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Abstract—Objective: To evaluate the usefulness of diffusion-weighted MRI (DWI) for the early diagnosis of Creutzfeldt–
Jakob disease (CJD). Methods: Thirty-six consecutive patients (age 56 to 82 years) were enrolled, and 26 were examined
by DWI. Nine were definite based on the World Health Organization criteria, and 27 were probable. The percentages of
DWI abnormalities, periodic sharp wave complexes (PSWCs) on the EEG, detection of CSF 14-3-3 protein, and increase of
CSF neuron-specific enolase (⬎25 ng/mL) on the first examination were compared. For DWI, 32 patients (age 31 to 84
years) who showed progressive dementia or impaired consciousness served as disease controls. Results: The percentage of
DWI abnormalities was 92.3%, of PSWCs 50.0%, of 14-3-3 protein detection 84.0%, and of NSE increase 73.3%. Two of the
32 control subjects were falsely positive on DWI. The sensitivity of DWI was 92.3% (95% CI 74.8 to 99.5%) and specificity
93.8% (95% CI 79.2 to 99.2%). In 17 patients who did not show PSWCs on the first EEG, abnormal DWI findings were still
clearly detected. Four patients who were negative for 14-3-3 protein also showed DWI abnormalities. DWI abnormalities
were detected as early as at 3 weeks of symptom duration in four patients in whom PSWCs were not yet evident.
Conclusions: DWI can detect characteristic lesions in the majority of patients with CJD regardless of the presence of
PSWCs. DWI was the most sensitive test for the early clinical diagnosis of CJD; consideration should be given to its
inclusion in the clinical diagnostic criteria of CJD.
NEUROLOGY 2004;63:443–449

Creutzfeldt–Jakob disease (CJD) is a transmissible,
progressive, fatal spongiform encephalopathy.1 The
transmission of bovine spongiform encephalopathy to
humans as variant CJD2 has focused increased attention on CJD. The cardinal manifestations of the
disease are rapidly progressive dementia, generalized myoclonus, and periodic sharp wave complexes
(PSWCs) on EEG. However, cases that do not consistently show such typical manifestations have been
recognized, and the spectrum of disease manifestations has been extending.3,4 An early and accurate
diagnosis is important to prevent disease transmission, but diagnosis is not easy, especially in the early
stage of the disease.
PSWCs on EEG have been used as one of the
central diagnostic tests for CJD.5 However, PSWCs
are observed in only 60% of patients3,4 and usually
appear after the middle stage of the disease. In addition, PSWCs are not always specific for CJD.6

PSWCs are therefore of limited use for the early
diagnosis of CJD. The detection of brain-specific proteins such as 14-3-3 protein6 and neuron-specific enolase7 (NSE) in CSF also supports the diagnosis of
CJD. Although the sensitivity and specificity of 143-3 protein6 and NSE7 are higher than those of
PSWCs,8 false-positive results are observed in several neurologic diseases such as herpes simplex encephalitis, cerebrovascular disease,6 Hashimoto
encephalopathy,9 and paraneoplastic neurologic
disorders.10
Recently, several reports described that diffusionweighted MRI (DWI) could demonstrate early brain
lesions in CJD patients when scans were negative on
T2-weighted MRI examination (T2I).11 In this study,
we evaluated the usefulness of DWI for the early
clinical diagnosis of CJD by comparing it with other
MR sequences such as T2I and fluid-attenuated inversion recovery imaging (FLAIR) and with other diagnos-
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Table 1 Profiles of CJD patients and examination results
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
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33
34
35
36

Type

Age/sex

Duration, wk

Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Sp
Fa
Fa
Fa
Fa
Fa
Fa
Ia (Dura)
Ia (Dura)

71/M
63/M
78/M
76/F
61/M
66/M
76/F
69/M
54/M
69/M
68/M
63/F
74/M
71/M
63/F
79/M
75/F
74/F
59/M
73/F
73/F
69/M
67/F
70/M
72/F
59/M
74/F
66/F
76/M
56/F
58/M
72/M
82/F
79/M
57/M
70/F

