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Abstract
Background/Aims: Patients with idiopathic normal pressure
hydrocephalus (iNPH) are often given shunt operations to
reduce the triad symptoms (cognitive impairment, gait dis-
turbance and urinary disturbance). We examined whether
they also reduce caregiver burden. Methods: The personal
strain (PS) and role strain (RS) factors, which are related to the
stress and constraints, respectively, on the caregivers of 81
iNPH patients were evaluated with the Zarit burden inter-
view (ZBI) and each of the triad symptoms was evaluated
with the iNPH grading scale (iINPHGS) before and 1 year after
the shunt operation. Results: Each of the iINPHGS scores, the
total ZBl score and PS factor significantly improved after the
shunt operation, but the RS factor did not. The improvement
of cognitive impairment was the major factor in reducing
caregiver burden. Conclusion: Shunt operations reduced
the caregiver burden of iNPH patients.

Copyright © 2011 S. Karger AG, Basel

Introduction

The number of people with dementia has recently
been increasing as a result of the rising proportion of aged
people in the population. Normal pressure hydrocepha-
lus (NPH), one of the causal diseases of dementia, is well
known as a syndrome of the classical triad of cognitive
impairment, gait disturbance, and urinary disturbance
with enlarged ventricles and absence of raised intracra-
nial pressure [1]. Idiopathic NPH (iNPH), which develops
with no identifiable causative antecedent disease, has re-
cently attracted much attention for three reasons. First,
recent findings of prevalences 0f 0.51% [2] and 1.4% [3] in
community-dwelling elderly people suggest that iNPH is
more common than previously thought. Second, its diag-
nosis has become more accurate, because the character-
istics of its symptoms [4, 5] and neuroimaging findings
[6-8] have been clarified and can be used to distinguish
iNPH from disorders that display similar symptoms,
such as Alzheimer’s disease and Parkinson’s disease.
Third, there are now different adjustable valve systems on
the market that allow non-invasive handling of complica-
tions such as over- and underdrainage, and thus treat-
ment is more safe and effective than many years ago [9].
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As much as 80% of iNPH patients can show sustained
(5-7 years) clinical improvement, when revision opera-
tions are appropriately performed [10]. Following publi-
cation of Japanese [11, 12] and international [13] medical
treatment guidelines for the diagnosis and management
of INPH, the diagnostic and treatment methods for iNPH
have been standardized.

Caring for patients with dementia is extremely stress-
ful [14]. Caregivers for dementia patients experience feel-
ings of depression, anger, chronic fatigue, sacrifice, per-
plexity and overexertion. Additionally, caregivers live
under many constraints. For example, they have little
free time and cannot invite friends to their home. They
can also suffer economic difficulties. The prognosis for
the patient can worsen due to the emotional stress of the
caregiver [15]. For these reasons, caregiver burden has
been a topic of intensive research for over a decade and
clinical trials recently use caregiver burden as one of the
outcome measures [16-18]. In the case of iNPH, shunt
operations appeared to reduce caregiver burden, and
caregiver burden seemed to decrease with improving
cognitive function [19], although these effects were not
statistically evaluated. A more rigorous evaluation of the
effect of shunt operations on caregiver burden is needed.
The effects of shunt operations on symptoms in iNPH
are highly variable: 29-80% of the patients showed im-
provement in cognitive impairment, 58-90% showed
improvement in gait disturbance and 20-78% showed
improvement in urinary disturbance (11, 12]. For some
iNPH patients, symptoms do not improve after shunt op-
erations. In addition, even in patients where improve-
ments are observed, the symptoms do not always disap-
pear completely. Regarding gait disturbance, length of
strides and walking speed often improve after shunt
operations, but stability rarely improves [20, 21]. Also
regarding cognitive impairment, memory function and
psychomotor speed often improve after shunt opera-
tions, but executive function rarely improves [22]. These
findings indicate that shunt operations may not improve
the burden of caregivers. Moreover, for some iNPH pa-
tients, shunt operations can increase caregiver burden.
For example, a shunt operation can reduce apathy, which
is often observed in iNPH patients [23], but not neces-
sarily reduce cognitive impairment or gait disturbance.
Such patients could have an increased risk of falling,
leading to an increase of caregiver burden.

A multicenter prospective cohort study, called the
study of idiopathic normal pressure hydrocephalus on
neurological improvement (SINPHONI) (ClinicalTrials.
gov,NCT00221091, http://www.clinicaltrials.gov/ct/show/
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NCT00221091%order=1), was conducted in Japan between
2004 and 2006 to examine the therapeutic outcome of
installing a shunt with a programmable valve in iNPH
patients [24]. The study was limited to patients with spe-
cific magnetic resonance (MR) imaging features of iNPH,
including ventriculomegaly with narrowing of high-con-
vexity and medial subarachnoid spaces. In that study, the
caregiver burden was evaluated before and 1 year after
the shunt operation. In this paper, we analyzed the care-
giver burden data of SINPHONI to answer two questions:
whether shunt operations lessen caregiver burden in gen-
eral, and how changes of the triad symptoms after the
shunt operation contribute to the change in caregiver
burden.

