed
vCID cases compared with 57 controls with
suspected CJD, the pulvinar sign had a sensitivity
of 78% and specificity of 100%.'° T2ZWTI and proton
density sequences on the most recent set of scans
available on each patient were used. In a retro-
spective study of MRI in 86 neuropathologically
confirmed cases of vCJD, the most sensitive

Abbreviations: ADC, apparent diffusion coefficient; DWI,
diffusion weighted imaging; FDG, 2-(18F)fluorodeoxy-
glucose; FLAIR, fluid attenuated inversion recovery imaging;
MRS, magnetic resonance spectroscopy; NAA, N-
acefylaspartate; PET, positron emission tomography; sCJD,
sporadic Creutzfeldt-Jakob disease; SPECT, single photon
emission computed tomography; T2WI, T2 weighted
imaging; vCJD, variant CreurzzeHHGkob disease
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atrophy, decreased basal
ganglia signal or no
change
Caudate/putamen
hyperintensity; only
atrophy seen in dural
recipients. Pulvinar sign
if donor had vCID

latrogenic ~ No

Table 1  Summary of imaging appearances in Creutzfeldi-Jakob disease
MRI part of
Type of diagnostic Characteristic
CcJD criteria? appearances Most useful sequence Key references
Variant Yes Pulvinar or hockey FLAIR is the most sensitive ~ World Health
stick sign sequence, DWI sensitivity ~ Organization,” Zeidler,"®
data limited Collie'"
Sporadic  No Increased cortical and/or  DWI is most sensitive Tschampa,® Shiga™
basal ganglia signal clinical diagnostic test.
Inherited  No Cortical/cerebellar Little evidence to suggest Zerr,”, Almer,” Arata™

most useful sequences

Brown,* Caboclo,'
Oppenheim,”” Wakisaka,*
Kretzschmar,* Preusser,*
Martinez-Lage,*® Garcia
Santos,”” Rabinstein,*
Llewelyn,* Peden,” Wroe™,
Collie DA, (personal
communication)

Little evidence to suggest
most useful sequences

disease.

DWI, diffusion weighted imaging; FLAIR, fluid attenuated inversion recovery imaging; vCJD, variant Creutzfeldt-Jakob

sequence was FLAIR'" where the pulvinar sign was present in
100% of the 30 FLAIR scans performed. In a further study of 27
vCJD cases confirmed with tonsil biopsy compared with 18
tonsil biopsy negative patients, retrospective blinded analysis of
T2WI, DWI, FLAIR and proton density weighted images was
performed on all images, solely to assess the presence or
absence of the pulvinar sign. A sensitivity of 81% and a
specificity of 94% for the pulvinar sign was found." High signal
in the pulvinar nucleus has been described in sCJD,"”"* and in
two reports'® '’ the WHO criteria were fulfilled” with pulvinar
intensity being higher than other deep grey matter nuclei. There
are two reports of an initially positive pulvinar sign disappear-
ing as disease progresses.'"" ' Other conditions such as para-
neoplastic limbic encephalitis may initially present in a similar
way."”

vCJD has the most consistent changes on MRI of any human
prion disease type, perhaps representing the fact that only one
molecular strain of human prion disease is seen in these
patients.” This consistency is useful as the pulvinar sign can
often be identified in scans despite movement artefact.
Hyperintensity of other structures in vCJD is seen, which varies
between patient and sequence weighting. In particular,
dorsomedial thalamic nuclei, periaqueductal grey matter and
caudate hyperintensity are seen. Occasionally parieto-occipital
white matter and asymmetric pulvinar hyperintensity is seen,
or cerebral and cerebellar atrophy."

Single photon emission computed tomography (SPECT) has
been used in two cases. Areas of cortical hypoperfusion were
seen (left temporoparietal in one, widespread reduction in
cortical perfusion with cerebellar and basal ganglia reduction in
the second). SPECT changes were seen before changes on MRI
or on EEG.” Magnetic resonance spectroscopy may be useful as
a measure of disease activity, monitoring of treatment effects®
and a future tool in early diagnosis.*

Sporadic Creutzfeldt-Jakob disease

sCJD has an incidence of 1-2 per million in the worldwide
population. The median age of onset is 65 years, its clinical
course thereafter being rapid with a median duration of
survival of 4 months.” The clinical phenotype of sCJD is
typically one of rapidly progressive dementia and multifocal
neurological features, including myoclonus, ataxia, pyramidal
and extrapyramidal signs. The host codon 129 genotype and the
molecular strain of the transmissible prion agent affect this
phenotype.’

