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Objectives: To examine outcomes of intravesical instillations of heparin and
alkalized lidocaine in patients with interstitial cystitis.

Methods: Patients with interstitial cystitis refractory to conventional therapies were
given a solution of 20 000 U heparin, 5 mL 4% lidocaine and 25 mL 7% sodium bicarbo-
nate, intravesically, weekly for 12 weeks consecutively. The treatment was regarded as
“effective”, when patients rated “slightly improved” or “better” on a seven-graded scale
of global response assessment. Other assessment measures included O’Leary and
Sant's symptom index and problem index, visual analog scale for pain, and frequency
volume chart variables.

Results: A total of 32 patients were enrolled in the study. The average age was 63.3
years. All participants had received hydrodistension 2.2 times on average, and fulfilled
National Institute of Diabetes and Digestive and Kidney Diseases criteria. The therapy
was effective in 60.0% of the patients at the fourth instillation, in 76.7% at the last
instillation, and 90.0%, 46.7% and 16.7% at 1, 2 and 6 months after the last instillation,
respectively. Most of other assessment measures improved significantly at the fourth
instillation and further beyond until the end of therapy. On termination of therapy, the
efficacy gradually diminished, yet mostly maintained statistical significance by 2 months
post-instillation. No severe adverse events occurred.

Conclusions: A 12-week course of weekly intravesical instillations of heparin com-
bined with alkalized lidocaine is safe and effective in relieving symptoms in interstitial
cystitis patients. The effect of the treatment is maintained for 6 months. Further studies
are required to optimize the number of instillations and maintenance intervals in order to
maximize the therapeutic potential of simple or combined instillations in the manage-
ment of interstitial cystitis.

Key words: heparin, interstitial cystitis, intravesical instillation, lidocaine.

Introduction

IC is characterized by a particular symptom complex with no identifiable causes.! The
symptom complex, HBS, is defined as bladder hypersensitivity, usually associated with
urinary frequency, with or without bladder pain.? No current treatments have a significant
impact on symptoms over time, and as a result, patients are subject to numerous treatment
modalities; from invasive to holistic therapies.>”

One of the possible etiologies for IC is chronic and persistent deficiency of the GAG
layer, which allows penetration of urine into the interstitial layer of the bladder, thereby .
causing inflammatory reactions.®” Heparin, a family of sulfated polysaccharide resembling
GAG, is believed to bind the defect of the GAG layer on bladder surface. According to the
previous reports, intravesical heparin therapy is effective in approximately half of the
patients; however, it cannot produce immediate relief of IC symptoms.” In contrast, imme-
diate symptom relief can be attained by intravesical lidocaine therapy. The safety and
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improved absorption of alkalized lidocaine was confirmed
in IC patients, although the effects of alkalized lidocaine
disappear within a few days.® Combination of heparin and
alkalized lidocaine successfully attained immediate and sus-
tained improvement; however, the patients were followed
only for 2 weeks post-treatment, and backgrounds (i.c. age,
sex, with or without ulcer) predictive of favorable response
have not been explored.’

We tested the efficacy of 12-weekly intravesical instilla-
tions of a combination of heparin and alkalized lidocaine in
patients with IC, and evaluated therapeutic outcomes up to 6
months after the last instillation. In addition, we examined
the difference in therapeutic response according to their
backgrounds.

Methods
Patients

Patients with IC refractory to conventional therapies were
enrolled in the study. IC was diagnosed by three conditions:
(i) lower urinary symptoms, such as urinary frequency,
bladder hypersensitivity and/or bladder pain; (ii) bladder
pathology proven endoscopically by Hunner’s ulcer and/or
mucosal bleeding after over-distension; and (iii) exclusion
of confusable diseases, such as infection, malignancy or
calculi of the urinary tract.? According to cystoscopic find-
ings on hydrodistension, patients were categorized into two
groups; UIC and NUIC. Symptoms were assessed by OSSI/
OSPI. Scores six or more for both indices, despite present
therapies (i.e. hydrodistension or oral drugs), were required
for enrolment. At enrolment, patients’ age at therapy, age at
onset of IC, duration of IC symptoms, sex, number of hydro-
distensions undergone before the therapy and distended
bladder volume at the primary hydrodistension were
recorded. Patients with an allergy to lidocaine, continuous
macrohematuria, active urinary tract infection and hemor-
rhagic diathesis were excluded.

The protocol of the study was approved by our Institu-
tional Review Board (#2205), and was fully explained to the
patients before a written informed consent was obtained.

Therapeutic protocol

All patients were intravesically given a solution of 20 000 U
heparin (Ajinomoto, Tokyo, Japan), 5 mL 4% lidocaine
(Astrazeneca, Osaka, Japan) and 25 mL 7% sodium bicar-
bonate (Otsuka, Tokyo, Japan) weekly for 12 weeks con-
secutively at our outpatient clinic using an 8-Fr urethral
catheter. The acidity of the solution was pH 7.5. At each
treatment, patients voided before instillation, and were
instructed to hold urine for 30 min after instillation. The
solution was prepared under sterile conditions immediately
before every instillation. Adverse events were monitored by
urinalysis and interviewing patients.

Table 1 Patients’ demographics

No. (male/female) 32 (3/29)
Mean age (years) 63.3 = 13.8 (range 35-82)
Age at onset of IC (years) 60.0 = 14.4 (range 25-74)

Duration of IC (years) 4.7 £3.5 (range 1-13)

Type of IC (UIC/NUIC) 17115
Past treatment
Hydrodistension 32

2.21 times on average (range 1-7)

Distended bladder volume at = 570.0 = 230.0 {range 200-1200)

primary hydrodistension
{mL)
DMS0 instillation 10
Medicine
Suplatast tosilate 18
Tricyclic antidepressant 11
NSAIDs 14
Others 6

Evaluation items

We used GRA as the primary outcome measure. Participants
rated their symptoms on a seven-grade scale ranging from
markedly worse (-3) to markedly improved (+3) compared
with the baseline. Efficacy was classified as “effective”
when participants reported slight (+1) to marked improve-
ment (+3) on the GRA, otherwise efficacy was considered to
be “not effective” or as “symptom recurrence” if it was
during the follow-up period.'

