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1 | INTRODUCTION

Prion diseases are caused by the neurotoxic accumulation of
misfolded prion protein. Accumulation or “seeding” occurs
exponentially as misfolded prion protein induces normal cel-
lular prion protein to misfold."? Sporadic Creutzfeldt-Jakob
disease (sCJD) accounts for the vast majority of prion disease
cases but is rare, occurring in approximately 1 in 1 million
per year worldwide.” The clinical syndrome associated with
sCJD is characterized by rapid neuropsychiatric decline lead-
ing to akinetic mutism and death within one year of symptom
onset.* There are no curative treatments available.

We describe a case presenting with neuropsychiatric and
neurological symptoms that suggested dysfunction in both
cortical and subcortical regions of the brain. We describe
the process by which we diagnosed him premortem with
probable sCJD. We discuss the evidence base for diagnostic
tools we used with reference to the 2018 Centers for Disease
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Sporadic Creutzfeldt-Jakob disease should be considered in any case of rapid neu-
ropsychiatric decline. While neuropathological examination of a brain biopsy speci-
men remains the only definitive diagnostic method and real-time quaking-induced
conversion tests have simplified premortem diagnosis, careful evaluation of magnetic

resonance imaging can provide readily accessible clues.
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Control and Prevention (CDC) diagnostic criteria for sCJID’
(Figure 1).

2 | CASE DESCRIPTION

A 70-year-old previously independent man presented to a re-
gional emergency department with a one-month history of
progressive unsteadiness on his feet. At the time of presen-
tation, he required support just to stand. He also described
episodes of diplopia, lasting 3—4 minutes and resolving spon-
taneously 1-2 times per day. Recent review by an optom-
etrist had been unremarkable. On enquiry, the patient and his
wife also admitted he had experienced recent memory im-
pairment and significant behavioral changes. These included
hyperphagia, emotional lability, and impulsivity, consist-
ent with frontal lobe syndrome. He denied vertigo, nausea,
or vomiting. He also denied headaches, neck stiffness, or
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FIGURE 1 2018 Centers for Disease
Control and Prevention (CDC) diagnostic

Definite Sporadic Creutzfeldt-Jakob Disease

Diagnosed by standard neuropathological techniques; and/or immunocytochemically; and/or

Western blot confirmed protease-resistant PrP; and Jor presence of scrapie-associated fibrils. criteria for Sporadic Creutzfeldt-Jakob

Disease’

Probable Sporadic Creutzfeldt-Jakob Disease

Neuropsychiatric disorder plus positive RT-QuIC in cerebrospinal fluid (CSF) or other tissues

OR

Rapidly progressive dementia; and at least two out of the following four clinical features:

1. Myoclonus

2. Visual or cerebellar signs

3. Pyramidal/extrapyramidal signs
4. Akinetic mutism

AND a positive result on at least one of the following laboratory tests

e atypical EEG (periodic sharp wave complexes) during an illness of any duration

e apositive 14-3-3 CSF assay in patients with a disease duration of less than 2 years

e High signal in caudate/putamen on magnetic resonance imaging (MRI) brain scan or at least
two cortical regions (temporal, parietal, occipital) either on diffusion-weighted imaging

(DWI) or fluid attenuated inversion recovery (FLAIR)

AND without routine investigations indicating an alternative diagnosis.

Possible Creutzfeldt-Jakob Disease

Progressive dementia; and at least two out of the following four clinical features:

1. Myoclonus

2. Visual or cerebellar signs

3. Pyramidal/extrapyramidal signs
4. Akinetic mutism

AND absence of positive result for any of the 4 tests above that would classify a case as

‘“probable”

AND duration of illness less than two years

AND without routine investigations indicating an alternative diagnosis.

photophobia. He had worked with meat for most of his life
but had never been overseas. He did not have incontinence.
He denied any upper limb incoordination. He had not con-
sumed alcohol for 34 years. His father had been diagnosed
with Parkinson's disease at age 68, but he had no other family
history of neurological disease.

On examination, he demonstrated a severely ataxic gait.
Romberg's test was negative and evidenced severe truncal
ataxia. The patient required support from the examiner to
stand with eyes open. Despite denying any difficulty uti-
lizing his upper limbs, he had bilateral dysdiadokinesis and
dysmetria. He also had mild rigidity in his upper limbs and
was globally hyporeflexic. Glabellar tap test was positive.
There was no clonus. Full power was preserved throughout
all four limbs. Sensation including proprioception and vibra-
tion sense was also preserved. Cranial nerve examination was
unremarkable. While the patient was oriented, able to follow
three-stage commands and behaviorally appropriate during
examination, further bedside cognitive testing revealed subtle
impairments. The patient failed serial seven subtraction test-
ing despite repeated instructions. He recalled only one out of
three objects after five minutes, even after prompting with

a choice of three objects for each he could not recall. On a
clock-drawing test, he failed to set the time to “ten past five,”
instead leaving marks next to the numbers 10, 2, and 5 after
much deliberation.