3
4
6
6
7
8
8
8
8
8
9
9
10
12
12
13
21
23
24
25
3
3
6
8
8
9
17
25
4
8
9
12
13
24
3
8

DL
P
P
P
P
P
P
P
P
P
D
P
P
D
P
P
D
D
P
D
P
P
P
P
P
P
P
D
P
P
P
P
D
P
D
D
P

PRNP

PSWC

DWI

14-3-3

NSE, ng/mL

MM
MM
MM
MM
MM
MM
MM
MM
MM
VV2
MM
MM
MM
MM
MM
MM
VV2
MM
MM2-T
MV

⫺/⫹
⫹
⫹
⫹
⫹
⫺/⫹
⫹
⫹
⫺/⫹
⫺
⫺/⫹
⫹
⫹
⫹
⫺/⫹
⫹
⫺
⫹
⫺
⫺
⫺/⫹
⫺/⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫺/⫹
⫺/⫹
⫺
⫺
⫺
⫺/⫹
⫹

⫹
⫹
⫹
⫹
⫹
⫹
⫹

⫹
⫺
⫹
⫹
⫹

26
79
22
37.3
29
177

V1801
M232R
E200K
V1801
V1801
V1801
MM

⫹
⫹
⫹

⫹
⫹
⫹
⫺
⫹
⫹
⫹

⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫹
⫺
⫹

18.4
110
24
56
31
25.2
36
48
51.4
15.4
56.2

⫹

50
95

⫹
⫹
⫹
⫹

120
62
72
300
19.5
110

⫹
⫺
⫺
⫹

60.4
32.1
13
18
15.8

⫺/⫹
⫹

⫹
⫹
⫹
⫹
⫹
⫹
⫹

CJD ⫽ Creutzfeldt–Jakob disease; Duration, wk ⫽ duration from the onset to diagnostic examinations; DL ⫽ diagnostic level based on
World Health Organization criteria; PSWC ⫽ periodic sharp wave complex; DWI ⫽ diffusion-weighted imaging; NSE ⫽ neuron-specific
enolase; Sp ⫽ sporadic CJD; P ⫽ probable; MM ⫽ homozygosity for methionine at codon 129; D ⫽ definite; VV ⫽ homozygosity for valine at codon 129; MV ⫽ methionine/valine heterozygosity at codon 129; Fa ⫽ familial CJD; V180I ⫽ a point mutation of Val to Ile at codon
180; M232R ⫽ a point mutation of Met to Arg at codon 232; E200K ⫽ a point mutation of Glu to Lys at codon 200; Ia ⫽ iatrogenic CJD;
Dura ⫽ a recipient of cadaveric dura mater; (⫺/⫹) ⫽ negative on the first examination but positive on the sequential examinations.

tic tests including PSWC, CSF 14-3-3 protein, and CSF
NSE, which are used as the World Health Organization (WHO) CJD diagnostic criteria.12
Patients and methods. Study group. Thirty-six consecutive
patients with CJD seen from January 1, 1994, to June 30, 2003, at
the Department of Neurology, Tohoku University Hospital, and its
related hospitals (age 56 to 82 years with a mean age of 68.9
years; 21 men) were enrolled in this study. These patients included the patients in our previous reports.13-15 According to the
WHO criteria,12 9 were definite and 27 were probable. A genetic
study of human prion protein gene (PRNP) was performed in 27
patients, and 20 were sporadic CJD (17 had methionine homozygosity at codon 129 of PRNP, and, among those, 3 were definite;
14 were probable at the diagnostic level, and 2 who were definite
444
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had valine homozygosity and 1 who was probable had methionine/
valine heterozygosity). Six had familial CJD (two definite, four
probable, in which two had V180I15 and one had E200K16; one had
M232R).17 Of two patients who were recipients of cadaveric dura
mater (iatrogenic CJD), one was definite and one was probable
(one had methionine homozygosity at codon 129 of PRNP). Our
patients composed various clinical phenotypes of CJD including
uncommon variants with rather longer clinical courses. The profiles of these patients are listed in table 1.
Disease control group. We reviewed retrospectively the clinical records of our patients who were admitted to the Department
of Neurology, Tohoku University Hospital, from January 1, 1998,
to June 30, 2003. Excluding patients who had an abrupt onset or
symptoms suggesting meningoencephalitis, such as high fever,
stiff neck, etc., 81 patients demonstrated subacute dementia or
impaired consciousness progressing for 1 to several months.
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Table 2 Final diagnosis of control patients
Final diagnosis

Total no.