Other assessments included OSSI/OSPI, VAS for pain
and FVC variables. The efficacy was evaluated after the first,
fourth and 12th instillations, and 1, 2 and 6 months after the
last instillation. Withdrawal from the study without complet-
ing the treatment course was counted as drop-out.

Statistical analysis

Therapeutic outcomes were compared with the baseline
values. For its skewed distribution, signed Wilcoxon’s rank
sum test for paired samples Wwas carried out to compare the
values of average voided volume, daytime urinary frequency
and nocturnal urinary frequency. For other variables, Wil-
coxon’s signed rank test was used. Patients’ background
factors associated with therapeutic efficacy at the fourth
instillation and 2 months post-therapy were examined by
y*-test and Fisher’s exact test. P < 0.05 was considered sig-
nificant. All calculations were carried out with Spss, version
18.0 (SPSS, Chicago, IL, USA).

Results

A total of 32 participants (29 women and 3 men) were
enrolled in the study (Table 1). The mean age was 63.3 years
(range 35-82 years). All participants were compatible with
the NIDDK criteria.' Of them, 17 were categorized as UIC,
and 15 as NUIC. All patients had received hydrodistension

© 2013 The Japanese Urological Association
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Table 2 Global therapeutic response (n = 30)

During therapy

Post-therapy

Week 1 Week 4

Week 12

1 Month 2 Months 6 Months

10
20
5318

18
12
60.0

Responderst
Non-responders$
Response rate (%)

23
7
76.7

27
3
90.0

14
16
46.7

5
25
16.7

1GRA: +1, +2 or +3. $GRA: 0, 1, =2 or -3.

100%
90%

80%

70%
60%

50%

Ratio

40%
30%

20%

10%
0%

1 1

Week 1 Week 4

During therapy

Week 12

1 Month 2 Months 6 Months

Post-therapy

Fig. 1

Global response assessment for efficacy of heparin and alkalized lidocaine instillation. Patients with IC refractory to con-

ventional therapies received a solution of 20 000 U heparin, 5 mL 4% lidocaine, and 25 mL 7% sodium bicarbonate intravesically
weekly for 12 weeks consecutively. The patients were followed up at 1, 2 and 6 months post-instillation without further treatment.
The efficacy was graded as “marked improved” (GRA +3), “moderately improved” (GRA +2), “slightly improved” (GRA+1), “no change”
(GRA 0), “slightly worsened" (GRA —1), “moderately worsened" (GRA —2) or “marked worsened” (GRA —3). B, GRA = +3; B, GRA = +2;
B, GRA=+1; 8 GRA=0; 8 GRA=-1;11, GRA=-2; , GRA=-3.

at least once before instillation, with 2.2 times on average
(range 1-7). Prior treatments included suplatast tosilate
(n=18), tricyclic antidepressant (n=11), DMSO instilla-
tion (n = 10) and/or NSAIDs (n = 14). A total of 30 patients
completed the treatment protocol and post-treatment follow
up to 6 months, whereas two patients discontinued the
therapy because of symptoms worsening at the fourth or
sixth instillation.

According to GRA, responders gradually increased with
advancement of the therapy (Table 2, Fig. 1); the response
rate was 33.3% after the first instillation, 60.0% after the
fourth and 76.7% after the 12th, and 90.0% 1 month after
the last instillation. On the termination of instillation, the
rate declined to 46.7% at 2 months and 16.7% at 6 months.
Post-hoc analysis indicated ulcer type IC, onset age younger
than 60 years and bladder volume at primary hydrodisten-
sion less than 500 mL as prognostic factors for better thera-
peutic response at the fourth instillation (Table 3); however,
no factors were identified for efficacy at 2 months post-
therapy. Other variables showed significant improvement
during the therapy (Table 4). OSPI reached a significant
level of improvement as early as at the fourth instillation
(P=0.033), and it was pronounced at the 12th instillation

© 2013 The Japanese Urological Association

(P <0.001). VAS for pain showed a significant reduction
after the fourth instillation from the baseline (P = 0.024) and
thereafter. Average voided volume significantly increased
from the fourth therapy (P=0.029). Urinary frequency
decreased significantly at the fourth therapy for daytime
frequency (P=0.003) and for night-time frequency
(P =10.001). During post-therapy follow up, all the variables
showed gradual deterioration with time; however, significant
improvement lasted until 2 months after the termination of
instillation. There was no significant difference at 6 months
after the last instillation, except for nocturnal frequency,
compared with the baseline.

As for side-effects of the therapy, no adverse events
requiring additional intervention were observed. Two
patients discontinued the therapy because of poor benefit.
Minor side-effects included bladder pain (n=18), gross
hematuria (n =4) and urinary tract infection (n = 3), all of
which were self-limited. Gross hematuria was observed only
on the day of instillation and not associated with systemic
coagulation disorder (data not shown).

Additionally, 70% of patients reported slight bladder dis-
comfort lasting for approximately 1 day every time after the
administration, which also could be tolerated and decreased
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Table 3 Univariate analysis of overall response factors at fourth therapy and 2 months post-treatment

Univariate analysis

Fourth therapy 2 months post-treatment
OR Cl (95%) P-value OR Cl (95%) P-value

Ulcer ‘ \ 3

Ulcer/non-ulcer 8.250 1.154-59.003 - 0.039* 1.167 0.224-6.081 0.855
Sex i

Male/female 4.667 0.352-61.831 0.269 0.750 0.541-1.040 0.217
Age

=65 years/<65 years 0.500 0.087-2.886 0.657 1.250 0.233-6.715 0.795
Age at onset :

=60 years/<60 years 0.121 0.017-0.867 0.039* 0.857 0.164-4.467 0.855
Duration of IC

