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Abstract

Introduction and hypothesis A prospective clinical, preliminary study was performed in patients with interstitial cystitis/
bladder pain syndrome (IC/BPS) who were nonresponders to conventional treatment and received intravesical ozone as a
therapeutic alternative.

Methods Sixteen patients received six applications of intravesical ozone at a concentration of 41 pg/mL. We evaluated
therapeutic efficacy by the percentage reduction of Interstitial Cystitis Symptom and Problem Index scores (ICSI/ICPI—
the O'Leary—Sant symptom index), recurrence rate, nonresponse, and side effects in scores collected on admission (pre-
treatment), at the end of the therapeutic protocol (post-treatment), and 180 days (follow-up) after the last ozone application.
Results The mean age of women was 52.9 years (SD: 15.5), and the duration of symptoms was 5.7 years (SD: 7.1). The
median ICSI on admission was 17 (IQR: 14.25-19.5) and at follow-up was 0.5 (IQR: 0-2), with a reduction of 97.5% (CI:
85.7-100). The median ICSI/ICPI on admission was 31.5 (IQR: 29-35.2) and at follow-up was 2.0 (IQR: 0-3.75), with a
reduction of 92.3% (CL: 88.8-100). The recurrence rate was only 6.25%, and no patients were nonresponders to the treatment.
Conclusions The application of intravesical ozone was effective in the treatment of patients with IC/BPS who were nonre-
sponders to conventional therapy, showing a progressive and safe effect, at least in the short term.

Keywords Bladder pain syndrome - Interstitial cystitis - O'Leary—Sant symptom index - Ozone - Ozone therapy

Introduction

Interstitial cystitis/bladder pain syndrome (IC/BPS) is a
chronic, debilitating inflammatory disease with a negative
impact on quality of life [1-3]. It is also defined as a sen-
sation of pain, pressure, or discomfort related to the uri-
nary bladder associated with urgency and frequency in the
absence of infection or pelvic pathologies and lasting longer
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than 6 weeks [3-5]. The prevalence in women varies in the
range of 2.7-6.5%, with symptoms usually starting after age
40, and increasing with age by up to 4.0% at age 80 years
and over [4, 5, 7].

BPS is often associated with systemic somatoform dis-
orders such as depression, fibromyalgia, and irritable bowel
syndrome [2, 5-7]. The etiology is multivariate and not
fully understood [6, 8, 9]. Alterations in urothelial tissue,
neural hypersensitization, immunological mechanisms, and
neurogenic inflammation are also involved in BPS [2]. BPS
treatment has not been established, and there is no univer-
sally effective therapy [4, 8, 11]. The guidelines for phar-
macotherapy are often limited, with a high rate of relapse,
re-treatment, and side effects [10]. New and emerging IC/
BPS therapies are needed, especially in patients with failure
to respond to currently available treatments [8, 10, 11].

Ozone (0O;) is an inorganic molecule with allotropic
properties which consists of three oxygen atoms, and was
identified by Schonbein in 1868 [12]. The interest in the
therapeutic use of O; (ozone therapy) is growing due to its
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anti-inflammatory, cytoprotective, antioxidant, antimicro-
bial, and immunomodulatory effects [13, 14].

The benefits of ozone therapy in pelvic and bladder
inflammatory and infectious pathologies, in addition to a
potential effect on renal parenchymal pathologies, have been
evidenced in clinical and preclinical trials [13], for instance,
the studies of Hidalgo-Tallén et al. and Tirelli et al. in fibro-
myalgia [15, 16], a long-term condition associated with
urological disorders. In properly controlled doses, ozone
triggers moderate and reversible oxidative stress with redox
homeostasis and nitrosative stress, immune modulation,
angiogenesis, vasodilation, and reduction of the inflamma-
tory process, with a decrease in leukocytes and mast cells,
as previously demonstrated in animal ozone models [17-20].
This, combined with its minimal side effects [13, 18-20],
renders ozone a potentially effective therapeutic alternative
for IC/BPS.