Methods

SINPHONI

SINPHONI was conducted in compliance with the Guidelines
for Good Clinical Practice and the Declaration of Helsinki (2002)
of the World Medical Association. The study protocol was ap-
proved by the institutional review boards of each of the 26 centers
involved in the study. In SINPHONI, 100 patients with INPH were
recruited according to the criteria described below, and all re-
ceived a ventriculoperitoneal (VP) shunt with programmable
valve. The primary endpoint was improvement of =1 level in the
modified Rankin Scale (mRS) [25] at 1 year after the operation
(favorable outcome). The secondary outcome measures included
the iNPH grading scale iNPHGS) [26], timed 3 m up-and-go test
(TUG) [27], and the Mini-Mental State Examination (MMSE)
[28]. The iNPHGS is a clinician-rated scale to separately rate the
severity of each of the triad symptoms of iINPH. The score of each
domain ranges from 0 to 4. Zero indicates normal and higher
scores indicate worse symptoms. The TUG is a test of functional
mobility that measures the time it takes a subject sitting in an
armchair to stand up, walk forward 3 m, and return to the seated
position. These measures were repeated before and at 3, 6 and 12
months after the shunt operation. The main results of SINPHO-
NI were reported elsewhere [24]. In summary, the improvement
rate, defined as the percent of patients that showed a favorable
outcome, was 69.0%, and the response rate, defined as the percent
of patients that showed more than one-point improvement on
mRS at any evaluation points, was 80.0%. Fifteen patients experi-
enced serious adverse events (SAEs) that were of three types di-
rectly related to surgery or VP shunt.

Subjects

Written informed consent was obtained from all subjects, or
from their representatives when applicable. The consenting pa-
tients were pre-registered and received lumbar puncture. The in-
clusion criteria of SINPHONI were (1) age between 60 and 85
years, (2) presence of symptom(s) of the iNPH triad which are
measurable on the INPHGS, (3) presence of MR imaging features
of iNPH, i.e. both ventriculomegaly of Evans Index >0.3 and tight
high-convexity and medial subarachnoid spaces on coronal T1-
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weighted MRI [6], (4) absence of known disorders causing ven-
triculomegaly, and (5) normal cerebrospinal fluid (CSF) content
(protein =50 mg/dl and cell count <3 pm?) and pressure (<20
cm H,0). In this study, the criterion of (6) the presence of reliable
caregivers was added. Exclusion criteria of SINPHONI were (1)
presence of musculoskeletal, cardiopulmonary, renal, hepatic, or
mental disorders that would make it difficult to evaluate changes
of symptoms, (2) obstacles to 1-year follow-up, and (3) hemor-
rhagic diathesis or anticoagulant medication.

Zarit Burden Interview

The Zarit burden interview (ZBI) [29, 30] was used to evaluate
family caregiver burden before and 1 year after the shunt opera-
tion in SINPHONI. The ZBI is a standardized, validated, reliable
tool for assessment of the burden of caregivers for dementia pa-
tients, and has been widely used in many studies. It is a 22-item
self-rating inventory that examines the burden associated with
behavioral/financial impairments in the home care situation.
Each item is rated on a 5-point scale, with the total score ranging
from 0 to 88. The ZBI has two subscales: the personal strain (PS)
and role strain (RS) factors. The PS factor indicates how person-
ally stressful the experience is. The RS factor indicates the con-
straints on everyday life that occur due to being a caregiver. A
primary caregiver was selected for each iNPH patient, that person
being the individual who had primary responsibility for care su-
pervision of each patient in SINPHONI and he/she answered the
ZBL.

Statistical Analysis

The total score, and PS and RS factors of the ZBI were com-
pared between before and 1 year after the shunt operation using
the Wilcoxon signed-rank test. The iNPHGS, TUG, MMSE and
mRS scores before and after the shunt operation were also com-
pared in the same way.

In the preliminary analyses, the relationships between chang-
es in the ZBI total score 1 year after shunt operation and changes
of the INPHGS scores 1 year after shunt operation were quanti-
fied with Spearman’s rank correlation coefficients. In the pri-
mary statistical analysis, the specific effects of change in the tri-
ad symptoms 1 year after shunt operation on change of caregiv-
ers’ burden 1 year after the shunt operation were examined by
using categorical regression analysis. Categorical regression is
useful when analyzing data containing nominal, ordinal, and
interval-level independent variables. In categorical regression
analysis with SPSS (SPSS Inc., Chicago, Ill., USA), an optimal
scaling method is adopted that quantifies categorical variables
and then treats them as numerical variables, applying nonlinear
transformations to find the best-fitting model. For nominal vari-
ables, the order of the categories is not retained, but values that
maximize the goodness of fit are created for each category. For
ordinal variables, order is retained and values that maximize the
goodness of fit are created. For interval variables, order is re-
tained, as are equal distances between values. Categorical regres-
sion analysis was performed using change of total score of ZBI as
a dependent variable. Independent variables were the change of
each of the score of INPHGS, age and sex. The similar analyses
were subordinately repeated with the PS factor or RS factor of the
ZBl instead of the total score. All statistical analyses were carried
out with SPSS version 11.01 software. The statistical significance
level was set at p < 0.05.

Shunt Operations on iNPH Reduce
Caregiver Burden

Results

Subjects

The number of subjects in the study was reduced to 81
after excluding 19 subjects for whom satisfactory ZBI
data were not available (fig. 1). Four of these 19 patients
did not have reliable caregivers at the time of initial eval-
uation before the shunt operation and 15 patients did not
receive 1-year ZBI follow-ups. Six of these 15 patients
were due to SAEs, 2 had withdrawn consent and 7 had
incomplete or missing ZBI data. Of the 81 remaining sub-
jects, 8 had SAEs. No significant differences in demo-
graphic data, preshunt severity of the symptoms, or the
numbers of patients with and without favorable outcomes
were observed between the 81 patients and 19 excluded
patients (table 1). Additionally, in the three preoperative
ZBI scores, no significant differences were observed be-
tween the 81 patients and 15 patients that could not be
evaluated 1 year after the shunt operation (table 2).

