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Brain Activation During Detrusor Overactivity in Patients
With Parkinson’s Disease: A Positron Emission Tomography Study
Takeya Kitta,* Hidehiro Kakizaki, Tsuyoshi Furuno, Kimihiko Moriya, Hiroshi Tanaka,

Tohru Shiga, Nagara Tamaki, Ichiro Yabe, Hidenao Sasaki and Katsuya Nonomura
From the Departments of Urology, Nuclear Medicine and Neurology, Hokkaido University Graduate School of Medicine, Sapporo, Japan

Purpose: Patients with Parkinson’s disease often have urine storage symptoms, such as urinary urgency, frequency and
incontinence, which are induced by detrusor overactivity. However, little is known of the mechanisms inducing detrusor
overactivity in this disease. We have previously examined the human brain response to bladder filling in healthy male
volunteers using positron emission tomography. We hypothesized that brain activation patterns in response to bladder filling
would be different in patients with Parkinson’s disease.

Materials and Methods: Nine male patients with Parkinson’s disease were catheterized via the urethra for bladder filling
and intravesical pressure monitoring. We performed positron emission tomography, consisting of tasks 1 and 2. For task 1
the bladder was maintained empty via the urethral catheter. For task 2 room temperature water was dripped for bladder
filling until the onset of detrusor overactivity. Data acquisition for task 2 was done during detrusor overactivity. Data on each
scan were summed on a computer and further analyzed using a statistical parametric mapping procedure.

Results: Significant brain activation during detrusor overactivity was found in the periaqueductal gray, supplementary
motor area, cerebellar vermis, insula, putamen and thalamus. The most prominent activation was found in the cerebellum.
The pons was not activated during detrusor overactivity.

Conclusions: Alteration in brain activation sites in response to bladder filling may be related to the pathophysiology of
detrusor overactivity in patients with Parkinson’s disease.

Key Words: bladder, brain, Parkinson disease, positron-emission tomography

ripheral and central nervous systems. Recent studies

using PET in healthy men demonstrated that specific
sites in the brainstem and higher brain have a crucial role in
micturition control.~* Micturition related brain regions in
humans are consistent with the results of animal studies.
Our previous study has shown that the brain regions acti-
vated by bladder distention in young healthy volunteers
were the periaqueductal gray, pons, anterior cingulate gy-
rus, anterior insula, putamen, thalamus and cerebellum.*
Results of these studies in healthy men contributed to our
understanding of central neural mechanisms of the normal
micturition reflex. It is an important next step to obtain
relevant information from patients with neurogenic bladder
dysfunction. Clarifying possible differences in micturition
related brain activation patterns between men with and
without neurogenic bladder dysfunction could provide more
insight into the underlying pathophysiology of bladder dys-
function in certain neurological disorders.

L ower urinary tract function is coordinated by the pe-

Submitted for publication March 17, 2005.

Study received approval from the Hokkaido University Graduate
School of Medicine ethics committee.

Supported by the Organon Urology Academia research fund.

* Correspondence: Department of Renal and Genitourinary Sur-
gery, Graduate School of Medicine, Hokkaido University, North-15
West-7 Kita-Ku, Sapporo, 060-8638 Japan (telephone: +81-11-716-
1161, extension 5949; FAX: +81-11-706-7853; e-mail: kitta@fh3.s0-
net.ne.jp).

0022-5347/06/1753-0994/0
THE JOURNAL OF UROLOGY®
Copyright © 2006 by AMERICAN UROLOGICAL ASSOCIATION

Parkinson’s disease is characterized by the selective de-
generation of dopaminergic neurons in the substantia nigra,
resulting in an 80% to 99% decrease in striatal dopamine
and a corresponding loss of dopamine transporters. It is a
disorder that causes serious disturbance of lower urinary
tract function.® The most prominent lower urinary tract
dysfunction in patients with Parkinson’s disease is detrusor
overactivity and the reported prevalence of detrusor overac-
tivity is as high as 79%.° However, little is known of the
mechanisms inducing detrusor overactivity in this disease.
The basal ganglia that include the striatum have been re-
ported to exert inhibitory effects on the micturition reflex.®
Therefore, the degeneration of dopaminergic neurons in the
striatum may be related to detrusor overactivity. However,
to the precise mechanisms and neural connections involved
in inducing detrusor overactivity in patients with Parkin-
son’s disease remain to be elucidated. It is well documented
that motor dysfunction such as bradykinesia or akinesia in
patients with Parkinson’s disease results from the loss of
dopamine in the striatum and in turn causes a decrease in
the D2 receptor mediated inhibition of striatopallidal neu-
rons.® However, it seems that in Parkinson’s disease bladder
dysfunction is induced by mechanisms different from those
inducing motor dysfunction.”