This study aimed to evaluate the effectiveness of intraves-
ical administration of ozone as a complementary therapy for
patients with IC/BPS nonresponsive to conventional treat-
ment, alone or associated with oral and intravesical drug
administration, using the O'Leary—Sant Interstitial Cystitis
Symptom Index and Problem Index [21].

Materials and methods
Patients and study design

The protocol consisted of an experimental, prospective,
longitudinal clinical study carried out in a group of female
patients aged 25 years or older with IC/BPS who were non-
responders to behavioral treatment (first-line treatment)
of IC, as well as at least two treatments established in the
guidelines of the American Urological Association (AUA)
[4, 5]. These treatments include oral medications (second-
line treatments) alone or associated with intravesical drugs
(third-line treatments) aimed at replenishing the layer of
glycosaminoglycans with anti-inflammatory, analgesic, and
muscle relaxant activity [8, 22].

We performed clinical diagnosis according to the crite-
ria established by the European Society for the Study of
Interstitial Cystitis (ESSIC) and by the O'Leary—Sant Inter-
stitial Cystitis Symptom Index and Problem Index (ICSI/
ICPI) (Table S1) [21]. The patients included in the study
were required to have a score greater than 6 on the ICSI
and the ICPI, with a total score (ICSI/ICPI) greater than 12.
The ICSI/ICPI is validated as a measure of self-reported
symptoms and perception of problems associated with IC/
BPS [5, 23].

We excluded patients with the presence of sexually
transmitted pathology or urinary tract infections (UTI) on
admission, pregnant women, and those with bladder/uterine/
cervical cancer. We also followed all contraindications for
ozone administration proposed by the Madrid Declaration
on Ozone Therapy [24].

The study experimental setup in the admission (period
—1-0), treatment protocol (period 1-6), and the follow-up
(period 7-9) is shown in Table 1.

Thirty (n=30) patients were recruited for the clinical
study, and 16 (n=16) were included in the study analy-
sis. Figure 1 shows the study admission and the follow-up
flow diagram in the CONSORT (Consolidated Standards of
Reporting Trials) 2010 model.

The study was approved by the Research Ethics Com-
mittee of Anhembi Morumbi University (approval code
CAAE 22106619.4.0000.5492) and previously registered
in ClinicalTrials.gov (NCT04789135). All participants in
the study signed an informed consent form (ICF). This study
was conducted in accordance with the principles of the Dec-
laration of Helsinki and followed the ethical standards of
scientific research involving humans published by the Brazil-
ian National Health Council (CNS), Resolution No. 466/12.
Data collection was conducted from October 2019 to March
2021 at the patient care unit of the Distal Nephrology and
Urology Association based in Jacarei, Sdo Paulo, Brazil.

Ozone

Ozone was generated from medical-grade oxygen
(99.5% O,) using electrical corona arc discharge by a

Table 1 Study experimental

Admission Treatment Follow-up (days)

setup
Clinical evaluation Clinical evaluation 30 90 180
Laboratory data Treatment protocol ICSI/ICPI ICSI/ICPI ICSI/ICPI
ICSI/ICPI questionnaire ICSI/ICPI
Period
-1 0 2 3 4 5 6 7 8 9

Period: —1 to 0: Admission: clinical data collection; laboratory data; baseline ICSI/ICPI questionnaire.
Period: 1-6: Treatment: clinical evaluation; ozone application; ICSI/ICPI questionnaire; checking side
effects (3 weeks). Period: 7-9: Follow-up: patient clinical return at 30, 90, and 180 days; ICSI/ICPI ques-

tionnaire
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Fig. 1 Admission and follow-
up flow diagram—CONSORT
2010
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photometric-calibrated O; generator (MS3G, MS Instru-
mentos Industriais Ltda, Brazil). The oxygen flow rate sup-
ply at the input was adjusted to 0.125 L/min, with an ozone
output concentration of 41 pg/mL, resulting in an ozone feed
rate of 5.1 mg/min. The O, + O; mixture was generated at
the administration site due to the ozone instability, and was
promptly administered to the patient.

