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Images in Neurology

Serial Magnetic Resonance Imaging Changes in Sporadic
Creutzfeldt-Jakob Disease With Valine Homozygosity
at Codon 129 of the Prion Protein Gene

Fumiko Furukawa, MD; Satoru Ishibashi, MD, PhD; Nobuo Sanjo, MD, PhD; Hiroshi Yamashita, MD, PhD;

Hidehiro Mizusawa, MD, PhD

Sporadic Creutzfeldt-Jakob disease (sCJD) accompanied by type
2 PrP>¢and valine homozygosity at codon 129 (VV2) of the prion pro-
tein gene (PRNP) is a representative sCJD having the 129VV geno-
type, which does not show prominent myoclonus or periodic sharp
wave complexes. Magnetic resonance imaging (MRI) findings of pa-
tients with sCJD having the 129VV genotype have rarely been
reported.!

A52-year-old maninitially complained of gait instability and then
experienced the progression of gait unsteadiness, cognitive impair-
ment, dysarthria, and hallucinations over a period of 4 months. Neu-
rological examination revealed restricted eye movement, cerebel-
lar ataxia, frontal lobe signs, and a Mini-Mental State Examination
score of 18 of a possible 30, but no involuntary movements.

Diffusion-weighted images (DWI) of the brain showed areas of
spreading hyperintensity in bilateral thalami (Figure). Fludeoxyglu-
cose F 18 positron emission tomography at 5 months after onset in-
dicated low glucose metabolism in the thalami and cerebellar cor-
tices. Electroencephalography showed diffuse slowing but no typical
periodic sharp wave complexes.

Cerebrospinal fluid analysis revealed increased levels of both
total tau and 14-3-3 proteins, and PrP>° was detected with the real-
time quaking-induced conversion method.? PRNP analysis re-
vealed valine homozygosity at codon 129 and glutamate homozy-
gosity at codon 219 without any mutation or insertion. Although the
PrPS¢type was not determined by Western blotting of brain homog-
enates, the patient’s clinical features were compatible with sCJD with
VV2 rather than VV1. He became bedridden 5 months after onset,
exhibited akinetic mutism by 7 months, and died 9 months after
onset.

Discussion

Magnetic resonance imaging thalamic findings are well known as
either the pulvinar sign or hockey stick sign in variant CJD and type
2 sCJD with methionine/valine heterozygosity at codon 129 (MV2).
Inour patient, brain MRI did not show DWI hyperintensity in the pul-
vinar area of the thalamus but primarily in the ventral anterior, ven-
tral lateral, and lateral dorsal nucleus areas at 1 month after onset
and then spread to the entire thalamus. Two Japanese patients with

Figure. Serial Diffusion-Weighted Magnetic Resonance Imaging of the Brain After Disease Onset

Images acquired at 1(A), 4 (B), and 5
(C) months after onset. Hyperintense
areas are first seen mainly in the
bilateral ventral anterior, ventral
lateral, and lateral dorsal nuclei

(A, arrows), then spread bilaterally to
the entire thalamus and caudate
nuclei (B and C), and finally to the
putamen (C).
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Serial MRI Changes in Creutzfeldt-Jakob Disease

sCJD with VV2 have previously been reported to show DWI hyper-
intense lesion of the entire thalamus at later stages.> Although MRI
findings at earlier stages have not been reported in these cases, we
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Delayed Leukoencephalopathy after Carbon Monoxide
Poisoning Presenting as Subacute Dementia

Yu Mizuno’, Yasuhisa Sakurai’, Izumi Sugimoto', Keiko Ichinose?, Shoichiro Ishihara?,
Nobuo Sanjo®, Hidehiro Mizusawa® and Toru Mannen'

Abstract

We herein report the case of a 65-year-old woman who presented with the subacute onset of dementia and
subsequently developed abnormal behavior and a gait disturbance. Her condition transiently improved; how-
ever, within one month, she became drowsy and poorly responsive, with limb chorea and urinary inconti-
nence. Her history of frequently using charcoal led us to diagnose her with carbon monoxide (CO) poison-
ing. The findings of this case and a literature review suggest that subacute dementia due to CO poisoning re-
covers late, after a year or more, in patients above sixty years of age, and both hyperbaric oxygen and corti-
costeroid pulse therapy should be considered in such cases, even after one month.