Historically, imaging features were not part of the diagnostic
criteria for sCJD, which relied more on clinical, neurohisto-
pathological, EEG and CSF features. There is, however, growing
support for MRI, and in particular DWI to be included in the
diagnostic work up for sCJD*** (fig 1A-C).

Traditionally, the recognised features of sCJD on MRI are
bilateral high signal in the caudate and putamen.” * Recent
publications have additionally highlighted the importance of
cortical ribbon hyperintensity.* Shiga and colleagues®
described 26 cases of sCJD (a mix of definite and probable
cases); 41.7% showed only cortical lesions, 45.8% showed
lesions in both the cortex and basal ganglia, and 12.5% lesions
only in the basal ganglia. Sensitivity of DWI was 92.3%,
significantly more than T2WI (40%) or FLAIR (50%).

Patterns emerging from work on sCJD subtype analysis
include consistent hyperintensity in the caudate and putamen
in codon 129 heterozygotes using T2WI. All 26 heterozygotes in
the study of Meissner and colleagues,*® 90% of 20 MV2 patients
in the study of Krasnianski and colleagues,'”” and 10 of 11
heterozygotes in Zerr et al’s study”” showed this pattern.
Methionine homozygotes form 71% of the sCJD population™
but patterns of MRI change are less clear. In a study of MM2
patients, 5 of 8 had no abnormality on any MRI sequence’®' but
newer imaging techniques such as SPECT may be useful in
identifying patterns in these patients.*” In seven VV1 patients (a
subtype that mimics vCJD with young onset, prolonged disease
course and psychiatric symptoms), all had cortical high signal,
atypical of vCJD.” (Molecular subtypes quoted refer to the
Gambetti classification.)

Inherited prion disease

Inherited prion disease comprises approximately 15% of human
prion disease, and is caused by point mutations (such as P102L,
P105L, E200K) or insertions (such as the 144 base pair
octapeptide repeat insertion) in the prion protein gene; the
clinicopathological spectrum is also affected by polymorphisms
at codon 129 of the prion protein gene.> Progressive ataxia or
cognitive decline with a disease course of several years often
occurs but presentation is heterogeneous and depends on the
mutation.”* In the early reports of inherited prion disease,
imaging was often not performed.

Imaging in inherited prion disease has a role in excluding
other diseases (both prion and non-prion) but changes are non-
specific. Imaging appearances in symptomatic patients fall
broadly into four categories: no change,* *> cortical atrophy,
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cerebellar atrophy (fig 1D-E) or decreased T2 signal in the basal
ganglia.””””  Atrophic changes can be progressive.’® *
Presymptomatic P102L gene carriers have shown early parietal
atrophy on MRI* and in symptomatic P102L patients with
normal MRI examinations, '*>I SPECT imaging showed patchy
decreases across the whole cerebrum.* In two series of patients
with familial fatal insomnia (D178N mutation), MRI did not
show any specific abnormality,” or at most mild to moderate
atrophy.”

latrogenic prion disease

Over 260 cases of iatrogenic prion disease have been reported
worldwide.” Iatrogenic prion disease is caused largely by
infection from cadaveric human growth hormone, dura mater
grafts manufactured and distributed before the mid-1980s or
corneal grafts. Incubation periods range from months to up to
30 years. In peripherally inoculated cases, cerebellar presenta-
tion rather than dementia predominates.

The type of donor material and route of inoculation seem to
produce different imaging patterns in recipients. In the largest
and most recent imaging series, an Anglo—French cohort of 27
human growth hormone recipients (and one dural graft
recipient) reported bilateral symmetrical hyperintensity of the
caudate head and putamen in 64% of patients, with DWI
changes occurring before T2WI changes (Collie DA. MRI of
iatrogenic Creutzfeldt—Jakob disease: appearance in an Anglo—
French cohort. Presented at the British Society of
Neuroradiologists Conference 2003, personal communication).
Caboclo et al and Oppenheim et al also reported caudate and
putamen hyperintensity in three growth hormone recipients on
FLAIR, DWI and T2 imaging* ** with additional thalamic
hyperintensity on DWI in two cases. Serial scanning showed
progressive atrophy with reduction and eventual disappearance
of the FLAIR and DWI changes, a similar finding to pulvinar
sign disappearance in the late stages of vCJD mentioned
previously.