Gas administration was performed by an aseptic tech-
nique and with a disposable urinary catheter (no. 10; 3.3
mm diameter) until contact with the trigone of the urinary
bladder. This urinary catheter was also connected to a sili-
con-treated polypropylene syringe (ozone-resistant) which
received 60 mL of ozone at the ozone reactor outlet. Our
pilot study previously determined this standardized volume
(bladder capacity) following ozone therapy guidelines [24]
and intravesical ozone protocols (50-100 mL) [13].

In each ozone therapy session, bladder lavage was per-
formed, without hydrodistention, with 0.9% saline solution
(500 mL, NaCl). After the lavage, bladder emptying was
performed via a urinary catheter, followed by administra-
tion of a predetermined intravesical ozone gas (0zone mass
of 2.5 mg) volume (60 mL) through a syringe connected to
the urinary catheter. This volume was previously determined
by uroflowmetry analysis (unpublished data) and data from
other ozone guidelines [13, 24]. This application represents
a potentially immunomodulatory and antioxidant stimulus

effect [24] and a physiologically adequate level for systemic
ozone administration, according to Viebahn-Hénsler and
colleagues [25].

The patients, in standing position, were instructed to
avoid the spontaneous liberation of the intravesical gas for
15 min. This time was mainly determined by the life of the
ozone molecule (temperature dependency) [13]. The ozone
applications were performed twice a week, with a total of
six sessions (3 weeks total), also based on similar protocols
[13, 24] and in an animal model study [17].

Evaluation approach

The ICSI/ICPI questionnaire was used to establish a symp-
tom severity baseline at admission and to assess treatment
response and IC/BPS relapse. The O'Leary—Sant ICSI/ICPI
questionnaire [21] is composed of four questions on a Likert
scale that generates scores for symptoms (ICSI), problems
(ICPI), and total severity (ICSI/ICPI). The ICSI investigates
aspects of urgency, frequency, nocturia, and pelvic pain,
with an intensity ranging from 0 (not at all) to 5 (almost
always). The ICPI assesses the impact attributed to symp-
toms from O (no problem) to 4 (major problem) [21]. The
score is calculated by adding the point values for each item.
In both indexes, a value greater than 6 or a total score greater
than 12 is considered to indicate severe symptoms.
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A gynecological exam was performed on all patients
by Pap smear collection. In women with vaginitis, clini-
cal samples were collected from the vaginal walls with a
cotton-tipped swab and inoculated into tubes containing
growth media (fresh exam, chocolate, blood, and Mac-
Conkey agar) for laboratory analysis. Gram smears were
prepared and sent for examination according to the Nugent
criteria. The material was analyzed for bacterial pathogens
Chlamydia trachomatis, Ureaplasma, Neisseria gonor-
rhoeae, Trichomonas vaginalis, and Gardnerella vaginalis.

Urine samples collected were evaluated by physico-
chemical examination and microscopy. Hematuria was
considered present if the erythrocyte count was above
5000/mL, and leukocyturia with a count greater than
8000 leukocytes/mL. Quantitative urine cultures (inocu-
lation with MacConkey agar or eosin methylene blue and
cystine—lactose—electrolyte-deficient [CLED] agar) were
performed to exclude the presence of pathogenic micro-
organisms. The presence of urine cultures of pathogens
above 100,000 colony-forming units (CFU)/mL (UTI con-
dition) was considered an exclusion criterion. Abdominal
and pelvic ultrasound exams of the urinary tract with a full
bladder (uroflowmetry) were also performed (unpublished
data).