Changes of Symptoms One Year after Shunt Operation

Many of the 81 patients in this study showed improve-
ments of one or more levels in each evaluation at 1 year
after the shunt operation: 58 (71.6%) of the patients
showed improvement in the mRS, and in the iINPHGS, 47
(58.0%) showed improvement in the cognitive domain, 57
(70.3%) showed improvement in the gait domain and 48
(59.2%) showed improvement in the urinary domain.
Twenty-five (30.9%) of the patients had mRS scores of 3
or more, indicating that they were dependent (i.e. re-
quired a caregiver), at 1 year after the shunt operation. At
1 year after the shunt operation, the numbers of patients
with iINPHGS score of 2 or more (indicating the presence
of an objective symptom) in the cognitive, gait and uri-
nary domains were 36 (44.4%), 36 (44.4%) and 23 (28.3%),
respectively.

Inthe 81 patients with iNPH, the three iNPHGS scores,
and the mRS, MMSE and TUG scores significantly im-
proved 1 year after the shunt operation (table 1). The total
score and PS factor of the ZBI significantly improved af-
ter the shunt operation, but the RS factor did not (table 2;
fig. 2).

Correlation between Improvement of ZBI and

Improvements of Triad Symptoms

Spearman’s rank correlation analyses revealed that
improvements 1 year after the shunt operation in each of
the ZBI scores significantly correlated with improve-
ments in each of the INPHGS scores, except for urinary
disturbance and ZBI RS factor (table 3). Categorical re-
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Fig. 1. Flow diagram of this study. * Number of patients with fa-
vorable outcomes, defined as showing an improvement of =1 lev-
¢l in the modified Rankin Scale (mRS) at 1 year after the shunt
operation. " Number of patients with unfavorable outcomes, de-
fined as showing no improvement in the mRS 1 year after the
shunt operation. ¢ Four patients who did not have reliable caregiv-
ers at the time of the initial evaluation before the shunt operation
were excluded. ¢ The serious adverse events (SAEs) of the 6 pa-
tients who were not included in this study were death by lung can-
cerin 1 patient, death by pneumoniain 1, cerebral infarction in 2,

& B8R 1 year after shunt
80 —

ZBl scores

RS factor

Total score

Fig. 2. Box plot of ZBI scores before and 1 year after shunt opera-
tion in 81 iNPH patients. Total and PS$ factor scores of the ZBI sig-
nificantly decreased after the shunt operation, but the RS factor
did not. Bold horizontal lines represent the median values, the
boxes represent the interquartile range, the whiskers represent the
range, and the circles represent outliers. Wilcoxon signed rank test
(*T =923.5,Z=2.79, p = 0.0052; ® T = 882.5, Z = 3.01, p = 0.0027%;
¢T = 894.5, Z = 1.35, p = 0.18). ZBI = Zarit burden interview;
PS = personal strain; RS = role strain.

366 Dement Geriatr Cogn Disord 2011;31:363-370

myocatdial infarction in 1, and femoral fracture in 1. ¢ Nine pa-
tients were excluded during a 1-year follow-up after the shunt op-
eration. The causes included withdrawal of consent (2 patients),
loss of Zarit burden interview (ZBI} data (6 patients), and incom-
plete ZBI record (1 patient). f One patient experienced a SAE (ce-
rebral infarction) which was not the reason for lack of follow-up.
¢ The 8 patients with SAEs who were included in this study con-
sisted of 2 with pneumonia, and 1 each with laryngeal cancer,
chronic subdural hematoma, femoral fracture, bowel perforation,
shunt obstruction, and fall with severe bruising.

gression analysis demonstrated that the improvement in
each of the iNPHGS scores significantly contributed to
the improvement of the ZBI total score and PS factor in-
dependently. The improvements of cognitive impairment
and urinary disturbance also contributed to the improve-
ment of ZBI RS factor. The improvement of cognitive im-
pairment was the major factor contributing to the im-
provement of caregiver burden.

Discussion

In the present study, a subset of the SINPHONI cohort
was analyzed for changes of caregiver burden after a
shunt operation. The ZBI total scores and PS factors for
these patients improved after the shunt operation. We
found that the shunt operations reduced the burden on
caregivers of iNPH patients. Caregiver burden of patients
with iNPH before shunt operation in this study was nor-
mal when compared to the caregiver burden in the aver-
age case of dementia. More specifically, the median score
of the total score of the ZBI before shunt operation was
26 in this study. This score is almost identical to the score
of 28 in our previous study which had 117 patients with
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Table 1. Background characteristics and changes of outcome measures

Male/female 9/10 49/32 0.30°
Mean age + SD, years 74.5+5.1 74.5%5.1 1.00°
iNPHGS
Cognitive impairment 2(2-3) 2(2-3) 1(0-3) 0.64° <0.0001¢
Gait disturbance 2(2-3) 2(2-3) 1(0-2) 0.86° <0.0001¢
Urinary disturbance 2(1-3) 2(1-3) 1(0-2) 0.83¢ <0.00014
mRS 3 (2-4) 3(2-4) 2(1-3) 0.67¢ <0.0001¢
MMSE 25 (14-27) 23 (17-25) 25 (21-28) 0.80° <0.0001¢
TUG 20 (15.0-22.0)  20(16.0-28.5) 13 (10.0-19.0) 0.77¢ <0.00014
[n=17] [n=76] [n=75]
Qutcome (favorablefunfavorable) 11/8 58/23 0.24%

Descriptive statistics are expressed as the mean and SD or the median and 25th-75th percentile interval, shown in parentheses;
n = nuimber of patients who performed TUG. Favorable outcome was defined as improvement of 21 level in the modified Rankin scale

{mRS) at 1 year after the shunt operation, and unfavorable outcome

was defined as no improvement in the mRS 1 year after the shunt

operation. iINPHGS = Idiopathic normal pressure hydrocephalus grading scale; mRS = modified Rankin scale; MMSE = mini-mental

state examination; TUG = timed 3 m up-and-go test.

