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and seem to choose mental health over unhelpful
levels of denial.”

Insistence on recovery was previously believed to
be a negative indicator of functional improvement in
disabled stroke patients, but our data* contradict this
view, such that an appropriate level of insistence on
recovery is actually associated with reduced depres-
sion and apathy, resulting in enhanced improvement
of disability after a stroke. Thus, when caring for
patients, we should inform them of their prognosis in
such a way that they do not completely abandon all
hope.

PHYSICAL DISABILITY AND PSD/APATHY

As described above, depression and apathy are
typically thought to have a negative impact on
stroke rehabilitation, with PSD/apathy being strongly
correlated with cognitive disturbance. We have also
examined correlations between PSD/apathy and
aspects of physical disability, namely trunk balance
and walking ability.?>®® Trunk balance was examined
using a 10-min sitting balance task. Disturbed trunk
balance was associated with fewer improvements in
activities of daily living associated with the presence
of depression/apathy.®® In addition, proportional
hazards analysis was used to determine the indepen-

dent effect of PSD/apathy on walking disability.
Kaplan-Meier survival curves for reaching indepen-
dence in walking showed highly significantly differ-
ences in achievement rate and time to reach goals for
each subgroup based on the presence of depression/
apathy (Fig. 6).2

We also examined the effect of improved walking
ability on depression/apathy, finding that patients
who could not walk on admission but could walk
at discharge showed lower levels of depression and
apathy, whereas those who could not walk during
hospitalization showed no such tendency to improve
(Fig. 7). Post-stroke physical disturbance appears to
be closely correlated with levels of depression and
apathy.

‘Classical’ disabled stroke patients show a droopy
posture, with downward-looking eyes and reduced
walking efficacy. This reduced mobility can render
patients housebound, which, in turn, promotes
depressive and apathetic mood disorders, resulting in
a further obstacle to achieving functional improve-
ment (a vicious cycle). Rehabilitation may be useful in
correcting abnormal gait, thereby enabling patients to
break out of this vicious cycle. Interventions that
foster gait normalization should be promoted and
made available as far as possible.
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CONCLUSIONS

Specific brain lesions are thought to lead to
increased vulnerability to the negative effects of
stress. After stroke, many patients suffer from some
disabilities, which results in a mourning process.
This emotional response is thought to be a norma-
tive one to post-stroke problems. However, depres-
sion and/or apathy can develop in cases of extreme
vulnerability to stress or failure to cope. Depres-
sion and apathy can interfere with functional

6 Yamagata S, Yamaguchi S, Kobayashi S. Impaired novelty
processing in apathy after subcortical stroke. Stroke 2004; 35:
1935-1940.

7 Hama S. Post-stroke depression and apathy. High Brain Funct
Res 2010; 30: 285-298 (in Japanese with an English abstract).

8 Rohe DE. Psychological aspects of rehabilitation. In: DeLisa JA,
Gans BM, eds. Rehabilitation Medicine: Principles and Practice,
3rd edn. Philadelphia, PA: Lippincott Williams & Wilkins, 1998;
189-212.

9 Trexler LE, Fordyce DJ. Psychological perspectives on rehabili-
tation: Contemporary assessment and intervention strategies.
In: Braddom RL, ed. Physical Medicine and Rehabilitation, 2nd
edn. Philadelphia, PA: WB Saunders, 2000; 75-92.

improvement during rehabilitation. However, appro- 10 Robinson RG, Price TR. Post-stroke depressive disorders:

priate levels of insistence on recovery can serve to
reduce or prevent depression and apathy. Moreover,
improvements in activities of daily living (e.g.
walking) have a positive effect on mood disorders.
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Abstract

Objective: Many studies have examined the effects of cere-
brovascular changes on treatment response in geriatric de-
pression. However, few such studies have examined the re-
lationship between cerebrovascular changes and long-term
prognosis. We examined the effects of cerebrovascular
changes on the course of geriatric depressive symptoms, de-
mentia rates, and mortality over a follow-up period of ap-
proximately 10 years. Method: Participants were 84 patients
with major depression (age of onset over 50 years); patients
suffering from strokes, neurological disorders, and other
psychiatric disorders were excluded. Magnetic resonance
imaging findings were used to classify all patients into silent
cerebral infarction (SCl)-positive (n = 37) or SCi-negative
groups (n = 47). Prognoses were ascertained using a review
of clinical charts and mailed questionnaires. Results: Only
5% of patients with SCI were able to maintain remission
whereas 36% of patients without SCl were able to do so. To-
tal duration of depressive episodes was significantly longer
in the SCI-positive group than in the SCl-negative group. SCI
was also associated with a higher risk of dementia. Conclu-

sion: The results of this long-term follow-up study demon-
strate that the presence of SClis associated with a relatively
poor prognosis in geriatric depression.