The effectiveness of the ozone treatment was calculated
based on the percentage difference between admission and
the final score at the end of treatment by age group. We
evaluated temporal effectiveness using the scores obtained
during the 180-day follow-up period. Recurrence was
defined as the return of symptoms, determined by ICSI >
6 and ICSI/ICPI > 12. Regarding the percentage of thera-
peutic effectiveness, we established a value below 50% as
poor, moderate as 50-70%, good as 71-85%, and optimal
response as values > 85%. A minimum of moderate (or 50%)
improvement in patient response has become established in
the medical community as a clinically relevant and signifi-
cant improvement in IC/BPS [23]. A percentage of 100%
indicates that the symptoms have disappeared, and each per-
centage value increment is considered a beneficial symptom
improvement.

The presence of side effects possibly attributed to ozone
use, such as a sensation of pain and burning, nausea, vomit-
ing, lumbar pain, intestinal constipation, respiratory failure,
headache, massive bleeding, or mild dyspnea, was monitored
during ozone administration, between treatment sessions,
and during follow-up (180 days).

Procedure-related events, such as urethral trauma, bleed-
ing, and infectious conditions, were also evaluated. Data
regarding menopause, genitourinary syndrome of meno-
pause, vaginal atrophy, depression, irritable bowel syn-
drome, fibromyalgia, hematuria, and leukocyturia on admis-
sion were collected from the recent patient clinical history
document.

@ Springer

Statistical analysis

We separate patients by age into four groups (2740, 41-54,
55-68, 6976 years) according to the evolutionary process
of ovarian changes that begin at the age of 40 years, with a
progressive reduction in estrogen and related to disorders in
the genitourinary tract [26].

To assess the effect of ozone treatment on symptom
scores, the measure of central tendency used included the
median and dispersion, the quartiles, and interquartile range
(IQR), with the results shown in percentages and confidence
intervals (CI). We used the Kruskal-Wallis test as a statisti-
cal significance test, Dunn’s test as post hoc, and Spearman
correlations between variables. The quantitative data are
shown in absolute numbers, mean and standard deviation
(SD).

The sample size (n=30) was calculated using G*Power
software (v. 3.1, Faul F., Germany) with an alpha (o) error of
0.05 (95%), eftect size (p) of 0.53, and power of 0.8 (80%).
Statistical analysis was performed using IBM SPSS Statis-
tics software (v. 24.0, IBM Corp., Armonk, NY, USA) and
OriginPro software (v. 8.5, OriginLab, Northampton, MA,
USA). We define the null hypothesis rejection level at 0.05,
with a 95% CI.

Results

In this work, 30 (n=30) patients were recruited. Twelve
(40%) of these were excluded due to UTI on admission.
Eighteen (60%) met the eligibility criteria (allocation). In
the follow-up period, two patients were lost to follow-up, one
due to long COVID-19 illness and the other due to discom-
fort with using a urinary catheter. Thus, 16 (53.3%) patients
were included in the analysis.

The mean patient age was 52.9 years (SD: 15.5 CI:
44.58-61.17), and the mean duration of symptoms was
5.7 years (SD: 7.1 CI: 1.52-9.95). There was no associa-
tion between age and duration of symptoms (p = 0.06),
although the mean symptom duration was longer in the
older age group (69-74 years old). The mean age at onset of
symptoms was 47.5 years (SD: 14.1), with 43.8% of patients
experiencing symptom onset at an age between 34 and 47
years, 25% at 48-61 years, 18.8% at 20-33 years, and 12.5%
at 62+ years (Table 2).