Metabolic encephalopathy, including one alcoholic
encephalopathy

4

Dementia with Lewy bodies

3

Corticobasal ganglionic degeneration

3

Cerebrovascular dementia

2

Viral encephalitis, including one herpes simplex
encephalitis

3

Interval form of CO poisoning

3

Cryptococcal meningoencephalitis

2

Mitochondrial cytopathy

2

Progressive dementia, not otherwise specified

4

Alzheimer disease

1

CNS lymphoma

1

Multiple sclerosis

1

Temporal lobe epilepsy

1

Leukoencephalopathy, not otherwise specified

1

Ganser syndrome
Total

1
32

Thirty-two (age 31 to 84 years with a mean age of 61.9 years; 15
men) of 81 patients had undergone DWI examination. They served
as disease controls for DWI because obtaining a large group of
individuals with suspected CJD but with an alternative diagnosis
was difficult. Of these patients, four had seriously suspected CJD,
for whom the final diagnosis in two was metabolic encephalopathy
that was improved by IV vitamin administration, one was mitochondrial encephalopathy as confirmed by an enzyme assay, and
one was corticobasal ganglionic degeneration verified by autopsy.
These controls included dementia with Lewy bodies, Alzheimer
disease (AD), cerebrovascular disease, CNS infection, metabolic or
mitochondrial encephalopathy, CNS malignancy, corticobasal ganglionic degeneration, interval form of CO intoxication, etc. Dementia with Lewy bodies, AD, and cerebrovascular disease are major
differential diagnoses of CJD,18 and CNS infection, encephalopathy, and CNS malignancy sometimes demonstrate positive 14-3-3
protein test in CSF,19 which is an important diagnostic marker for
CJD.6 The disease controls are listed in table 2.
We compared the sensitivities of the positive results of MR
sequences such as DWI, T2I, and FLAIR. We also assessed interobserver agreement. We compared the sensitivities of the positive
results of DWI, PSWC, and brain-specific proteins such as 14-3-3
protein and NSE in CSF for making a diagnosis of CJD. PSWC
and positive assay of 14-3-3 protein are included in the WHO
diagnostic criteria.12 These examinations were carried out 3 to 25
weeks after the onset with a mean duration of 10.7 weeks after
the onset (see table 1).
Methods. DWI technique. Scans were performed on a number of units. A 1.5 or 1.0 T MR unit (Signa Horizon LX, GE
Medical Systems, Milwaukee, WI; or Magnetom Vision, Siemens,
Erlangen, Germany) was used. DWI was performed in 26 CJD
cases with single-shot spin-echo echo-planar imaging. Imaging parameters were as follows: 4,700 to 5,000/93 to 120/1 or 2 (repetition time/effective echo time/no. excitations), 10 to 15 axial
sections of 5- or 6-mm section thickness with a 1.5- to 3.0-mm
intersection gap, 128 ⫻ 128 matrix, 220- or 230-mm field of view,
and a diffusion-encoding strength (b factor) of 1,000 s/mm2. In 23
of 26 CJD cases, T2I was performed, and in 17 of 26 CJD cases,
FLAIR was performed. DWI, T2I, and FLAIR were performed on
the same day using the same MR unit.
MRI investigation. MRI scans were assessed retrospectively
as hard copies by two well-experienced neuroradiologists blind to
clinical information, who examined each type of sequence separately, without referring to the other MR sequences, indepen-