Copyright © 2010 S. Karger AG, Basel

Introduction

A growing body of evidence supports an association
between cerebrovascular disease (CVD) and geriatric de-
pression [1-4]. The term ‘vascular depression’ has been
used to describe a depression subtype occurring later in
life and characterized by cerebral changes that may be
related to depression onset.

We have previously examined the relationship be-
tween geriatric depression and the presence of silent ce-
rebral infarction (SCI), as detected by magnetic reso-
nance imaging (MRI). SCI is detectable by MRI and oth-
er imaging modalities but has not been associated with
the occurrence of strokes, focal neurological symptoms,
or dementia. Depressive patients with SCI closely resem-
ble those with vascular depression. Our earlier findings
suggest that depressed patients with SCI show poor treat-
ment responses to antidepressant pharmacotherapy com-
pared to depressed patients without SCI [5-7]. Other re-
searchers have also demonstrated a relatively poor prog-
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nosis and increased mortality of geriatric depressive
patients with CVD [8]. Cognitive impairment in elderly
depressed patients with CVD has also been reported,
both during the depressed phase of the illness [9] and af-
ter recovery [10]. However, to our knowledge the relation-
ships between the presence of CVD and two key vari-
ables, long-term prognosis and onset of dementia, have
not been investigated in elderly depressed patients.

We aimed to test the following hypothesis: patients
with depression and SCI will have higher rates of recur-
rence, dementia onset, and mortality than depressive pa-
tients without SCL

Method

This study was designed in accordance with institutional
guidelines and was approved by an institutional ethics review
committee. All participants gave their written informed consent
to take part in this study.

Participants

We initially assessed 172 patients with unipolar depression
(meeting DSM-III-R or DSM-1V criteria for a major depressive
episode), all of whom were over 50 years old. All patients were first
admitted to either the Hiroshima University School of Medicine
or Hiroshima Prefectural Hospital during the period of 1990 to
1999.

The patients included in this study were examined using MRI
within 3 months of admission, and all met either the DSM-III-R
criteria for major depression [11] or the DSM-IV criteria for major
depressive disorder [12]. Patients showing evidence of stroke or
focal neurological signs were excluded from the study. In addi-
tion, patients with alcoholism, cerebral degenerative disease, de-
mentia, brain injury, systemic disease, and those taking medica-
tions that could induce depression were also excluded.

Eighty-nine patients were followed during the course of the
study (representing 52% of the original sample assessed). Eighty-
three patients had stopped receiving treatment within 5 years of
admission and did not elect to participate-in the study. Of the re-
maining 89 patients, we randomly selected 84 patients in a blind
manner, matching for age and sex across the two groups. There
were no significant differences between the patients who provid-
ed complete data on the variables age, sex, age of depression onset
and those who did not, nor was there a significant difference in
the proportions of patients with SCI and without SCI.

Magnetic Resonance Imaging Procedure

MRI was performed using a 1.5-tesla apparatus (General Elec-
tric Co., Milwaukee, Wisc., USA) at the Hiroshima University
School of Medicine and a 1.5-tesla apparatus (Picker Co.) at the
Hiroshima Prefectural Hospital. T,-weighted images (repetition
time TR, 4,000 ms; echo time TE, 100 ms) were obtained in the
transverse plane parallel to the orbitomeatal line, and T;-weight-
ed images (TR, 400 ms; TE, 14 ms) were obtained as coronal slic-
es at 5-mm thickness, with a 2.5-mm gap between sections. In-
farcts were defined as high-intensity lesions that were larger than

178 Neuropsychobiology 2010;62:177-181

5 mm in diameter on T,-weighted images that coincided with
low-intensity T;-weighted lesions.

In the present study, as in our previous reports, an SCI was
defined as the presence of 4 or more infarcts in the same hemi-
sphere, and these patients were assigned to the SCI-positive group
[5-7, 10, 13]. Patients with fewer than 4 infarcts were assigned to
the SCI-negative group. Periventricular hyperintensity was not
assessed. Details regarding the location and the particular hemi-
sphere containing the SCI were not assessed given that almost all
of the patients displayed multiple lesions. MRI scans were com-
bined in a randomized order and were evaluated by a research
psychiatrist (T.F.) prior to data collection.