Historical strategies for patients with no response to
therapeutic interventions included increased fluid intake,
bladder training, and avoiding consumption of spicy foods.
All patients also had prior interventions with pelvic physio-
therapy and acupuncture therapy. Pharmacotherapy included
amitriptyline (100 mg), solifenacin succinate (5 mg), oxy-
butynin (5 mg), doxazosin (2 mg), hydroxyzine (25 mg),
and pentosan polysulfate (100 mg). Bladder instillation with
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Table 2 Demographic and

T Age group (years) 2740 41-54 55-68 69-74 Total
historical data by age group
No. (%) 3 (18.75) 6 (37.5) 4(25) 3 (18.75) 16 (100)
Age (SD) 28.7 (2.0) 47.8 (2.0) 63.8 (3.8) 72.7 (1.1) 52.9 (15.5)
Duration of symptoms (SD) 4(2.64) 3(1.26) 10.75 (14.9) 17.67 (13.7) 5.7(.1)
Age of onset (SD) 24.6 (3.5) 45.6 (1.8) 60.7 (2.3) 54 (12) 475 (14.1)

Age, duration of symptoms, and

age of onset in years; mean and standard deviation (SD) values

Table 3 Clinical data by age

Age group
group

27-40 41-54 55-68 69-74 Total

Menopause (%)

- 1(16.6) 4(100) 3(100) 8(50)

Genitourinary syndrome of menopause (%) - 1(16.6) 4(100) 3 (100) 8 (50)

Vaginal atrophy (%)
Hematuria (%)

Depression (%)

- - 1(25) 3(100)  4(25)
2(66.6) 1(16.6) - 1(33.3) 4(25)
2(66.6) 6(100) 2(50) 1(33.3) 11(68.7)

Irritable bowel syndrome (%) - 2(33.3) 1(25) - 3(18.7)
Fibromyalgia (%) - 1d6.6) 2(50) 1(33.3) 4(25)
Leukocyturia (%) 2 (66.6) 3 (50) - - 5(1.2)

Data of associated clinical data pathologies shown in absolute values and percentages by age groups

heparin (5000 units), lidocaine (2%), and hydrocortisone
(100 mg) was combined with oral medication.

Eight (50%) patients were in menopause, and of these, all
had symptoms of genitourinary syndrome of menopause. In
the oldest group, three (100%) patients had vaginal atrophy.
Eleven (68.7%) patients reported depression, three (18.7%)
had irritable bowel syndrome, and four (25%) had fibromyal-
gia. Urinary sediment analysis showed microscopic hematu-
ria in four (25%) patients, and leukocyturia was observed in
five (31.2%) patients (Table 3). Cystoscopy was performed
on four patients (25%) with microscopic hematuria and a
risk factor for bladder carcinoma; however, only one (6%)
presented a Hunner lesion. The results were positive for
Candida albicans in two (40%) samples, Candida krusei
in one (16.6%), and Streptococcus agalactiae also in one
(16.6%) individual, and one patient had a negative result.

The median ICSI/ICPI score on admission (pre-treat-
ment) was 31.5 (IQR: 29-35.2), with an ICSI of 17 (IQR:
14.25-19.5) and an ICPI of 15.5 (IQR: 13-16). There was
no correlation between the ICSI/ICPI scores with age (p =
0.66), symptom duration (p = 0.87), or age group (p = 0.09).
At the end of the treatment protocol (post-treatment), the
median ICSI/ICPI score was 6.5 (IQR: 2.25-11), represent-
ing a median reduction of 76.7% (CI 63.6-93.1), and the
median ICSI was 4.0 (IQR: 2.0-5.5), with a reduction of
77.1% (CI: 64.7-87.5). The median ICSI/ICPI score at the
end of follow-up (180 days) was 2.0 IQR: 0-3.75), with a
median reduction of 92.3% (CI: 88.8-100), and the median
ICSI was 0.5 (IQR: 0-2.75), with a median reduction of
97.5% (CI: 85.7-100), representing a significant difference
between admission and the end of follow-up (p < 0.001)

Table4 Evolution of the O'Leary—Sant ICSI/ICPI score by period:
admission (pre-treatment), end of treatment (post-treatment), and fol-
low-up (180 days)

Score Pre-treatment  Post-treatment 180 days  p

ICSI 17 (14.2-19.5) 4 (2-5.5) 0.5(0-2) <0.001
Reduction (%) - 76.4 97

ICPL 15.5(13-16) 3 (1-5.5) 0.5 (0-2.7) < 0.001
Reduction (%) - 80.6 96.7

ICSI/ICPL 31.5(29-35.2) 6.5(2.2-11) 2(0-3.7) <0.001
Reduction (%) - 79.3 93.6

ICSI: Interstitial Cystitis Symptom Index, ICPI: Interstitial Cystitis
Problem Index. Score values: median and IQR (in parentheses) sig-
nificance: Kruskal-Wallis

(Table 4). Figure 2 presents a box plot showing the decrease
in the ICSI score, the most important clinical O'Leary—Sant
index.

