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Key Clinical Message

Creutzfeldt-Jakob disease is a neurodegenerative disorder caused by brain accumu-
lation of a misfolded form of the cellular prion protein, whose diagnosis is challeng-
ing, particularly in early stages, due to the variability and nonspecificity of the clinical
and radiological features. 18F-fluorodeoxyglucose positron-emitted tomography has
the potential to be considered a crucial investigation in these patients, revealing met-
abolic abnormalities earlier than the conventional neuroimaging analysis.

Abstract

A 59-year-old man, the military officer, was referred to our Units for the onset of
neurological symptoms rapidly evolving within a month, characterized by aki-
netic mutism, constructional apraxia, and disorders of spatial orientation. Brain
18F-fluorodeoxyglucose (18F-FDG) positron-emitted tomography (PET)/CT de-
picted an asymmetric hypometabolism in the left fronto-temporo-parietal cortex,
as well as in the left thalamus and the right cerebellar hemisphere, while the
glucose metabolism appears to be preserved in the somatosensory cortex and the
basal ganglia. Laboratory routine analyses, cerebrospinal fluid routine, infective
tests, electroencephalography (EEG), and brain magnetic resonance (MR) were
all unremarkable. A positive RT-QulC result on cerebro-spinal fluid (CSF) was
subsequently shown, without any pathogenic gene mutations and, therefore, the
result was consistent with a diagnosis of sporadic Creutzfeld-Jacob disease. The
clinical evolution was quickly unfavorable, and the patient died about 4 months
after hospital admission. FDG PET/computed tomography (CT) has the potential
to be considered a crucial investigation in these patients, documenting metabolic
changes long time before other diagnostic investigations such as CSF, EEG, brain
CT, and brain MR, thus suggesting a greater sensitivity of glucose metabolic eval-
uation in the early stage of the disease in question.
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1 | INTRODUCTION

Creutzfeldt-Jakob disease (CJD), a neurodegenerative
disorder caused by brain accumulation of a misfolded
form of the cellular prion protein, represents the most
common form of transmissible spongiform encephalop-
athy. This group of diseases, first identified in animals
in the 17th century (sheep's scrapie), is rare in humans;
its frequency is around 1 in a million per year, with
equal distribution worldwide.! CJD includes a sporadic
Creutzfeld-Jacob disease form (sCJD) of unknown
etiology, which is epidemiologically prevalent. It is a
presenile dementia lasting a few weeks before the ap-
pearance of ataxia, myoclonia, and pyramidal and extra-
pyramidal signs; its symptoms can be similar to those of
Alzheimer's disease but with a faster worsening, which
rapidly leads to death. Most sporadic cases of sCJD
occur in adults between the ages of 45 and 75years; the
symptoms develop meanly between the ages of 60 and
65years. The diagnosis is challenging, particularly in
early stages, due to the variability and nonspecificity of
the clinical and radiological features. The clinical onset
is like other forms of dementia, with the fast worsening
as the only element of suspicion; electroencephalogra-
phy (EEG) recordings remain unspecific until the onset
of the typical periodic triphasic waves, which, however,
corresponds to a phase of the disease with a clear clin-
ical diagnosis. Furthermore, brain magnetic resonance
(MR) can remain unspecific until the death of the pa-
tient. Despite the numerous diagnostic tools, mainly
based on neuroimaging techniques, there is limited
information regarding the metabolic alterations in this
type of pathology.®

Brain cortical 18F-fluorodeoxyglucose (FDG) uptake
can help in the diagnosis in addition to brain MR, EEG,
and cerebro-spinal fluid (CSF) analysis, however, such
biomarkers showed suboptimal diagnostic accuracy. FDG
positron-emitted tomography (PET) with computed to-
mography (CT), indeed, can anticipate other pathological
findings and can lead to the right diagnosis.

We report the case of a patient with sCJID, in the early
stage of the disease, where PET-CT revealed wide brain
alterations unlike other diagnostic investigations, which
were all unremarkable.

2 | CASE HISTORY/
EXAMINATION

A 59-year-old Caucasian man was referred to the
Neurology Unit of our Public Hospital, after a neurologi-
cal outpatient visit. He lived with his second wife and
worked as a military officer; there was no family history
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of neurological diseases, no drug or alcohol use, and no
recent travel, diseases, or hospitalizations. One month be-
fore the beginning of his symptomatology, he received the
second dose of anti-Covid-19 viral-vector vaccine.