Outcome Measures

Three main outcomes were assessed: course of depressive
symptoms, dementia onset, and mortality. Reviews of patients’
clinical charts were used to assess outcomes. In addition, all pa-
tients and their family members underwent detailed questioning
by mail. The required minimum follow-up period for this study
was 5 years. Patients who stopped receiving treatment within 5
years (i.e. whose clinical courses after stopping treatment were
unknown) were excluded from data analysis.

We examined the number of relapses/recurrences, duration of
depression, and the number of admissions for treating unipolar
depression. The presence of manic episodes, either spontaneous
or induced by antidepressant treatment, was also examined. Fi-
nally, the incidence of neurological disorders other than stroke
(such as parkinsonism), the incidence of delirium, onset of de-
mentia, and mortality were examined. The DSM-IV definition of
dementia was used [12].

Analytic Strategy

Parametric data are reported as means * SD. Student’s t test
was used to compare mean differences between the groups. The
x?test was used to compare nonparametric numerical data points.
A p value <0.05 was considered statistically significant.

Results

There were no significant differences between the pa-
tients with SCI and those without on the variables of age,
sex, age of depression onset, years of education, kind of

'MRI acquisition (1.5 or 0.5 T), duration of study follow-

up period, and kind of follow-up used (clinical chart,
mailed questionnaire or both) (table 1).

Prognosis of Affective Disorders

Prognosis data for our study sample are shown in ta-
ble 2. Only 5% of patients with SCI experienced sustained
remission although 36% of patients without SCI were able
to do so. The number of depressive episodes during the
follow-up period was not significantly different across
the groups. However, total duration of depressive epi-
sodes, percentage of depressed periods during follow-up,
and number of hospital admissions due to depression

Yamashita/Fujikawa/Takami/Yanai/
Okamoto/Morinobu/Yamawaki
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Table 1. Characteristics of depressed patients

Table 2. Prognosis of affective disorders

SCl-negative = SCI-positive = p

SCI- SCI- p value
(n=47) (n=37) value negative ~ positive
Male/female 18/29 13/24 0.77 Continued remission, n 17 (36%)  2(5%) <0.001
Age at the start of follow-up, years Depressive episodes, n 14%£38 23%x24 024
-Mean £ SD 60.2%6.5 63.0x£6.7 0.05  Total duration of depression, years 1.3%£2.1 25%22 0.02
Range 53-74 52-74 Years of depression, % 16.0+27.1 34.8+30.3 0.007
Age at the end of follow-up, years Admissions due to
Mean £ SD 70.3%6.9 71.8%£74 0.35 depression, n 04%07 1.0x1.3 0.008
Range 59-87 60-87 Presence of manic episode(s), n 3 (6%) 6(16%) 0.15
Years of follow-up
Mean * SD 10.1£3.6 8.7%x33 0.06
Range 5-15 5-15
Kind of follow-up 0.95
Clinical chart 29 24
Questionnaire by mail 4 3 Table 3. Other disorders and mortality
Both 14 10
Age at onset of depression, years SCI- SCI- p value
Mean * SD 56.3%7.2 56.8%£9.0 0.78 negative positive
Range 50-70 50-71
Type of MRI acquisition 049  Mortality,n 6 (13%) 7(19%)  0.44
15T 41 34 Dementia, n 2 (4%) 7(19%) 0.04
05T 6 3 Delirium, n 0 (0%) 2 (5%) 0.11
Years of education Stroke, n 3 (6%) 6(16%) 0.15
Mean * SD 11.8%£25 11.8+2.4 0.91 Parkinsonism, n 3 (6%) 5(14%) 0.27
Range 6-16 6-16 Somatic comorbidities, n 0.5%0.7 0.8%1.0 0.17

were all greater in patients with SCI than in those without
SCI. The two groups did not differ on the presence of
manic episodes.

Other Disorders and Mortality

There were no significant group differences in the
numbers of patients who developed delirium, stroke, and
parkinsonism during follow-up (table 3). Mortality rates
did not differ across the groups. However, the dementia
onset rate during follow-up was significantly higher in
patients with SCI than in those without SCI.

Discussion

While there are several reports on the effects of cere-
brovascular change on treatment response in geriatric
depression, to our knowledge no previous report has ad-
dressed the relationship between cerebrovascular chang-
es and long-term prognosis of geriatric depression. -

In the present study, only 5% of patients with SCI re-
mained in remission during the follow-up period where-
as 36% of the patients without SCI remained in remission.