=5 years/<5 years 1.500 0.266-8.449 0.685 1.167 0.224-8.081 0.855
Distended bladder volume

=500 ml/<500 mL 0.083 0.011-0.641 0.023* 1.250 0.233-6.715 0.795
Past hydrodistension

=2/once 0.686 0.119-3.963 0.673 2.4 0.444-12.980 0.414
*P-value <0.05.
Table 4 Therapeutic effects by symptom measures (mean % SD, n = 30)

Baseline During therapy Post-therapy
Week 1 Week 4 Week 12 1 Month 2 Months 6 Months

05sl 134 £37 129 *34 10,9+ 39 Bi8E8I0NE 8.8 = 4.0** 9.4 £ 4.4% 93 *x53
OSPI 11842 115 =40 8.6 £ 4.2* 61913 A 6:5: =B 16%* Z:0i=i310%% 7.1 45
VAS 58 2.7 5524 3.4+ 2.4%* 35 ED IR 313 L2 3%* 3.8 20 3527
AVV1 (mL) 93.8 £ 655 108.2 = 61.6 130.3 = 61.8% 143.9 = 72.9* 129.8 £ 66.4** 106.1 £724 118.6 * 1029
UF2 (day) 271 £ 36.6 19.3 = 13.4** 14.4 = 3.7** 13.4 = 4.6%* 14.6 £ 4.5% 151 £4.2* 15.0 £ 6.5
UF2 (night) 4327 Qi enk PATH== U 23 £ 24% 23 EEli65n 24 £ 1.4% 2:0=Ea1 %

*P < 0.05 versus baseline, **P < 0.005 versus baseline.

with continuation of the therapy. This discomfort was not
related to therapeutic effect (data not shown).

Discussion

Intravesical therapy with a combination of heparin and alka-
lized lidocaine was first reported by Parsons.’ The solution
consisting of 40 000 U of heparin, 8 mL 2% lidocaine and
3 mL 8.4% sodium bicarbonate was given three times per
week for 2 weeks. At the initial administration of the solu-
tion, 94% of patients (33 of 35 patients) reported immediate
relief of both pain and urgency. However, patients were
followed until 48 h after the last therapy, when 80% of them
reported sustained relief of the symptoms. Another study by
Welk used 10000 U of heparin, 8 mL 2% lidocaine and
4 mL 8.4% of sodium bicarbonate for 23 female IC patients
complaining of dyspareunia.'? Patients were treated with the
solution three times per week for 3 weeks. Three weeks after
the therapy, 65% of patients reported a successful outcome
of IC symptoms. Most of the efficacy parameters, including

0OSSI, OSPI, frequency, voided volume, Pelvic Pain
Urgency Frequency score and Female Sexual Function
Index pain domain score, showed significant improvement,
supporting the effectiveness of the therapy. A double-blind,
crossover, placebo-controlled trial showed that a single
instillation of the solution can provide significant and imme-
diate relief of IC symptoms up to 12 h."* These three studies
demonstrated well the short-term efficacy, especially for
pain, of intravesical therapy with a combination of heparin
and alkalized lidocaine. However, they presented little data
for outcomes post-administration.

Based on previous studies and the short-term efficacy of
heparin instillation, we carried out the present study to assess
the long-term outcomes of combined instillations, confirm-
ing the efficacy comparable with three previous studies.
According to GRA, responders increased with advancement
of the therapy; 33.3% after the first therapy, 60.0% at the
fourth therapy and 76.7% at the 12th therapy. Once improved,
there was no deterioration in efficacy during therapy. At the

© 2013 The Japanese Urological Association
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first week, all the parameters showed slight improvement, yet
not at a significant level, whereas Parsons and Welk reported
quicker responses to the therapy. The reason for the differ-
ence might be because of the difference in the study design;
the previous two studies gave the solution three times per
week, whereas ours was given weekly. We designed the
interval according to the capacity of our outpatients’ clinic
and patients’ convenience. However, almost all of the param-
eters reached a significant level of improvement at the fourth
instillation. No specific backgrounds were identified as pre-
dictive factors, although patients with the ulcer type of IC,
younger onset age and smaller bladder volume at primary
hydrodistension were likely to be better off earlier. As these
factors are related to the ulcer type of IC, the subtyping might
be responsible for the responsive difference. During the
post-instillation period, the response rate was maximized
(90.0%) at 1 month, 46.7% at 2 months and 16.7% at 6
months; the therapeutic effect lasted an average of4.1 months
after the last therapy. Other parameters similarly showed
slight deterioration. These facts suggest that repeated admin-
istration of the solution could recover the damaged GAG
layer of the bladder mucosa, and that the recovery deterio-
rates in due time. In other words, the current therapy would
not be a curative, but palliative, treatment for IC. Also sug-
gested is the necessity for regular maintenance therapy, with
1-4 months as a possible interval.

The therapy was well tolerated. A common side-cffect
was bladder discomfort after instillation, which occurred to
60.0% of patients after every instillation. Two patients dis-
continued the therapy because of worsening symptoms,
amplified with instillation. The bladder discomfort might be
explained by catheterization, alkalinity of the solution,
stimulation of bladder mucosa by agents and/or natural
course of the disease. Though discomfort itself might
not affect the therapeutic effect, it should be solved by
further study. Another adverse event was gross hematuria;
however, it was self-limited and observed only on the day of
instillation.

The limitations of the present study should be mentioned.
It was a single-armed, open-label trial with a small number
of patients. The efficacy of a single agent, heparin or lido-
caine, remained unevaluated; heparin instillation alone
might be effective.”” In addition, the therapeutic outcomes
were assessed by subjective questionnaires, but not by
objective measures, such as urine NGF level."* Further
studies should be explored to determine: (i) composition of
the solution; (ii) duration of induction therapy; (iii) interval
of maintenance therapy; and (iv) therapeutic assessment by
objective outcome measures.