In summary, our patient presented with rapidly progres-
sive ataxia, intermittent diplopia, and new cognitive and
behavioral disturbance. There were both cerebellar and extra-
pyramidal signs on examination. Given the patient's vascular
risk factors including ischemic heart disease, type 2 diabetes
mellitus, hypertension, and hypercholesterolemia, an isch-
emic event was considered but thought inconsistent with the
gradual onset of ataxia and diversity of additional symptoms.
Given a history of prostate cancer and skin melanoma, a para-
neoplastic etiology was initially strongly favored. Other dif-
ferential diagnoses included atypical infection, autoimmune
disease, toxicity, metabolic derangement, and prion disease.

Blood tests were unremarkable. Creatinine, liver enzymes,
blood sugar level, electrolytes, and thyroid function were
normal. Vitamin B12 and folate were replete. Inflammatory
markers were not elevated. Cryptococcus, Toxoplasma, HIV,
and Syphilis serologies were negative. ANA, ENA, and anti-
dsDNA were normal. Anti-neuronal, anti-VGKC, anti-LG-1,
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anti-Caspr-2, anti-GQ-1, anti-GM-1, and anti-GAD anti-
bodies were not detected. Copper and ceruloplasmin levels
were also normal. Initial tests on cerebrospinal fluid (CSF)
were equally unremarkable. Opening pressure was at the
upper limit of normal (20 cm H,0). Biochemistry was bland.
Gram stain showed no bacteria, and culture was negative.
Cytology showed no features of malignancy. Herpes and
Enterovirus PCR were negative. Anti-neuronal, anti-NMDA,
anti-GABA, and anti-AMPAR antibodies were not detected.
A computed tomography (CT) noncontrast scan of the brain
performed in the emergency department was unremarkable.
A CT of the chest, abdomen, and pelvis showed no evidence
of malignancy.

Our patient was admitted and treated empirically with
300 mg intravenous thiamine thrice daily while awaiting
further diagnostic work-up. A magnetic resonance imaging
(MRI) scan with T2-weighted, fluid-attenuated inversion
recovery (FLAIR), and diffusion-weighted imaging (DWI)
sequences was obtained. When this showed new symmet-
ric hyperintensity in the basal ganglia (on T2, FLAIR, and
DWI) as well as subtle hyperintensity of the insular cortex,
frontal cortical rim, and cerebellar folia (on DWI) (Figure 2),
further investigations to support prion disease were pursued.
Electroencephalography (EEG) was normal. The CSF was
positive for 14-3-3 protein, and total Tau protein was also
elevated with a concentration of 5714 pg/ml. A real-time
quaking-induced conversion (RT-QulC) test performed on
CSF was positive, strongly suggesting a diagnosis of sCJD.
Before these results were returned, pulsed methylprednis-
olone was trialed for three days without effect. The patient
returned home to receive palliative care, and his symptoms
progressed rapidly. He died approximately three months after
symptom onset.

Results of a postmortem examination confirmed the
diagnosis of CJD. Neuropathologic changes were most
pronounced in the cerebellum. Family also consented to per-
formance of genetic testing on the patient's blood, which re-
vealed no pathogenic mutation to suggest a genetic form of
CJD.

3 | DISCUSSION

The presence of neuropsychiatric disorder is a consistent
feature of sCJD and required for its premortem diagnosis5
(Figure 1). Progression is typically rapid, helping to distin-
guish it from other forms of dementia. However, specific
neuropsychiatric signs and symptoms are highly heterogene-
ous. Memory loss, impaired attention, frontal lobe syndrome,
aphasia, apraxia,6 psychotic symptoms, and/or mood disor-
der’ may occur alongside equally heterogeneous neurological
symptoms. Common neurological symptoms include ataxia
and myoclonus, which is classically provoked by startle.
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Corticospinal tract involvement, extrapyramidal symptoms,
sleep disturbance, and a diverse range of visual symptoms are
also well-recognized,®!” including the intermittent diplopia
experienced by our patient.” The myriad of possible signs and
symptoms generates a spectrum of presentations of sCID. As
the rarity of the disease limits clinicians’ exposure to it, if
classical symptoms are missing or obscured by lesser-known
ones the diagnosis may not be considered. Accordingly, it is
not uncommon for the diagnosis to be missed or delayed. H

