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Abstract: Creutzfeldt–Jakob disease (CJD) subtypes are difficult to identify due to the 
heterogeneity of the clinical phenotype, and early accurate identification of sporadic CJD 
(sCJD) subtypes aids prognosis prediction. Currently, the diagnosis of sCJD subtypes is 
mainly based on brain tissue biopsy or autopsy. In this report, we present a case of confirmed 
sCJD initially presenting as insomnia. We described detailed information including clinical, 
electroencephalographic, polysomnographic, positron emission tomography-computed tomo-
graphic and other neuroimaging findings, cerebrospinal fluid biomarkers, skin tissue biopsy 
and whole blood PRNP gene sequencing in this patient. An extensive literature search was 
performed in order to better understand the diagnosis of various sCJD subtypes, particularly 
the thalamic form, sCJDMM2 (also known as sporadic fatal insomnia). Our study highlights 
sporadic fatal insomnia as a differential diagnosis of sCJD.
Keywords: sporadic Creutzfeldt–Jakob disease, sporadic fatal insomnia, sCJDMM, 
polysomnography, PET

Introduction
Prion disease, also known as transmissible spongiform encephalopathy, comprises 
a group of rare and fatal neurodegenerative diseases caused by misfolded prion 
proteins (PrPSc). They may present as sporadic, genetic or acquired disorders.1,2 

Sporadic Creutzfeldt–Jakob disease (sCJD), the most common type of human prion 
disease, accounts for 85–90% of prion disease cases.3 Based on the genotype of 
PRNP alleles at codon 129, different fragment sizes of PrPSc after proteinase 
K cleavage (type 1 and 2), the disease phenotypes of sCJD can be divided into 
five subtypes: sCJDMM(V)1, sCJDMM(V)2C, sCJDVV1, sCJDVV2, sCJDMV2K 
and sporadic fatal insomnia (sFI, or sCJDMM2T).4 sFI is considered as the 
thalamic form of sCJDMM2.5 Different phenotypes of sCJD are defined by the 
polymorphism (Met and Val) at codon 129 of the prion protein gene (PRNP) and by 
the molecular mass of PrPSc (type 1 and 2).5 sFI is a rare subtype, accounting for 
0.9% of sporadic human prion disease cases.6 We herein present a confirmed sCJD 
case initially presenting as insomnia.

Case Presentation
A 47-year-old woman who had an unremarkable medical and family history (no 
previous blood transfusion and surgery) presented with a chief complaint of 
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insomnia. One month after onset, she developed visual and 
auditory hallucinations, experienced psychotic and wor-
sening hallucinations and agitation at night. A diagnosis 
of mania was originally considered by a psychiatrist. High 
blood pressure, excessive sweating, tachycardia, irregular 
breathing and other symptoms of autonomic hyperactivity 
were evident. Brain diffusion-weighted imaging (DWI) 
imaging showed hyperintense lesions in the bilateral 
basal ganglia and frontal cortical lobes (Figure 1A). 
Unfortunately, the patient’s symptoms progressively wor-
sened. Repeated brain magnetic resonance imaging (MRI) 
revealed a wider distribution of abnormal high signals on 
DWI (Figure 1B). Electroencephalography (EEG) showed 
a slow activity background θ-δ with atypical periodic 
sharp-wave complexes (PSWCs) in the right temporal 
regions. Specifically, the first phase of typical PSWCs is 
a negative-phase sharp wave with a low amplitude, 
the second phase is a positive-phase sharp wave with 
a high amplitude and wide time frame, and the third 
phase is a slow wave with a high amplitude than the first 
phase. In our case, the whole PSWCs were approximately 
1 Hz and the sleep staging was inconclusive (Figure 2A 
and B). To further understand the patient’s sleep structure, 
24-hour polysomnography (PSG) was performed. The 
results demonstrated an evident abnormal sleep structure, 
with a significant reduction in sleep spindles and 
K-complexes (Figure 3). The total sleep time was 655.0 
min, with a total sleep time in the N1 stage of being 
91.9%, and N2 stage of being 8.1%, and the N3 stage 
and rapid eye movement stages of sleep being absent. The 
sleep efficiency was 48.8% and sleep apnea hypoventila-
tion index (average number of occurrences per hour) was 
5.7. The periodic leg movement index was 5.8 (Figure 3). 
As the symptoms worsened, the patient’s EEG voltage was 
gradually decreased, suggesting a reduced whole-brain 
function. The PSWCs remained atypical with the disap-
pearance of sleep staging and periodic synchronous dis-
charge (Figure 2B–D). Three months after disease onset, 
the patient developed cognitive impairment, aphasia and 
intermittent bilateral lower limb myoclonus. Four months 
later, she developed laryngeal stridor. To further clarify the 
diagnosis, the positron emission tomography-computed 
tomography (PET-CT) was performed (Figure 1C), show-
ing heterogeneous hypometabolism in the whole brain 
parenchyma with pronounced hypometabolism being 
noted in bilateral frontal, temporal lobes, basal ganglia 
and thalamus. Her routine cerebrospinal fluid (CSF) tests 
including color, clarity, cell count, protein, and other 

