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Diffusion-Weighted and Fluid-Attenuated
Inversion Recovery Imaging in Creutzfeldt-Jakob
Disease: High Sensitivity and
Specificity for Diagnosis
Geoffrey S. Young, Michael D. Geschwind, Nancy J. Fischbein, Jennifer L. Martindale,
Roland G. Henry, Songling Liu, Ying Lu, Stephen Wong, Hong Liu,
Bruce L. Miller, and William P. Dillon

BACKGROUND AND PURPOSE: Abnormalities on diffusion-weighted images (DWIs) and
fluid-attenuated inversion recovery (FLAIR) images are reported in Creutzfeldt-Jakob disease
(CJD). To our knowledge, no large study has been conducted to determine the sensitivity and
specificity of DWI and FLAIR imaging for diagnosing CJD.
METHODS: Two neuroradiologists, blinded to diagnosis, retrospectively evaluated DWI and
FLAIR images from 40 patients with probable or definite CJD and 53 control subjects with
other forms of dementia and rated the likelihood of CJD on the basis of the imaging findings.
RESULTS: DWI and FLAIR imaging was 91% sensitive, 95% specific, and 94% accurate for
CJD. Interrater reliability was high ( ⴝ 0.93). Sensitivity was higher for DWI than FLAIR
imaging. Abnormalities involved cortex and deep gray matter (striatum and/or thalamus) in
68% of patients with CJD, cortex alone in 24%, and deep gray matter alone in 5%. The most
typical and specific patterns were corresponding hyperintensity on both FLAIR images and
DWIs confined to the gray matter in the cortex, striatum, medial and/or posterior thalamus, or
a combination of these areas. Narrow-window soft-copy review of artifact-free DWIs and FLAIR
images and recognition of the normal variation in cortical signal intensity proved critical for
successful differentiation of CJD from other dementias.
CONCLUSION: Because specific patterns of abnormality on DWI and FLAIR images are
highly sensitive and specific for CJD, these sequences should be performed whenever CJD is
suspected.
Creutzfeldt-Jakob disease (CJD) is a rapidly progressive, fatal neurodegenerative disease caused by accumulation of an abnormally shaped membrane-bound

protein, the prion protein, in neurons (1). In the 85%
of cases classified as sporadic CJD (sCJD), no etiology can be identified. Genetic cases, or familial CJD
(fCJD), account for 15%; infectious or iatrogenic
cases, including variant CJD (vCJD) and iatrogenic
CJD, comprise less than 1% (1).
Although motor, cerebellar, visual, and behavioral/
psychiatric symptoms are typical of CJD, these symptoms also often occur in other degenerative, infectious, autoimmune or neoplastic diseases of the CNS
(2). Current diagnostic criteria for probable sCJD
require a combination of specific neurologic symptoms in addition to a characteristic EEG, with 1-Hz
periodic epileptiform discharges, or the demonstration of the 14-3-3 protein in the CSF. Cases without
the typical EEG or the 14-3-3 protein are considered
possible CJD. Definite CJD requires pathologic confirmation on brain biopsy or autopsy (3). Unfortunately, the EEG is often characteristic only late in the
course of CJD, has variable sensitivity of 65– 85%,
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and is not always specific (4, 5). CSF 14-3-3 protein is
a controversial marker for CJD, with wide ranges of
sensitivity of 53–100% and specificity of 84 –100% (5,
6).
Early MR imaging studies revealed normal diffuse
cortical atrophy late in CJD (7, 8). Subsequent reports documented T2 prolongation in the basal ganglia, thalamus, cortex (cortical ribboning), or a combination of these areas (9 –13). Symmetric
hyperintensities in the basal ganglia on T2- and proton density-weighted images have a reported sensitivity of 79% (11). The advent of fluid-attenuated inversion recovery (FLAIR) imaging and, later, diffusionweighted imaging (DWI) added sensitivity to
standard T2-weighted imaging, particularly for the
detection of cortical ribboning (9, 14 –18).
Although results of a preliminary assessment with
DWI and FLAIR imaging in definite CJD suggested
high sensitivity (19), few blinded studies have been
done to evaluate its utility in diagnosis. The largest
study to date revealed a sensitivity of 67% and a
specificity of 93% for hyperintensity in the basal ganglia on T2-weighted and FLAIR images; however,
investigators obtained DWIs in only five of 162 patients with CJD (all with positive findings), and they
did not report interrater reliability (20). Shiga et al
(21) reported 92% sensitivity and 94% specificity with
hard-copy DWI; the sensitivity of DWI for CJD was
far superior to that of FLAIR or T2-weighted imaging. However, they did not examine specificity of
FLAIR and T2-weighted images, and their method
for assessing specificity was questionable. Despite
these reports and the increasing use of MR imaging
for the clinical diagnosis of CJD, it has not been
incorporated into formal diagnostic criteria.
The goal of this study was to assess the sensitivity
and specificity of both hard- and soft-copy DWI and
FLAIR imaging in the differentiation of CJD from
other nonprion dementias by using criteria based on
published reports and our experience with MR imaging-based diagnosis of CJD.