dently and individually. We accepted three types of high-intensity
lesions as CJD-related lesions on DWI: lesions in the striatum
(caudate or putaminal or both), lesions in the thalamus including
the pulvinar, and lesions along the cortical ribbon (cerebral or
cerebellar). We also accepted the lesions of several types in combination. We accepted not only the symmetric lesions but also asymmetric or unilateral lesions. DWI scans of the disease control
group were also assessed retrospectively as hard copies combined
with five DWI scans of CJD patients by the same two neuroradiologists, completely blind to clinical information to minimize observer bias.
PSWCs. EEG was recorded using the International 10 –20
System. PSWCs were defined as diffuse biphasic or triphasic
sharp wave complexes with a duration between 100 and 600 milliseconds and an intercomplex interval between 500 and 2,000
milliseconds.5
Brain-specific proteins in CSF. 14-3-3 protein immunoassay
in CSF by means of western blotting was performed using a polyclonal antibody to the ␤ isoform of 14-3-3 protein, SC 629 (Santa
Cruz Biotechnology, Santa Cruz, CA). The presence of the band
against the antibody, SC 629, was investigated. NSE in CSF was
measured commercially using an ELISA (SRL Laboratory, Tokyo,
Japan), and a value of ⬎25 ng/mL20 was judged as positive.
Statistical analyses of the diagnostic sensitivities of DWI,
PSWCs, and NSE and 14-3-3 protein in CSF, positive rate of DWI,
T2I, and FLAIR, and interobserver agreement rate were done
using the Fisher exact probability test.

Results. MRI. DWI was examined in 26 CJD patients 3
to 25 weeks after the onset with a mean duration of 10.7
weeks. Twenty-four CJD patients showed high-intensity
brain lesions by DWI examination. For both observers, the
sensitivity of DWI for the CJD diagnosis was 92.3%. The
interobserver agreement rate was 100%. Three patients
(12.5%) showed lesions only in the caudate heads and putamen, 10 (41.7%) patients showed linear lesions only in
the cerebral cortex, and 11 (45.8%) patients showed lesions
in both the basal ganglia and the cerebral cortex (figure 1).
Among them, only three patients (12.5%) showed lesions in
the thalamus. No patients showed high-intensity lesions in
the cerebellum. High-intensity lesions on DWI appeared
before brain atrophy. The lesions involving the striatum
were not always symmetric at the beginning but later became symmetric (figure 2), although symmetric striatal
lesions are well known in CJD.11 In some cases, the highintensity lesions with sequential DWI did not always
progress with the advance of the disease, and the signal
intensity sometimes decreased with the disease progression in some lesions. In some cases, the cortical high signal
varied in intensity and anatomic distribution (figure 3). In
the terminal stage with profound brain atrophy, the highintensity lesions became unclear. T2I was examined in 23
of 26 DWI-examined patients, but one T2I scan was excluded because of the low quality due to motion artifacts.
One observer judged that 11 of 22 patients were positive
(50.0%), and another observer judged that 8 were positive
(36.4%). The interobserver agreement rate was 68.2%, and
it was lower than that of DWI (p ⬍ 0.005). In both observers,
DWI was more sensitive than T2I (p ⬍ 0.005 for one observer
and p ⬍ 0.0005 for another observer). FLAIR was examined
in 17 of 26 patients. One observer judged that 10 of 17 patients were positive (58.8%), and another observer judged
that 7 were positive (41.2%). The interobserver agreement
rate was 82.4%, and this also was lower than that of DWI
(p ⬍ 0.05). DWI was more sensitive than FLAIR (p ⬍ 0.01 for
one observer and p ⬍ 0.0005 for another observer). We show
in figure 4 an example in which only DWI could detect abnormal high-intensity lesions.
August (1 of 2) 2004 NEUROLOGY 63 445
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Figure 1. MRI changes seen in Creutzfeldt–Jakob disease. Three patterns of high-intensity lesions were seen: striatal lesion (A), cerebral cortical lesion (B), and a combination of both lesions (C).
DWI failed to detect any lesions in two patients at the
first examination. The second DWI showed high-intensity
lesions at the striatum in one of those patients. Repeated
DWI scans of the other patient did not show any highintensity lesions throughout his disease course. On the
postmortem examination, protease-resistant type 2 prion