Twelve weekly intravesical instillations of heparin com-
bined with alkalized lidocaine safely achieved symptom
relief in most IC patients, which diminished in 6 months
post-treatment. Younger age and the presence of ulcers are
predictive of a quicker response. Further studies are required

© 2013 The Japanese Urological Association

to optimize the patient selection, the number of instillations
and the maintenance interval to maximize the therapeutic
potential of this therapy in controlling IC symptoms.
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Abstract: We estimated the incidence of admissions related to interstitial cystitis in
Japan using a national administrative claims database, the Diagnosis Procedure Combi-
nation database, which included information for 53.6% of urological training hospitals
certified by the Japanese Urological Association. “Admissions related to interstitial cys-
titis” was defined as those cases whose ICD-10 code for the main reason for admission
was N301 (interstitial cystitis) between 2007 and 2009. Among 8.42 million inpatient
cases, 784 female and 212 male patients with interstitial cystitis were identified. The ratio
of females to males was 3.69 and the median age was 67 years (range 5-92 years). The
admission incidence (per 100 000 person-years) in females and males was estimated to
be 1.35 (95% confidence interval 1.25-1.46) and 0.37 (0.31-0.42), respectively. This
incidence is low compared with other reports. Possible reasons for this finding include
racial difference, clinical examination methods, lack of outpatient data and poor health-
care coverage of interstitial cystitis.

Key words: bladder, epidemiology, incidence, interstitial cystitis, Japan.

Introduction

Interstitial cystitis (IC) is a chronic disease of the urinary bladder characterized by lower
urinary tract symptoms, such as urinary frequency, bladder hypersensitivity and/or bladder
pain and resultant serious impairment of quality of life."

Although the National Institute of Arthritis, Diabetes, Digestive and Kidney Disease
proposed the diagnostic criteria of IC for research use in 1988,2 it has not been widely used
in the clinical setting because of its strictness and complicacy. To promote research activity
and medical care of IC in Japan and East Asia, the Clinical Guidelines for IC were
established by the Society of Interstitial Cystitis of Japan in 2007.!

Estimation of the incidence or prevalence of IC in the general population is difficult
because of its rarity. Although several articles estimating the incidence or prevalence of
IC have been published,*'® many of them were based on restricted sample populations (i.c.
office visitors and nurses’ cohort) or scoring questionnaire research and few focused on
male patients. To our knowledge, just three articles from the USA have been published to
estimate the male and female incidence or prevalence of IC in the general population based
on clinical diagnosis.>*!°

The present study evaluated the incidence of admissions related to IC in both the male and
female general population in Japan, using the Diagnosis Procedure Combination (DPC)
database, which is a nationwide administrative database.

© 2011 The Japanese Urological Association
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Methods
The DPC database

The DPC database is a case-mix inpatient claims
database.!"" During our study period of 2007-2009, the
database contains annually approximately 2.6 million inpa-
tient cases from approximately 850 hospitals from July to
December (6 months per each year), which represents
approximately 44% of all acute care inpatient hospitaliza-
tions in Japan. Given the anonymous nature of the data
collection process, informed consent was not required. Study
approval was obtained from the Institutional Review
Board in the University of Occupational and Environmental
Health.

Japanese Urological Association-
certified hospitals

The Japanese Urological Association (JUA) is the profes-
sional urological association in Japan. The JUA certifies
urological specialists and hospitals where the teaching
system is ensured (JUA-certified hospitals).

Study samples

In the DPC database, one disease should be assigned to “the
main reason for admission” category. We defined “admis-
sions related to IC” as those cases whose ICD-10 code for
the main reason for admission was N301 (IC), and we iden-
tified them from the DPC database in 2007-2009.

Estimation of prevalence of IC

We estimated the incidence of admissions related to IC
based on stratified hospital bed volume. First, we collected
the number of beds in all JUA-certified hospitals and hos-
pitals that had joined the DPC database. Hospitals were
stratified with bed volume categories. The estimated annual
number of IC cases (i) and the 95% confidence intervals
(CI) were calculated with the following equation using Wald
confidence intervals for the population proportion:"

Yi/Ni = pi+ Z+ pi(1- pi)/(nix1.5)

where Ni is the number of beds in all JUA-certified
hospitals, ni is the number of beds in JUA-certified hospitals
that joined the DPC database, pi =Xi/(ni x 1.5) (Xi is the
observed number of IC cases in JUA-certified hospitals that
joined the DPC database between July and December,
2007-2009), and Z = 1.96.

Results

Among 8.42 million inpatients in the study population, we
identified 996 admissions related to IC (Table 1). The ratio

© 2011 The Jay Urological A

of females to males was 3.69 and the median age was
67 years (range 5-92 years). Almost all patients (95.3%)
were hospitalized in JUA-certified hospitals. A vast majority
of patients underwent cystoscopic intervention. Although
they were minor, cystectomies and augmentation cystoplas-
ties were also selected for therapy.

Table 2 shows the distribution of hospitals and IC cases
stratified with bed volume categories. Overall, the DPC
database covered 53.6% of JUA-certified hospitals and
63.4% of those beds. The estimated annual number of IC
cases per year was 886 in females and 231 in males. Accord-
ing to the Population Census Data, the population of Japan
in 2008 was approximately 65.44 million females and
62.25 million males; therefore, the incidence of admission
related to IC (per 100 000 person-years) in females and
males was estimated as 1.35 (95% CI 1.25-1.46) and 0.37
(0.31-0.42), respectively.
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Table 2 Estimated incidence of admissions related to interstitial cystitis in Japan

Bed volume JUA-certified hospitals JUA-certified hospitals that

joined the DPC database

(2007-2009)
: (2007—2009)

No. IC patients in the
DPC database for
1.5 years [Xilt

Estimated annual no. IC patients
(95% confidence interval) [Yil+

n No. of beds [N] n No.ofbeds [n] Males  Females  Males Females
=800 62 60768 50 80.6% 50278 82.7% 42 183 34 (24-44) 147 (126-169)
600-799 107 72437 80 74.8% 54394 751% 31 115 28 (18=37) 102 (83-121)
400-599 336 161 951 224 66.7% 109834 67.8% 41 165 40 (28-53) 162 (137-187)
200-399 512 153 265 269 525% 81480 532% 94 273 118 (94-142) 342 (302-383)
=199 2315830/4865 46 19.9% 7406 243% 4 48 11 (0-22) 132 (95-169)
Total 1248 478 907 669 53.6% 303392 63.4% 212 784 231 (198-263)] 886 (819-952)(
622.5 654.4