Methods
Patients and Control Subjects
Approval for this study was obtained from the Committee
on Human Research at our institution. DWIs and FLAIR
images were obtained in 40 patients with sCJD or fCJD and in
53 control subjects with nonprion dementias. All had been
referred to our dementia clinic for evaluation between July
2001 and November 2002. The CJD group included 23 patients
with definite sCJD (22), 11 with probable sCJD, and six with
fCJD (four with E200K mutations, one fCJD with an octapeptide repeat, and one Gerstmann-Sträussler-Scheinker syndrome). The 11 patients with probable sCJD fulfilled the Masters probable criteria for CJD (23) and the World Health
Organization possible criteria for CJD (3), and eight met the
World Health Organization probable CJD criteria (3).
The control group included the following: 11 patients with
Alzheimer disease; nine with mild cognitive impairment; seven
with frontotemporal dementia; four with dementia with Lewy
bodies; four with mixed Alzheimer disease and vascular dementia; three with corticobasal degeneration; three with rapidly progressive encephalopathy (all recovered); two with en-

cephalitis (both recovered); two with memory complaints; and
one each with progressive supranuclear palsy, leukoencephalopathy, bipolar disorder, hypoxia, multiple system atrophy,
paroxysmal dystonia, vascular dementia, and paraneoplastic
cerebellar degeneration (anti-Yo antibody).
Image Review Groups
Although some patients with CJD and control subjects underwent several MR examinations, we included only the earliest studies in our analysis. Because images from many outside
institutions were available only on film, we divided the overall
cohort into two groups based on image display technique: In
one group (digital), images in 12 patients with CJD and 28
control subjects were reviewed on a digital display system that
allowed the reader to dynamically adjust the window and level,
and in the other group (film), images in 28 patients with CJD
and 25 control subjects were reviewed on film. Images in the
two groups were analyzed separately to detect differences in
sensitivity and specificity related to image-display technique.
MR Imaging Protocol
Nine patients with CJD (23%) and 28 control subjects
(53%) underwent imaging at our institution. All images acquired by using 1.5-T clinical MR systems (General Electric
Medical Systems, Milwaukee, WI) with fast gradients of ⬎20
mT/m and-echo planar capability by using quadrature head
coils. We used our standard diagnostic protocol for dementia
and standard acquisition parameters, as follows: sagittal T1weighted spin-echo (TR/TE/NEX ⫽ 600/minimal/2), axial
and/or coronal FLAIR (TR/TE/TI/NEX ⫽ 10000/140/2200/1),
and axial and/or coronal three-direction echo-planar DWI
(TR/TE/NEX ⫽ 8000/minimal/1, b factor ⫽ 1000 s/mm2). Both
coronal and axial FLAIR imaging and DWI were performed in
most subjects, and axial DWI and FLAIR imaging were performed in all.
We reviewed only standard sagittal T1-weighted images and
axial and/or coronal FLAIR images and DWIs. Because apparent diffusion coefficient maps were not available for most
studies performed at outside institutions, we did not evaluate
these maps. No phased-array head coils were used in the
studies performed at our institution. Because no such coils
were commercially available when most of the study data were
acquired, it was unlikely that any of outside institutions used
these coils. Three outside studies might have been performed
at 1.0 T. Use of general anesthesia was necessary in a few
patients with CJD because of involuntary movements. Efforts
were made to obtain FLAIR images with the subject breathing
room air to prevent artifacts due to supplemental oxygenation
(24).
MR imaging Data Presentation
DICOM data for the digital group were transferred into to
a data warehouse for clinical brain imaging research. The data
were then merged with DICOM data for three patients with
CJD whose data were acquired elsewhere, de-identified, and
randomized (25). The resulting combined dataset was presented on a video monitor by using commercially available
DICOM viewing software (eFilm Medical, Toronto, Canada)
that allowed the reader full control of the window and level
during interpretation. In the digital and film groups, images for
patients and control subjects were presented intermixed and in
random order.
Readers
Two neuroradiologists (W.P.D., N.J.F.) blinded to clinical
data independently reviewed the images for the digital and film
groups. The readers applied the criteria to all images and rated
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FIG 1.
Normal variations, which can
complicate assessment of pathologic cortical hyperintensity on FLAIR and DWI.
A, Axial FLAIR (TR/TE/TI ⫽ 10000/140/
2200) image shows insular cortex slightly
hyperintense (arrows) to neocortex.
B, More superior axial FLAIR image
shows relative hyperintensity in cingulate
cortex (arrows).
C, Axial DWI (TR/TE ⫽ 8000/minimal,
b ⫽ 1000 s/mm2, same level as A) shows
hyperintensity in bilateral insular cortex
(arrows).
D, More superior DWI (same level as B)
shows relative hyperintensity cingulate
cortex (arrows), accentuated by frontal
magnetic susceptibility artifact.