Key words: carbon monoxide poisoning, delayed 'leukoencephalopathy, subacute dementia

(Intern Med 53: 1441-1445, 2014)
(DOI: 10.216%/internalmedicine.53.2132)

Introduction

Case Report

Carbon monoxide (CO) poisoning often presents as de-
layed encephalopathy in which neurological sequelae de-
velop two to 40 days after an apparent recovery from acute
cognitive deterioration that lasts 24 to 48 hours (1). The
acute symptoms include headache, nausea, confusion and
coma, depending on the blood carboxyhemoglobin (CO Hb)
level, whereas delayed encephalopathy involves parkinson-
ism, incontinence, dementia and psychosis. The diagnosis is
- made based on known CO exposure and the blood CO Hb
level (2).

However, problems with the diagnosis arise when there is
no such evidence of exposure. In addition, how should phy-
sicians establish the diagnosis of CO poisoning in cases in
which the patient does not lapse into an acute coma? We
herein report ‘the case of a patient with suspected CO expo-
sure who exhibited the subacute onset of dementia and re-
view -the clinical course and treatment of such patients in the
literature. ‘

A 65-year-old woman was referred to our hospital in
March due to a low-grade fever lasting for two days with
the subsequent development of abnormal behavior (she
drank her husband’s alcohol, despite not having a drinking
habit), dysarthria, lack of initiative (she stopped doing
household chores) and a stooped posture while walking for
over one month. She visited a local hospital ten days after
disease onset and was given an intravenous drip infusion of
vitamin B, for four days. Her condition immediately im-
proved; however, she later developed urinary incontinence
14 days after onset. Her gait again worsened, and she re-
quired a wheelchair when leaving the house.

On the first examination, the patient was drowsy and
poorly responsive and showed forced grasping with chorea
of all four limbs. She did not obey one-step commands. Her
lower limbs were spastic, with an increased left Achilles
tendon reflex. MRI performed 13 days after disease omset.
revealed bilateral symmetric hyperintensity in the subcortical
white matter of the basal frontal and parahippocampal gyri,
periventricular white matter and centrum semiovale (Fig. 1,
upper). She was admitted to our hospital with a diagnosis of

! Department of Neurology, Mitsui Memorial Hospital, Japan and *Department of Neurology, Tokyo Medical and Dental University, Japan
Received for publication November 14, 2013; Accepted for publication January 6, 2014

Correspondence to Dr. Yasuhisa Sakurai, ysakurai-tky @umin.ac.jp

1441

-2180 -



Intern Med 53: 1441-1445, 2014 DOL 10.2169/internalmedicine.53.2132

Figare 1.

MR images of the patient. Fluid-attenuated inversion recovery (FLAIR) axial images ob-

tained two weeks after onset (upper) revealed bilateral symmetric hyperintensity in the subcortical
white matter in the basal frontal and parahippocampal gyri, periventricular white matter and cen-
trum semiovale. On FLAIR axial images obtained seven months after onset (middle), the periven-
tricular and deep white matter hyperintense regions remained, although they had decreased in size.
However, the lateral ventricles had slightly enlarged. At 21 months after onset (lower), the ventricular
enlargement had progressed further. 2W: two weeks after onset, 7M: seven months after onset, 21 M:

21 months after onset

leukoencephalopathy of an unknown etiology. The chorea
worsened, and she was restless in the evening, necessitating
frequent sedation with an intravenous drip infusion of halop-
eridol for 10 days after admission. Over the course of one
week, the chorea remained limited to the lower limbs. The
patient exhibited echolalia in response to a doctor’s ques-
tions, as well as environmental dependency behavior, e.g.,
trying to. place a toothbrush in her mouth upon seeing it.
The laboratory data disclosed elevated serum lactate dehy-
drogenase (LDH) (253 U/L) and soluble IL2-receptor (281
TU/mL) levels; however, the C-reactive protein level (0.1
mg/dL) and white blood cell count (6,000/uL) were normal.
A cerebrospinal fluid (CSF) analysis showed a normal cell
count of 1/uL and a total protein level of 14 mg/dL, with an
elevated myelin basic protein level (567 pg/mL) and IgG in-
dex (0.85, normal <0.7), calculated according to the for-
mula: (CSF-IgG/CSF-albumin)/(serum IgG/serum albumin).
Antibodies associated with paraneoplastic neurological syn-
dromes, i.e., Ma2, Mal, amphiphysin, CV2, Ri, Yo, HuD
and anti-N-methyl-D-aspartate-receptor (NMDAR), as well

as herpes simplex virus (HSV)-IgM, herpes zoster virus
(HZV)-IgM and HIV antibodies, were all negative.