We hypothesized that brain activation patterns in re-
sponse to bladder filling would be different in patients
with Parkinson’s disease. In this PET study we investi-
gated brain activation patterns during bladder filling to
determine the pathophysiology of detrusor overactivity in
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TaBLE 1. Brain regions significantly activated during detrusor overactivity

Peak Activation Position (mm)

Brain Region Side X y z Z Score
Mesencephalon periaqueductal gray Lt -7 -35 -10 2.33
Thalamus Rt -8 -22 0 3.75

Lt 8 ~16 0 3.69
Cerebellum Vermis 0 ~58 ~18 4.99
Putamen Lt —24 6 14 3.06
Insula Lt —38 6 6 4.20
Middle frontal gyrus (Broadmann’s area 6) Bilat -4 -20 62 3.84

was corrected to p <0.05).

Results of comparisans of detrusor overactivity condition with rest\ill\unter coordinates given in standard stereotaxic space according to Talairach and
Tournoux, in mm for maximally significant pixels per area in the order, x, y, and z; where x is lateral displacement from the midline, y is antero-posterior
displacement relative to the anterior commissure and z is vertical displacement relative to the antero-posterior commissure line, (Threshold used for display

patients with Parkinson’s disease. To our knowledge no
PET study has been done in patients with Parkinson’s
disease to elucidate the underlying mechanisms of detru-
sor overactivity.

METHODS

Regional cerebral blood flow as an indirect measurement of
regional brain activity was measured in 9 patients with
Parkinson’s disease. All men were right-handed and 52 to 76
years old (mean 63). According to the Hoehn and Yahr stage
of disability scale in Parkinson’s disease 6 and 3 patients
were classified as having stages 3 and 4, respectively. The
mean history of disease was 8 years. All patients were on
levodopa and dopamine receptor agonist as medication for
Parkinson’s disease. Seven of 9 patients had urine storage
symptoms but none were on an a-adrenoceptor antagonist or
anticholinergics at the time of this study. Written informed
consent was obtained from each patient. This study was
approved by the ethics committee of Hokkaido University
Graduate School of Medicine.

The principal methods used in the current study were
similar to those in our previous report.? A urethral catheter
was placed indwelling in all patients and connected to a
Urolab® Spectrum cystometry device. Intravesical pressure
was monitored throughout the procedure.

All patients were scanned while supine with the head
fixed in an air pressured mold. They were placed horizontal
in an ECA T Exact HR+ PET camera (Siemens Medical
Solutions USA, Hoffman Estates, Illinois). During PET ac-
quisition periods the scanner room was dimmed and pa-
tients were asked to keep their eyes closed. In each case a
scanning session consisting of task 1 (empty bladder) and
task 2 (during bladder filling) was repeated 3 times for a
total of 6 scans. Before each scan 300 MBq H,'°0 in saline
were intravenously injected. Data acquisition was initiated
40 seconds after the beginning of H,'0 injection and con-
tinued for 90 seconds. For task 1 the bladder was main-
tained empty via the urethral catheter. For task 2 room
temperature water was dripped via the catheter at a rate of
about 50 ml per minute for bladder filling. When detrusor
overactivity appeared, the bladder infusion was stopped and
intravenous injection of H,'50 was started. The task 2 scan
was performed during detrusor overactivity. If detrusor
overactivity began to subside, additional bladder infusion of
a little amount was performed to maintain detrusor overac-
tivity during 90 seconds of the data acquisition period. After
a task 2 scan the bladder was emptied again for task 1 of the

next scan. To decrease radiation to background at least 10
minutes were allowed to elapse between injections.