the likelihood that each image represented CJD. Readers also
separately noted anatomic areas of abnormality on images
obtained with each sequence. Several months later, one of the
readers performed a second blinded review of a randomly
chosen subset of CJD and control images from the film group
to assess intrareader reproducibility. No feedback was given to
either reader until all reviews were completed. All images were
read twice, once by each reader, with the exception of images
in one patient with CJD, whose were read by only one reader.
A total of 185 readings was done.
Conventions
Before assigning each subject to an overall diagnostic category, the readers visually graded the signal intensity on DWIs
and FLAIR images as normal or abnormal in each of the
following anatomic regions: white matter; hippocampus; cingulate gyrus; insula; cortex of the frontal, temporal, parietal, and
occipital lobes (including primary visual cortex); precentral and
postcentral gyri; striatum (putamen and caudate nuclei); globus
pallidus; posterior thalamus; medial thalamus brainstem; middle cerebellar peduncle; and cerebellar cortex. An anatomic
region was deemed abnormal when its signal intensity appeared higher than that expected for the same area in a healthy
patient, after accounting for normal variations in signal intensity DWI and FLAIR imaging (Fig 1) (26). No quantitative

measurements of signal intensity were obtained because many
studies were available only on film and because pathologic
cortical thinning created problems with partial-volume averaging in the digital group. The discrete anatomic areas of focal
abnormal T2 prolongation and reduced diffusion detected in
gray matter were grouped into the following four broad anatomic distributions: 1) limbic and paralimbic cortex, including
cingulate, insula, and hippocampus; 2) neocortex, including
frontal, parietal, temporal, and occipital areas; 3) striatum,
including caudate and putamen; and 4) and thalamus. The
frequency of involvement of these anatomic locations was compared among all CJD groups, CJD subgroups, and the control
group.

Diagnostic Categories
After reviewing each study, the reader assigned the patient’s
condition to one of four categories: definitely CJD, probably
CJD, probably not CJD, or definitely not CJD.
Definitely CJD was diagnosed when a reader noted one of
two patterns on DWIs and FLAIR images or on DWIs alone:
1) abnormal unilateral or bilateral high signal intensity involving the striatum AND more than one gyrus of the cerebral
cortex involved in ribbon-like fashion without corresponding
T1 shortening or 2) extensive cortical ribboning (more than
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three gyri) without involvement of underlying the white matter
and without evidence of T1 shortening in the same region.
Probably CJD was diagnosed if 1) the criteria for definitely
CJD were observed only on FLAIR images without corresponding definite abnormality on DWIs; 2) an abnormality was
noted on both FLAIR images and DWIs in a small region that
was not extensive enough for definitive diagnosis (e.g., in the
cortex of only one or two gyri or in a unilateral focal area of the
striatum including the caudate and adjacent anterior putamen);
or 3) bilateral striatal and/or bilateral thalamic hyperintensity
on DWI and FLAIR images restricted to the medial and
posterior thalamus in the absence of cortical abnormality.
Probably not CJD was assigned when 1) the only areas of
possible abnormal signal intensity in gray matter were subtle
and symmetric in areas of cortex that normally has higher signal
intensity in DWI and FLAIR images (insula, cingulum) or 2)
potentially abnormal findings were most likely to represent
artifact.
Definitely not CJD was diagnosed if 1) the image was normal or 2) the findings were not normal but abnormalities were
not consistent with the spectrum of findings described for CJD.
Statistical Analysis
Overall sensitivity and specificity for CJD were evaluated by
using the generalized estimation equation to correct for the
correlation of evaluations in the same patients (27). Because
variation in MR acquisition and display technique was minimal
in the digital group but wide in the film group, we separately
analyzed the data for each group and for both groups combined. In addition, sensitivity, specificity, and intrareader and
interreader variability were separately assessed for the four
MR diagnoses.
Analysis of interreader variation was performed between the
readers for both the film and digital groups. Because interreader variability for the digital cohort was 0, we decided to
forego assessment of intrareader variability for this group and
assessed intrareader variability in only the film group. Both
intrareader and interreader agreement were characterized as 
statistics on a scale from ⫺1.0 (perfect disagreement) to 1.0
(perfect agreement), where 0.0 indicated agreement no better
than expected by chance and values greater than 0.8 represented the highest level of agreement (28). Because authors
describe this level of agreement with different terms (e.g., “very
good,” “excellent,” etc) and because the thresholds for these
terms are somewhat arbitrary, we directly reported the values
by using 95% confidence intervals.
The nonparametric Wilcoxon test was used to compare differences in age and symptom duration between groups and
CJD subtypes. The Fisher exact test was used to evaluate
associations between disease duration and patterns of abnormality. Diagnostic results were tabulated according to reader
and disease type (including CJD subtypes and control diagnoses). Statistical analysis was performed using software (SAS
version 8.2; SAS Institute, Cary, NC). A significance level of
P ⬍ .05 was used for all analyses.
After all blinded review sessions were completed, the neuroradiologists reviewed the false-positive and false-negative
cases and assigned a probable explanation for each diagnostic
error by consensus.
Patient Subgroup Analyses
Subgroup analyses included an evaluation of the differences
between the sCJD and fCJD cohorts to detect heterogeneity in
the combined cohort, which might result in underestimation of
diagnostic utility, as well as an analysis of the duration of
symptoms versus pattern of abnormality. The latter was performed by grouping 38 patients with CJD into groups based on
the neurologists’ estimate of the duration of symptoms at the
time of first MR imaging: early (0 –2.9 months, n ⫽ 13), intermediate (3– 6 months, n ⫽ 10), and late (⬎6 months, n ⫽ 15).
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TABLE 1: Sensitivity, specificity, and accuracy of FLAIR and DWI in
CJD
Image Display
Film
Digital
Combined

Sensitivity

Specificity

Accuracy

0.88
1.00
0.91

0.98
0.93
0.95

0.93
0.95
0.94

Note.—Data based on all readings from both readers.
TABLE 2: Intrareader and interreader concordance in interpreting
MR images
Interreader
Image Display
Observed agreement
Predicted chance agreement


Intrareader* Film Digital Combined
0.93
0.53
0.86

0.92
0.50
0.85

1.00
0.56
1.00

0.96
0.51
0.91

* Film only. Digital not included because of 100% interreader
agreement.