Detailed history-taking from the patient’s husband re-
vealed that they had used charcoal at home for heating and
boﬂing water for a private samisen (Japanese traditional
lute) lesson for four or five hours a day from November of
the previous year to February (four months). The patient had
always made the fire. Therefore, it is possible that she had
unknowingly been exposed to low levels of CO. Although
the patient’s husband and students may also have inhaled
low-dose CO, they did not show any symptoms of CO in-
toxication (e.g., headache) because they frequently opened
the door for air ventilation.

The possible CO exposure, together with characteristic
biphasic consciousness disturbances and symmetric leukoen-
cephalopathy on MRI, strongly suggested. CO poisoning.

~The patient was administered intravenous corticosteroid

pulse therapy (methylprednisolone, 1,000 mg a day) for
three days starting at 51 days post-onset. Subsequently, the
echolalia and chorea mostly disappeared. However, she was
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Figure 2. *™Tc-ECD-SPECT images obtained at four months and one year after onset. The SPECT
data were transformed into the Analyze format and normalized, smoothed and corrected for inter-
laboratory differences with a three-dimensional conversion map using the easy Z score imaging sys-
tem (eZIS) (14) version 3. The images were then compared with those of a normal subject database of
the same genefation and gender (n=22) with a two-sample t-test of Statistical Parametric Mapping
(SPM) 2 (15) to show areas with a significant decrease in blood flow (uncorrected p<0.001) on stan-
dard brain surface images. The SPECT images obtained four months after onset (left) revealed hypo-
perfusion in the bilateral frontal convexity and mesial frontal and temporoparietal areas. The regions
with hypoperfusion had markedly reduced in size at one year after onset (right). 4M: four months

after onset, 1yr: one year after onset

euphoric, persisting in fiddling with a blanket continuously
with her right hand (frontal alien hand sign) (3) despite a
doctor talking to her (attentional disorder), stirring an empty
cup with chopsticks when presented with the cup and chop-
sticks (compulsive manipulation of tools) (4) and continuing
to show forced grasping. She was able to read aloud her
kana (Japanese phonograms) name written on a sheet of pa-
per; however, when asked to write her name, she wrote lines
repeatedly (motor perseveration).

The patient was transferred to the Department of Neurol-
ogy at the Medical Hospital of Tokyo Medical and Dental
University, Tokyo for hyperbaric oxygen therapy. She was
given a total of 19 oxygen therapy sessions during hospitali-
zation for one month; however, she still wandered at night.
She was then transferred again to our hospital for a reevalu-
ation. She required sedation with quetiapine for four months
after onset, when she became relatively independent in her
activities of daily living.

The Mini-Mental State Examination (MMSE) conducted
four months after onset for the first time during hospitaliza-

tion revealed moderate cognitive impairment (11.4/30), con-
sisting of disorientation of time and space, agraphia [per-
severation and neographism of kanji (Japanese mor-
phograms) characters], acalculia, recent memory impairment
(the 5-minute delayed three-word reproduction score was 0/
3). The Frontal Assessment Battery (FAB), conducted at the
same time, showed a severe dysexecutive function (6/18;
word fluency, 1 word). The patient’s digit span forward
score on the Wechsler Adult Intelligence Scale-III (WAIS-
IIT) was three. Single photon emission computed tomogra-
phy with a *"Tc-ethylcysteinate dimer (ECD-SPECT) per-
formed four months after onset revealed hypoperfusion in
the bilateral frontal convexity and mesial frontal and tem-
poroparietal areas (Fig. 2). Electroencephalogram (EEG)
performed during this period showed a small amount of 8-9-
Hz o waves in F-C-P-O, which contrasted markedly with
that of the moderate amount of 4-Hz 6 waves with occa-
sional 2-3-Hz & waves in Fp-C-O observed at onset.