Figure 2. Chronologic change of the striatal and cortical
lesions. A case of sporadic Creutzfeldt–Jakob disease
(CJD) showing the progression of the basal ganglia signal
changes from asymmetric (A) to symmetric (B). The interval between (A) and (B) was 2 months. A case of familial
CJD with V180I mutation showing the progression of the
cerebral cortex and caudate head signal changes from
asymmetric (C) to symmetric (D). The interval between (C)
and (D) was 4 months.
446

NEUROLOGY 63

protein was detected in this patient by western blot analysis using monoclonal antibody 3F4 (Signet Laboratories,
Dedham, MA), and there were no spongiform changes.
This case was classified as MM2-thalamic according to
Parchi’s classification (table 1).3
High-intensity DWI lesions that were in agreement
with our criteria were observed in the disease control patients. One observer judged that a 69-year-old woman with
cryptococcal meningoencephalitis and a 60-year-old
woman with interval form of CO poisoning were falsely
positive. Another observer judged that a 48-year-old
woman with herpes simplex encephalitis and a 47-year-old
with alcoholic encephalopathy were falsely positive. For
both observers, the false-positive rate was 6.3% and the
interobserver agreement rate was 87.5%. No highly CJDsuspected patients demonstrated high-intensity lesions.
The sensitivity of DWI was 92.3% (95% CI 74.8 to 99.5%)
and specificity 93.8% (95% CI 79.2 to 99.2%).
DWI detected the brain lesions before the appearance of
PSWCs on EEG in 10 patients. DWI abnormalities were
detected as early as at 3 weeks of symptom duration in
four patients in whom PSWCs were not yet evident. In
seven of eight patients who did not show PSWCs throughout their disease course, the first DWI clearly demonstrated the brain lesions (see table 1).
PSWCs on EEG. EEG was recorded from all 36 patients. Eighteen of 36 (50.0%) patients showed PSWCs that
fit the criteria on the first EEG. In 10 of 18 PSWCnegative patients, sequential EEG showed PSWCs. However, eight patients (22.2%) did not show PSWCs in
further sequential EEG recordings. The genetic analysis of
PRNP demonstrated that four had a point mutation of
V180I and one had MV at codon 129, and the postmortem
examination revealed that two had VV2 and one had
MM2-thalamic (see table 1). Generally, these types of CJD
patients do not show PSWCs.3
Brain-specific proteins in CSF. The 14-3-3 protein was
examined in 25 patients and NSE in 30. Twenty-one of
those 25 patients (84.0%) were positive for 14-3-3 protein
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Figure 3. Chronologic change of the cortical lesions in
sporadic Creutzfeldt–Jakob disease (sCJD). The cortical
high intensity seen in a case of sCJD changed with time,
with both increases and decreases in signal intensity in
different areas. The high intensity in the bilateral occipital
cortices (A) decreased (C, arrows), whereas the signal intensity in the left insular and temporal cortices (A) apparently increased (C, arrowheads). The interval between (A)
and (C) was 1 month. The high intensity in the right temporal cortex and bilateral occipital cortices (B) decreased
(D, arrow for the left temporal cortex and arrowheads for
the bilateral medial occipital cortices). The interval between (B) and (D) was 1 month. Note that the highintensity lesions depicted in diffusion-weighted imaging
did not simply expand with the advance of the disease.
and 22 of those 30 patients (73.3%) were positive for NSE.
In 24 patients examined for both brain-specific proteins, 16
were positive for both, 4 were negative for both, and 4
NSE-negative patients were positive for 14-3-3 protein (see
table 1).
Comparison of sensitivity of DWI, PSWCs on EEG, and
brain-specific CSF protein assay in diagnosing CJD. The
sensitivity of DWI examined for the differential diagnosis
was 92.3%, of PSWCs 50.0%, of 14-3-3 protein 84.0%, and
of NSE 73.3%. DWI was more sensitive than PSWCs (p ⬍
0.0005). 14-3-3 protein was more sensitive than PSWCs
(p ⬍ 0.01). DWI tended to be more sensitive than 14-3-3
protein and NSE, but the differences were not significant
(p ⫽ 0.36 and p ⫽ 0.06) (figure 5). In all 10 patients who
had PSWCs in the sequential EEG recording, the lesions
had already been detected earlier by DWI. DWI was positive in three of four 14-3-3 protein-negative patients and in
six of seven NSE-negative patients. In only one patient
who was classified as a rare variant of MM2-thalamic,3
DWI, PSWC, 14-3-3 protein, and NSE were all negative.