Long-Term Prognosis of Patients with
Depression and SCI

Total duration of depression was significantly longer in
the SCI-positive group than in the SCI-negative group. In
addition, SCI was associated with a higher risk of devel-
oping dementia.

The present results are consistent with the findings of
previous studies that examined treatment responses in
geriatric depression. Post [14] found that only 26% of a
sample of 92 elderly depressed inpatients made a sus-
tained recovery during a 3-year follow-up period: 25% of
patients continued to experience chronic mild depres-
sion, and 12% were continuously ill throughout the fol-
low-up period. Murphy [15] reported that 35% of a sample
of 124 elderly depressed patients (>65 years of age) had a
good outcome; 19% relapsed, 29% were continuously ill,
3% developed dementia, and 14% died. Murphy [15] con-
cluded that geriatric depression is associated with poor
treatment response compared to depression in younger
patients. However, neither Post nor Murphy addressed
the presence of organic brain disease.

Simpson et al. [16] conducted a 24-week naturalistic
study on the treatment of geriatric depression and the ef-
fects of cerebrovascular changes on the course of depres-
sive symptoms. They reported that subcortical hyperin-
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tensities were more numerous in treatment-resistant pa-
tients and that neuropsychological impairment was
restricted to such patients. In earlier studies [5, 7], we had
also noted a relationship between the presence of cerebro-
vascular changes and poor treatment response to antide-
pressant therapy as well as a relatively poor prognosis in
these patients during a 3-year follow-up period [6]. In
contrast to our observations, Krishnan et al. [17], who
investigated the 6-month recovery from an index episode
of major depression in subjects with and without MRI-
confirmed vascular brain changes, found no significant
differences between the courses of patients with and
without vascular depression. However, most of these ear-
lier studies involved follow-up periods of less than 5 years
and did not address dementia rates. :

The mechanism that underlies the poor long-term
prognosis of patients with affective disorders and SCI re-
mains unclear, but one possible explanation is that the
relatively poor cognitive functioning of these patients is
itself associated with poor long-term prognosis. Baldwin
etal. [18] showed that resistance to treatment of late-onset
depression may be associated with impaired executive
functioning, and they speculated that subtle cerebrovas-
cular mechanisms might underlie this cognitive impair-
ment. Cognitive impairment in elderly depressed patients
with CVD has been reported during the depressive phase
of the illness [9] as well as after recovery [10]. This study
demonstrated that onset rates of dementia were signifi-
cantly higher in patients with SCI than in those patients
without.

Concerning the relationship between dementia and
depression, Hebert et al. [19] investigated cohort inci-
dence rates of vascular dementia by following 8,623 sub-
jects over a 5-year period. They identified a number of risk
factors for this form of dementia, including age, depres-
sion, diabetes, hypertension, heart problems, taking aspi-
rin, and others. These researchers speculated that previ-
ous episodes of depression could represent a premonitory
syndrome for vascular dementia or a marker of the sever-
ity of cerebral damage. Kokmen [20] reported that previ-
ous episodes of depression and hypertension increase the
incidence rates of Alzheimer’s disease. However, they had
not initially investigated the existence of a vascular pa-
thology using a neuroimaging modality such as computed
tomography or magnetic resonance imaging.

Although little is known about the pathophysiological
mechanism underlying this association, a growing num-
ber of reports demonstrate that depression may affect the
coagulation system, thereby increasing the risk of stroke
[21]. One possibility is that previous or current episodes
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of depression may affect preexisting SCI and thereby in-
crease the risk of dementia.

Incidence rates of dementia in the general population
aged from 60 to 70 years old have been reported as 1-6
persons per 1,000 person-years [22-24]. The incidence
rate of dementia in the present SCI-negative group was
about 4 persons per 1,000 person-years. Previous episodes
of depression alone appear to exert little effect on demen-
tia onset although the coexistence of depression and SCI
appears to constitute a potentially deadly combination.

A major limitation of our study is the lack of a com-
parison group of nondepressed controls. Future studies
should include such a group to strengthen any potential
findings. We were not able to assess dementia onset risk
associated with the presence of SCI or depression alone,
nor were we able to examine the two synergistically.