Basal ganglia hyperintensity has been reported in case
reports of dura mater recipients,”* as well as a case of
thalamic hyperintensity in end stage disease.”” In 11 cases
reported or reviewed by Martinez-Lage ef a/ and Garcia Santos ef
al, atrophy was present, which was progressive in some
cases.* "

In the single corneal graft derived case with MRI findings,
caudate and putamen hyperintensity was present but FLAIR
and DWI also showed cortical hyperintensity.**

Prion infection has been reported in three patients following
blood transfusion from asymptomatic donors who later
developed vCID.*”" In two of these cases infection was
identified post mortem and one of these was said to be
symptomatic with a normal MRI. In a single case diagnosed
ante mortem, MRI was normal during the early symptomatic
clinical disease course, the pulvinar sign becoming apparent
with more advanced clinical disease and significant neurologi-
cal disability.

FINDINGS ON SPECIFIC IMAGING MODALITIES
Computerised tomography

CT has been used historically to exclude a focal lesion in the
investigation of a patient with dementia. Currently, CT has no
place in the routine imaging investigation of human prion
disease, having been replaced by MRI.

The early literature on the imaging of human prion disease
revealed that CT showed atrophy, with only one report of focal
parenchymal abnormality.” Thirty-three cases were reported up
to 1992 and more recent reports have added no further insights
into CT appearances. In the largest single study of 15 patients,
80% had normal scans and 20% had atrophy.”
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MRI-T2 weighted imaging
Standard T2WI can be useful in all types of human prion
disease. The recognised features of both sCJD (high signal in
the cortex, caudate and putamen) and vCJD (the pulvinar sign)
on MRI may be demonstrated on T2WI. The basal ganglia,
cerebellar and atrophic changes of inherited prion disease and
the hyperintensity of the caudate head and putamen in
iatrogenic prion disease are also seen in T2WI. Generally, other
sequences such as DWI or FLAIR tend to be more sensitive than
T2WIL

The mechanism of signal change has been investigated by
Chung et al who found that T2 hyperintensity correlated with
gliosis and hypointensity with vacuolation in an in vivo
hamster scrapie model.>

MRI-fluid attenuated inversion recovery imaging

On FLAIR images the signal from the CSF is suppressed while
maintaining a heavy T2 weighting. This results in high lesion
contrast in areas close to CSF, and allows better visualisation of
lesions in these areas than conventional T2WI. The widespread
use of this modality began in the early 1990s, and has been
successfully applied to all types of human prion disease.

The FLAIR sequence is more sensitive than either T2WI or
DWI for detection of the pulvinar sign in vCJD although DWI
sensitivity data are limited (fig 1F-H)."' FLAIR imaging shows a
pathological signal intensity increase in the cerebral cortex
(termed ““cortical ribboning”’) and basal ganglia changes more
clearly than T2WI1.” ** Increased signal intensity in the cortical
ribbon on FLAIR has been colocalised to periodic sharp waves
on EEG.” Increased FLAIR signal corresponded to increased
DWI signal intensity in the basal ganglia®® and cortex.>**°

The mechanism of signal change in FLAIR images continues
to be debated. Astrogliosis was reported to be the cause of high
FLAIR signal in one paper® and another demonstrated a strong
correlation between FLAIR signal and accumulation of prion
protein (PrP*¢) but did not find any correlation between gliosis
or spongiform change on FLAIR.”®

Work on the quantification of intensity distributions in the
basal ganglia using multimodal T1, T2 and FLAIR has
differentiated between sCJD and vCJD and has potential for
automatic detection of CJD on MRI.*

MRI-diffusion weighted imaging
DWI assesses the mobility of water molecules in tissue and
provides physiological information not available on standard
MRI. Cellular swelling and other microstructural changes lead
to an alteration of the water mobility which becomes apparent
on DWI. The spatial resolution of DWI is not as high as that of
conventional MRI but it is a rapid imaging technique which
represents an advantage in patients with movement disorders.
Echoplanar DWI can be acquired within seconds and may be
the only sequence yielding diagnostic information in confused
and agitated patients where standard MRI sequences are
severely degraded by movement artefact (fig 11, J).”
Although some anatomical detail may be lost, the abnormalities
seen in human prion disease can be striking.** Positive scans
show ribbon-like abnormalities in the cerebral cortex and/or
hyperintensity in the caudate and putamen or thalamus. DWI
may be the only positive investigation in human prion
disease,” * may facilitate an early diagnosis as changes have
been noted as early as 3 weeks after the onset of symptoms*
and may be used to monitor disease progression.”” *¢

DWI abnormalities have been noted in all types of human
prion disease. DWI may be the most sensitive imaging modality
for sCJD.” @ * Some inherited cases show hyperintensity in the
basal ganglia and frontoparietal cortices, similar to sporadic
cases.” vCJD shows bilateral hypersignal in the striatum and
thalami.” Caudate and anterior putamen high signal on DWI in
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Sporadic CJD

Inherited CJD

Variant CJD

iatrogenic CJD is seen before T2 weighted imaging changes
(Collie DA, personal communication).