Total population in 2008 (100 000 persons)
Incidence (per 100 000 person-years)

0.37 (0.31-0.42) 1.35 (1.25-1.46)

tData were collected from six months (July to December) of each 3 years (2007-2009). $Yi/Ni = pi = 1.96 x oi, where pi = Xi/
(nix1.5), oi* = pi (1 = pi)l(ni = 1.5). 2 Yi = Z (Ni x pi) = 1.96 x (ZNi x 0i)°°. DPC, Diagnosis Procedure Combination; IC, interstitial

cystitis; JUA, Japanese Urological Association.

Discussion

In the present study, we used a large administrative database
and identified IC with a registered ICD-10 code. A similar
method was used in two previous studies using Kaiser Per-
manente Northwest, a health maintenance organization in
Portland, Oregon, USA. Clemens et al.’ reported that “the
prevalence” of IC during 1998-2002 was 197 and 41 per
100 000 in females and males, respectively, when 1IC was
defined as the ICD-9 code 595.1, and-Patel ef al.’ reported
that “the incidence” of IC during 2002-2005 was 15 per
100 000 in females (no male patients were identified).
Therefore, there is a 10-fold discrepancy between our results
and those of Patel et al.

The incidence of IC varies widely, even though IC is
diagnosed by clinical examination. Robert et al. analyzed
Olmsted Country cohort data (1976-1996) and reported that
the incidence of IC diagnosed through cystoscopic interven-
tion was 1.6 and 0.6 per 100 000 in females and males,
respectively.'” Leppilahti ef al. carried out a clinical exami-
nation in Finnish people who scored high points in the
O’Leary-Sant IC symptom and problem index (OLS) ques-
tionnaire, and concluded that the prevalence of probable IC
in women was 230 per 100 000 and that of possible/probable
IC was 530 per 100 000.°

Recently, several questionnaires measuring the severity of
IC, such as the OLS, have been developed. According to
some OLS-based surveys, the prevalence of possible IC or
painful bladder syndrome (per 100 000 females) is esti-
mated to be 575 in the USA,” 306 in Austria,® 265 in Japan®
and 261 in Korea.? These data suggest that there is some
racial discrepancy between Asia, European countries and the
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USA, but the differences seem not so largely radical to
solely explain the 10-fold gap. This implies that several IC
patients remain undiagnosed and untreated in Japan.

Although the Clinical Guidelines for IC were released in
January 2007 in Japan to promote research and clinical
activity for IC,! the number of patients did not increase
(Table 1). We consider there to be two possible reasons for
this finding. First, racial variants and differences in database
background could be attributed to our low IC incidence. In
particular, the DPC database did not contain outpatient cases
and our result of “incidence of admission related to IC” did
not directly represent overall IC incidence. A previous report
described that hydrodistension can be safely carried out
under local anesthesia without hospitalization.”® Second,
Japanese national health-care insurance does not currently
cover hydrodistension. Special approval from authorities is
required to carry out hydrodistension (this restriction was
lifted in April 2010).

Finally, we showed that the DPC database is highly rep-
resented in the urological field. The database coverage rate is
approximately 35% of whole acute care beds,” but by
restriction to JUA-certified hospitals, it increased to 53.6%.
This high coverage enables accurate clinical assessment.

There are several limitations in the present study. First,
the definition of IC was only based on an ICD-10 code in the
administrative database. Neither chart reviews nor scoring
questionnaires were available in the database. Second,
because the present study was based on administrative
claims data, the validity and reliability of the written diag-
noses were limited, resulting in underestimation.

The incidence of admission related to IC from the DPC
database (per 100 000 person-years) is estimated as 1.35 in

© 2011 The Japanese Urological Association
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females and 0.37 in males. Possible reasons for this low
incidence include racial difference, clinical examination
methods, lack of outpatient data and poor health-care
coverage for IC.
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Aims: Transient receptor potential vanilloid 4 (TRPV4) may affect afferent pathways innervating the bladder. We
investigated the effects of GSK1016790A (GSK) and RN1734, a TRPV4 agonist and antagonist, respectively, and P2X-
purinoceptor antagonists (TNP-ATP and PPADS) on cystometry (CMG), and the effect of GSK on single afferent fiber
activities (SAAs) of the rat bladder and its relationship with capsaicin (Cap)-sensitivity. Methods: Conscious female
Sprague-Dawley rats were used for CMG measurements. In SAA measurements, under urethane anesthesia, SAA was
identified by electrical stimulation of the pelvic nerve and by bladder distention. Cystometric parameters were mea-
sured before and after intravesical drug instillation. In SAA measurements, response with saline instillation served as
baseline. Then, GSK was instilled three times, and finally Cap was instilled to investigate the relationship with Cap-
sensitivity. Results: Intravesical GSK-instillation transiently decreased bladder capacity and voided volume, which
were counteracted by RN1734, TNP-ATP, and PPADS. In SAA measurements, AS-fibers (n = 7) were not affected by
either GSK or Cap. Based on the Cap-sensitivity, C-fibers could be divided into two subtypes: Cap-insensitive (n = 14)
and Cap-sensitive (n = 8). In the Cap-insensitive C-fibers, GSK significantly increased the SAAs during the first instil-
lation, but the increase attenuated with time, whereas GSK did not significantly affect the Cap-sensitive C-fibers.
Conclusions: The present results suggest that activation of TRPV4 in the bladder, probably urothelium, facilitates
the micturition reflex by activation of the mechanosensitive, Cap-insensitive C-fibers of the primary bladder afferents

inrats. Neurourol. Urodynam. 31:148-155, 2012. © 2011 Wiley Periodicals, Inc.