In our case, early neuropsychiatric symptoms were over-
shadowed by more overt neurological symptoms. The pa-
tient's primary complaint had been his debilitating ataxia.
Only on purposeful enquiry and with assistance from his
wife was a simultaneous neuropsychiatric decline revealed.
In other cases, psychiatric symptoms have been more prom-
inent and patients have presented initially to mental health
services.'” The breadth of our patient's deficits reflected ab-
normal function in neuroanatomically disparate regions and
rendered our initial differential diagnoses and investigations
appropriately broad.

Careful exploration of differential diagnoses is essential
because definitive diagnosis of sCJD can only be made on
neuropathological examination of a brain biopsy specimen,’
usually performed postmortem due to risk of iatrogenic
transmission. The importance of thorough initial investiga-
tions is illustrated by a retrospective review of brain autop-
sies referred to US National Prion Disease Pathology Centre
between 2006 and 2009. Of 1,106 cases referred with a sus-
pected diagnosis of prion disease, 352 did not show patho-
logical features consistent with the diagnosis. Of note, the
most common diseases misdiagnosed as prion diseases were
Alzheimer's Disease and Vascular Dementia, which occa-
sionally progress quickly. However, most concerning is that
71 cases showed features of treatable disease. These included
a variety of immune-mediated, neoplastic, and infectious dis-
eases as well as three cases of Wernicke's Encephalopathy.13
In addition to causing premature withdrawal of care, un-
warranted suspicion of prion disease may limit diagnostic
options including brain biopsy and place unnecessary emo-
tional burden on family members. Similarly to the presence
of a neuropsychiatric disorder, exclusion of reversible causes
is integral to premortem diagnosis of sCID’ (Figure 1).

EEG, lumbar puncture, and MRI can all help to exclude
reversible disease as well as form evidence of CJD. Both
EEG and markers of neuronal injury in the CSF are less
useful for the latter purpose since emergence of MRI and
methods of detecting prion seeding activity. The classic EEG
finding of periodic sharp wave complexes (PSWCs) occurs
in approximately two thirds of patients during the course of
1416 and is up to 91% specific for CID." However, a
positive result is significantly less likely in the early stage of
clinical disease than the final stage.16 The sensitivity of ele-
vated CSF protein 14-3-3 appears to be less variable across

illness
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FIGURE 2 Axial T2-weighted [(A), (B), and (C)], fluid-attenuated inversion recovery [(D), (E), and (F)], and diffusion-weighted [(G), (H),
and (I)] images showing hyperintensity of the caudate nucleus (blue arrows), putamen (green arrows), frontal cortical rim (red arrows), corona

radiata (yellow arrows), insular cortex (purple arrow), and cerebellum (white arrows) approximately five weeks after symptom onset. Note that only

abnormalities in the basal ganglia are evident on all three sequences. Confluent periventricular hyperintensity on FLAIR [(E)] is nonspecific, often

seen with chronic white matter ischemia which could be superimposed on the periventricular abnormality clearly evident on diffusion-weighted

imaging (yellow arrows). Abnormalities of the cortical rim, insula cortex, and cerebellum are evident only on diffusion-weighted imaging

stages of disease.'® A systematic review showed that elevated
14-3-3 has a sensitivity of 92% and a specificity of 80% for a
diagnosis of sCJ D."” Diseases that are most likely to produce
false positives are readily clinically distinguishable from
sCID.® However, important differential diagnoses for sCJD
including other forms of dementia and encephalitis have been
associated with elevated 14-3-3.%'® CSF protein Tau appears

to have similar sensitivity and specificity to 14-3-3% and el-
evation of both may enhance diagnostic accuracy19 but Tau
has not been incorporated into diagnostic criteria.
Development of the RT-QulIC test?® has greatly facili-
tated diagnosis of sCJD. In this test, a sample of cerebro-
spinal fluid is added to a mixture of recombinant prion
protein and fluorescent dye. Any misfolded prion protein
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in the cerebrospinal fluid will induce misfolding of the
recombinant prion protein and result in accumulation of
polymers, a process hastened by shaking of the mixture.
Dye binds the polymers, such that their gradual accumu-
lation will result in a gradual increase in fluorescence. In
effect, the test confirms prion seeding activity from which
the presence of misfolded prion protein in the CSF can be
inferred. It is 96% sensitive and 100% specific for sporadic
CcJD.?! Accordingly, a positive RT-QulC test in association
with neuropsychiatric decline makes the diagnosis of sCJD
probable’ (Figure 1). However, this remains a novel test for
a rare disease.