Serial DWI has shown increased intensity and extension of
hyperintense signal with disease progression.”””" The most
likely pathophysiological explanation of the DWI changes is
altered molecular motion of water and restriction of extracellular
space due to spongiform degeneration.®® Other proposed causes
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Figure 1 (A-C) A 56-year-old female
patient with sporadic Creutzfeldt-Jakob
disease (CJD). (A) Axial T2 weighted image
shows a subtle increase in signcﬂ intensity of
the left putamen anteriorly. The remainder of
the basal ganglia and cortex appear normal.
(B) Axial diffusion weighted image (DWI),
acquired with b= 1000, shows hyperinfense
signal in the heads of both caudate nuclei
and in both putamina (on the left more than
on the right). In addition, there are gyriform
areas of hyperintensity in both the insulae
and in the frontal temporal and occipital
cortices. (C) A map of the apparent diffusion
coefficient (ADC) shows reduced signal in the
areas which appear hyperintense on the
DWI image (B), confirming that the diffusion
of water is restricted in these regions. (D-E)
Coronal T1 weighted images of a volumetric
MRI study in two cases with inherited CJD.
(D) A 39-year-old female patient with é-
octcEelofide repeat insertion. The MRI shows
cerebellar atrophy with widening of the
cerebellar fissures and supratentorial
atrophy with enlarged lateral ventricles and
very prominent Sylvian fissures. (E) A 57-
year-old male patient with a P102L mutation.
There is marked cerebellar atrophy with
pronounced enlargement of the horizontal
cerebellar fissure and fourth ventricle. There
is also supratentorial atrophy, mostly of the
central type with ventricular enlargement. (F-
H) An 18-year-old patient with variant CJD.
(F) Axial fluid attenuated inversion recovery
image (FLAIR) acquired 7 months affer the
onset of symptoms demonstrates
hyperintensity in the dorsomedial thalamic
nuclei and pulvinar bilaterally (““hockey stick
sign”’). (G) DWI images (b= 1000) acquired
at the same time as (F) also show
hyperintense signal change. It is, however,
less marked than on the FLAIR images,
appears more linear and affects
predominantly the dorsomedial nuclei.

(H) DWI acquired 1 month after (G)
demonstrates progression of the signal
change in the rha?qmi, which now more
obviously involves the pulvinar. At this stage
of the disease, both the T2 weighted and
FLAIR images were degraded by patient
movement. (I-J) A 25-year-old patient with
variant CJD 7 months after onset of
symptoms. (I) The axial T2 weighted image is
severely degraded by patient movement and
of limited diagnostic value. (J) The axial DWI
image (b=1000). The patient managed to
keep still during the acquisition of this
sequence which is diagnostic and shows
hyperintense signal in the dorsomedial
thalamic nuclei and pulvinar, relative to the
signal intensity of the putamina.

include deposition of prion protein,’® ”* fibrillary gliosis seen in end
stage CJD” and progressive neuronal death.” Interestingly, in
several studies on serial changes in DWI, initial hyperintensity
disappeared in the late stages of disease (Collie DA, personal
communication).* 7 7*

The apparent diffusion coefficient (ADC) is calculated from
two or more images with different degrees of diffusion
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weighting. It allows quantification of regional water diffusion
and is independent of T2 effects. ADC measurements in human
prion disecase have been performed by several investiga-
tors.** @ #7071 7> 76 In sCJD most investigators found that ADC
values in lesions were lower than in normal brain parench-
yma’' 7> 7 with the exception of one.” No correlation has been
found between reduction in ADC and semiquantitative neuro-
pathological change.” In a recent paper, thalamic changes in
sCJD were only detected by quantitative measurements of
ADCs, and were not visible on DWI or T2WL.”” In vCJD, early
reports on ADC measurement were conflicting.”* ¢

High intensity areas on DWI have been correlated with low
perfusion on SPECT,” hypometabolism on positron emission
tomography (PET),” 7 clinical findings,”” disease progres-
sion,” "' neuropathology showing spongiform change,* neuro-
nal loss and gliosis,” and periodic sharp wave activity on
EEG.()U 72 76