The wife and his sons worried about the onset of
symptoms characterized by akinetic mutism, construc-
tional apraxia, and disorders of spatial orientation, rapidly
evolving within a month and causing, moreover, his work
absence; the symptoms were initially considered mood
disorders, even if there were no clear causes for it, but af-
terword, he developed a progressive cognitive dysfunction.

During hospitalization, which lasted almost 3weeks,
the patient's condition rapidly worsened: he presented de-
lirium and hallucinations, the cerebellar ataxia worsened
so that he became unable to walk, erratic myoclonus ap-
peared as well as rigidity.

3 | METHODS (DIFFERENTIAL
DIAGNOSIS, INVESTIGATIONS,
AND TREATMENT)

When the patient was admitted to the Neurological Unit,
physical examination was normal; neurological exami-
nation showed mild gait ataxia with multidirectional os-
cillations, above all the cognitive symptoms previously
described.

The recommended initial screening tests, for the evalu-
ation of rapidly progressive dementia, were performed (see
Table 1 for the main results). These included blood count,
a basic metabolic panel including magnesium level, liver
function tests, erythrocyte sedimentation rate, antinuclear
antibody, C-reactive protein, VES, thyroid function tests,
vitamin B-12, HIV, Lyme disease titer, autoimmune anti-
bodies, and urine analysis.

All the exams' results were normal, allowing us to ex-
clude autoimmune encephalitis, paraneoplastic and toxic-
metabolic encephalopathies.

Brain MR was performed with a Siemens-Magnetom
Aera, of 1.5 T, with SE T1, SE T2, and DWI sequences. The
thickness of sections was about 4 mm.

The patient underwent an FDG-PET brain imaging at
our Department of Nuclear Medicine following a fasting
of 6hrs. After intravenous administration of 185MBq ac-
tivity of FDG, the patient rested in a quiet dark room with
the eyes closed for 30 min. FDG-PET was performed with
a “GE-Discovery 1Q” PET/CT scanner, with CT low-dose
attenuation correction. The images were reconstructed
using a 400 X 400 matrix with voxel size 1.02X 1.02 X 3mm
and 4mm and Gaussian filter using OSEM-QClear algo-
rithm. The images of Brain 18F-FDG PET/CT were ana-
lyzed, both qualitatively and semi-quantitatively, using
“Cortex ID software” GE Healthcare.
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No specific treatments were administrated to the
patient.

4 | CONCLUSION AND RESULTS
(OUTCOME AND FOLLOW-UP)

Results of initial screening tests demonstrated no relevant ab-
normalities. Brain MR was unremarkable (Figure 1): diffusion-
weighted imaging did not show cortical diffusion-restriction,
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neither in basal ganglia, thalamus, and cortex. The “hockey
stick” or “pulvinar” sign was also not revealed.

Brain 18F-FDG PET/CT transaxial images (Figure 2)
showed an asymmetric hypometabolism in the left fronto-
temporolateral-parietal-occipital cortex, as well as in the
left thalamus and the right cerebellar hemisphere, while
the glucose metabolism appears to be preserved in so-
matosensory cortex and basal ganglia.

Quantitative analysis by Cortex ID (Figure 3) con-
firmed the above-mentioned qualitative.

TABLE 1 Results of the main laboratory tests. Repetitive electroencephalographys did not show any particular alteration.

Test

Oncomarkers
Ferritin, alpha-feto protein, Ca 125, Ca 19.9, Cyfra 21.1, C.E.A,,
neuron-specific enolase (NSE), prostatic-specific antigen

Neural autoantibodies (immunofluorescence)

NMDA-R, AMPA-R 1-2, CASP-R2, LGL1, DPPX, GABA-R,
Amphiphysin, CV2, PNMA2 (Ma-2/Ta), Ri, Yo, Hu, Recoverin,
SOX1, Titin, Zic4, GAD65, DNER

Antiacquaporin, and anti-MOG antibodies

Quantitative DNA
HSV1, HSV2, CMV, EBV

VDRL, HIV 1-2antigens and antibodies

LSA P

3100 mm

LSA P LSA RIP

LSA P - - LSA RIP

Serum Cerebrospinal fluid
All normal except for NSE: 20.5 (<17) Not performed
Absent Absent

Absent Absent

Absent Absent

Negative Not performed

LSA RIP LSA RIP

LSA RIP

LSA RIP LSA RIP

FIGURE 1 Brain MR transaxial images. MR, magnetic resonance.