At the end of the treatment protocol, four (25%) patients
had ICSI/ICPI scores of 12 or greater, and three (75%) of
these patients were aged 27-48 years. Median values were 17
(IQR: 13.2-21.5) for the total score and 8 (IQR: 6.5-11) for
the ICSI. These values represented a median reduction of 47%
(CI: 36.1-63.6) and 62.3% (CI: 45-64.7) between admission
and post-treatment. The median ICSI/ICPI score at the 30-day
follow-up was 9 (IQR: 3.25-9), representing a reduction of
80.6% (CI: 73.2-90.2), while the median ICSI score was 3.5
(IQR: 2.25-4.75), with a reduction of 82.5% (CI: 72.8-85.5)
relative to the period of admission. At the end of 180 days,
the median ICSI/ICPI score was 1.5 (IQR: 0.25-5.75), with a
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Fig.2 ICSI score for period T
0: admission (pre-treatment),
period 6: end of treatment (post-
treatment), and period 9: 180
days of follow-up
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reduction of 95.1% (CI: 78.7-100), and a median ICSI score of
1.5 (IQR: 0.5-2.75), with a reduction of 90.3% (CI: 82.3—100).

At admission, the median score for urinary urgency and
frequency was 5 (IQR: 4-5), and for pelvic pain, 5 (IQR: 5).
No significant difference was found regarding the intensity of
symptoms and age groups (p = 0.5). At the end of the treat-
ment protocol, the median urinary urgency score was 1 (IQR:
0.25-1.0), with an 80% (CI: 66.6—-100) reduction in symptom
intensity and a significant difference between age groups (p =
0.002). Patients in the younger age group (27-40 years) had
higher values, with a median of 2 (IQR: 2-3). The results for
urinary frequency also showed a median of 1 IQR: 1-1.75),
with a reduction of 80% (CI: 40-80) but without a signifi-
cant difference between age groups (p = 0.08). As for pelvic
pain, the median was 0 (IQR: 0-1), with a 90% (CI: 50-100)
reduction in symptom intensity and no significant difference
between age groups (p = 0.66). At the end of the follow-up,
81.2% (13) of the patients had no urinary urgency, and 75%
(12) had no pelvic pain. The results showed a significant dif-
ference (p < 0.001) between the admission (pre-treatment) and
the follow-up periods (Table 5, Fig. 3).

No patients developed side effects attributed to ozone use.
Nine (56.2%) patients had urethral discomfort. There was no
urethral trauma, bleeding, or UTI in any period.
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Discussion

IC/BPS is a chronic inflammatory process that affects
the bladder wall. This process is characterized by neural
hypersensitization, mast cell involvement [27], and the
release of pro-inflammatory mediators such as histamine,
serotonin, nitric oxide (NO), tumor necrosis factor (TNF-
a), and activation of nuclear factor kappa beta (NF-xf)
[1,7,27].