Discussion. MRI had not been thought to be a
sensitive noninvasive diagnostic test of CJD21; it was
previously thought that EEG was the most reliable
diagnostic test.5 Increased signal intensity in the
basal ganglia on T2I was first described in 1988,22

and it was demonstrated that MRI was useful in
depicting the lesions of CJD.23 Although the usefulness of DWI for the early diagnosis of CJD has been
suggested,11,13 no one has compared the ability to
depict the lesions among MR sequences such as T2I,
FLAIR, and DWI or the accuracy of DWI in diagnosing CJD, especially for the early clinical diagnosis of
CJD, with other noninvasive tests including EEG. In
this study, we found that the sensitivity of DWI was
92.3% and that DWI was significantly more sensitive
than conventional T2I and FLAIR in detecting the
CJD-related lesions. T2I and FLAIR, whose sensitivities were 40 to 50%, are inadequate as a test for the
first-line differential diagnosis. Further, the CJDrelated lesions that we demonstrated on DWI were
not detected in a small number of controls with AD,
dementia with Lewy bodies, and cerebrovascular dementia, which are the major differential diagnoses of
CJD.18 We have demonstrated the superiority of DWI
over the other noninvasive diagnostic tests by comparing its sensitivity with that of PSWCs on EEG,
14-3-3 protein, and NSE examined for the differential diagnosis. Unexpectedly, the interobserver
agreement rate of DWI was 100%, and it was significantly higher than that of T2I and FLAIR. This
indicates that DWI, which can depict the CJDrelated lesions clearly and reliably, may represent a
very important diagnostic test for the differential diagnosis. As we demonstrated previously,13 DWI is
more tolerant of motion artifacts than T2I and
FLAIR. This advantage is especially important in
CJD patients with the involuntary movement of
myoclonic jerk. This tolerance may be one of the
reasons for the higher sensitivity and the higher interobserver agreement rate of DWI compared with
T2I and FLAIR.
The positive rates of T2I by our two observers
were 36.4 and 50.0%, and these were significantly
lower than a previously reported positive rate for T2I
of 79.3%.23 We think that this discrepancy can be
accounted for by the difference in the time when the
MRI was examined; the mean duration for our patients from the onset to MRI examination was 10.7
weeks (2.6 months), whereas that of the previous
report was 8.1 months.23 A positive rate for T2I of
67.3% was also reported; however, the positive rate
of the first T2I in that report was 43.2%.24 This is
almost the same as in our results.
Currently, PSWCs play a central role in the diagnosis of CJD.12 However, in the case of PSWCnegative patients, the diagnosis of CJD is sometimes
difficult, and such cases are classified as “possible
CJD.”12 We have demonstrated in this study not only
that DWI was positive earlier than the presence of
PSWCs but also that DWI was positive in CJD subjects without PSWCs throughout their disease. In
the suspected CJD patients who are diagnosed as
“possible CJD,” the accuracy of the diagnosis is different between DWI-positive patients and DWInegative patients. The likelihood of CJD is higher in
August (1 of 2) 2004 NEUROLOGY 63 447
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Figure 4. Comparison of conspicuity of Creutzfeldt–Jakob disease–related changes of the same patient on different MRI
sequences. T2-weighted imaging (A) and fluid-attenuated inversion recovery imaging (B) show normal findings, and
diffusion-weighted MRI (C) demonstrates high-intensity lesions in the cerebral cortex.