Two patients were excluded from this analysis because their
duration of symptoms was uncertain.
Subgroup Analyses
The film and digital groups were compared. Because previous investigators have demonstrated that DWI significantly
increases sensitivity in detecting CJD compared with FLAIR
imaging, alone we did not readdress this issue by reading
FLAIR images and DWIs separately (16, 29).

Results
Group Characteristics
The control group was older than the patients with
CJD (mean, 67 vs 58 years; P ⫽ .0003, Wilcoxon test)
and had a longer duration of symptoms at the time of
MR imaging (41 vs 12 months; P ⬍ .0001, Wilcoxon
test).

Diagnostic Utility of DWI and FLAIR Imaging
Table 1 presents the sensitivity, specificity and accuracy of combined FLAIR and DWI images. Overall
sensitivity for the diagnosis of CJD was 91%, specificity was 95%, and accuracy was 94%. Interreader
concordance was high in the film group ( ⫽ 0.85)
and complete ( ⫽ 1.00) in the digital group. Hence,
unless otherwise stated, our results refer to the total
readings of the two readers. Intrareader concordance
for film review was also high ( ⫽ 0.86) (Table 2).
Regional assessment of abnormality on FLAIR images, DWIs, or both was performed for multiple areas
of cortex and deep gray matter. Abnormality was
observed on both images in 83% of patients with CJD
and in 8% of control subjects. Therefore, the presence of abnormality on images obtained with both
sequences was strongly predictive of CJD (84% sensitivity and 91% specificity). Abnormality on DWIs or
FLAIR images alone was seen in 4% of patients with
CJD and 4% of control subjects. Therefore, the ob-
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TABLE 3: Percentages of cases with gray matter abnormalities

Region

CJD
(n ⫽ 40)

Control
(n ⫽ 53)

Neocortex
Frontal
Rolandic
Parietal
Temporal
Primary visual
Occipital
Limbic
Striatum
Thalamus
Neocortex and striatum
Neocortex without striatum
Striatum without neocortex
Limbic alone
No abnormality

89
84
0
72
65
9
39
79
69
34
68
24
5
0
5

17
9
1
3
11
1
2
25
4
0
0
11
2
13
68

servation of abnormality on one of the two images
was neither sensitive nor specific.
Table 3 shows the patterns of gray matter abnormalities observed on FLAIR and DWI combined.
Abnormal hyperintensity in the neocortex (Fig 2) and
limbic cortex, respectively, was seen in 89% and 79%
of patients with CJD and in 17% and 25% of control
subjects. In no patient with CJD was the signal intensity of the central sulcus or precentral gyrus abnormal
despite the finding of neocortical signal intensity abnormality in adjacent posterior frontal and/or anterior parietal gyri (Fig 3). Primary visual cortex was
also relatively spared (Fig 2), having been judged
abnormal in 9% of those with CJD.
Abnormal signal intensity in the striatum was seen
less frequently than neocortical involvement in patients with CJD (69% vs 89%) and rarely in control
subjects (4%). In 68% of patients with CJD, both
neocortical and striatal abnormality was present (Fig
4). In patients with CJD, images showed abnormal
signal intensity in neocortex but not striatum in 24%
(Fig 2) and signal intensity abnormality in deep gray
matter (primarily striatum) but not neocortex in approximately 5% (Fig 5). We found a predilection for
involvement of the anterior aspect of the putamen
over the posterior, as well as for the head of the
caudate nucleus over the body (Fig 6).
Abnormal thalamic signal intensity was seen in
34% of patients with CJD and no control subject (Fig
7). The abnormal signal intensity involved the medial
or posterior aspect of the thalamus in all patients but
one, in whom images showed subtle diffuse involvement (discussed later). In no case was isolated abnormality observed. Unilateral frontal or parietal neocortical involvement was frequently associated with
ipsilateral thalamic involvement and less commonly
associated with contralateral thalamic abnormality.
No significant lesions were observed in the cerebellum, brainstem, or globus pallidus. Although abnormal signal intensity in the white matter and volume
loss were both slightly more widespread and severe in
the control group (64% and 69%, respectively) than
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the CJD groups (49% and 60%, respectively), the
differences were not significant.

Degree of Perceived Diagnostic Certainty
We performed 185 readings (imaging diagnoses).
Of the 155 definite diagnoses (subset of readings by
the two readers in the 93 subjects classified as either
definitely CJD or definitely not CJD), no false-positive and five false-negative results occurred (Table 4).
Of the 30 diagnoses of probably CJD or probably not
CJD, five false-positive and two false-negative results
occurred (Table 4). This yielded 93% sensitivity and
100% specificity for definite diagnoses considered
alone and 83% sensitivity and 72% specificity for
probable diagnoses considered alone.