All data on each scan were accumulated and sampled toa
voxel size of 2 X 2 X 2 mm. Data on regional cerebral blood
flow were further analyzed using Statistical Parametric
Mapping with SPMwin software (http://www fil.ion.ucl.
ac.uk/spmy/). PET data were first aligned and anatomically
standardized to match each scan to a template of stereotaxic
standard space. PET images were then smoothed with an 8
X 8 X 8 mm Gaussian filter. Differences in global activity in
and between subjects were removed by proportional normal-
ization of global brain counts to a value of 50. Using the T
statistic repeated measures ANCOVA allowed comparison of
the 2 conditions (empty bladder vs bladder filling). Voxels
were considered significant when the Z score exceeded 2
threshold of p <0.05 with correction for multiple compari-
sons. To illustrate the current PET images the template
colin27  (http://www.mrec-cbu.cam.ac.uk/Imaging/Common/
downloads/Colin/) was applied. To convert McGill Montreal
Neurological Institute coordinates to Talairach coordinates
a nonlinear transform of the former to the latter approach
was used.

RESULTS

All scanning sessions were performed smoothly in all pa-
tients. During bladder filling detrusor overactivity was
noted in all patients. During scanning all patients felt a
strong desire to void. However, leakage around the catheter
was not noted throughout the examination. The mean vol-
ume threshold of detrusor overactivity on cystometrogram
was 193 ml (range 80 to 450).

Compared with the empty bladder, bladder filling associ-
ated with detrusor overactivity (tasks 2 minus 1) signifi-
cantly activated several brain regions (see table and fig. 1).
Significant activation was found in the cerebellar vermis,
thalamus, periaqueductal gray, putamen and insula (fig. 2).
There was also an activated region in part of the middle
frontal gyrus (Brodmann’s area 6), called the supplementary
motor area (fig. 2). In the current study significant decrease
in regional cerebral blood flow was not detected during de-
trusor overactivity.

DISCUSSION

In the current study 7 of 9 patients had urine storage symp-
toms. On cystometrogram detrusor overactivity was noted in
all 9 patients. Thus, 2 patients with documented detrusor
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FiG. 1. Activations in sagittal, coronal and horizontal orientations
with maximum intensity projection.

overactivity did not have storage symptoms. In clinical urol-

ogy it is well known that lower urinary tract symptoms do
not always correlate with objective urodynamic findings.® It
is possible that in patients with storage symptoms detrusor
overactivity is not detected on urodynamic study. It is also
possible that patients with detrusor overactivity do not have
storage symptoms.

The current study showed that the brain regions acti-
vated by bladder filling associated with detrusor overactivity
in patients with Parkinson’s disease were the periaqueduc-
tal gray, supplementary motor area, cerebellum (vermis),
putamen, thalamus and insula. Our previous study has
shown that the brain regions activated by bladder distention
in young healthy volunteers were the periaqueductal gray,
pons, anterior cingulate gyrus, anterior insula, putamen,
thalamus and cerebellum.* Because of the difference in sub-
ject ages (young vs old), subject backgrounds (healthy vol-
unteers vs patients with Parkinson’s disease) and bladder
conditions (bladder filling without vs with detrusor overac-
tivity) between our previous and the current studies, it is not
legitimate to perform a direct intergroup statistical anatysis
between healthy volunteers and patients with Parkinson’s
disease. However, we can compare the similarity or differ-
ence in brain activation sites during bladder filling between
these 2 groups of subjects. Compared with previous results
in healthy volunteers* the periaqueductal gray, thalamus,
putamen and insula were common activation sites respond-
ing to bladder filling. In contrast to healthy volunteers,
neither the pons nor the anterior cingulated gyrus was ac-
tivated during bladder filling in patients with Parkinson’s
disease. Thus, there were some overlaps as well as a clear
distinction in brain activation sites responding to bladder
filling between healthy volunteers and patients with Parkin-
son’s disease who had detrusor overactivity.