RIGHTS L

85U8017 SUOLLLIOD 8A 1810 3(edldde ayy Aq peusenob ae ssjoie YO ‘8sn JO sa|n 1oy AriqiT8uljuO A8|IA UO (SUONIPUOD-PUR-SLLIBY/LI0D"AB | IM A eIq 1 U1 [UO//SANY) SUORIPUOD pUe SWB | 8L 885 *[7Z0Z/TT/¥0] uo Arigiauliuo A8|IM ‘1leg 1a 1pnIS 116ea AisieAlun Aq 1268'€100/200T OT/10p/L00" A3 1M Ake.q 1 jeuluo//:Sdny Wo.y pepeojumod ‘2 ‘¥20Z ‘#0600502


https://onlinelibrary.wiley.com/action/rightsLink?doi=10.1002%2Fccr3.8974&mode=

BOERO ET AL.

40f7 -
| I R
Wl LEY*C inical Case Reports -

FIGURE 2 Brain FDG PET/CT transaxial images. CT, computed tomography; FDG, fluorodeoxyglucose; PET, positron-emitted

tomography.

The cerebrospinal fluid routine and the infective tests
(see Table 1) were unremarkable.

A positive RT-QulIC result on CSF was subsequently
found, without any pathogenic gene mutations, with
codon 129 (MV) MET/MET polymorphism and, therefore,
compatible with sCID. The above analysis was performed
by Neuroscience Department-Istituto Superiore di Sanita
Rome, Italy.

Clinical evolution was quickly unfavorable. The pa-
tient died about 4months after hospital admission. The
fact that the patient died early was related to a rapid dis-
ease progression. It is known that sCJS usually leads to
death within 1year. In literature, it is described that basal
ganglia involvement is related to a rapid disease progres-
sion,’ but we did not observe this in our case.

5 | DISCUSSION

Cognitive impairment is a common presentation of many
neurological diseases, consequently with a wide differen-
tial diagnosis.

Prion diseases are a very rare cause of dementia, and
their recognition is very hard to detect, particularly in early
stages, when the laboratory and the radiological exams do
not present significant alterations, and the suspicion can
be only based on the clinical presentation.

RIGHTS L

MR diffusion-weighted imaging (DWI) has been reported
for the higher sensitivity of for the initial diagnosis of sCJS.*

The reason is that the spongiform change (i.e., vacu-
olization) occurs before neuronal loss and seems to re-
strict the water diffusion, leading to the hyperintensity of
the lesions on DWI.”

Hyperintensity DWI lesions are known to appear in the
cerebral cortex and/or basal ganglia and then to progress
to diffuse brain atrophy over weeks or months.°

Magnetic resonance spectroscopy (MRS) provides po-
tentially useful information about brain metabolites such
as N-acetylaspartate (NAA). NAA can be considered a
surrogate marker of the neuron, and its level reflects the
neuronal density. Although MRS studies are limited, re-
duced NAA levels have been reported in affected cortical
regions.”® However, no significant NAA decline has been
found at early stage of thedisease.’

This is consistent with the literature describing that
the spongiform change predominates at the early stage of
sCJS, whereas the neuronal loss occurs afterward.'°

Another diagnostic nuclear imaging is represented by
SPECT with a variety of radionuclides such as 99mTc-
hexamethylpropyleneamine oxime and 99mTc- ethyl
cysteinate dimer (ECD) that are used in the evaluation of
cerebral perfusion. They have been used in the last two de-
cades for differential diagnosis of several dementias, and
the images obtained are often similar."’
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FIGURE 3 Cortex ID summary
report: box reporting regional quantitative
results (left) and Z-score images (right) Reclon uptéke Z-score
overlaid on magnetic resonance template ? fto
(pons as reference region).
Prefrontal Lateral R| 1,36 2,50
Prefrontal Lateral L| 1,06 -4,83
Prefrontal Medial R | 1,31 -1,78 Lateral right Lateral left
Prefrontal Medial L | 1,11 | -3,22 :
Sensorimotor R 1,50 -0,50 i
Sensorimotor L 1,35 -1,69 i
Anterior Cingulat... | 1,25 | -1,12 ;
Anterior Cingulat... | 1,18 | -1,55
Posterior Cingulat...| 1,35 | -2,39 ;
Posterior Cingulat...| 1,10 -3,62 Medial right Medial left
Precuneus R 1,37 -2,64 i
Precuneus L 1,15 | -3,65
Parietal Superior R 1,30 -1,60 :
Parietal Superior L 1,16 2,42
Parietal Inferior R | 1,30 | -2,54 j
Parietal Inferior L | 1,04 | -4,39
Occipital Lateral R 1,33 | 2,47
Occipital Lateral L 1,09 | -4,17 Anterior Posterior
Primary Visual R 1,32 -3,13
Primary Visual L 1,26 -3,26
Temporal Lateral R 1,25 -2,07 :
Temporal Lateral L | 1,05 | -3,74 ;
Temporal Mesial R 1,09 -0,10 :
Temporal Mesial L 1,06 -0,61
Cerebellum Whole 1,14 | -1,85 Upper : Lower
Pons 1,00 | 0,00 ot s - :q ” o i oy
Reference region: Pons | | i

Several case reports showed that SPECT abnormalities
were revealed in early phase unlike other techniques doc-
umented normal findings.'*"?

