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Abstract

Background: The reports of long-term imaging traces for sporadic Creutzfeldt–Jakob disease (sCJD) have been
rare to date, although diffusion-weighted imaging (DWI) has high sensitivity and specificity in the diagnosis of sCJD
in the early stage of disease. And sCJD-associated neuropathologic brainstem abnormalities on DWI are considered
uncommon. Here, we provided a sequential neuroimaging of a late-onset sCJD with medulla oblongata motor nuclei
lesion.

Case presentation: We report the case of a 77-year-old woman who presented a typical late-onset sCJD clinical
manifestation including rapidly progressive dementia, ataxia, and myoclonus, except vision loss. 14-3-3 protein of
CSF was found to be positive, blood gene test detected that the polymorphism at codon 129 was M/M subtypes,
genotyping the human prion protein gene (PRNP) did not reveal mutations related to hereditary CJD. The
hyperintensity was found only in the bilateral cerebral cortices on initial DWI. One month later, increased basal
ganglia signal in addition to cortical hyperintensity was found on the follow-up image, which was not consistent with
the more frequently MRI profile of sCJD patients over 75 years old. PET/CT imaging detected extra regions with
abnormalities as the left thalamus in addition to the hyperintense areas shown on DWI. MRS did not show abnormal
metabolism in some areas of DWI abnormalities, but abnormal areas in MRS were accompanied by DWI abnormally
high signal. In the late stage, disappearance of abnormal hyperintense lesions on DWI was observed. And very rare
clinic characteristic is the subacute and focal involvement of right IX, X and XII nuclei, with abnormalities in the right
of medulla oblongata on magnetic resonance imaging (MRI) and DWI from early to late stage, clinical manifestation
showing weak pharyngeal reflex, tongue to left, and uvula to left at early stage, suggesting a medulla ischemic
event. Sequential electroencephalography recordings showed no characteristic PSWCs in the whole course of the
disease.

Conclusion: The rapidly progressive clinical course with dementia, ataxia, and myoclonus plus corroborative
neuroimaging and spinal fluid findings confirmed a clinicoradiographic diagnosis of Creutzfeldt-Jacob disease. This
is an unusual report of an initial clinical presentation involvement of right IX, X and XII nuclei lesions of sCJD,
expanding the known clinical spectrum of prion disease presentations.

Keywords: Sporadic Creutzfeldt-Jakob disease; DWI; PET-CT;
Medulla oblongata lesion; IX Nuclei neuronal loss; IX Nuclei neuronal
loss; XII Nuclei neuronal loss
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Background
Sporadic Creutzfeldt–Jakob Disease (sCJD) is a rare and fatal

neurodegenerative disease characterized by rapidly progressive
dementia. Early diagnosis is important to avert dissemination. While a
definite diagnosis of sCJD is restricted to neuropathological
examination, in vivo diagnosis of sCJD is based on clinical symptoms,
Cerebro Spinal Fluid (CSF) markers, Magnetic Resonance Imaging
(MRI) and Electroencephalography (EEG) profiles [1].

Clinical symptoms of sCJD sometimes are not typical, and in some
patients, the characteristic waves of EEG are never found during
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disease progression, therefore, early clinical diagnosis could be
difficult.

As a result, neuroimaging is expected to play an important role in
early diagnosis of sCJD, especially in cases with unusual clinical
presentation. Diffusion-weighted MR imaging (DWI) has been
frequently reported to be highly sensitive in the diagnosis of sCJD in
the early stage [2-4]. Nevertheless, the reports of long-term imaging
traces for DWI have been rare so far. A few studies found that PET-CT
had important value of early diagnosis [5,6].

It has also been reported that patients with late-onset sCJD (over 75
years old) differ from younger sCJD patients in terms of clinical
symptoms and MRI profiles presentation [7]. However, literature data
with late onset sCID are very rare.

SCJD-associated neuropathologic brainstem abnormalities are
considered uncommon until the late disease stage [8]. Moreover, the
reports of brainstem lesions in sCJD patiens are very rare.

Here, we provide a long term case investigation of a late-onset sCJD
patient, with involvement of right IX, X and XII nuclei lesions,
suggesting a medulla oblongata lesion event. And we described the
clinical features, laboratory tests and sequential neuroimaging of this
late-onset sCJD patient.