routine biochemical markers were normal. Tests were 
also negative for autoimmune encephalitis antibodies 
(NMDAR, AMPA1, AMPA2, LGI1, CASPR2, GABA, 
and GAD), and negative for paraneoplastic antibodies 
(Hu, Yo, Ri, MA2, CV2 and amphiphysin). For further 
detection of CSF 14-3-3 protein, real-time quaking- 
induced conversion (RT-QuIC) assay of CSF, skin biopsy 
and whole blood PRNP gene sequencing were performed, 
and the skin tissue biopsy, whole blood samples, and 
remaining CSF samples were sent to the China Center 
for Disease Control and Prevention. The CSF 14-3-3 pro-
tein was negative using Western blot. The whole blood 
PRNP gene sequence was compared to the standard 
sequence (NCBI: NM-183079.1) and no homozygous or 
heterozygous mutations were found. The biopsied skin and 
CSF samples were positive according to RT-QuIC 
(Figure 4A and B). Therefore, this patient was diagnosed 
with sCJD. Six months after disease onset, repeated brain 
MRI was performed. However, due to patient’s tolerance, 
only an apparent diffusion coefficient sequence was com-
pleted, and the results showed slight hypointensities in the 
left temporal and parietal lobes, and ventricular enlarge-
ment compared to the previous brain MRI (Figure 1D).

Discussion
In this report, we presented a rare case of sCJD with persis-
tent insomnia. Sporadic prion disease with codon 129 poly-
morphism MM was confirmed by skin, CSF RT-QuIC, and 
genetic testing 4 months after disease onset. As the patient’s 
family members refused brain tissue biopsy or autopsy, we 
could not determine whether the patient’s PrPSc was type 1, 
type 2 or both. MM2 can be divided into cortical and thalamic 
types. Clinical features of the thalamic type overlap with 
those of fatal familial insomnia (FFI). Thus, it is also referred 
to sFI by some researchers.7 Clinical findings of our case 
were consistent with the sFI subtype. Therefore, this case can 
be used to expand our understanding of the characteristics of 
the sCJDMM2T/sFI, sCJDMM2C, and sCJDMM1 subtypes 
(Table 1). Sleep disorders are not uncommon in sCJD, while 
have not received extensive attention in other disease sub-
types. This patient’s PSG is different from our previous 
study8 of PSG in patients with sCJD. We propose that PSG 
in patients may be useful in the diagnosis of clinical subtypes 
of sCJD. The various subtypes are discussed as below:

sCJDMM2T/sFI
sFI (the thalamic form of CJD) is the most rare type of 
sporadic prion disease.9 The symptoms of sFI overlap with 
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Figure 1 Brain imaging features of this patient. (A) Restricted diffusion in bilateral caudate nucleus, putamen nucleus and frontal cortical areas on DWI, obtained at one 
month, (B) wider distribution of abnormal high signal on DWI, “cortical ribboning” of frontal, temporal, parietal and cingulate cortex, obtained at one and a half months, (C) 
Brain PET-CT images showed uneven hypometabolism of the whole brain parenchyma most evident in the bilateral frontotemporal lobes, bilateral basal ganglia and bilateral 
thalamus, obtained at four months. (D) Brain ADC images showed significant ventricular enlargement, obtained at six months after disease onset.
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Figure 2 EEG showed generalized slowing without typical PSWCs, obtained at (A) three months, (B) three and a half months, (C) four months (D) four and a half months 
after disease onset.

Figure 3 PSG trend graph of abnormal sleep structures obtained three months after onset. Recording Duration (min) 1342.1, from 11:01:45 to 09:23:52 the next day.

Figure 4 Positive skin biopsy tissue (A) and CSF samples (B) RT-QuIC results at four months after onset (Updated diagnostic guidelines for sCJD have incorporated RT- 
QuIC for early diagnosis of disease, surveillance, evaluation of PrPsc inoculation in different tissues, and in trial monitoring).18
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Table 1 Comparison of sCJDMM2T/sFI, sCJDMM2C, sCJDMM1 and Our Case

sCJDMM2T/sFI sCJDMM2C sCJDMM1 This Case

Age of onset 
(years)

46 (13–74)9 72 (56–88)14 66(59–73)15 47

First 
symptoms

Heterogeneity, early stage sleep 
abnormalities are often not 

reported by the patient or family9

Heterogeneity, symptoms in the 
early stages include cognitive 

impairment, psychiatric 

symptoms, visual symptoms, 
extrapyramidal signs14

Heterogeneity, visual 
impairment or unilat- 

eral signs at onset in 

40% of cases5

Persistent insomnia

Typical 

symptoms

Psychiatric symptoms, autonomic 

dysfunction and sleep 

abnormalities9,16

Slow progression, cognitive 

impairment, few neurological 

symptoms14

Dementia, myoclonus, 

and PSWCs on EEG5

Insomnia, psychomotor 

hyperactivity, autonomic 

hyperactivity, laryngeal stridor

Disease 

duration 
(months)

24 (10–73)9 21 (13–30)14 2.6(2.0–3.4)15 Still alive (18 months since the 

onset of the disease)

Brain MRI Hyperintensity on DWI typically 
absent, but has been reported in 

some cases6,18

Hyperintensity lesions mainly 
confined to the cerebral cortex 

on DWI14

Striatum and 
asymmetric lesions are 

the key lesions of the 

sCJDMM1 subtype15

Hyperintensity on DWI in the 
caudate nucleus, the nucleus 

accumbens of bilateral basal 

ganglia region and bilateral 
frontal cortical areas

Brain PET- 
CT

Early thalamic hypometabolism or 
hypoperfusion that may spread to 

other areas of the brain as disease 

progresses6

No reports were found in 
PubMed

No reports were found 
in PubMed

PET-CT showed thalamic 
hypometabolism, milder 

involvement of the cortex.

EEG Generalized slowing without 

PSWCs6

frequency of PSWCs in the 

patients with sCJDMM2C was 
44.4%, lower14

frequency of PSWCs in 

the patients with 
sCJDMM1/MV1 was 

80% within the first 3 

months of disease5

Generalized slowing without 

typical PSWCs.

PSG Reduction in sleep spindles, 

K-complexes, slow-wave sleep, 
REM sleep, and total sleep time6

No reports were found in 

PubMed.