Many investigators have used SPECT for the evaluation
of sCJS, which often reveals a heterogeneous reduction of
the cerebral regional blood flow throughout the brain.'**3

In addition, Kirk et al. have reported that abnormali-
ties in SPECT correlate with areas of spongiform change
and neuronal loss.'®

The choice of type of nuclear diagnostic investigation also
depends on the availability of various hospital centers; obvi-
ously, where PET is available, this one is preferable to SPECT
for its higher image resolution and diagnostic accuracy.

Classical topographic distribution patterns of cerebral
hypometabolism usually may help in formulating the di-
agnosis of the major neurodegenerative pathologies in a
predementia phase, such as mild cognitive impairment,
but are not univocal in sCJD.

Together with the complexity of the clinical features,
the radiodiagnostic findings can be variable too, and
sometimes they lack typical findings.'”"*

RIGHTS LI N K}

A 2 SD threshold is applied to the images

Many studies in the literature reported different im-
aging features about cortical and subcortical FDG uptake
that sometimes are discordant with respect to brain MR
findings,zz‘25 which, however, can guide the diagnosis of
sCJD.

The scientific literature reports cases of patients af-
fected by sCJD with patterns of glucose hypometabo-
lism in frontal, parietal, and occipital cortices of both
hemispheres, in the middle temporal-gyrus, and supe-
rior temporal-gyrus with a right-sided prevalence."” An
asymmetrical cortical distribution pattern of 18F-FDG
is often 1’eported,17 which can be mistaken for a cortical-
basal-degeneration (CBD)*%; in CBD, there is often an
involvement of the basal ganglia, just unlike our case.*
However, in sCJS with clinically a cortico-basal syndrome
presentation, the basal ganglia may be involved.”’ ! A pri-
mary cortices involvement is also described in CJS*! and
rules out the diagnosis of neurodegenerative syndromes
such as Alzheimer's disease and Lewy Body degenera-
tion, conditions in which such areas are usually spared.*
Several studies have also shown low involvement of the
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medial-temporal areas, thus suggesting a possible resis-
tance of hippocampus toward prion deposits.****

Although the mechanisms underlying the spread and
infectivity of prions are currently well understood, the
determinants of prion neurotoxicity and pathogenesis are
also not fully understood.*

FDG PET/CT can be potentially considered a crucial inves-
tigation in these patients because it reveals metabolic changes
long time before other diagnostic methods, such as CSF, EEG,
CT, and MR, thus suggesting a greater sensitivity of glucose
metabolic evaluation in the early stage of this disease.

We can hypothesize that in the early stage of sCJD the
initial neuronal disfunction and the microcirculatory al-
terations, that occur before the gray matter volume loss
(brainMR T1 sequences), can be detectable only by 18F-
FDG PET/CT scan.

Therefore, we believe that patients with suspected
sCJID should be regularly evaluated from a metabolic point
of view, especially in early stages, when classical clinical
criteria and diagnostic investigations lead to non-univocal
results.

Obviously, a larger number of patients is needed to bet-
ter analyze the relationship between early clinical presen-
tation and FDG-PET metabolism.

6 | CONCLUSION

Our study has some limitations. First, we did not have
the opportunity to evaluate the evolution of the metabolic
changes in this patient as he died in a short time. It would
have been interesting to follow up on the progression of
the disease.

Another limitation, as previously reported, is the lack
of histopathological autoptic validation, although positive
RT-QuIC results on CSF confirmed sCJD diagnosis.

In this context, it would be interesting the availability,
in the future, of a software application for PET images
postprocessing in order to guide the diagnosis in a more
objective way, comparing the images obtained with a large
database of patients affected by sCID.

Based on this consideration, we think that the findings
of our case report provide useful information regarding
the advantage of 18F-FDG PET in revealing metabolic
abnormalities earlier to the conventional neuroimaging
analysis, such as brain MR, and, in addition, it may help to
improve the understanding of the biomolecular processes
underlying this type of neurological disorders.
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