Key words: afferent nerves; desensitization; rats; transient receptor potential (TRP); urinary bladder

INTRODUCTION

The transient receptor potential vanilloid subfamily (TRPV)
contains six proteins in mammals, and they are commonly
divided into two subgroups based on sequence homology,
functional similarities, and Ca®*-selectivity; TRPV1-V4 and
V5/6.1 The subgroup of TRPV1-V4 members are weakly Ca®*-
selective cation channels, modulated by various intracellular
signals and activated by temperature.>® Expression of the
TRPV1, V2, and V4 has been reported in human and rat/mouse
urinary bladders.*° Moreover, TRPV1 has been exploited clin-
ically to desensitize bladder afferents and reduce bladder over-
activity.’* On the other hand, TRPV4 is sensitive to osmotic
and mechanical stimuli, such as cell stretching or fluid flow.*?
Sorne previous studies show that TRPV4 may be modulated by
calmodulin (CaM) and adenosine triphosphate (ATP), C-termi-
nal CaM binding potentiating the current and Ca®*-dependent
CaM binding to the N-terminal desensitizing the current.**¢

Several researchers reported that TRPV4 is implicated in the
regulation of urothelial ATP release that modulates the sensi-
tivity of bladder afferent nerves.”®*7~*° In our previous study,
the activation of the bladder mechanosensitive afferents in-
duced by exogenous ATP was mainly through capsaicin (Cap)-
insensitive (probably TRPV1-independent) C-fibers in the rat.*°
Therefore, it is conceivable that TRPV1 and TRPV4 have a role
in the bladder afferent transduction via a different pathway.

In the present study, we focused on the afferent function of
TRPV4, and investigated the effects of intravesical administra-
tion of GSK1016790A (GSK), a TRPV4 agonist, which has at
least 300-fold greater potency for activating TRPV4 than 4a-
PDD,** on single fiber activities of the primary bladder mecha-
nosensitive afferent nerves. - :

© 2011 Wiley Periodicals, Inc.

MATERIALS AND METHODS
Animals
Forty-eight adult female Sprague-Dawley rats weighing
180-234 g were used. The rats were maintained under stan-
dard laboratory conditions with a 12:12 h light:dark cycle,
and free access to food pellets and tap water. The protocol was
approved by Animal Ethics Committees of The University of

Tokyo Graduate School of Medicine and in line with NIH
guidelines for the care and use of experimental animals. -

Cystometry (CMG) Measurements

Rats were anesthetized with 30 mg/kg intraperitoneal pen-
tobarbital sodium. A polyethylene catheter (Clay-Adams PE-
50; Parsippany, NJ) was inserted in the bladder through the
dome, and secured. After the operation, each rat was housed
single in a cage. ’ : :
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Continuous CMG was performed on conscious rats 4 days
after surgery. Each rat was placed without any restraint in a
metabolic cage (3701M081; Tecniplast, Buguggiate, Italy) for
at least 1 hr to adapt to the environment. The bladder catheter
was connected to a pressure transducer (DX-100; Nihon
Kohden, Tokyo, Japan) and microinjection syringe pump
(KDS100; Muromachi, Tokyo, Japan) via a three-way tap.
Saline at room temperature was continuously infused into the
bladder at a rate of 0.08 ml/min. The basal pressure (BP;
cmH,0), micturition threshold (MT; cmH;0), peak pressure
(PP; emH,0), and voided volume (VV; ml) were recorded con-
tinuously on data acquisiion program (Windag; DATAQ
Instruments Inc., Akron, OH). Bladder capacity (BC; ml) was
calculated as intercontraction interval (ICI) x saline infusion
rate into the bladder. All parameters were averaged for
20 min (10-30 and 40-60 min after drug administration), and
investigated before and after drug instillation.

Afferent Measurements

The rats were anesthetized with urethane (1.5 g/kg intra-
peritoneally). Body temperature was maintained by a heated
blanket at 38°C. Single afferent fiber measurements were per-
formed as described before.2%?22? In brief, the left pelvic nerve
was dissected from surrounding tissue proximal to the major
pelvic ganglion. A pair of silver electrodes was placed around
the pelvic nerve. A polyethylene catheter (Clay-Adams PE-50)
was inserted in the bladder. Both L6 dorsal roots were cut
close to their entrance to the spinal cord after the laminec-
tomy. Fine filaments were dissected from the left L6 dorsal
root and placed across shielded bipolar silver electrodes. Clear-
ly different unitary action potentials of afferent fiber originat-
ing from the bladder were identified by electrical stimulation
of the pelvic nerve and bladder distention with saline. These
action potentials were discriminated by the Spike2 (CED, Cam-
bridge, UK) impulse shape recognition program. Conduction

. velodity (CV) was calculated from the latency of response to -

electrical stimulation and the conduction distance between

stimulation and recording sites, which was based on our ana-
tomical data. Fibers were grouped based on CV. Those with a
CV < 2.5 m/sec were considered to correspond to unmyelinat-
ed C-fibers and those with CV > 2.5 m/sec to thinly myelinat-
ed Ad-fibers.?*

Protamine sulfate (PS) solution (10 mg/ml, 0.3 ml) was
instilled intravesically and kept in the bladder for 60 min
just before the measurement. Single fiber afferent activity
was recorded during constant filling CMG with saline at
0.08 ml/min. Filling continued until an intravesical pressure
of 30 cmH,0 was reached. The afferent activity caused by pel-
vic nerve stimulation was also recorded before and after blad-
der filling and confirmed to correspond with that caused by
bladder filling.

At the beginning of the experiments, recording was repeat-
ed consecutively three times, at 5 min intervals to evaluate
the reproducibility. The third recording served as the baseline
value. After that, GSK was instilled three times according to
the same time schedule as before GSK instillation; all three
cycles of recording were used to evaluate the time-dependen-
cy and reproducibility of the drug effect. Then finally, Cap was
instilled to investigate the relationship with Cap-sensitivity.
The bladder was not washed out between each of multiple
instillations.