After discharge, the patient became independent in activi-
ties of daily living; the Barthel Index improved from 25 at
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Table. Patients with CO Poisoning Presenting as Subacute Dementia .
Reference Patient Treatment Qutcome
HBO (time p.o./counts) PSL (time p.o.)
%) 48W n.d. 12 days* 90 days, recovery
6) 45W 50 days/6 n.d. 60 days, recovery
@) 57M 30 days/15 n.d. 90 days, recovery
(8) 52W nd. n.d. 120 days, HDS-R 17/30
) T5W 15 days/50 n.d. 80 days, disorientation
(10) 67TW 40 days/3 Mos nd. 5 Mos, HDS-R 20/30
Our patient  65W 51 days/19 37 days# 4 Mos, MMSE 11.4/30

14 Mos, MMSE 27.7/30

HBO: Hyperbaric oxygen therapy, PSL: Prednisolone administration, W: Woman, M:
Man, p.o.: Post-onset, Mos: Months, n.d.: Not done, HDS-R: Hasegawa Dementia Scale
Revised, MMSE: Mini-Mental State Examination )

* After corticosteroid pulse therapy (methylprednisolone, at 1,000 mg/day for three
days), oral prednisolone (initial dose, 60 mg/day) was administered for ten days.
#Methylprednisolone 1,000-mg pulse therapy for three days only

one month after onset to 100 at six months after onset.
Follow-up MRI performed seven months after onset showed
that the periventricular and deep white matter hyperintense
regions remained, although they had decreased in size
(Fig. 1, middle). However, the lateral ventricles had become
slightly enlarged, and the ventricular enlargement was found
to have progressed further on MRI performed one year and
nine months after onset (Fig. 1, lower). ECD-SPECT per-
formed one year after onset revealed that the regions with
hypoperfusion in the bilateral frontal and parietal areas had
markedly reduced in size (Fig. 2). The MMSE score im-
proved to the normal range (27.7/30) and the digit span for-
ward score was four at 14 months after onset, although the
FAB score remained low (14/18), even at 18 months after
onset.

Discussion

The present patient presented with the subacute progres-
sion of dementia lasting for one month. We diagnosed her
with delayed leukoencephalopathy due to CO poisoning
based on the facts that: i) she had used charcoal for four to
five hours a day over a period of four months and was be-
lieved to have frequently been exposed to low levels of CO
during that period; ii) biphasic consciousness disturbances
occurred; and iii) MRI showed symmetric leukoencephalo-
pathy.

The delayed neurological sequelae observed after 40 days
in this case included dementia with nocturnal delirfum and
dysexecutive syndrome characterized by environmental de-
pendency behavior, the alien hand sign and the compulsive
manipulation of tools. Four months later, when we were
able to first evaluate the patient’s cognitive function, she ex-
hibited agraphia, acalculia, reduced verbal short-term mem-
ory and recent memory impairment. These findings were
consistent with the ECD-SPECT results obtained at the
same time, which revealed hypoperfusion in the bilateral
dorsolateral frontal, mesial frontal and temporoparietal areas.
She became independent in activities of daily living within
- six months, and her cognitive function improved to a nearly

normal level, except for the executive function, within 14
months, in accordance with the reduction of high-intensity
white matter regions on MRI and areas with hypoperfusion
on SPECT. ' )

The patient did not develop an acute-phase comatose state
and exhibited subacute dementia a few days to weeks after
exposure to CO. Subacute dementia due to CO poisoning,
lacking an acute coma, is a rare disorder. A MEDLINE and
ICHUSHI (Japan Medical Abstracts Society) search for arti-
cles published between January 1960 and September 2013
was conducted using the key words “CO poisoning” and
“dementia” Among the obtained articles, we selected cases
with subacute (progression more than one week to as long
as six weeks) dementia without witnessed acute coma. The
table shows these reported cases. All patients were Japanese;
this is because charcoal is frequently used in Japan for bar-
becues.

It is noteworthy that the patients under 60 years of age
normally recovered within two to three months (5-7), except
for one patient (8) who did not receive hyperbaric oxygen
or corticosteroid pulse therapy. In contrast, the patients
above 60 years of age had poor prognoses and did not re-
cover completely within six months (9, 10). It should be
noted, however, that our patient became independent in ac-
tivities of daily living within six months, and her cognitive
function recovered almost completely within 14 months.
Therefore, a follow-up study lasting over one year is needed
to determine the prognosis of patients with subacute demen-
tia caused by CO poisoning.

Another important point is that most of the patients re-
ceived hyperbaric oxygen or corticosteroid pulse therapy.
Although the efficacy of chronic-stage hyperbaric oxygen

therapy is debatable, all patients undergoing hyperbaric oxy-

gen recovered to various extents, whereas one patient under
60 years of age who was not given hyperbaric oxygen or
corticosteroid pulse therapy remained mildly demented at
four months after onset (8). It is notable that hyperbaric
oxygen was administered as late as 50 days after disease on-
set (6). Since the immediate effect of hyperbaric oxygen
therapy is limited and the recovery process is slow and lasts
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