False-Positive and False-Negative Results
Findings in three control subjects were misdiagnosed as those of CJD, by both readers in two, producing five false-positive readings. Consensus review
of three false-positive diagnoses in two cases (one by
both readers in the digital group and one by a single
reader in the film group) revealed the abnormality on
the FLAIR image alone (isolated FLAIR abnormality). One patient had frontotemporal dementia and
the other had memory complaints. Consensus re-review indicated that the FLAIR images of the patient
with frontotemporal dementia were abnormal but the
DWIs were not. In both patients, the abnormality on
FLAIR was thought to involve limbic cortex and neocortex but not striatum. Isolated FLAIR abnormality,
as seen in these patients, was noted in 4% of patients
with CJD and 3% of control subjects. Consensus
review of the third false-positive case (digital group),
which both readers called probably CJD, showed that
abnormal signal intensity involved limbic cortex with
only subtle accompanying hyperintensity in the thalami (Fig 8). On physical examination, this patient had
severe dystonia, which later resolved, raising the possibility that another underlying process affected the
striatum. Abnormality restricted to limbic cortex was
noted in seven control subjects (13%) but in no patient with CJD.
Between the two readers, five cases of CJD (all in
the film group), including two cases of fCJD, were
misdiagnosed as not CJD. Both readers misinterpreted two of these cases, producing seven falsenegative diagnoses. Consensus review showed subtle
findings in four of the five cases, particularly on DWI.
Re-review of one false-negative case revealed that the
abnormality was primarily restricted to the striatum
and thalamus (Fig 9) and that it was more diffuse
than the typical sharply localized posterior and medial thalamic findings seen in other cases of CJD. In
three cases (including two of fCJD), severe magnetic
susceptibility, patient motion artifacts, or poor selection of display window during filming (Fig 10) compromised the interpretation. The plane of section per
se (axial or coronal), independent of artifacts, windowing, signal-to-noise ratio, and contrast-to-noise
ratio, were not thought to substantially contribute to
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FIG 2. A 50-year-old man with definite
sCJD.
A, Axial DWI shows pathologic hyperintensity in bilateral posterior temporoparietal neocortex. Cortex along parieto-occipital fissure is abnormally hyperintense
(vertical arrows), but primary visual region
is spared (horizontal arrows). Note asymmetric abnormal hyperintensity in right
cingulum
(arrowhead).
Striatum
is
uninvolved.
B, FLAIR image at same level shows
more subtle pathologic hyperintensity in
all abnormal regions on DWI, as shown in
cingulate cortex (arrowhead).

FIG 3. A 52-year-old man with probable sCJD.
A, Axial DWI shows pathologic hyperintensity in bilateral parietal neocortex and sparing of cortex in postcentral gyrus along the central
sulcus (arrows) and entire precentral gyrus. Note subtle abnormality of paramedian frontal cortex (arrowheads).
B, More superior DWI shows relatively sparing of cortex on both sides of central sulcus (arrows).
C, More superior DWI confirms identification of central sulcus (arrows) and sparing of precentral and postcentral gyri.

the false-negative diagnoses. Many of our standard
protocols include both axial and coronal FLAIR imaging and DWI; therefore, the reviewers were thoroughly familiar with the different artifacts (including
susceptibility and flow artifacts), and normal appearance of cortical signal intensity variation on coronal
and axial DWI and FLAIR imaging.

roughly equal frequencies among the three (temporally divided) CJD groups. We found a trend toward
younger age (P ⫽ .14, Wilcoxon test) and longer
duration of symptoms (P ⫽ .1, Wilcoxon test) in the
fCJD group compared with the sCJD group. Frequency or anatomic distribution of gray matter abnormality did not obviously differ between the groups.

Imaging Results Across Subgroups

Discussion

We found no significant difference in symptom
duration at the time of imaging in patients with CJD,
as analyzed by display group, certainty of diagnosis
(probable vs definite), or by CJD subtype (sCJD vs
fCJD). Subgroup analysis revealed no correlation between duration of symptoms and pattern of abnormality. All patterns of abnormality occurred with

Case and study reports have suggested that specific
brain regions are abnormal on MR imaging in CJD.
The goal of our study was to examine the utility of
MR imaging with both DWI and FLAIR imaging in
the diagnosis of CJD. Using MR criteria, we found
91% sensitivity, 95% specificity, and 94% accuracy in
differentiating CJD from other dementias, with high
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FIG 4. A 26-year-old man with sCJD.
A, Axial DWI shows extensive, asymmetric, right-greater-than-left neocortical
involvement and abnormal hyperintensity
of right caudate nucleus, putamen, and
thalamus (arrowheads). Left caudate nucleus may be mildly hyperintense, but left
putamen and thalamus are not definitely
abnormal.
B, More superior axial DWI shows involvement of posterior frontal (top arrowhead) and anterior parietal (bottom arrowhead) cortex, with sparing of cortex on
edges of the central sulcus (arrow).

FIG 5.
Striatal without neocortical involvement. Axial DWI in a 40-year-old man
with sCJD shows abnormal symmetric hyperintensity in bilateral caudate nuclei,
right putamen, and possibly right thalamus. Left putamen and thalamus are not
definitely abnormal. Mild hyperintensity in
bilateral cingulate cortex is thought to be
normal variation and magnetic susceptibility artifact.
FIG 6. Axial DWI in a 78-year-old woman
with sCJD shows symmetric hyperintensity in bilateral caudate nuclei and anterior
putamina. No definite neocortical involvement is seen, as temporal hyperintensity
(arrowheads) is thought to be magnetic
susceptibility artifact, and appearance of
insular and cingulate cortices may be
within normal limits.