2y test. U t test. * Mann-Whitney U test. ¢ Wilcoxon signed rank test.

Table 2. ZBI scores before and after shunt operation

0.0052P

Total score 24 (16-37) 26 (15-41) 24 (9-37) 0.74°
PS factor 14 (9-23) 16 (9-24) 13 (4-21) 0.78° 0.0027°
RS factor 3 (0-6) 5(2-9) 5(1-8) 0.23* 0.18>

Descriptive statistics are expressed as the median and 25th-75th percentile interval, shown in parentheses. ZBI = Zarit burden

interview; PS = personal strain; RS = role strain.
3 Mann-Whitney U test. ® Wilcoxon signed rank test.

various diseases causing dementia [30]. The pre-shunt PS
and RS factors in this study were also almost identical to
those in the previous study (16 and 6, respectively). There-
fore, the caregiver burden in this study was high in ab-
solute terms but normal for caregivers dealing with de-
mentia.

No significant improvement was observed in the RS
factors after the shunt operation, although the ZBI total
scores and PS factors improved. The PS factor, which is a
measure of how personally stressful an experience is, was
likely improved as a result of improved symptoms due to

Shunt Operations on iNPH Reduce
Caregiver Burden

the shunt operation. If the patient’s disability, specifically
any part of the iNPH triad, is reduced, the caregiver’s as-
sistance to the patients will be reduced, leading to a re-
duction of the caregiver’s burden. The RS factor, on the
other hand, is the constraints on everyday life that occur
due to being a caregiver. Role strain was reported to be
associated with dependence in activity of daily living
(ADL) in elderly people [31]. Unless the patient’s ADL im-
proves to the level of being able to live independently, the
caregiver has to play the role of the caregiver, and eventu-
ally the RS factor does not improve. The improvements
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Table 3. Correlation among changes in scores after the shunt operation

a Spearman’s rank correlation analyses

Change of ZBI score
Age -0.09 042 -0.06 0.61 -0.04 0.69
Sex ~0.19 0.09 -0.18 0.11 -0.16 0.17
Change of INPHGS score
Cognitive impairment 0.41 0.00013 0.4 0.00024 0.35 0.002
Gait disturbance 0.42 0.00012 0.41 0.00012 0.25 0.026
Urinary disturbance 0.25 0.025 0.27 0.016 0.18 0.11

b Categorical regression analyses

Change of INPHGS score
Cognitive impairment 0.40 <0.0001 0.38 <0.0001 0.32 <0.0001
Gait disturbance 0.23 0.012 0.25 0.008 0.15 0.166
Urinary disturbance 0.28 0.0002 0.23 0.006 0.35 <0.0001

ZBI = Zarit burden interview; iNPHGS = idjopathic normal pressure hydrocephalus grading scale; PS = personal strain; RS = role

strain.

in the triad were not observed in all patients in this study.
Moreover, 30.9% of the patients were dependent based on
the mRS score 1 year after the shunt operation. In addi-
tion, some patients had obvious triad symptoms 1 year
after the shunt operation: 44.4% for cognitive impair-
ment, 44.4% for gait disturbance and 28.3% for urinary
disturbance. Namely, not all patients reached the inde-
pendent level or objectively asymptomatic status 1 year
after the shunt operation.

In patients with dementia, cognitive impairment [32,
33], motor dysfunction [34], and urinary incontinence
[35] were shown to affect caregiver burden. The present
study revealed that improvement in each of the triad
symptoms of iNPH, especially the improvement in cogni-
tive function, significantly decreased caregiver burden,
in agreement with previous casual observations [19].
Even if the patient has gait and urinary disturbances but
does not have cognitive impairment, then the patient can
likely handle the problems by him/herself and avoid dan-
ger, and thus there may be less effect on the burden of the
caregiver. Cognitive impairment is a symptom that is
known to be difficult to improve after the shunt opera-

368 Dement Geriatr Cogn Disord 2011;31:363-370

tion in patients with iNPH [12], and also in this study
it had the lowest frequency of improvement among the
iNPH triad. The present results pointed to the need to
develop methods for improving the efficacy of treatments
for triad symptoms, especially cognitive impairment, in
patients with iNPH.

Our finding that the shunt operation reduced the care-
giver burden depended on the high efficacy of the shunt
operation in SINPHONI; the ratios of patients who im-
proved by one or more levels in the mRS at 1 year follow-
ing the operation was 69% of all patients of SINPHONI
and 71.6% of the present study group. Many studies with
iNPH groups have shown highly variable response rates
to the shunt operation, ranging from 14 to 89%, but the
improvement ratios of most of them were less than 50%
with a follow-up typically of 1 year or less [36]. Because it
is necessary for the shunt operation to be highly effective
in order to decrease the caregiver burden, it might have
been difficult to improve the caregiver burden of the pa-
tients in these previous studies with the low improvement
ratio by the shunt operation. The Dutch NPH Study [37]
enrolled 96 iNPH patients with tight convexity subarach-
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noid spaces on computed tomography and followed them
for 1 year. They observed a 70% rate of improvement with
one or more levels in the mRS. McGirt et al. [36] enrolled
132 iNPH patients with A- or B-waves in CSF pressure
monitoring and clinical improvement during a 3-day
CSF drainage trial, and their improvement rate after VP
shunt operation using adjust valves was 75%. Thus, we
can increase the efficacy of shunt operation due to refine-
ments in the patient selection criteria and in the shunt
surgical technique. Thus, the shunt operation can also
improve the caregiver burden.