More readily available MRI is a highly valuable tool in
the diagnosis of sCJD. In our case, it heightened suspicion
of the disease and expedited the RT-QuIC test. MRI changes
associated with sCJD have been reported to precede the onset
of significant symptoms.”** The characteristic changes are
bilateral T2-FLAIR hyperintense signal and restricted diffu-
sion on DWI in the basal ganglia and the rim of the cerebral
cortex. The basal ganglia changes preferentially affect the
caudate and putamen and are usually but not always symmet-
rical. The cortical changes are seen as hyperintense signal in
the gyri, known as “cortical ribboning,” and typically spare
the perirolandic fissure.* Signal intensity progresses with
disease,” and cortical atrophy is seen in end-stages.26 DWI s
most sensitive, followed by FLAIR and T2 sequences.%’27 It
is thought that diffusion restriction results from neuritic mi-
crovacuolization associated with spongiform degeneration.28
Sensitivity of DWI for sCJD is shown to be 95% or more in
some studies.*®" It also has the fortunate advantage of being
the quickest sequence to obtain, minimizing motion artifacts
in demented patients who may not tolerate stillness™
deed other investigations.

Remarkably, restricted diffusion can spare the cerebellum
even when there are clear cerebellar signs on assessment by
an experienced neurologist.33 Elevated diffusion in the cere-
bellum has instead been noted on quantitative apparent dif-
fusion coefficient quantitative (ADC) diffusion imaging, as
well as increased CSF volumes using volumetric-based im-
aging (VBM) techniques* consistent with cerebellar atrophy.
Cohen and colleagues33 postulated that fluid shifts associated
with atrophy may increase diffusivity while only weakly af-
fecting T2. This may explain why our patient showed only
subtle cerebellar changes on imaging, despite profound cere-
bellar dysfunction on examination.

Of note, inter-rater variability of identification of char-
acteristic MRI changes is high.34 Cortical changes are often
missed.*” In our patient's case, cortical changes were subtle
(Figure 2), only evident on DWI and appreciated only with the
benefit of hindsight. Characteristic changes are also nonspe-
cific** and need to be interpreted in the context of the whole
clinical picture, though careful scrutiny of images may help
to narrow differential diagnoses. For example, differential

or in-
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diagnoses for the basal ganglia hyperintensities seen in our pa-
tient include Extrapontine Osmotic Demyelination, Epstein-
Barr Virus Encephalitis, Auto-immune Encephalopathy,
Autosomal Dominant Striatal Degeneration, Wilson Disease,
and Wernicke's Encephalopathy. However, many of these are
either more prominent or only seen on T2 and FLAIR and
rarely involve the cortex.?* In the context of additional clini-
cal findings supporting the diagnosis, our patient's MRI was
strongly suggestive of sCJD. This is reflected in the diagnos-
tic guidelines. Any of characteristic MRI changes, elevation
of 14-3-3 in CSF, or PSWCs on EEG make the diagnosis
of sCJD probable when it occurs in the setting of rapid neu-
ropsychiatric decline and typical neurological symptoms5
(Figure 1).

We were able to make a diagnosis of probable diagnosis
of sCJD during the patient's life, enabling timely end-of-life
care. Our diagnosis was based on MRI findings, CSF pos-
itive for 14-3-3 protein, and clinical signs and symptoms.
Postmortem neuropathology confirmed our diagnosis. It
should be noted that rare genetic forms of CJD may resemble
sCJD both clinically and pathologically. Sporadic and genetic
forms can only be clearly distinguished with genetic testing,
which in this case confirmed sCJID.

4 | CONCLUSIONS

Clinicians should consider sCJD whenever the cardinal
feature of rapid neuropsychiatric decline is noted. Prompt
consideration is necessary to facilitate timely diagnosis, edu-
cation, and planning toward end-of-life care. Performance of
investigations and return of results may scarcely keep pace
with clinical progression of disease.

While EEG and CSF proteins 14-3-3 and Tau remain
valuable tools to support the diagnosis and RT-QulC provides
greater certainty, careful evaluation of the cortical rim as well
as the caudate and putamen on readily accessible DWI may
reveal changes in very early disease. Exclusion of reversible
disease remains essential. Clinicians should take care not to
prematurely narrow the focus of their investigations.
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