The periaqueductal gray receives bladder related sensory
input from the sacral spinal cord and has a critical role in
the control of urinary events, serving as an interface be-
tween the afferent and efferent limbs of the micturition

reflex pathway.®*° It has been suggested that the periag-
ueductal gray receives information about bladder fullness
and relays this information to areas involved in the control
of bladder storage.® The activation site in the periaqueductal
gray in the current study was located close to the previously
reported activation site during bladder distention in healthy
volunteers.*

Consistent with the previous study in healthy volun-
teers,? in the current study we found significant activation
in the thalamus and putamen during bladder filling in pa-
tients with Parkinson’s disease. The thalamus is thought to
be the gateway for sensory afferents and it sends such in-
formation to broad areas. The thalamus and basal ganglia
have an important role in the urine storage reflex.* In pa-
tients with Parkinson’s disease adjusted regional cerebral
blood flow increased in the left thalamus (nucleus ventro-
lateralis) compared with healthy volunteers.*® Sakakibara
et al found detrusor overactivity in 9 of 10 patients who had
lesions in the putamen.* These findings indicate the critical
role of the putamen in the urine storage reflex. Although
Parkinson’s disease is characterized by the selective degen-
eration of dopaminergic neurons in the substantia nigra,
resulting in an 80% to 99% decrease in dopamine in the
striatum (the caudate nucleus and putamen), the activation
pattern in the putamen during bladder filling was main-
tained in the current study. It seems that detrusor overac-
tivity in patients with Parkinson’s disease is caused
irrespective of activation in the putamen.

The current study showed activation of the left anterior
insula during detrusor overactivity. This result is also con-
sistent with the previous study in healthy volunteers.* The
insula has been found to be associated with the processing of
visceral sensation and activation of the insula is closely
related to sympathetic tone.'?> We speculate that activation
of the insula during urine storage is maintained in patients
with Parkinson’s disease, so that increased sympathetic dis-
charge may relax the bladder wall and increase functional
bladder capacity.

The described similarity of brain activation sites during
bladder filling between healthy volunteers and patients with
Parkinson’s disease may be related to bladder perception
(strong desire to void) during the PET scan (task 2). Maxi-
mal bladder distention in healthy volunteers and detrusor
overactivity in patients with Parkinson’s disease were asso-

sl = 30

F1G. 2. PET reveals significant activation in brain regions during
detrusor overactivity on x, y and z coordinates according to stereo-
taxic atlas. Threshold used for display was corrected to p <0.05.
Top, transverse images of cerebellar vermis, midbrain periaqueduc-
tal gray (PAG) and insula. L, left. Bottom, sagittal images of thal-
amus and supplementary motor area (SMA). Rt, right.
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ciated with a strong desire to void. The periaqueductal gray,
thalamus and insula are involved in processing bladder sen-
sation. Thus, it seems likely that activation of the periaque-
ductal gray, thalamus and insula in the current study was
due to bladder sensation during detrusor overactivity but
not to the detrusor contraction itself.

Since Barrington, it has been known that a crucial struc-
ture for micturition reflex is located in the dorsolateral pon-
tine tegmentum.'® This area is known as the pontine
micturition center and it triggers micturition. Located more
ventral and more lateral in the pontine tegmentum than the
pontine micturition center there is another area responsible
for continence reflex. This area is known as the pontine
storage center.*® Previous PET studies have proved that the
pons is activated during the voiding and storage phases.’™*
In healthy volunteers maximal bladder distention was asso-
ciated with significant pons activation.* However, in the
current study there was no statistically significant activa-
tion in the pons during detrusor overactivity. It is tempting
to speculate that the altered activation pattern in the pons
during bladder filling may be one of the underlying causes of
detrusor overactivity in patients with Parkinson’s disease.
Because patients were instructed not to void during the
examination, they attempted to hold urine, presumably by
contracting the external urethral sphincter and pelvic floor
musculature. Indeed, leakage around the catheter was not
noted during the examination. Previous studies have shown
the lack of pons activation during pelvic floor contraction'*
or during voluntary inhibition of micturition by pelvic floor
contraction.'® Thus, the lack of activation of the pons in the
current study may rather have been related to patients
attempting to avoid urinary incontinence (leakage around
the catheter).