No reports were found 

in PubMed

Abnormal sleep architecture, 

sleep inefficiency, Reduction in 
sleep spindles, K-complexes, 

N3 sleep and REM sleep 

absence, sleep apnea 
hypoventilation, periodic leg 

movements

CSF 

biomarkers

Sensitivity of RT-QuIC was 

100%,19 specificity of RT-QuIC 

was 99–100%18

Sensitivity of RT-QuIC was 

100%,19 specificity of RT-QuIC 

was 99–100%.18

Sensitivity of RT-QuIC 

was 96.8%,19 specificity 

of RT-QuIC was 99– 
100%.18

14-3-3 protein was negative, 

RT-QuIC was positive.

Pathological 
finfdings

Severe atrophy of the medial 
thalamus and inferior olivary 

nucleus with little pathology in 

other areas; spongiform change 
may be absent or focal16

Large confluent vacuole, 
cerebellum is relatively spared16

Typical fine vacuole16 Not done

PrPSc 

deposition
Lesser deposition than in the 
other variants16

Perivacuolar type16 Synaptic type16 Not done

Abbreviations: MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging; PET-CT, positron emission tomography-computed tomography; EEG, 
Electroencephalography; PSWCs, periodic sharp-wave complexes; PSG, Polysomnography; REM, rapid eye movement.
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those of FFI.6 However, insomnia is not evident in most 
sFI cases, unless the patients and family members are 
surveyed for sleep disorders10 (Table 1). Neuroimaging 
findings of sFI are similar to FFI, while most sFI cases 
do not exhibit typical MRI features of sCJD,11 with DWI 
showing hyperintensity in approximately 8% cases.9 

A previous study revealed that 71.4% of sFI cases had 
significant bilateral thalamic hypometabolism and scat-
tered cortical hypometabolic areas using fluorodeoxyglu-
cose-PET.12 The PSG and EEG features of sFI are similar 
to FFI. The characteristic manifestations of PSG include 
the reduction of sleep-related EEG activities, such as 
K complexes and sleep spindles.13 EEG recordings had 
a slow background activity (or normal), dominated by the 
θ-δ rhythm. PSWCs were noted in only 7.7% reported 
cases,12 and elevated level of 14-3-3 protein was rarely 
found in the CSF of patients with sFI.11

In patients with rapidly progressing cognitive impair-
ment, behavioral or mood changes associated with ataxic 
signs, and sleep abnormalities, sFI should be considered as 
a differential diagnosis. PSG examination, cerebral blood 
flow single-photon emission CT and/or PET can be used if 
sFI is suspected. While standard EEG, CSF tests, and MRI 
are not helpful for diagnosing this disorder, PSG findings 
including reductions in sleep-related EEG activities 

(K-complexes and spindles) can be beneficial for a final 
diagnosis even during an early disease stage. PET exam-
inations have consistently shown thalamic hypometabo-
lism, associated with variable participation in cerebral 
cortical regions.9 Cracco et al6 proposed clinical diagnos-
tic criteria for sFI by summarizing 32 cases of pathologi-
cally confirmed sFI (Table 2). It is thus recommended to 
complete the PSG examination as early as possible. 
Additional PSG and PET-CT examinations can also be 
performed.

sCJDMM2C
Compared to other sCJD subtypes, patients with 
sCJDMM2C experience slower disease progression and 
a higher frequency of high-intensity lesions on DWI.14 Of 
note, parietal lobes were abnormal in 96% of patients with 
sCJDMM2C.15 The frequency of PSWCs in patients with 
sCJDMM2C was 44.4%, and the CSF 14-3-3 protein was 
positive in 62.5% patients.14 Pathological features of 
sCJDMM2C include large confluent vacuoles, cerebellar 
sparing, and PrPSc perivacuolar deposition.16 Hamaguchi 
et al14 reviewed 254 patients with pathologically con-
firmed prion disease in Japan and proposed the clinical 
diagnostic criteria for sCJDMM2C (Table 2). 
sCJDMM2C should be included in the differential 