Magnetic resonance spectroscopy

Proton magnetic resonance spectroscopy (MRS) assesses the
spectra of specific brain metabolites such as N-acetylaspartate
(NAA), a decrease in which can serve as a marker of neuronal
loss. Decreases in absolute levels or ratios of NAA have been
seen in variant,”" ** sporadic,” iatrogenic™ and inherited CJD.”
The first report of MRS dates from 1991.” Early reports found
little change in NAA in the first stages of disease but at the late
stage of CJD when neuronal loss is more obvious neuropatho-
logically, decreases in grey and white matter were seen.” * The
pattern of metabolite change matches the findings on T2 and
FLAIR imaging, with significant reductions in absolute levels or
ratios of NAA in the putamen in sporadic patients and in the
pulvinar in variant patients.”' *

Positron emission tomography and single photon
emission computed tomography

Generally, 2-(18F)fluorodeoxyglucose (FDG) PET shows wide-
spread hypometabolism in human prion disease, which
differentiates it from other dementias such as Alzheimer’s
disease which show specific patterns on PET.®* *
Hypometabolism on FDG PET has been correlated with
histopathological astrocytosis and neuronal death,” ® and
spongiform change.®

In a multitracer PET study® of 15 patients with probable or
definite CJD, changes in regional cerebral blood flow (using
oxygen-15 labelled water), regional cerebral glucose metabo-
lism (FDG) and astrocytosis (using the monoamine oxidase B
inhibitor N-[''C-methyl]-;-deuterodeprenyl) were detected.
Hypometabolism was more prominent in the cerebellum and
frontal, occipital and parietal lobes than in the thalamus, pons
or putamen, which differs from the distribution pattern seen on
MRI studies. However, PET seems particularly good at
identifying occipital lobe hypometabolism in patients with
visual symptoms, including the Heidenhain variant.*" *

Future advances in PET include creating an in vivo probe to
label prion plaques, similar to that successfully developed for
amyloid plaques in Alzheimer’s disease.*” An in vivo method in
presymptomatic and symptomatic mice using the ligand
methoxy-X04 has been successful® as has an in vitro method
using fixed sections from patients with sCJD, vCJD and
Gerstmann-Straussler-Scheinker syndrome (GSS).*

Regions of decreased cerebral blood flow have been demon-
strated using SPECT in variant, iatrogenic, familial and sporadic
CJD. In the largest series of 19 definite or probable sporadic CJD
patients using 99mTc-HMPAO-SPECT or 99mTc-ECD-SPECT,
89% showed hypoperfusion on SPECT examination, the
majority showing widespread reduction in cerebral perfusion,
including the occipital lobes, cerebellum or one whole hemi-
sphere.® As in PET, this pattern of change is different from
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other types of dementia. SPECT has been reported to be useful
in a rare subtype of sCJD with codon 129 methionine
homozygosity and a thalamic neuropathological pattern. All
four patients showed reduction in cerebral blood flow as well as
hypometabolism bilaterally in the thalamus, with preservation
in the putamen.’” Regional changes in blood flow (as seen by
decreased uptake of tracer, either 99mTc-HMPAO, 1231-IMP or
Xe-133 with and without acetazolamide) are seen at earlier
stages of disease than MRI changes.” ** ' Focal areas of
decreased uptake may be seen in the basal ganglia,” thala-
mus,” cerebellum® and frontotemporal lobes,”® * or occipital
lobes in Heidenhain variant patients,” " and inherited
patients.”® Sometimes changes are seen in an asymmetric
pattern.*® *

At present it remains unclear whether the perfusion changes
seen on PET and SPECT could also be investigated with
magnetic resonance perfusion imaging. Given the good
correlation of SPECT data with magnetic resonance perfusion
imaging in neurovascular diseases and tumour imaging, it
appears likely that magnetic resonance perfusion imaging
might also be useful in human prion disease.

CONCLUSION

The role of imaging in human prion disease continues to evolve
as knowledge of different types of disease and their imaging
patterns increases. Other than the pulvinar sign in vCJD, it
remains to be seen whether MRI can distinguish human
infection with other CJD strain types.

Future research will be directed towards finding the earliest
point in the disease course where imaging changes are evident.
Quantitative techniques such as DWI, diffusion tensor imaging
and volumetric imaging may be of use, firstly in presympto-
matic patients (either inherited or exposed to infectious prions)
to help predict the onset of clinical disease, and secondly in
symptomatic patients measuring the response to treatment in
therapeutic trials. As current and future MRI sequences evolve,
those showing the earliest changes, with the highest sensitivity
and specificity, should be prioritised in diagnostic imaging.
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