In the current study the most prominent activation dur-
ing detrusor overactivity was found in large portions of the
cerebellum. The cerebellum acts as a general modulator not
only for motor activities, but also for various forms of central
nervous activities. Regarding micturition, the cerebellum
has an inhibitory role in the storage phase and a facilitatory
role in the voiding phase.'® Anatomical locations of activa-
tion sites in the cerebellum are different among studies.
During micturition significant activation has been found in
the cerebellar cortex and vermis,? while during voluntary
urine storage, activation has been found in the cerebellar
hemisphere® or in the left cerebellum.* In the current study
the activation site was the vermis. Blok et al found signifi-
cant activation in.the cerebellum, supplementary motor cor-
tex and thalamus during pelvic muscle contraction in
women.* Zhang et al set up tasks of repetitive pelvic muscle
contraction during empty and full bladder conditions.'® By
subtracting the 2 conditions using functional magnetic res-
onance imaging they observed combined activation of the
bilateral supplementary motor area, bilateral putamen,
right parietal cortex, right limbic system and right cerebel-
lum during voluntary micturition inhibition.!® Their study
design is similar to our current study in terms of the task
performed. On the other hand, it is suggested that increased
regional blood flow in the cerebellum was the result of com-
pensation for movement disturbances, such as postural in-
stability in patients with Parkinson’s disease.!” In the
current study activation was also found in the supplemen-
tary motor area. This region is considered critical for the
temporal organization of movements, especially in the se-

quential performance of multiple movements.'® Taken to-
gether activation in the cerebellum and supplementary
motor area in the current study seems to have been induced
at least partly by pelvic muscle contraction during detrusor
overactivity.

The current study has several limitations. Patient num-
bers were small and we lacked data on patients with Par-
kinson’s disease who do not have detrusor overactivity.
Continuing medication for Parkinson’s disease at the time of
examination might have had some influence on the results.
However, discontinuing medication is related to ethical is-
sues and we decided not to discontinue medication for Par-
kinson’s disease. Despite these limitations to our knowledge
the current study is valuable as the first PET study to
investigate the underlying central pathophysiology of detru-
sor overactivity in patients with Parkinson’s disease.

CONCLUSIONS

Significant brain activation during detrusor overactivity was
found in the periaqueductal gray, supplementary motor area,
cerebellar vermis, insula, putamen and thalamus. Compared
with previous results in healthy volunteers the periaqueductal
gray, insula, putamen and thalamus were common activation
sites responding to bladder filling, while the pons was not
activated during detrusor overactivity. The alteration in brain
activation sites in response to bladder filling may be related to
the pathophysiology of detrusor overactivity in patients with
Parkinson’s disease. Although this study is preliminary, to our
knowledge it is the first functional neuroimaging study to
investigate detrusor overactivity in patients with Parkinson’s
disease. Future studies will provide much information regard-
ing the cerebral processing of micturition reflex in Parkinson’s
disease, enabling more precise understanding of pathophysiol-
ogy and better treatment strategy.
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THE EFFECT OF BOTULINUM TOXIN INJECTION INTO THE BLADDER
FOR OVERACTIVE BLADDER : TWO CASE

Takeshi Watanabe, Motoaki Saito, Shinji Hirakawa and Tkuo Miyagawa
Department of Urology, Faculty of Medicine, Tottori University, Yonago, Japan

Two cases of intractable overactive bladder which were treated by intradetrusor botulinum-A
toxin (BTX-A) are presented.

Case 1 : A 53-year-old woman suffered from adhesive arachinoiditis. She had severe detrusor hy-
perreflexia and urge urinary incontinence despite a high dose of anticholinergic medication. Under
cystoscopic control, a total of 300 units of BTX-A were injected into the detrusor muscle at 30 sites
(10 units per ml per site), sparing the trigone area using a 27G flexible injection needle. This proce-
dure was done under both caudal anesthesia with 10 ml 1% lidocaine and bladder mucosa anesthesia
by instilling 40 ml 2% lidocaine. At a 12-week followup she was completely continent.

Case 2: A 63-year-old man with intractable detrusor overactivity of idiopathic origin was treated
using the above technique. Urge urinary incontinence decreased 4 weeks after the BTX-A injections.
However, postvoid residual urine volume was increased, and intermittent self-catheterization was
needed.

Intradetrusor BTX-A dramatically increases the bladder capacity and decreases the frequency
of urge urinary incontinence. However, this treatment caused urinary retention in Case 2. We believe
that the dosage amount of BTX-A should be changed case by case.

Key words : Intradetrusor botulinum-A toxin, Overactive bladder, Urinary retention
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