Case Presentation
A 77-year-old woman who was admitted to the neurological

department of Affiliated Tianyou Hospital, Wuhan University of
Science and Technology, on March 6th, 2012, because of dull reaction,
hypomnesis, and coming up with a word difficulty for half a month.

She had a past history of hypertension, cerebral infarction,
exodontias and denture implantation for several times, despite the lack
of trauma, surgery, or other contributory personal and family medical
histories.

Neurological examination at admission only revealed dull reaction,
hypomnesis, especially on transient memory, word-finding difficulty,
weak pharyngeal reflex and tongue to left, uvula to left. The patient was
oriented and there were no other neurological findings. She was
diagnosed as stroke-like Creutzfeldt-Jakob Disease with medulla
oblongata motor.

After the subject hospitalized, a thorough EEG detected mildly
abnormal change without aberrant sharp-slow wave or thorn–slow
wave. MRI revealed thrombosis in the right of the medulla oblongata,
lacunar infarction in the left of the basal ganglia and the right of the
pons-cerebellum arm.

Some other neurologic symptoms were also detected, such as
cerebral atrophy, slightly ischemic change of cerebra,
eukoencephalopathy (Figure 1A). Abnormal hyperintensity was
detected in the right lateral medulla oblongata on T2 FLAIR as well
(Figure 1B). However, there is no hyperintensity in the cerebral cortical
on FLAIR (Figure 1A).

DWI showed mildly abnormal hyperintensity in the bilateral
cerebral cortices of the frontal, parietaloccipital, temporal, and insular
lobes and hippocampus, especially in the left temporal lobe (Figures
1C-1F). Head Magnetic Resonance Angiography (MRA) was in
accordance with mild atherosclerosis change; cervical MRA revealed
no obvious abnormality.

Figure 1: MRI and DWI images for the patient. A) There is no
hyperintensity in the cerebral cortical on FLAIR on admission. B)
Abnormal hyperintensity was detected in the right lateral medulla
oblongata on T2 FLAIR. C-E) Slight hyperintensity was only found
in the bilateral cerebral cortices and hippocampus, especially in the
left temporal lobe on DWI. F) Abnormally hyperintensities was not
found in both side of the cerebellum.

We initially suspected the patient had ischemic cerebrovascular
disease combined with cognitive dysfunction, so we treated her with
some drugs to anti-platelet and ameliorate cerebral circulation
hyperbaric oxygen therapy to protect brain function. However, after 16
days of hospitalization, she exhibited disorientation, anomia aphasia,
alexia, worsened speech deficiency and weaker retelling ability. On 23
day of hospitalization, she exhibited comprehensive ability disorder.
Her retelling ability deteriorated, and other symptoms emerged, such
as agraphia, dysphoria with forced crying and laughter, and slightly
bradykinesia. On day 35 of hospitalization, mutism emerged combined
with general cognitive disorder, she could not recognize her family
members, and was inclined to the right side while walking. She was
also troubled with facial and limb’s muscle spasm, fumbling and forced
grasp of right upper limb. Sucking and mandibular reflex could be led
out. Muscle strength of general limb was at level 4. Muscle tone of right
limb, especially in the upper limb strengthened. Pathologic reflex could
not be led out.

As the illness exacerbated, we suspected that the patient might be
having undergone neurodegenerative dementia; therefore head MRI,
DWI, PET-CT, MRS and EEG were performed. DWI abnormal signal
was changing during the course of the disease. DWI showed not only
widespread hyperintense lesions in the cortices bilaterally, but also the
bilateral putamen and caudate nucleus appeared high signal, and
symmetrical abnormally hyperintensities was found in both side of the
cerebellum cortex (Figures 2A-2D). However, MRI results were the
same as the obtained on admission. PET-CT showed that glucose
metabolic rate declined in each lobular cortex of the left
hemicerebrum, left basal ganglia region caudate nucleus and the left
thalamus; metabolic rate declined in the right cerebellar-hemisphere
(Figures 2E and 2F), which coincided with crossed cerebellar
diaschisis, compared with that of medulla oblongata. Metabolic rate
did not exhibit obviously unusual change in each lobular cortex of the
right cerebellar-hemisphere, basal ganglia region and thalamus and the
left cerebellar, besides, cerebral atrophy was found (Figures 2C, 2D).
MRS performed at the medial parietal cortices showed NAA lower,
high peak value of cho, a reduced NAA/Cr ratio below the cutoff value
(Figures 2G and 2H). However, besides moderate abnormal change
with increased slow wave, EEG examination did not find obvious
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specific waves, including in the characteristic of DWI hyperintensities
region.