A second limitation is the lack of treatment data for this
cohort during the follow-up period. Chronic exposure to
medications may have neuroprotective or neurotrophic ef-
fects in some regions, including the basal ganglia, hippo-
campus, and subgenual anterior cingulate [25], and the an-
ticholinergic effects of antidepressants may worsen cogni-
tive functioning [26]. We therefore cannotexclude potential
medication effects on the present findings.

A third limitation was our use of different magnet
field strengths to detect infarcts. The field strength of
0.5 T results in more false-negative findings compared to
the field strength of 1.5 T. However, we believe that this
difference exerted a minimal effect on our results, given
that the proportion of participants tested with the 0.5-
tesla magnet did not differ across the SCI-positive and
SClI-negative groups.

We conclude that among elderly patients with major
depression, the presence of SCI is associated with a rela-
tively poor prognosis. In addition, the presence of SCI is
a risk factor for the onset of dementia among patients
with geriatric depression.

Additional studies are needed to replicate these find-
ings and to elucidate the mechanisms. In particular, stud-
ies will need to investigate thelocation of cerebrovascular
change, type of dementia, the influence of ongoing treat-
ment of depression and of comorbidities.
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Objectives — To evaluate the association between cerebrospinal fluid
(CSF) homovanillic acid (HVA) concentrations and nigrostriatal
dopaminergic function assessed by positron emission tomography
(PET) imaging with carbon-11-labeled 2B-carbomethoxy-3p-
(4-fluorophenyl)-tropane (*'C-CFT), which can measure the
dopamine transporter (DAT) density, in Parkinson’s disease

(PD). Methods — "'C-CFT PET scans and CSF examinations were
performed on 21 patients with PD, and six patients with non-
parkinsonian syndromes (NPS) as a control group. Results - In

the PD group, CSF HVA concentrations were significantly
correlated with the striatal uptake of ''C-CFT (+ = 0.76, P < 0.01).
However, in the NPS group, two indices were within the normal
range. Conclusions — In PD, CSF HVA concentrations correlate with
nigrostriatal dopaminergic function. Therefore, CSF HVA
concentrations may be an additional surrogate marker for estimating
the remaining nigrostriatal dopaminergic function in case that DAT
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imaging is unavailable.

Introduction

In humans, homovanillic acid (HVA) is the major
end-product of dopamine metabolism. The HVA
in the cerebrospinal fluid (CSF) is largely derived
from the nigrostriatal dopaminergic pathway;
therefore, HVA concentration in the CSF has
been used as an index of dopamine synthesis and
presumed to reflect nigrostriatal dopaminergic
function. However, even with the availability of a
rigorous collection protocol, especially with respect
to puncture time and pre-procedural resting,
considerable inter-individual and intra-individual
variability has been reported with regard to the
concentration of CSF HVA in subjects with
normal nigrostriatal function (1-3). Therefore,
the extent to which CSF HVA concentrations
reflect the nigrostriatal dopaminergic function is
still unknown, and no study has specifically eluci-
dated the association between the concentration of
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CSF HVA and the function of nigrostriatal dopa-
mine.

Many studies have shown that the concentration
of CSF HVA substantially reduces in patients with
Parkinson’s disease (PD), which is a neurodegen-
erative disorder caused by nigrostriatal dopami-
nergic dysfunction (4-12). However, the extent of
reduction also varied a great deal among patients
with PD. Because of the variability, the relation-
ship of clinical disability with CSF HVA concen-
trations and the accuracy of CSF HVA
concentrations in differentiating PD from other
parkinsonian syndromes have yet to be determined.
Several authors have reported an inverse relation-
ship between CSF HVA concentrations and the
clinical severity (5-7, 10, 11), while others have
denied such a relationship (9, 12, 13). Other
neurodegenerative disorders caused by the dys-
function of nigrostriatal dopaminergic system, such
as multiple system atrophy (MSA), progressive



supranuclear palsy (PSP) and corticobasal degen-
eration, also show the reductions of CSF HVA
concentrations as compared to normal subjects (8,
14, 15). Therefore, the usefulness of measuring CSF
HVA concentrations in daily clinical practice has
not yet been established.

In order to address the physiological and path-
ophysiological backgrounds of these issues, we
evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function. Furthermore, we have discussed the
mechanism by which the concentration of CSF
HVA reduces in patients with PD.

As means of evaluating nigrostriatal dopaminer-
gic function, we performed carbon-11-labeled
2B-carbomethoxy-3p-(4-fluorophenyl)-tropane (*'C-CFT)
positron emission tomography (PET) scans which
can reveal the dopamine transporter (DAT) den-
sity in the striatum. DAT imaging has been
recognized as a standard marker for the diagnosis
of PD, because it is a very sensitive, reproducible,
and reliable marker of nigrostriatal dopaminergic
function (16-21).