This study presents, as a preliminary investigation, the
results obtained with intravesical ozone at anti-inflamma-
tory, immunomodulatory, and antioxidant dose [24]. The
results showed a 76.7% reduction in the ICSI/ICPI score
at the end of the therapeutic protocol and a 77.1% reduc-
tion in the ICSI. At the end of the follow-up period, the
values reached 92.3% and 97.5%, respectively, representing
an optimal therapeutic response and effectiveness over time,
suggesting interruption of the inflammatory cycle associated
with bladder changes that culminate in the clinical panorama
of IC/BPS. At the end of the follow-up, 81.2% of patients
reported no urinary urgency or pain, and 75% had no fre-
quency control issues, representing a significant difference
(p < 0.001) between pre-treatment and follow-up.
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Table 5 Evolution of symptom score by age groups and periods for urinary urgency, frequency, and pelvic pain

Age group 27-40 41-54 55-68 69-74 Total p* p¥*
Urgency Pre-treatment 5 (4-5) 5(3.5-5) 5(3.5-5) 4 (4-5) 5(4-5) 0.50
Post-treatment 2 (2-3) 1(0.75-1) 0 (0-0.75) 1(1) 1(0.25-1) 0.02
Follow-up 1(0-1) 0(0) 0 (0-0.75) 0(0) 0(0) 0.80 < 0.0001
Clinical response (%) 80 100 100 100 100
Frequency Pre-treatment 5(5) 5 (4-5) 4 (1.5-5) 5(4-5) 5(4-5) > 0.99
Post-treatment 33 1(0-1.2) 1(0.2-1) 1(1) 1 (1-1.7) 0.08
Follow-up 1(0-1) 0(0-1.25) 0(0) 0(0) 0 (0-0.75) 0.17 < 0.0001
Clinical response (%) 80 100 100 100 100
Pain Pre-treatment 5(2-5) 5(0.75-5) 5(2.5-5) 5(5) 5(5) 0.71
Post-treatment 1(0-3) 0(0-1.75) 0 (0-0.75) 1(0-1) 0(0-1) 0.66
Follow-up 0(0-2) 0(0) 0(0) 0 (0-1) 0(0) 0.30 < 0.0001
Clinical response (%) 100 100 100 100 100

Periods: Admission (pre-treatment), end of treatment (post-treatment), follow-up (180 days). Clinical response (%): percentage score reduction
between admission and the end of follow-up in absolute numbers. Symptom score values in median, quartiles (in parentheses). Statistical signifi-

cance: *p = between age groups, **p = between periods (Kruskal-Wallis)

Fig.3 ICSI score vs. urinary
urgency, frequency, and pelvic

Il Prc-treatment [ | Post-treatment [ ] Follow-up

pain in period 0: admission

(pre-treatment), period 6: end of
treatment (post-treatment), and

period 9: 180 days of follow-up 5 4 .
4 - F F Y J
% 3 4 x x -
Q | )
% 2 - -[ x X -
n | 4
1 1 x o 4

I :
4 l ) . ) 4
0 4 é —_—— X ¢ X —

T T T

Urgency Frequency Pain

Bayrak et al. evaluated the effect of ozone in an ani-
mal model of IC and demonstrated that ozone has an anti-
inflammatory effect on epithelial restoration and increased
capillary angiogenesis [17]. That study agrees with the
observations reported by Neimark et al. evaluating the use
of ozone in patients with chronic cystitis through microcir-
culation parameters and vesical morphological changes. The
authors demonstrated a restructuring of the epithelial layer,

with structural organization, reduction of the inflammatory
process, and significant improvement of microcirculation in
the bladder mucosa [28]. These observations may explain
our results confirmed through the ICSI/ICPI scores.

The mean age at onset of bladder symptoms in our study
was 47.5 years, with at least 80% of patients experiencing
onset of this clinical condition after 40 years of age. Sex
hormones, especially estrogen, exert substantial effects on
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the female lower urinary tract [29]. The hormonal decline
associated with menopause leads to histological and func-
tional changes in the lower urinary tract, resulting in uro-
genital symptoms such as urinary urgency, frequency, and
incontinence [26]. However, we did not observe a significant
difference (p = 0.432) in the ICSI score between menopausal
and non-menopausal patients.