Figure 2: DWI (A-D), PET-CT(E, F) and MRS (G, H) images for the
patient on the day 35 of hospitalization. A-C) DWI shows
widespread hyperintense lesions in the cortices bilaterally and with
increased signal in the heads of the caudate nuclei and the
putamina bilaterally. D) Symmetrical abnormally hyperintensities
was found in both side of the cerebellum cortex. E, F) Glucose
metabolic rate declined in each lobular cortex of the left
hemicerebrum, left basal ganglia region caudate nucleus and the left
thalamus declined in the right cerebellar-hemisphere. G, H) MRS
performed at the medial parietal cortices showed a reduced
NAA/Cr ratio (1.29) below the cutoff value. A rectangular box
indicates the volume of interest for spectroscopy.

Further course was characterized by rapidly progressive tetraparesis,
dysphagia and dysarthria, frequent spasm on her angulus oris and
right limbs. Her eyes gazed to the left. On day 60, she had gatism and
coma. She subsequently underwent endotracheal intubation and was
put on a ventilator. On day 66, EEG detected high-voltage slow wave in
both hemicerebrum, typically in the left anterior region and right
posterior region, no sharp wave was detected.

Six months after onset, 14-3-3 protein of CSF was found to be
positive, blood gene test detected that the polymorphism at codon 129
was M/M subtypes, genotyping the human prion protein gene (PRNP)
did not reveal mutations related to hereditary CJD. Based on
combination of laboratory test with clinical characteristic, the patient
was diagnosed as sCJD.

On 222 days after hospitalization, the symptoms of damaged
cerebral cortex, epencephalon, extrapyramidal system and tractus
pyramidalis appeared one after another during this period. MRI and
DWI showed cortex disappearance, severe brain atrophy, and serious
degeneration of brain white matter (Figures 3A and 3B), the
hyperintensities increased and expended in the right medulla
oblongata.

But the high signal was not apparent or gradually disappear along
with the brain cortex largely and hippocampus, and in the bilateral
putamen and caudate nucleus on DWI at the late stages (Figures
3C-3E).

Consequently, she suffered from repeated pulmonary infection and
eventually died of multiple system organ failure on June 1st 2013. She
had lived 451 days after the disease onset. As the patient’s family
refused the autopsy, advanced proof of prion could not be obtained.

Figure 3: MRI images for the patient after her hospitalization for 7
months. A, B) T2 FLAIR images. C-E) DWI images. The cortex
almost disappearance, severe brain atrophy, and serious
degeneration of brain white matter were showed both in T2 FLAIR
and DWI. On FLAIR image, increased signal are evident in the
periventricular white matter white matter, but no abnormalities are
detected. Besides that, DWI showed abnormally hyperintensities
decreased or disappeared in both side cortex of cerebra and
hippocampus and basal ganglia bilaterally.