DWI-positive patients and lower in DWI-negative
patients.
Each observer judged as false positive 2 of 32 disease controls. However, two observers did not agree
on the result: one observer judged DWI of cryptococcal meningoencephalitis and interval form of CO poisoning as false positive, and another observer judged
DWI of herpes simplex encephalitis and alcoholic encephalopathy as false positive. However, a careful
history taking and the presence of pleocytosis in the

Figure 5. Percentage of Creutzfeldt–Jakob disease cases
with positive test. The positive rates of diffusion-weighted
MRI (DWI), periodic sharp wave complexes (PSWCs), 143-3 protein, and neuron-specific enolase (NSE) examined
for the differential diagnosis were 92.3, 50.0, 84.0, and
73.3%. *DWI was more sensitive than PSWCs (p ⬍
0.0005). **14-3-3 protein was more sensitive than PSWCs
(p ⬍ 0.01). *DWI tended to be more sensitive than 14-3-3
protein (p ⫽ 0.36) and NSE (p ⫽ 0.06). ***NSE tended to
be more sensitive than PSWCs (p ⫽ 0.053). However, these
were not significant.
448

NEUROLOGY 63

CSF study significantly reduced the possibility of
CJD. DWI was very useful to distinguish CJD from
AD, vascular dementia, and dementia with Lewy
bodies, which are the major differential diagnoses of
CJD18 and account for the vast majority of dementia
in elderly patients.25 DWI of mitochondrial encephalopathy, lactic acidosis, and stroke-like episodes
(MELAS), Wilson disease, and Wernicke encephalopathy can demonstrate similar abnormalities. However, the clinical course and laboratory findings
easily distinguish them from CJD. DWI in hypoglycemia,26 anoxia,27 and reversible posterior leukoencephalopathy syndrome28 has also been reported to
demonstrate high-intensity lesions similar to those
of CJD. However, these have peculiar episodes, and
the onset is apparently different from that of CJD.
We must mention a 15-year-old boy with a final diagnosis of CNS lupus who was referred to the Japanese
CJD Surveillance Committee. His consciousness disturbance developed subacutely, and his DWI showed
scattered high-intensity lesions in the cerebral cortex
and basal ganglia. His neurologic symptoms improved after the administration of prednisolone. CNS
vasculitic disease also needs to be excluded in the
differential diagnosis.
The kinds of pathologic findings that correlate
with the CJD-related high-intensity lesions demonstrated in DWI are still controversial. Spongiform
changes29 and prion protein deposits30 are candidates. The time lag from DWI examination to postmortem pathologic examination impedes an accurate
understanding. The postmortem examination in one
case of familial CJD with V180I whose DWI showed
prominent high intensity in the cerebral cortex revealed severe spongiform changes and rather weak
prion protein staining there immunohistochemically.
The postmortem examination in a patient with spo-
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radic CJD with MM2-thalamic whose DWI demonstrated negative findings throughout the disease
course revealed no spongiform changes and rather
weak prion protein staining. Based on our limited
experience, we speculate that the high-intensity lesions depicted by DWI are related to spongiform
changes rather than to prion protein deposition;
however, more animal and postmortem studies are
required to confirm this. It remains unclear why
some high-intensity lesions become less prominent
with the advance of the disease. We need to accumulate radiopathologic studies for several types of CJD.
The weaknesses of this study are that the number
of ideal controls, CJD suspects with a final alternative diagnosis, was too small, because it was difficult
to obtain a large number of such patients, and also
the lack of pathologic diagnosis in the majority of
CJD patients, with the result that only 9 of 36 patients were definite because of the difficulty in obtaining a postmortem examination in many cases. To
overcome these weak points, a multicenter analysis
of pathologically verified CJD patients and ideal controls is needed.
Last, in interpreting the results of the diagnostic
tests, we must understand that such laboratory tests
as DWI, brain-specific protein, and EEG reflect different aspects of the disease. Brain-specific proteins
reflect the ongoing rapid and massive destruction of
the neurons, and EEG reflects the current state of
the injured brain.
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