Materials and methods
Subjects

The present study was a retrospective study. The
subjects comprised 35 patients [19 men and 16
women; age 60-83 years (mean age = 71.7 vears,
SD = 6.0)]. They visited the neurological outpa-
tient clinic at Tokyo Metropolitan Geriatric Hos-
pital from April 2001-November 2004. Of the 35
patients, 29 had parkinsonian symptoms and on
the basis of each clinical criteria (22-24), 21 were
diagnosed with PD, three with MSA, and five with
PSP. The remaining six patients had no parkinso-
nian symptoms: three were clinically diagnosed
with Alzheimer’s disease (AD). two with spinocer-
ebellar degeneration (SCD), and one with amyo-
trophic lateral sclerosis (ALS). Table 1 shows the

Table 1 Demographics of patients and control subjects

Correlation between HVA and DAT

demographic data. The patients with MSA and
PSP were classified in the patients with non-PD
(NPD) group, while the patients with AD, SCD
and ALS were classified in the patients with non-
parkinsonian syndromes (NPS) group. The CSF
examinations and the '"C-CFT PET scans were
performed within 5 months of each other. None
of the patients had any concomitant hereditary
disorder that could cause parkinsonian symptoms.
All the patients were drug naive.

The normal range of HVA was determined by
examining the CSF of 13 normal control subjects
[five men and eight women; age, 65-88 years
(mean = 77.2 years, SD = 8.2)]. Similarly, the
normal range for nigrostriatal dopaminergic
function was determined by performing ''C-CFT
PET scans of eight normal control subjects [five
men and three women; age, 55-74 years (mean
age = 623 years, SD = 6.9)]. All the control
subjects were healthy and did not have any under-
lying diseases or abnormities, as determined on the
basis of their medical history and their physical and
neurological examinations. None of them were on
any medications at the time of the study. All the
subjects also underwent routine MRI examinations.

All the CSF examinations and '"'C-CFT PET
scans were performed for research. This study
protocol was approved by the Ethics Committee of
the Tokyo Metropolitan Institute of Gerontology
and written informed consents were obtained from
all the participants.

CSF analysis

Lumbar puncture was performed in the lateral
decubitus position to obtain CSF samples from
each subject. The first few milliliter of CFS was
discarded. The next 3 ml of CFS was used for
routine determinations of cell counts, protein and
sugar and an additional 2 ml was stored at —70°C
until the assays were preformed. The concentration
of CSF HVA was measured by injecting 80 ul CSF

Subjects

- Striatal uptake of ''C-CFT

n M:F Age fyears) Duration (years) (Uptake ratio index) CSF HVA (ng/ml)
Parkinson's disease 21 11:10 729 £ 5.0 18+£13 094 £020 128 £ 935
Hoehn-Yahr 1 1 1.0 62 1 1.38 368
Hoehn-Yahr 2 8 44 716 £ 486 14 +£089 1.03 £ 014 156 4+ 94
Hoehn-Yahr 3 12 6:6 747 £ 39 214+15 0.85 £+ 0.17 89 4 54
Non-Parkinson’'s disease 8 44 705 £ 77 16+08 1.00 + 019 164 + 7.7
Non-parkinsonian syndromes 6 4:2 68.8 = 6.3 45+ 24 248 + 0.28 318 £ 130
Control for PET study 8 5:3 623 + 69 268 = 044
Control for CSF study 13 5:8 772 +£82 36.0 £ 138
Data are expressed as mean = SD; = number, CSF, cerebrospinal fluid; HVA, homovanillic acid.
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samples into a high-performance liquid chroma- striatum on both the left and right sides in each of
tography system equipped with 16 electrochemical the three contiguous slices (the AC-PC plane, and
sensors (CEAS Model 5500; ESA, Bedford, MA, regions 3.1 and 6.2 mm above the AC-PC line). Of
USA), as described previously (14). the five ROIs, one ROI was placed on the caudate
and four on the putamen. A total of 50 ROIs
(diameter, 10 mm) were selected throughout the
cerebellar cortex in five contiguous slices. To
"C.CFT PET data acquisition — PET studies were evaluate the striatal uptake of ''C-CFT, we calcu-
performed at the Positron Medical Center, Tokyo lated the uptake ratio index by the following
Metropolitan Institute of Gerontology using a SET formula (17, 18), as previously validated (27, 28).