Discussion
CJD was deadly spongiform encephalopathy caused by mutation of

prion gene. CJD was divided into 4 types, among which the sCJD
ranked first in the clinical classification.The main clinical
manifestations of sCJD were cortex impairment, cerebellar
dysfunction, pyramidal tract and extrapyramidal impairment. It’s
characterized by rapidly progressive dementiaaccompanied by
symptoms and signs such as ataxia and myoclonus. The onset of the
disease could be rapid or slow, although most cases progressed rapidly.
In China, patients with sCJD were characterized by a relatively early
age of onset, acute or subacute onset, obvious dementia, myoclonus
and extrapyramidal motor symptoms, visual impairment and
cerebellar signs appeared comparatively early, besides mild and later
pyramidal tract damage, dementia is obvious, but signs of
encephalatrophy were relatively less obvious. Historical studies found
that older patients than 75 years showed a faster disease progression
represented by an earlier point of diagnosis and a shorter survival time,
they suffered slightly more often with dementia or dysarthria in the
early stage of disease [9], When expanding this analysis to the entire
duration of disease, patients over 75 years old had a higher risk of the
pyramidal signs’ presence. The above case was comparable to typical
late onset sCJD profiles, and was consistent with the Chinese sCJD
disease except vision loss. The patient had subacute onset of the disease
and possessed obvious clinical manifestation such as dementia,
dysarthria, dementia is obvious, but signs of encephalatrophy were
relatively less obvious, in the early stage. The clinical picture
deteriorated dramatically in the following 35 days progressing to
severe ataxia of trunk and limbs, cognitive impairment and dysarthria.
Next the patient developed frequent spontaneous and startle
myoclonic jerks of the four limbs, akinetic mutism. The patient died,
about 451 days after the disease onset.
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EEG changes have been proved to be valuable in the diagnosis of
sCJD, however the specific PSWCs on EEG are observed in only 60%
of CJD patients and usually appear after the middle stage of the disease
[10]. In our case, sequential EEG recordings showed progressive
slowing of background activity, but no PSWCs in the whole course of
the disease. It is likely that PSWCs was paroxysmal, thus not caught by
the ordinary EEG. Alternatively, the change of the EEG was not typical
or never showed periodic discharges in the entire duration of disease
[11]. For those highly suspected as sCJD, repeated EEG and dynamic
EEG might help to find specific EEG signals for sCJD diagnosis.

Recent studies have found that DWI could sensitively reflect the
abnormally high signals at the first time. The high signals were most
commonly found in the cerebral cortex, the lesion might also involve
the dorsalmedial thalamus, corpus striatum, epencephalon and
hippocampus. DWI showed sensitivity and specificity of 100% in
patients with rapidly progressive dementia in autopsy-proven CJD [2],
and the sensitivity of DWI is superior to that of conventional MRI (T1,
T2, FLAIR) in detecting specific basal ganglia and cortical
abnormalities early in the course of CJD [12]. The earliest high signals
in DWI was visible long before ECG characteristic of PSWCs and CSF
changes as well as the expresseion of 14-3-3 protein [13]. DWI signals
might even be earlier and more sensitive than clinical symptoms such
as dementia and myoclonus. In our case, DWI on admission showed
cortical hyperintensity (Figures 1C-1E), while there were no typical
clinical symptoms, no evident changes in T2WI and FLAIR at the
same time and in the same locality (Figure 1A). This is consistent with
previous findings that DWI is useful for early diagnosis of CJD
[3,5,14].

Pathogenic viruses may result in the cerebral cortex PrPSc
deposition, cortex neuron degeneration and dysfunction. DWI high
signals are most closely related with PrPSc deposition, consequently,
closely related with the clinical symptoms. Our study indicates that
DWI abnormal signal was changing during the course of the disease.
At early stage of our case, DWI showed that high signal changes in
cerebral cortex could be seen mainly in the left part (Figures 1C-1E),
consistent with the symptoms like walking towards the right side,
fumble, strong grip syndrome in the right upper limb, and the
following myoclonic symptoms mainly in the right limbs.

With the progressive exacerbation of disease, the high signal of the
cortical in DWI became higher and gradually distributed to wider
region (Figures 2A-2D), and appeared high signal in the bilateral
putamen and caudate nucleus (Figure 2B), and symmetrical
abnormally hyperintensities was found in both side of the cerebellum
cortex (Figure 2D). Dementia became the main expressions. Aphasia,
agnosia, conduct disorder appeared and developed the characteristic of
myoclonus. The symptoms of damaged cerebral cortex, epencephalon,
extrapyramidal system and tractus pyramidalis appeared one after
another during this period. But the high signal was not apparent or
gradually disappears along with the cortex largely and in the bilateral
putamen and caudate nucleus at the late stages (Figure 2C-2E). The
change of high signal in DWI could be regarded as the reflection of the
various stage of CJD. At the climax of the prion accumulation, DWI
displayed high signal with brain cell necrosis, while sponge kind
material disappear, DWI imaging high signal can also gradually
disappear. Extensive neurons depigmentation
and cerebral gliosis result in the disappearance of spongiform
substance. The abnormal signal changes might result from
microvacuolation of neurotic processes in spongiform degeneration.
When the abnormal vacuoles reduced, then abnormal signal
disappeared [11].