Unitary afferent activity was evaluated in relation to intra-
vesical pressure and volume. The relationship of nerve activity
to pressure or volume was established by comparing nerve
activity and intravesical pressure at 1-sec intervals. These

Neurourology and Urodynamics DOI 10.1002/nau
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values were then averaged at 5 emH,0 interval of pressure or
by dividing into five equal parts of volume in the filling phase.
Average unitary activity was totaled as a function of intraves-
ical pressure or volume. Afferent nerve activity is expressed as
a percentage of baseline activity, integrated for the whole fill-
ing phase. Since the stimulation substance instillation into
the bladder increased the afferent act1v1ty approxxmateiy
150% as significant changes in our previous studies, 2022,
“Cap-sensitive” or “Cap-insensitive” afferent activities were
classified based on both pressure and volume increases of
more or less than 150% from baseline, respectively, when the
bladder was instilled with Cap.

Drugs

Protamine sulfate, GSK1016790A (N-((15)-1-{[4-((25)-2-{[(2,4-
dichlorophenyl) sulfonyljamino}-3-hydroxypropanoyl)-1-
plperazmyl]carbonyl}-3-methylbutyl)-1-benzoth.10phene-2 car-
boxamide),”** and Cap were purchased from Sigma-Aldrich
(St. Louis, MO). RN1734 (2,4-dichloro-N-isopropyl-N-(2-isopro-

ylaxmnoethyl) benzenesulfonamide)?® and PPADS (pyridoxal
phosphate-6-azo (benzene-2,4-disulfonic acid)) were pur-
chased from Tocris Bioscience (St. Louis, MO). TNP-ATP (2/,3’-0-
(2.4,6-trinitrophenyl-)ATP) solution was purchased from
Molecular Probes (San Diego, CA). GSK and RN1734 were
dissolved in N,N-dimethylacetamide (DMA), and Cap was
dissolved in absolute ethanol as a stock solution. These drugs

" were stored at —80°C and subsequent dilutions of the drugs

were made on the day of the experiment using saline. TNP-
ATP and PPADS were diluted/dissolved in saline. PS was
dissolved in distillated water. All drugs were instilled intra-
vesically. The doses were chosen according to previous studies
in the mouse/rat and our pilot study.”2%21.26

Statistical Analysis

All data are expressed as mean =+ SEM. Results were ana-
lyzed using two-way ANOVA followed by Tukey's test for
multiple comparisons before and after drug instillation.
Pvalues <0.05 are considered statistically significant. -

RESULTS

CMG Measurements

Instillation of the vehicle (0.4% DMA) did not affect cysto-
metric parameters (data not shown). Instillation of GSK signif-
icantly reduced BC and VV at 10-30 min; however, the effects
were attenuated 40-60 min after instillation (Table I and
Fig. 14).

Instillation of RN1734, TNP-ATP, and PPADS induced no sig-
nificant changes in cystometric parameters, although BC and
VV tended to be increase and PP tended to decrease. When
instilled in combination with RN1734, TNP-ATP, or PPADS GSK
did not affect any of the cystometric parameters (Table I and
Figs. 1A and 2).

Afferent Measurements

In a pilot study, we have investigated whether the both A%-
and C-fiber afferent activities were influenced by 1 hr PS-
exposure but no significant differences were found between
before and after PS-exposure (AS-fibers; n = 7, base: 100%, after
PS-exposure: 95% and 102% based on pressure and volume,
respectively. C-fibers; n = 6, base: 100%, after PS-exposure:
102% and 98% based on pressure and volume, respectively).
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TABLE 1. The Effects of Intravesical Application of GSK1016790A (GSK), RN1734, TNP-ATP, and PPADS on Cystometric Parameters

10-30 min after 40-60 min after
Parameter Saline instillation of GSK instillation of GSK
GSK1016790A (3 x 1075 M,
TRPV4 agonist), n = 6 :
Base pressure (cmH,0) 3.13 & 0.56 2.61 £ 0.89 271 £ 0.54
Micturition threshold (cmH,0) 9.61 £ 1.26 743 £ 0.50 8.15 £ 1.05
Peak pressure (cmH;0) 4354 £+ 554 42.23 +3.44 45.05 + 5.64
Bladder capacity {ml) . 142 + 023 0.75 + 0.25* 114 + 011
Voided volume (ml) 1144 4022 0.84 + 0.26* 120 + 013
10-30 min 40-60 min 10-30 min after 40-60 min after
after instillation after instillation instillation of instillation of GSK
Parameter Saline of RN1734 of RN1734 GSK and RN1734 and RN1734
GSK1016790A (3 x 1075 M,
TRPV4 agonist) and RN1734
(10™° M, TRPV4 antagonist), n = 6
Base pressure (cmH;0) 3.38 + 0.44 3.09 £ 042 3.18 + 0.54 2.8 :£041 3.68 & 0.57
Micturition threshold (cmH;0) 821 4 0.73 8.86 + 1.98 9.77 + 2.12 8.85 + 0.75 1017 + 141
Peak pressure {cmH;0) © 4769 + 3.10 42.45 + 2.99 46.06 + 3.28 42.02 £ 2.28 49.83 + 3.37
Bladder capacity (ml) 132 + 0.22 1.30 £ 0.19 1.69 + 0.27 1.63 £+ 0.07 1.39 + 0.29
Voided volume (ml) 133+ 0.23 1.36 £ 0.19 1.63 + 0.27 1.60 =+ 0.08 144 + 030
10~30 min 40-60 min 10-30 min after 40-60 min
) after instillation after instillation instillation of after instillation
Parameter Saline of TNP-ATP of TNP-ATP GSK and TNP-ATP of GSK and TNP-ATP
GSK1016790A (3 x 107° M,
TRPV4 agonist) and TNP-ATP -
(3 x 107 M, P2X; antagonist), n = 6 )
Base pressure (cmH,0) 1.97 & 0.56 268 +0.32° 2.79 + 0.54 2.28 £ 0.25 2.26 + 044
Micturition threshold {crH;0) 12.27 % 1.89 9.66 + 1.00 1195 £ 1.32 9.04 x 1.55 7.29 £ 091
Peak pressure (cmH;0) 4142 + 3.48 36.77 + 2.61 3543 £ 3.64 37.73 + 3.68 38.74 £ 5.26
Bladder capacity (ml) 131+ 0.18 1.00 £ 0.17 144 + 013 133 +£013 1.16 £ 0.24
Voided volume (ml) 143 + 017 113 £ 015 1.59 + 0.09 1.44 £ 017 1.16 £ 0.23
10-30 min after 40-60 min 10-30 min 40-60 min
instillation after instillation after instillation of after instillation of
Parameter Saline of PPADS of PPADS GSK and PPADS GSK and PPADS
GSK1016790A {3 x 107° M,
TRPV4 agonist) and PPADS
(3 x 10> M, nonselective
P2X antagonist), n = 6
Base pressure (cmH,0) 2.99 + 0.53 243 +0.62 3.09 £+ 0.81 '2.58 & 0.69 2.70 £ 0.46
. Micturition threshold (emH,0) 9.17 + 1.89 9.48 + 2.02 10.09 + 2.16 7.83 £+ 223 9.39 &+ 1.12
Peak pressure {cmH,0) 50.63 + 5.30 39.77 £ 3.76 40.80 =+ 3.67 46.01 + 6.56 4828 + 2.49
Bladder capacity (rl) 120 £+ 0.23 0.99 * 0.28 148 £+ 0.22 1.07 + 0.27 114 £ 0.18
Voided volume (ml) 1.26 + 0.25 1.07 £ 0.31 1.55 £'0.22 113 +0.29 119 +0.18