FIG 7. Abnormal thalamic appearance in
sCJD.
A, DWI in a 41-year-old man shows
symmetric hyperintensity in bilateral caudate nuclei and putamina and medial and
posterior thalami (double hockey stick).
No definite neocortical abnormality is
seen. Cingulate cortex and insular cortices
are mildly hyperintense but likely within
normal limits.
B, Axial DWI in a 59-year-old woman
shows abnormal hyperintensity in bilateral
medial thalami and pulvinar. Left insular
cortex (arrows) was thought to be definitely abnormal, and right, possibly abnormal. Caudate nuclei and putamina are
spared.

intrarater and interrater reliability. Increased sensitivity (93%) and specificity (100%) was achieved in
diagnosing cases that met definite radiologic criteria,
and slightly decreased sensitivity (83%) and specificity (72%) was achieved in the diagnostic group meeting only probable criteria. Because the relatively
small number of probable diagnoses made the sensitivity and specificity estimates for this subgroup less
reliable than they would have been otherwise, the
sensitivity and specificity calculated for the aggregate

of all cases likely remains the most informative and
reliable measure of diagnostic utility to emerge from
our study.
Extensive abnormal hyperintensity in cortical gray
matter on both FLAIR images and DWIs, particularly with accompanying striatal abnormality with or
without thalamic abnormality, strongly suggested
CJD. Abnormality appreciated only FLAIR images
and not DWIs was atypical for CJD and may suggest
an alternative diagnosis.
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TABLE 4: Diagnostic utility analysis by degree of radiologic diagnostic certainty

Result
Group
Not CJD
CJD
Utility
Sensitivity
Specificity

Definite Diagnoses*
(n ⫽ 155)

Probable Diagnoses†
(n ⫽ 30)

88/0
5/62

13/5
2/10

0.93
1.00

0.83
0.72

Note.—No. of diagnoses are negative/positive findings on MR imaging.
* Read as “definitely CJD” or “definitely not CJD.”
†
Read as “probably CJD” or “probably not CJD.”

Previous Literature
The literature on brain MR imaging in CJD, largely
comprising single case reports and small case series
since the late 1980s, may be divided as follows: initial
reports before the use of FLAIR imaging showing low
sensitivity of routine MR imaging sequences for CJD
(11, 30), reports of significantly improved sensitivity
for CJD with the introduction of FLAIR sequences
(18, 31, 32), and several reports suggesting that DWI
improves the sensitivity of MR imaging for CJD (13,
15–17, 33, 34).
Although the literature established the constellation of MR findings characteristic of CJD, the sensitivity and specificity of DWI and FLAIR sequences
for CJD had not been established, nor had film versus
digital viewing been compared, to our knowledge.
This information is needed for MR imaging, with
DWI and FLAIR imaging, to be incorporated into
clinical diagnostic algorithms. Such improved algorithms may help reduce costs, lower patient morbidity
rates, and reduce risks to patients and hospital staff
by obviating surgical biopsy.
In a retrospective blinded review of 162 patients
and 58 control subjects, the sensitivity of bilateral,
symmetric hyperintensities in the basal ganglia on
T2-weighted images was 67%, and the specificity at
93%, but DWI and FLAIR imaging were not routinely used. As the authors acknowledged, this limitation and heterogeneity of their MR techniques
mean that this sensitivity is likely an underestimate
(20). Another study demonstrated the superiority of
DWI to FLAIR imaging alone in 13 patients with
CJD (definite and probable sCJD and fCJD) and, by
extension to MR imaging without DWI or FLAIR
imaging (16). However, because control group was
included, the specificity could not be estimated. In
this study, all patients had striatal and/or cerebral
cortical lesions; the thalamus was involved in only one
patient. In a retrospective study, Shiga et al found
that DWI had higher sensitivity for CJD (92%) than
FLAIR imaging (41%–59%), T2-weighted imaging
(36%–50%), EEG (50%–78%), or testing for CSF
protein 14-3-3 (84%) or neuron specific enolase
(73%). Among 26 patients with CJD and 32 control
subjects with dementia, DWI had specificity of about
94% for CJD. Only film images were used, and they

did not examine the specificity of combination of
DWI and FLAIR imaging or of FLAIR imaging
alone (21). Our report adds to this literature, showing
the benefit of digital viewing and the high sensitivity
and specificity of combined DWI and FLAIR imaging
for CJD.