Depression was found in 68.7% of patients, affecting
66.6% aged 27-40 and 100% aged 41-54 years. Watkins
et al. reported a high prevalence of IC/BPS in patients with
neurological and psychiatric disorders [30]. Depressive
patients with IC/BPS report more pain than those with-
out depression, and the coexistence of pain and depres-
sion makes the treatment more difficult, reduces recovery,
increases the duration of symptoms, and predisposes patients
to suicidal tendencies [31, 32]. Data obtained in the pre-
sent study did not show a correlation between depression,
maximum ICSI for pain on admission (p = 0.755), and the
absence of therapeutic response (p = 0.755).

An initially moderate therapeutic response was observed
in 25% of the patients, with a reduction of less than 50% in
the ICSI/ICPI score and 62.3% in the ICSI. At the end of
the follow-up, the ICSI reduction reached a value of 90.3%
relative to admission, suggesting a progressive effect of
intravesical ozone therapy not limited to the period of use,
corroborating the recent results of Clavo et al. using ozone
to treat chronic pelvic pain [33]. In this group, 75% of the
patients were younger (2740 years) and had a high preva-
lence of hematuria (66.6%). According to Quaghebeur and
Wyndaele, hematuria has high sensitivity and specificity to
differentiate ulcerative and non-ulcerative IC/BPS patients
[34]; this response could suggest an ulcerative phenotype.
Ulcerative IC/BPS presents intense epithelial denudation
and chronic inflammatory changes, with compromised
urothelial permeability and neuromodulated communica-
tion between the mucosa, the muscular layer, and the affer-
ent neural system [1, 7]. High levels of NO related to NO
synthase (inducible NO synthase [iNOS]) activity are also
reported [35]. NO regulates several pathophysiological pro-
cesses in inflammation, such as migration and adhesion of
polymorphonuclear leukocytes.

Tasdemir et al. evaluated hemorrhagic cystitis caused by
cyclophosphamide (CP) in an animal model and showed a
significant increase in lipid peroxides and NO, and a reduc-
tion in glutathione (GSH). The study demonstrated that
ozone co-treatment, especially 24 hours after using CP, pre-
vented the changes with prominent NO depletion and GSH
increases [18].

The effects associated with moderate and transient oxi-
dative stress triggered by ozone include the upregulation
of the antioxidant system, homeostasis of NO, calcium,
and inflammatory cytokines, and improvement in oxy-
gen metabolism and immune modulation, as reported in

@ Springer

clinical and preclinical studies [15-18, 20, 28, 36, 37].
Adverse reactions to ozone are mild and transient, contrib-
uting to the growing interest in its use in various patholo-
gies, including IC/BPS.

Cystoscopy was not conducted in our study as a diagnos-
tic for IC/BPS, since it was not the objective to differentiate
the clinical response to ozone treatment based on phenotype.
Cystoscopy may be optional in young women with symp-
toms of IC/BPS and without risk factors for bladder cancer
or other pelvic conditions [4]. The suspicion of phenotype
with or without a Hunner lesion can be made through spe-
cific clinical characteristics that suggest the diagnosis [9].

The present study is a preliminary investigation employ-
ing an innovative approach that can be considered a proof-
of-efficacy or single-arm intervention. The limitations of the
study are its use of convenience sampling of a small group
to evaluate the effectiveness of ozone therapy in patients
with IC/BPS who were nonresponders to conventional treat-
ment. New clinical investigations with a larger number of
patients, through randomized clinical trials with a control
and a sham group, and including histopathology, cystoscopy,
urinary cytokines, biopsy, and molecular pathogen analysis
patterns should be carried out, also aiming to determine the
possible ozone mechanisms of action in IC/BPS, mainly due
to the important appeal of patient nonresponders to conven-
tional treatments.

Conclusion

The results presented herein, as a preliminary investigation,
obtained through the O'Leary—Sant ICSI/ICPI scores showed
a good, progressive response to ozone treatment, at least in
the short term, and without side effects. The main findings
of the current study suggest that intravesical ozone may con-
tribute to the effective treatment of IC/BPS.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00192-022-05383-3.
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