2400W scanner (Shimadzu, Kyoto, Japan) in
the three-dimensional scanning mode (25). The :
"C-CFT was prepared as described previously —activity in the cerebellum)/
(26). Each subject received an intravenous bolus (activity in the cerebellum).

injection of 388 + 75 (mean £ SD) MBq of
"C-CFT. Each subject was then placed in the
supine position with their eyes closed in the PET

PET imaging

Uptake ratio index = (activity in the striatum

Statistical analysis

camera gantry. The head was immobilized with a Differences in the averages were tested using a
customized head holder in order to align the Student’s r-test. Correlations between the two
orbitomeatal line parallel to the scanning plane. groups were assessed by linear regression analysis
To measure the uptake of UC-CFT, a static scan with Pearson’s correlation test. P < 0.01 was
was performed for 75-90 min after the injection. considered to indicate statistical significance.
The specific activity at the time of injection ranged
from 7.1-119.6 GBg/umol. The transmission data
were acquired using a rotating *®*Ga/**Ge rod Results
source for attenuation correction. Images of 50 = The inter-individual variability in the concentra-
slices were obtained with a resolution of 2 x 2 x tions of CSF HVA in each group was relatively
3.125 mm voxels and a 128 x 128 matrix. large (Fig. 1A). CSF HVA concentrations in both
Analysis of ''C-CFT PET images — Image the PD (P < 0.01) and NPD groups (P < 0.01)
manipulations were carried out by using the were significantly lower than that in the control
Dr View software (version R2.0; AJS, Tokyo, group (mean £ 2SD, 36.0 £ 27.6), while no
Japan). The individual PET images were resliced in significant difference was observed between the
the transaxial direction, parallel to the anterior— NPS and control groups.
posterior intercommissural (AC-PC) line. Circular The striatal uptake of 'C-CFT in the PD and
regions of interest (ROIs) were placed with refer- NPD groups was below the normal range
ence to the brain atlas and individual MRI images. (mean =+ 2SD, 2.68 £ 0.87; Fig. IB). In the PD
Five ROIs (diameter, 8 mm) were placed on the group, CSF HVA concentrations were significantly
A B
701 P<0.01]P<0.01 NS ” 4 oPD ¢NPD * NPS
4 ° 3.5
80 g é A
g 50 1 ° .g + &+
\g w01 8 ; g 25 N .
< ° s 2 «
E %01 ° § ° : % 15
20 1 8 : . 8 B 1l o ‘s“?“ "
. o =R I
10 g ° 054 °
[} ' 2 ¥ r 0 ;
o 10 20 30 40 50 B0
PD NPD NPS C HVA (g

Figure 1. (A) The comparison of CSF HVA concentrations among the disease and control groups. Vertical bars represent
mean + SD. (B) Relationship between CSF HVA concentrations and the striatal uptake of HUC.CFT. A solid line represents the
regression line for the PD group. Linear correlation was significant (r = 0.76; P < 0.01). The grey bars beside the x- and y-axes
represent the normal range (mean =+ 2SD) for HVA (36.0 & 27.6) and the striatal uptake of ""C-CFT (2.68 =+ 0.87). PD, Parkinson’s
disease; NPD, non-Parkinson’s disease with parkinsonism; NPS, non-parkinsonian syndromes; C, controls; NS, not significant; CSF,
cerebrospinal fluid; HVA, homovanillic acid.
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correlated with the striatal uptake of ''C-CFT
(r = 0.76, P < 0.01). In the NPD group, although
the correlation between the two indices was not
statistically significant, the distribution pattern
between the two indexes showed the same tendency
as that in the PD group. However, in the NPS
group, both CSF HVA concentrations and the
striatal uptake of ''C-CFT were within the normal
ranges.

Discussion

We evaluated the correlation between CSF HVA
concentrations and nigrostriatal dopaminergic
function by performing '"'C-CFT PET scans.
""C-CFT PET scans showed that all patients with
PD and NPD had the dysfunction of nigrostriatal
dopaminergic system and all patients with NPS
had normal function. The CSF HVA concentra-
tions of all patients with PD and NPD were
significantly lower than those of normal subjects,
in accordance with previous studies (5-12, 14, 15),
whereas, there was no significant difference in CSF
HVA concentrations between normal subjects and
patients with NPS. These results suggest that CSF
HVA  concentrations could reflect nigrostriatal
dopaminergic function. However, in accordance
with previous reports (1-9, 13, 14), all groups
showed large inter-individual variability in CSF
HVA concentrations and relatively wide overlaps
among groups were found. Therefore, in clinical
practice, measuring CSF HVA concentrations may
be of limited value in the diagnosis of PD.