Patterns of Abnormality
The literature reports that T2 prolongation and
reduced diffusion most frequently involve the corpus
striatum (10, 35), followed by the neocortex (10, 13,
16, 17), and the posterior and medial thalamus (11,
16, 17). A small number of reports describe T1 shortening in the globus pallidus (11, 20, 36), and a few
case reports note abnormal T2 prolongation in the
cingulum (35–37), cerebellum (20, 38), hippocampus
(38) and insula (37). Reports from East Asia have
documented extensive abnormal signal intensity in
the white matter and atrophy in some cases of sCJD
(8, 39, 40). Our study showed no significant difference
in white matter signal intensity between the sCJD and
control groups, suggesting the possibility that a distinct, predominantly East Asian panencephalic subtype of sCJD exists. The few reports of MR findings
in fCJD, due to variety of mutations of prion gene,
have documented a similar spectrum of findings (16,
21, 41, 42). Although we found no significant differences between our sCJD and fCJD cohorts, differences may begin to emerge in a larger fCJD group.
Reports of vCJD describe abnormalities in similar
anatomic regions. However, in vCJD, abnormality of
the posterior (pulvinar) and medial thalamus is most
common; this is followed by abnormality in the periaqueductal gray matter; the striatum; and, less commonly, the neocortex. The pulvinar sign, defined by
increased intensity in the pulvinar relative to the anterior putamen, appears to be the most sensitive radiologic marker for vCJD (43, 44).
In our CJD group, gray matter abnormality was
most often seen in neocortex (89%), followed by
limbic cortex (79%), striatum (69%), and thalamus
(34%). In the neocortex, abnormal high signal intensity was most often present in the frontal lobes
(84%), followed by the parietal (72%) and temporal (65%) lobes. This distribution seems to roughly
parallel the sizes of the lobes, possibly suggesting
that any area of cerebral cortex may be involved
with nearly equal probability, with the notable exception of primary sensorimotor and visual cortices. In control subjects, increased signal intensity
was noted more often in frontal and temporal neocortex than in parietal or occipital neocortex. In
retrospect, this seems likely because the inferior
frontal pole (adjacent to the planum sphenoidale
and frontal sinus) and the inferior temporal lobes
(adjacent to the petrous temporal bone and occiput) are the areas of neocortex most affected by
susceptibility artifacts on echo-planar imaging such
as DWI. Additional information regarding patterns
of involvement on MR imaging emerged from our
analysis. The three most prevalent patterns of gray
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FIG 8. False-positive CJD. Patient had mild cognitive impairment.
A, On DWI, signal intensities of insular cortices (arrows) and dorsomedial thalami (arrowheads) were called abnormal.
B, More superior DWI shows no clear abnormality, although subtle hyperintensity in caudate nuclei is questioned. Magnetic
susceptibility artifact somewhat obscure frontal lobes.
C, More superior DWI suggests abnormal hyperintensity of medial frontal lobes.
FIG 9. False-negative CJD.
A, Axial DWI (poor windows, film cohort)
in a 65-year-old man with definite sCJD
retrospectively shows subtle hyperintensity of bilateral caudate heads and anterior
putamina. Medial and dorsal thalami are
subtly abnormal but more diffusely than is
typical of CJD. Insular cortex may be
pathologically hyperintense or normal.
B, Even in retrospect, calling an abnormality on corresponding FLAIR image
(mildly motion degraded) is difficult.

FIG 10. False-negative CJD (film cohort).
A, Axial DWI in a 49-year-old man with
definite sCJD shows no clear abnormality.
Image is motion degraded and poorly windowed, with severe magnetic susceptibility artifact in bifrontal regions.
B, Corresponding FLAIR image shows
marked prominence of ventricles and sulci
for the patient’s age. In retrospect, extensive cortical thinning and probably pathologic hyperintensity are found. CJD not
called because of lack of DWI confirmation and difficulty in assessing thin cortex
in this patient (with clinical signs for ⬎6
months).

matter abnormality, occurring in 76% of our cases
of CJD, were limbic cortex and neocortex alone
(32%) (Figs 2A, 3A); limbic cortex, neocortex, and

striatum (29%); and limbic cortex, neocortex, striatum, and thalamus (15%) (Fig 4A). Predominant
involvement of the anterior striatum with sparing of
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the globus pallidus was frequent, either in isolation
or in conjunction with neocortical and/or thalamic
abnormalities.
Thalamic involvement was primarily limited to medial and posterior thalamus and always associated
with striatal and neocortical abnormality. Although
this feature may typically help differentiate to sCJD
from vCJD, in which the pulvinar sign is frequently
present alone, a case of sCJD in which T2-weighted
images, FLAIR images, and DWI showed only the
pulvinar sign has been reported (45).
Unilateral neocortical hyperintensity ipsilateral to
unilateral hyperintensity in the deep gray matter was
a frequently observed pattern that should be recognized as typical of CJD, as conditions such as metabolic abnormalities or global anoxic injuries might be
expected to be more symmetric. No abnormality in
the posterior fossa was identified. Although this finding suggests that the cerebellum is generally spared in
the more common clinical variants of CJD, no cases
of clinically cerebellar predominant (Brownell-Oppenheimer) CJD were present in our cohort.

Sparing of Primary Sensorimotor and Visual
Cortices
Even in the presence of extensive abnormal signal
intensity in the frontal and parietal cortex, the primary
motor and sensory cortices on either side of the central
sulcus (Rolandic cortex) were never identified as being
abnormal in our CJD group (Fig 3 and Table 3). However, after our study was completed, we observed involvement of the cortex of the postcentral gyrus in a
patient with clinically definite CJD. This relative sensorimotor sparing mirrors the clinical observation that
CJD appears to relatively spare primary somatosensory
cortical function. Although primary visual cortex was
also relatively spared in our CJD group (involved in
9%), no cases of the Heidenhain (occipital) variant of
sCJD were present, a finding that may have influenced
the results (46). Variation in the patterns of involvement
in specific brain regions is likely related to the underlying pathologic and/or physiologic abnormalities and
warrants further study.
Preliminary data in humans suggest that the DWI
hyperintensity is best correlated with vacuolation (spongiform change) and, to a lesser extent, with gliosis and
neuronal loss (S. J. DeArmond, unpublished data,
2004). On the contrary, increased signal intensity on
T2-weighted and DWI in the brains of scrapie-infected
mice is most strongly correlated with the deposition of
the abnormal prion protein and astrocytic gliosis than
with vacuolation (47). Results suggesting that the strain
of prion (determined by protein conformation), glycosylation composition, and genetic factors influences the
pattern and type of pathologic involvement (48, 49) may
explain these differences.