MRI profiles of patients over 75 years old were significantly less
frequently accordant with established MRI criteria for sCJD than MRI
profiles of the younger group. Researchers found that atypical MRI
profiles that showed lesions localized in one hemisphere or cortex only
were found more frequently in patients over 75 years old, whereas
typical cortical and basal ganglia hyperintensities were more common
in the younger group [9]. The MRI profile of our current case was not
in accord with sCJD patients over 75 years old, with hyperintensity
only in the bilateral cerebral cortices on initial DWI and increased
basal ganglia signal in addition to cortical hyperintensity on the follow-
up image 1 month later.

The correlation between PET/CT and DWI & CJD has been rarely
reported, although a previous study showed that PET/CT imaging
detected extra regions with abnormalities in addition to the
hyperintense areas shown with DWI. However, DWI did not identify
corresponding hyperintense changes in the thalamic nuclei [6]. In our
case, PET/CT imaging detected extra regions with abnormalities in
addition to the hyperintense areas shown on DWI as the left thalamus
(Figures 2E and 2F), but failed to detect abnormalities hyperintense
areas shown on DWI as right basal ganglia region and the left
cerebellar-hemisphere. We speculate that DWI was more sensitive in
the diagnosis of cerebral cortex and basal ganglia region change, but
was less sensitive in that of thalamus. PET could be less sensitive in the
thalamus. In the absence of neuropathological findings, PET/CT could
improve the accuracy of sCJD diagnosis when combined with DWI,
therefore, PET/CT could have significant value for early and
differential diagnosis of sCJD [15].

H-MRS of the medial parietal cortices revealed a reduced N-
acetylaspartate (NAA)/ creatine (Cr) ratio below the cutoff value, a
sign of tissue loss (Figures 2G and 2H). MRS did not show abnormal
metabolism in some areas of DWI abnormalities, but abnormal areas
in MRS were accompanied by DWI abnormally high signal in our case.
Hence, the sensitivity of DWI is superior to that of MRS.

The three major features of the sCJD were long incubation period,
short clinical course after the onset, and 100% mortality. Currently
there is no effective treatment, 85% of patients die 1 year after the
onset, and some patients die within 3 weeks after the start of disease.
Nonetheless, there have been a few rare cases where in patients lived
for more than 8 years. Meissner etc. [16] found that the patients with
the cortical plus basal ganglia hyperintensity on DWI in the early
stages had a shorter interval from symptom onset to akinetic mutism
than those with only cortical ribbon hyperintensity, which may be
indicative of shorted the duration. In our case with rapid clinical
progression, the extended active hospitalization also contributed to the
long survival time.

The brainstem remains relatively resistant to the pathologic process
of sCJD, sCJD- associated neuropathologic brainstem abnormalities
are considered uncommon until the late disease stage, and there have
been a few reports of sCJD brainstem lesions in sCJD. Neuronal loss
was relatively prominent in the pontine nucleus and less so in the
motor nuclei of the brainstem tegmentum. However, an interesting
issue with our case is the subacute and focal involvement of right IX, X
and XII nuclei lesions suggesting a medulla oblongata ischaemic event.
Our case had weak pharyngeal reflex, tongue to left, uvula to left at
early stage, but there were no other pyramidal system findings, and
head MRA was in accordance with mild atherosclerosis change, MRI
revealed thrombosis in the right of the medulla oblongata from early to
late. These showed that the case sCJD had vascular deformation and
narrow. Although accumulation of PrP in the brainstem appears to be
an early pathologic event in sCJD, may remain into the late disease
stage. On 222 days after hospitalization, MRI and DWI showed the
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hyperintensities increased and expended in the right medulla
oblongata.

In conclusion, DWI examinations from the early stages of the
disease accompanied by detailed descriptions of symptoms could help
our understanding of the relationship between DWI signal changes
and the clinical evolution of the disease. In cases of clinically possible
CJD, the follow-up DWI would be useful, not only for ruling out other
disorders, but also for evaluating progression of the disease. DWI is
one of the most sensitive indicators while differentiated with other
dementia syndrome identification in the early disease. The sensitivity
of DWI is superior to that of conventional MRI, MRS, PET. DWI
combined with PET and MRS technology could improve the accuracy
of diagnosis in the early stage of CJD.

Conclusion
This report provides a narrative of our patient’s experience of sCJD

from onset to death in just 451 days.
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