This is the first study that investigated the
correlation between CSF HVA concentrations
and nigrostriatal  dopaminergic  dysfunction.
Regardless of relatively high inter-individual var-
iability, CSF HVA concentrations in the PD group
showed a considerably high correlation with the
striatal uptake of ''C-CFT. The NPD group with
nigrostriatal dopaminergic dysfunction showed the
same tendency as the PD group, although without
significant correlation probably because of the
small number of patients. On the other hand, the
NPD group with normal nigrostriatal dopaminer-
gic function showed normal ranges in both the
HVA level and the striatal uptake of ''C-CFT.
Therefore, CSF HVA concentrations may be an
additional surrogate maker for estimating the
nigrostriatal dopaminergic function in patients
with PD, in case that DAT imaging, which has
been recognized as a standard maker for the
diagnosis of PD, is unavailable.

It is important to note that the DAT images of
patients with PD are unique; in the pre-symptom-
atic phase the reduction in the availability of

Correlation between HVA and DAT

striatal DAT was detected, presumably as a result
of both the degeneration of nigral dopaminergic
cells and the compensatory downregulation of
DATs on the presynaptic site to maintain normal
synaptic dopamine concentrations (17-21). Fur-
thermore, the striatal DAT availability declined at -
an annual rate of 5-10% (19, 21, 29-31).
Considering our results and the unique charac-
teristics of the DAT images, a possible explanation
about the association between CSF HVA concen-
trations and the striatal uptake of ""C-CFT is as
follows (Fig. 2). The first stage of the disease is a
compensatory and asymptomatic phase. Along
with the progression of nigrostriatal degeneration,
the striatal DAT availability begins to decrease, as
described earlier (17-21). However, due to several
compensatory mechanisms, including the down-
regulation of DATs and the upregulation of

~dopamine synthesis, the striatal dopamine concen-

trations are kept within the normal range (32). As a
result, CSF HVA concentrations are also kept in
the normal range because CSF HVA is the major
end-product of striatal dopamine metabolism. This
phase would show relatively large intra-individual
and inter-individual variability in CSF HVA con-
centrations, as observed in subjects with normal
nigrostriatal dopaminergic function, because of the
reserve capacity for adjusting its levels. The second
stage of the progression of the disease is an
advanced and symptomatic phase. The compensa-
tory mechanisms to maintain normal synaptic

Striatal uptake of "C-CFT
(DAT availability)

CSF HVA concentration

Figure 2. Schematic representation of the mechanism of CSF
HVA reduction in patients with PD. (A) The nigrostriatal
degeneration begins with a decrease in DAT availability, but
due to several compensatory mechanisms, striatal dopamine
concentrations (CSF HVA concentrations) are maintained
within the normal range. There is a large variability with regard
to CSF HVA concentrations. (B) The compensatory mecha-
nisms break down and striatal dopamine concentrations (CSF
HVA concentrations) begin to decrease along with the decrease
in DAT availability. The variability in CSF HVA concentra-
tions gradually becomes smaller. The grey zone represents the
range of variability in CSF HVA concentrations to the striatal
uptake of M'C-CFT. DAT. dopamine transporter; CSF, cere-
brospinal fluid, HVA, homovanillic acid.
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dopamine concentrations break down and the
striatal dopamine and CSF HVA concentrations
begin to decrease with the reduction of DAT
availability. In this phase, the intra-individual and
inter-individual variability in CSF HVA concen-
trations would gradually decrease because of a
lesser capacity for adjusting its levels. Conse-
quently, CSF HVA concentrations remain within
a narrow range that corresponds to the remaining
nigrostriatal dopaminergic function. In symptom-
atic patients with PD, CSF HVA concentrations
correlate with nigrostriatal dopaminergic function.
To verify this explanation, a study with larger
number of patients is needed.

In conclusion, we found a significant correlation
between CSF HVA concentrations and the striatal
uptake of ''C-CFT in patients with PD. Although
we should remember that CSF HVA concentra-
tions show large variability, CSF HVA concentra-
tions may be an additional surrogate maker for
estimating the remaining nigrostriatal dopaminer-
gic function in patients with PD in case that DAT
Imaging is unavailable.
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