Pitfalls in Diagnosis
During the re-review of our false-negative and
false-positive cases, we identified a number of poten-
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tially avoidable pitfalls related to image acquisition
and display and to normal variations of signal intensity in regions commonly involved in CJD. Susceptibility artifacts may substantially reduce diagnostic accuracy, particularly near the skull base (i.e., inferior
frontal and temporal lobes). Motion artifact was
problematic in a number of cases, especially in regions of the brain already compromised by susceptibility. The speed of acquisition with DWI sequences
can help to reduce motion artifact in patients who
cannot remain still for prolonged periods because of
myoclonus and/or dementia, but general anesthesia
may still be required to obtain diagnostic-quality images. Suboptimal selection of display windows during
viewing was responsible for two of five false-negative
diagnoses in the film cohort. In four of these cases,
the abnormal findings were subtle. However, no falsenegative diagnoses were encountered during digital
review of images in a similar patient population that
also had subtle findings. This observation underscores
the considerable advantages of soft-copy display,
which allows a reader to adjust window levels for
optimal interpretation.
An abnormality that is appreciated only FLAIR
images and not DWIs, as occurred in two of our three
false-positive cases, should be regarded as atypical for
CJD and suggest an alternative diagnosis. For example, the paraneoplastic condition associated with
CRMP-5 antibodies clinically overlaps with CJD; this
results in high T2 signal intensity on FLAIR images of
the basal ganglia but not in the cortex or thalamus,
and DWIs have been reported to be normal (50).
Collie et al reported a case of vCJD in which pulvinar
abnormalities detected on FLAIR images were not
identified on DWIs, but they did not note whether
digital or film analysis was done (43). Of note, relatively high signal intensity on FLAIR images confined
to limbic cortex alone should not suggest CJD, as the
signal intensity of these regions is higher than that of
adjacent neocortex on normal studies (51). To avoid
this pitfall, which was the basis of one of our falsepositive cases, clinicians and radiologists must familiarize themselves with the normal appearance of limbic gray matter on narrowly windowed FLAIR images
and DWIs (Fig 1).
In clinical practice, imaging findings of CJD are
often overlooked, likely because the abnormalities
are subtle or misinterpreted as artifact or possibly
because their symmetry is sometimes striking. In one
study, neuroradiologists or radiologists initially overlooked hyperintensities in the basal ganglia on T2- or
proton attenuation–weighted MR images in 80% of
patients with CJD (20). This observation underscores
our need as neurologists and radiologists to educate
ourselves about the subtlety of these findings.

ADC Maps
Because ADC maps were not available in the cases
from outside our institution, and therefore not included in the analysis, some of the abnormality seen
on DWI might have represented T2 prolongation (T2
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shine-through effect) in addition to reduced diffusion.
Nevertheless, the use of DWIs alone provided high
sensitivity and specificity. Therefore, although prolonged reduction of ADC has been documented in
CJD (16, 37), the principle advantage of DWI may be
the increased tissue contrast it offers for abnormal
signal intensity in the gray matter rather than specific
detection of reduced water diffusion; in 83% of our
patients with CJD, abnormality was appreciated on
FLAIR imaging as well as on DWI. Furthermore,
ADC maps can be difficult to interpret, especially in
the pathologically thin cortex of a patient with latestage CJD, because of volume averaging with CSF,
motion and susceptibility artifacts, and loss of information during postprocessing. Although that availability of ADC maps might shed light on the pathophysiology of CJD, particularly when serial images
are obtained over time, the absence of these maps was
not considered a notable limitation in the diagnosis of
CJD. Lastly, although no surface-coil images were
included in this series (to our knowledge), the increasing use of MR phase-array surface head coils
requires a word of caution. Such coils tend to produce
relative cortical hyperintensity related to their sensitivity profile; we suspect that this hyperintensity could
be confused with findings of CJD.

Conclusion
The combination of FLAIR and DWI techniques
had sensitivity, specificity, and accuracy of over 90%
in the differentiation of CJD from other dementias
with high intrareader and interreader reliability.
Therefore, this combination should be considered essential for adequate MR evaluation of sCJD. When
electronic image display is available, achievable accuracy may be even higher. Conversely, improper data
acquisition and display technique and also susceptibility and motion artifacts may substantially impair
diagnosis. Familiarity with the normal variation in
cortical signal intensity on DWI and FLAIR and with
patterns of gray matter hyperintensity typical of CJD
is essential for accurate diagnosis. Confirmation of
these findings in a prospective cohort is an appropriate next step to revise the diagnostic algorithm for
CJD and to definitively establish the full spectrum of
MR findings in human prion disease.
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