Values are indicated as mean + SEM.

*P < 0.05: significant difference from base (two-way ANOVA followed by Tukey's test).

A total of 29 single-unit afferent fibers were isolated in 24
rats (maximum 2 fibers per 1 rat); 7 units corresponded to cri-
teria for myelinated As-fibers (CV: 3.80 & 0.66 m/sec), and 22
for unrayelinated C-fibers (CV: 1.80 + 0.09 m/sec). After GSK
instillation, bladder compliance did not change significantly
(baseline: 0.0223 = 0.0011 ml/amH,0, GSK-1st instillation:
0.0247 #+ 0.0011 ml/emH,0, GSK-2nd instillation: 0.0217 £
0.0012 ml/cmH,0, GSK-3rd instillation: 0.0220 + 0.0015 ml/
cmH,0). The afferent activity of the A3-fibers did not change
after either GSK or Cap instillation (Figs. 3A and 4). The afferent
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activities of C-fibers were divided into two groups by the Cap-
sensitivity; Cap-insensitive (Fig. 3B) and Cap-sensitive
(Fig. 3C). Among 22 discriminated C-fiber single units, 14 units

‘were classified as the Cap-insensitive fibers, and the remain-

ing 8 units as the Cap-sensitive fibers. Upon GSK instillation
activities of the Cap-insensitive fibers in response to the blad-
der filling increased significantly at the first instillation, but
the effect of GSK gradually attenuated at the second and third
instillations (Fig. 4). The activities of Cap-sensitive C-fibers
showed no significant change by GSK instillation (Fig. 4).
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Fig. 1. Representative cystometric recordings (bladder pressure and voided volume) in a conscious free-moving
rat before and during intravesical instillation of GSK (A) and RN1734/GSK (B). GSK: GSK1016790A, TRPV4 agonist;

RN1734: TRPV4 antagonist.

DISCUSSION

In the present study, we investigated the effects of a TRPV4
agonist, GSK, on CMG and mechanosensitive primary bladder
afferent activities by directly instilling this and other com-
pounds into the bladder, hereby yielding direct exposure of
the bladder urothelium. Intravesical instillation of GSK signifi-
cantly decreased BC and VV at first, and then these effects
were attenuated with time and disappeared, suggesting de-
sensitization of the receptor. Such desensitization of TRPV4
was reported in a previous study with Hela cells transiently
transfected with TRPV4.* The effects of GSK on BC and VV
were counteracted by RN1734, a TRPV4 antagonist, although
instillation of RN1734 alone caused no significant changes in
these cystometric parameters. This implies that the effects of
GSK were indeed TRPV4-mediated and that in the absence of
exogenous agonist there was little endogenous tone on the
TRPV4 receptors under our experimental conditions. In previ-
ous reports,®** TRPV4~/~ mice had increased BC, suggesting a
physiological role of TRPV4 for MT volume. This discrepancy
between the previous findings in TRPV4™~ mice and the pres-
ent findings with RN1734 may occur by differences in
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experimental condition and species of animal, or occur by the
influence of systemic or local TRPV4 channel reaction. Never-
theless, Thorneloe et al** demonstrated that intravesical in-
stillation of 10™° M GSK induced bladder overactivity in
TRPV4*/* mice with no effect in TRPV4~/~ mice, further con-
firming that this compound indeed selectively acts via TRPV4,
The dose used in that study was higher than that
(3 x 107® M) used in rats in the present study. These results
suggest that the transient activation of the micturition reflex
by GSK was mediated through TRPV4, and also suggest that
under these specific conditions TRPV4 does not play a role
physiologically in control of the MT.

Recently, it has been reported that activation of TRPV4 in
rat and mouse bladder urothelial cells induces Ca®" influx-
evoked ATP release, and the released ATP modulates bladder
sensory transduction.”®'® To test involvement of an ATP-
mediated mechanism, we further conducted cystometric
investigation with P2X-purinoceptor antagonists. Although
neither TNP-ATP, a P2X;-purinoceptor antagonist,®’~° nor
PPADS, a nonselective P2X-purinoceptor antagonist,®® signifi-
cantly affected any of cystometric parameters, both antago-
nists blocked the effects of GSK when instilled in combination