Nineteen patients of the original 100-patient cohort
were excluded from this study. The main reasons for ex-
clusion were drop-out due to lack of ZBI data, SAEs, lack
of reliable caregiver, and withdrawal of consent. Al-
though the rate of patients with SAEs was higher in the
excluded patient group than in the included patients,
more than half of those with SAEs could be analyzed in
this study. Moreover, other factors such as demographic
data, preshunt severity of the symptoms and preshunt
ZBI data were comparable between the included and ex-
cluded groups. In addition, the rate of those with favor-
able outcome after 1 year in the present study group
(71.6%) was not significantly different from that of pa-
tients excluded from this study (57.9%) and was also quite
similar to that in the SINPHONI full set (69%) [24].
Therefore, the subjects in this study were considered to
be representative of the full set of SINPHONI.

The present study has several limitations. In SINPHO-
NI, information regarding to the caregiver who answered
the ZBI was not collected. The effect of caregiver-patient
relationships [38] and the age [39] and sex [39] of the pri-
mary caregiver on the ZBI score is known, but it is not
possible to exclude such effects in the present study. The
primary caregiver for some patients might change before
and after the shunt operation. The effect of changing pri-
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INTRODUCTION

Neuroimaging studies using '8F-fluoro-2-deoxy-D-
glucose positron emission tomography (FDG-PET)
and single photon emission computed tomography
(SPECT) have shown that the posterior cinguiate
cortex (PCC) is the primary and most prominent area
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Abstract

Background: Neuroimaging studies using '®F-fluoro-2-deoxy-D-glucose
positron emission tomography (FDG-PET) and single photon emission com-
puted tomography (SPECT) have shown that the posterior cingulate cortex
(PCC) is the primary and most prominent area of cerebral metabolic and
perfusional decrement in early Alzheimer’s disease (AD). We carried out the
present preliminary study to investigate whether a decline of cerebral blood
flow (CBF) in the PCC in early to moderate AD was accompanied with that
of cerebral protein synthesis (CPS).

Methods: We carried out both N-isopropyl-p-[123l] iodoamphetamine
SPECT (IMP-SPECT) and L-[methyl-11C] methionine positron emission
tomography (MET-PET) in eight AD patients with apolipoprotein E epsilon 4
allele in the early to moderate stage. We aiso carried out IMP-SPECT in eight
healthy controls (HC). We located 32 regions of interest (ROI), and values of
regional MET or IMP uptakes were averaged in five regions; the frontal lobe
(FL), the parietal lobe (PL), the medial temporal lobe (MTL), PCC and the
occipital lobe. Furthermore, the values in the FL, PL, MTL and PCC were
divided by values in the occipital areas, and normalized values of regional
CBF (rCBF) and CPS (rCPS) were calculated. Then, the rCBF in the FL, PL,
MTL and PCC were compared between AD and HC. In addition, the rCBF
and rCPS were compared in the FL, PL, MTL and PCC of AD.

Results: The rCBF in the PCC, but not in the other three regions, was
significantly lower in AD than in HC. The rCBF was significantly lower than
rCPS in the PCC, but rCBF and rCPS were comparable in the other three
regions in AD.

Conclusions: The CBF reduction in the PCC in AD was partly caused by
neuronal loss in the PCC and partly supported the hypothesis that CBF
reduction in the PCC was a result of functional deafferentation by neural
degeneration in areas other than the PCC.

of cerebral metabolic and perfusional decrement in
early Alzheimer’s disease (AD)." However, neurofibril-
lary tangles, a pathological hallmark of AD, and neu-
ronal loss have not been reported in the PCC in early
AD.2 The reasons for the discrepancy between SPECT
and FDG-PET abnormalities, and the absence of

© 2011 The Authors
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neuronal loss and neurofibrillary tangles in the PCC
have not been well explained. The discrepancy has
often been attributed to functional deafferentation.
Functional deafferentation occurs when a pathologi-
cally damaged region of the brain causes functional
deactivation in other regions that are remote from, but
connected to, the damaged region. In AD, the SPECT
and FDG-PET abnormalities in the PCC are a result of
damage in the entorhinal cortex. The entorhinal cortex
is the first area that is pathologically affected in AD
and is strongly connected to the PCC.® However,
recent new neuroimaging techniques have shown the
deposition of B-amyloid (Af), another pathological
halimark of AD,* and cortical atrophy®® in the PCC in
early AD patients. These findings might indicate neu-
ronal loss in the PCC of AD.

L-[methyl-11C] methionine PET (MET-PET), which
can visualize cerebral protein synthesis (CPS), is
commonly used for detecting brain tumours,
because tumours are associated with increased
CPS. However, MET-PET can also be used to evalu-
ate the decreased CPS in vivo, which could indicate
neuronal loss.” The neuronal loss in the brain evalu-
ated by MET-PET would mainly indicate loss of
neurons, but not glial cells, because neurons synthe-
size protein at a higher rate than glial cells in the
brain.? Crossed cerebellar diaschisis (CCD), which is
shown in SPECT and FDG-PET images, is a depres-
sion of blood flow and oxidative metabolism of
glucose in the cerebellum contralateral to a suprat-
entorial brain lesion and is a typical phenomenon
of the neural deactivation caused by the remote
lesion.®'® However, we recently confirmed that CCD
was not observed in MET-PET."® Thus, MET-PET
could evaluate the neuronal loss in vivo without
being influenced by neural deactivation in other
affected regions. This characteristic of MET-PET is
useful for evaluating neuronal loss of AD, because
AD is a multilesional brain disease.

MET-PET has previously been used to show
decreases of CPS in the frontal lobe'" and temporo-
parietal area in patients with AD.'? However, the char-
acteristics of patients with AD in these studies were
not well described. Furthermore, these studies set the
regions of interest (ROI) directly on the patient’s MET-
PET images, which inevitably reduced reproducibility
as a result of differences in human expertise and
intraobserver variations. In addition, the ROl was not
set at the PCC in these studies.