Table 2 Proposed Clinical Diagnostic Criteria of sCJDMM2T/sFI, sCJDMM2C

sCJDMM2T/sFI sCJDMM2C

Proposed clinical 
diagnostic criteria

(must meet A through D)6 

A．Symptoms (must meet 1 through 3) 

1. Cognitive impairment 

2. Sleep disturbance and/or psychiatric 
symptoms 

3. Two or more typical CJD symptoms: 

(a) Ataxia or dysarthri (b) Visual 
changes 

(c) Pyramidal symptoms 

(d) Extrapyramidal symptoms 
(e) Myoclonus 

B. Diagnostic test results (one or more) 

1. Reduced sleep architecture (eg, sleep 
spindles, K-complexes) on PSG 

2. Thalamic hypometabolism on brain 

FDG-PET 
3. Thalamic hypoperfusion on brain 

SPECT 

C. Lack of alternative etiology 
D. Negative for PRNP mutation

A. 
Confirmed with neuropathological (large confluent vacuoles) and 

immunohistochemical (perivacuolar prion protein (PrP) deposits) analysis, genetic 

analysis of PrP gene (no mutation and methionine homozygote at codon 129 of 
the PrP gene) and Western blotting of the PrP (type 2) 

B. 

1.Progressive dementia. 
2.No mutation and methionine homozygote at codon 129 of the PrP gene. 3. 

Hyperintensity lesions confined to the cerebral cortex on a diffusion-weighted 

image of brain MRI. 
4.Only one or none out of the following four clinical features within 6 months 

post-onset: (1) myoclonus, (2) pyramidal or extrapyramidal signs, (3) cerebellar 

ataxia or visual impairment, and (4) akinetic mutism. 
Definite: A; probable: B, 1–4; possible: B, 1–3. ‘Probable’ and ‘possible’ cases are in 

the absence of an alternative diagnosis from a routine investigation.14

Abbreviations: CJD, Creutzfeldt–Jakob disease; PrP, Prion protein; FDG-PET, fluorodeoxyglucose positron emission tomography; SPECT, single photon emission computed 
tomography; MRI, magnetic resonance imaging.
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diagnosis if a patient has a relatively long survival period, 
few neurological symptoms, and slow progression and the 
hyperintensity lesions are mainly confined to the cerebral 
cortex on DWI.

sCJDMM1
sCJDMM1 is the most common subtype of sCJD, account-
ing for 60–70% of sporadic cases. Previously classified as 
typical CJD, this subtype has a shorter duration of symp-
toms than other subtypes.5 Striatal and asymmetric lesions 
are frequently noted in sCJDMM1.15 PSWCs were 
detected in 80% cases within 3 months of disease onset.5 

Elevated level of 14-3-3 protein is common in the CSF 
with 95% being sensitive.17 To our knowledge, PSG man-
ifestations are rarely noted in patients with sCJDMM1 
subtype. Our previous studies found that sCJD can present 
with multiple sleep disorders including hypersomnia, 
insomnia, sleep apnea, and periodic limb movement 
disorder.8 Pathological findings include typical fine 
vacuoles and PrPSc synaptic deposition.16 The clinical 
diagnostic criteria has not been established for 
sCJDMM1 yet. Although sCJD can present with 
a variety of sleep disorders including insomnia, the PSG 
of sCJD patients with insomnia symptoms differs from 
those of patients with sFI.

Conclusions
Although our patient’s clinical phenotype was consistent 
with fatal insomnia, the case fulfilled the proposed clinical 
diagnostic criteria for sFI. Phenotypic variability is one of 
remarkable features in sCJD. In the absence of brain tissue 
biopsy or autopsy, the subtype is only highly suspected. sFI is 
a rare subtype and it should be distinguished from other sCJD 
subtypes. In individuals with rapidly progressive cognitive 
impairment, behavioral abnormalities and sleep abnormal-
ities, differential diagnosis of sFI should be considered. 
Once the sFI subtype is considered. Apart from brain MRI 
and EEG, PSG, PET and RT-QuIC are also recommended.
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