© 2011 The Authors
Psychogeriatrics © 2011 Japanese Psychogeriatric Society

In the present study, we carried out both
N-isopropyl-p-[123I] iodoamphetamine (IMP)-SPECT
and MET-PET in eight patients with mild to moderate
AD to assess whether the hypoperfusion was accom-
panied by the loss of CPS. The apolipoprotein E
(ApoE) epsilon 4 allele is associated with a higher risk
of AD and hypometabolism in the PCC.® In the
present study, to increase the number of AD patients
who have dysfunction in the PCC, we recruited only
AD patients with the ApoE epsilon 4 allele.

SUBJECTS AND METHODS

Patients group

We recruited eight patients (4 females and 4 males)
from consecutive outpatients who visited the neu-
ropsychological clinic in the Department of Neurop-
sychiatry of Osaka University Medical Hospital
between April and July in 2006. The inclusion criteria
were: (i) a clinical diagnosis of probable AD based on
National Institute of Neurological and Communica-
tive Disorders and Stroke-Alzheimer’s Disease and
Related Disorders Association criteria;'* (ii) scores of
less than 24 in the Mini-Mental State Examination
(MMSE),"® and >10 in the Alzheimer’s Disease
Assessment Scale-Cognitive Component-Japanese
version (ADAS J-cog);'® (i) a score of 1 or 2 in
the Clinical Dementia Ratings (CDR)"" for the assess-
ment of severity of the disease; (iv) no abnormal
findings that caused dementia in the neurological
examination and blood chemistry; (v) having the
ApoE epsilon 4 allele; and (vi) no other abnormal
findings than cerebral atrophy on magnetic reso-
nance imaging (MRI) or computed tomography. The
eight patients had a mean age of 73.0 years (SD =
5.4), a mean age of onset 67.8 years (SD = 5.0), a
mean duration of illness of 5.3 years (SD = 2.3), and
a mean level of education of 10.9 years (SD = 1.5).
Their mean MMSE score was 19.3 (SD = 3.3) and
their mean ADAS-Jcog. score was 21.3 (SD = 6.5).
The scores of the CDR were 1 for three patients and
2 for five patients. The ApoE status was four
homozygotes and four heterozygotes.

Healthy control group

Eight healthy control (HC) subjects (6 female and 2
male) were recruited from the community and were
comparable to AD subjects on age and educational
attainment. They had normal cognitive functions
(MMSE score >25), normal findings in the physical and
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neurological examinations, no history of psychiatric
disorders and head trauma with loss of consciousness,
no abnormal findings on MRI other than insignificant
leucoaraiosis, and no risk factors for cerebrovascular
disease (hypertension, heart disease and diabetes
mellitus). Their mean age was 72.5 years (SD = 5.8),
their mean level of education was 11.0 years (SD=1.4)
and their mean MMSE score was 28.6 (SD = 1.4).

The AD and HC groups did not significantly differ in
age, education (t =0.18, P = 0.86; t = 0.17, P = 0.86,
respectively, Student’s t-test) or sex (P =0.30, Fisher’s
exact probability test). However, the AD group had
significantly lower MMSE scores than the HC group
(t=7.42, P < 0.001, Student’s t-test).

The present study was approved by the Ethics
Committee of Osaka University Hospital. Before their
enroliment, the subjects were given detailed explana-
tions of the purpose of the study and all the proce-
dures used. Written informed consent was obtained
from all subjects.

PET and SPECT procedures

All AD patients underwent both MET-PET and IMP-
SPECT scans with an interval period ranging from 24
to 97 days (59 + 21 days); there were no clinical
changes in any of the patients during this interval
period. The HC subjects underwent only IMP-SPECT
scans.

MET-PET images were carried out using a Head-
tome V PET scanner (Shimadzu, Kyoto, Japan) with
retractable septa. Scans of all subjects was carried
out in the stationary mode with septa in, which
allowed acquisition of 63 contiguous transverse slices
with a spatial resolution of 3.7 mm full width at haif-
maximum (FWHM) in the transaxial direction and
5 mm in the axial direction. The patient’s head was
fixed in place with a head holder and was positioned
with light beams to obtain transaxial slices parallel to
the orbitomeatal line. The images were acquired with
the patient resting in the supine position, with their
eye closed. Corrections for absorption were carried
out with attenuation measured in a transmission scan
using a retractable rotating rod source. MET were
given intravenously at the dose of 555-740 MBq.
Regional emission images of the brain were obtained
for 10 min, beginning 20 min after the MET injection.
Scan data were reconstructed with an ordered-subset
expectation maximization algorithm (12 iterations with
4 ordered subsets).
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IMP-SPECT images were obtained with a four-
head rotating gamma camera fitted with a low-energy,
general purpose, parallel-hole collimator with a spatial
resolution of 13.0 mm full-width-at-half-maximum
(Gamma View SPECT 2000H, Hitachi Medical, Tokyo,
Japan). Data were acquired in a continuous rotating
mode in reciprocal directions at 20 s per revolution for
66 min from 96 directions in a 64 x 64 matrix. The
SPECT scan was started 15 min after intravenous
injection of 167 MBgq of 123I-IMP (Perfusamine, Nihon
Medi-Physics, Hyogo, Japan). The transaxial images
were reconstructed using a filtered back projection
algorithm and a Butterworth prefilter.

Data analyses
Image data of individual IMP-SPECT or MET-PET
scans were stereotactically standardized with Neuro-
logical Statistical Image Analysis Software (NEURO-
STAT; University of Michigan. Ann Arbor, Mi, USA) on
a windows personal computer'®'® in order to remove
the difference of the individual’s brain size and to
minimize the regional anatomical differences. NEU-
ROSTAT has been shown to be suitable for anatomical
standardization of the brain with atrophy in AD.2°
One investigator (T.Y.), who specializes in neuroim-
aging and who was blind to the subject’s clinical infor-
mation, placed a total of 32 circular ROl of 12-mm
diameter on the five cortical areas on the MRI tem-
plate image of NEUROSTAT; the frontal lobe (FL), the
parietal lobe (PL), the medial temporal lobe (MTL),
PCC and the occipital lobe bilaterally. Figure 1 shows
the ROI on the templates and the anatomical areas.
Subsequently, the same ROl were transferred to
the standardized MET-PET and IMP-SPECT images.

Figure 1 Regions of interest (ROJ} on the magnetic resonance
imaging (MR!) template images. The ROl shown on the horizontal
MRI tempiate images of Neurological Statistical Image Analysis
Software (University of Michigan. Ann Arbor, Mi, USA)). The ana-
tomical locations of ROl are as follows: 1 and 6, frontal lobe; 2,
parietal lobe; 3 and 4, posterior cingulate cortex; 5, occipital lobe; 7,
medial temporal lobe.

© 2011 The Authors
Psychogeriatrics © 2011 Japanese Psychogeriatric Society
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Table 1 Regional cerebral blood flow and regional cerebral protein synthesis in Alzheimer’s disease and regional cerebral blood flow in

healthy controls

HC AD rCBF in HC vs in AD rCBF vs rCPS in AD
Region rCBF rCBF rCPS P-value P-value
FL 0.80 = 0.06 0.82 + 0.09 0.80 + 0.05 0.999 0.962
PL 0.84 + 0.08 0.79 £ 0.11 0.80 + 0.09 0.981 1.000
MTL 0.76 + 0.03 0.63 + 0.11t 0.71 £ 0.10 0.442 0.132
PCC 0.84 + 0.11 0.60 + 0.11% 0.70 + 0.08% 0.026 0.045

*Significantly lower than regional cerebral blood flow (rCBF) in the frontal lobe (FL) and parietal lobe (PL; post-hoc Tukey’s HSD test). *Significantly lower than
regional cerebral protein synthesis (rCPS) in FL and PL {(post-hoc Tukey's HSD test). Data are given as mean + SD. AD, Alzheimer’s disease; HC, healthy controls;

MTL, medial temporal lobe; PCC, posterior cingulate cortex.

Then, we evaluated the tracer uptake with the semi-
quantitative method. We divided the averaged value
of each of the four areas (FL, PL, MTL and PCC) out of
five ROl areas by the mean values of the bilateral
occipital areas; that is, we calculated the cerebral
blood flow (CBF) or CPS ratio using the regional-to-
occipital cortical ratio, to increase the reliability and
to remove the intersubject difference in baseline
metabolism or perfusion.?” The normalized values of
the regional MET and IMP uptake ratios (rCBF and
rCPS) were relative values, which made it possible to
compare them directly.

Statistical analyses

The averaged rCBF or rCPS of the right and left sides
were used for the analyses, because averaging both
sides would increase the reliability of the measure-
ment. To compare the rCBF between HC and AD, the
difference of rCBF was analyzed by using two-way
analysis of variance (ANOvA) for repeated measures,
with one between-factor (group: HC and AD) and one
within-factor (region: FL, PL, MTL and PCC) and post-
hoc Tukey’s HSD test for comparisons between each
pair of regions.

To compare between rCBF and rCPS in AD, the
difference of tracer uptakes was analyzed by using
two-way ANOVA for repeated measures, with two
within-factors (isotope: IMP and MET, and region: 4
regions as aforementioned), and post-hoc Tukey’s
HSD test. The significance level was set at P < 0.05 in
all statistical analyses.

RESULTS

As for the comparison of rCBF between HC and AD,
two-way ANOVA showed a significant group effect
(F(1,14) = 10.8, P = 0.005), region effect (F(3, 42) =
11.7, P < 0.001) and a significant group X region

© 2011 The Authors
Psychogeriatrics © 2011 Japanese Psychogeriatric Society

interaction (F(3,42) = 8.8, P < 0.001). The rCBF in the
PCC was significantly lower in AD than in HC (P =
0.026). In the HC group, the rCBF in the different
regions were not significantly different by post-hoc
analyses. In the AD group, the rCBF in the MTL and
PCC were significantly lower than those in the FL. and
PL, but there were no significant difference of the
rCBF between the MTL and PCC (Table 1).

In the comparison between rCBF and rCPS in AD,
two-way ANOVA with repeated measures showed a
significant region effect (F(3,21) = 14.1, P < 0.001) and
a significant isotope x region interaction (F(3,21) = 4.3,
P = 0.016), but did not show a significant isotope
effect (F(1,7) = 1.8, P = 0.22). rCBF was significantly
lower than rCPS in the PCC, but no significant differ-
ences were observed in other regions. In the AD
group, rCPS was significantly lower in the PCC than in
the FL and PL. rCPS in the MTL was lower, but not
significantly, than those in the FL and PL (P=0.10 and
P = 0.058, respectively). rCPS values in the other
regions were not significantly different from each
other.

DISCUSSION

Both the rCBF and rCPS in the PCC were significantly
lower compared with those in the FL and PL in the AD
group in the study. The rCBF in the PCC was signifi-
cantly lower in the AD group than in the HC group in
the present study, which was consistent with previous
reports of a clear decline of rCBF in PCC in the early
to moderate stages of AD.? Because we could not
carry out MET-PET scans of the HC group, we could
not compare the rCPS between HC and AD directly or
evaluate whether the rCPS decreased in the PCC of
AD in the present study. However, we could approxi-
mately calculate the regional-to-occipital cortical
ratios of MET-PET in normal subjects from the data of
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Coope DJ et al.2 Their study reported that the mean
ratios in normal subjects are approximately 0.8-0.9 in
all areas examined in the present study. The CPS of
the frontal and the temporal cortices in normal sub-
jects measured by Salmon E et al.'? was consistent
with those of Coope DJ etal?® Therefore, we
assumed that the rCPS in normal subjects are com-
parable among the ROI in the four brain areas in the
present study and were approximately 0.8-0.9. The
rCPS in the PCC appeared to be lower in the AD
group in the present study than the normal subjects in
the report of Coope DJ et al.2® Thus, protein synthesis
in the PCC of the AD patients in the present study
appeared to be decreased.

Our finding that rCPS was significantly higher than
rCBF in the PCC shows that CBF was more severely
decreased than the neuronal loss in PCC. This
appears to support the hypothesis that the more
severe reduction of the CBF arises from functional
deafferentation caused by primary neural degenera-
tion of other brain areas, such as the entorhinal cor-
tex.?* Thus, the decrease of CBF in the PCC would
reflect both the neuronal loss and remote functional
hypoperfusion.

The AD patients in the present study had CDR
scores of 1 or 2, which are frequently associated with
neuropathological Braak stages Ill and IV.2° In Braak
stages Il and IV, MTL is preferably affected with mild
neocortical pathology.?® The neuropathological evi-
dence is consistent with the finding of the present
study that the rCPS in the MTL could be lower in the
AD group than in the normal subjects in the study of
Coope DJ et al.% The rCBF in the MTL was alsoc lower
in the AD group than in the HC group in the present
study, although the difference did not reach the sig-
nificant level. The lack of significant difference might
be as a result of a type Il error because of the small
sample size of the present study. Neuronal loss and
neurofibrillary tangles are not common in the PCC in
AD patients in Braak stages Ill and V.2 However,
recent studies with new neuroimaging techniques
showed the presence of pathological changes in the
PCC in early AD patients. Neuroimaging studies with
[11C] Pittsburgh compound B (PiB)-PET showed AB
deposition -in the PCC* which might induce local
atrophy of the PCC.?® MRl studies using voxel-based
morphometry (VBM) have shown a regional grey
matter loss in the PCC of mild AD.58 Diffusion tensor
MRI using the VBM technique showed increased dif-
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fusivity in the PCC of AD in the early stage, which
might indicate a pathological abnormality.?” Further-
more, Vogt BA et al.?® reported that neuronal loss in
the PCC of AD was accompanied by laminar degen-
eration. They also found that the ApoE epsilon 4 allele
was positively associated with the severity of the
pathological change in the PCC, leading to a variable
degree of pathological change in PCC among AD
patients. In the present study, there was a clear
decrease in rCPS in the PCC in AD patients, because
the AD patients were limited to those who had the
ApoE epsilon 4 allele. Further studies are needed to
determine whether the ApoE epsilon 4 allele is asso-
ciated with neuronal loss in the PCC.

The present study had some limitations. The
sample size of this study was small, because we
intended to recruit homogenous patients with ApoE
epsilon 4 allele. The analyses of the homogenous
patients could clarify the significant difference
between rCBF and rCPS in the PCC, despite the small
sample size of this study. A second limitation is that by
limiting the subjects of the present study to AD
patients with the ApoE epsilon 4 allele, the results
might not apply to AD patients with other ApoE
alleles. A possible third limitation is that we used the
ROI method rather than a voxel-by-voxel analysis in
stereotactic space. The ROl method is not bias-free
but could be used in a study with a small sample size.
Future studies that use a large number of subjects and
a voxel-by-voxel analysis are needed to confirm the
present findings.

Our MET-PET results suggest that the hypoperfu-
sion in the PCC observed by SPECT is partially a
result of the neuronal loss, which would be indicated
by the impairment of CPS, and partially a result of the
apparent reduction of CBF. Aithough the neuronal loss
assumed by the MET-PET was not pathologically con-
firmed, the MET-PET could evaluate the regional neu-
ronal loss in AD in vivo.
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Abstract

Semantic dementia {SD) is a neurodegenerative disease characterized by atrophy of the anterior
temporal regions and progressive loss of semantic memory. SD has recently been reported to be associated
with a pathologic diagnosis of frontotemporal lobar degeneration (FTLD) with T* DNA-binding protein of
43 kDa (TDP-43) immunoreactive inclusions (FTLD-TDP) type 2 by Mackenzie. In the first several vears
of the disease, SD patients, especially those with left hemisphere-dominant temporal atrophy, present with
primary progressive aphasia, in which language deterioration is obvious: however, they do not have other
cognitive and behavioral impairments. The language impairment in SD is termed as word meaning
aphasia, in which patients experience both word finding difficulties and word recognizing difficulties
(two-way anomia). Phonemic cues are not effective in improving anomia. In addition, SI) patients do not
experience a sense of familiarity with words that they cannot find or recognize. While reading and writing
Japanese words, SD patients, except those wha also have motor neuron disease, exhibit well-preserved kana
(phonogram) processing. However, in the case of kaniji, they often exhibit surface dyslexia while reading
and also exhibit phonetic miswriting. In the aphasic stage, SD patients can explain what the objects are
and can use them appropriately; however, they cannot find or recognize the names of the objects. On
progressing to the semantic memory impairment stage, the patients do not exhibit any familiarity with the
objects whose names thev cannot find or recognize and are unable to appropriately use these objects.
Semantic memory impairment in SD is atiributed to damage of gray matter and of superior and inferior
white matter connections in the anterior temporal lobe.

Language Impairment and Semantic Memory Loss of Semantic Dementia
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