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Abstract

Background: There is no confirmed strategy for treating painful bladder syndrome/interstitial cystitis (PBS/IC) with
unclear etiology. Therefore, a pilot study was carried out to evaluate the efficacy and safety of hyperbaric oxygen
(HBO) therapy in treatment-resistant PBS/IC patients.

Methods: HBO treatment (2.0 ATA for 60 minutes/day × 5 days/week for 2 or 4 weeks) was performed on 11
patients with severe symptoms that had not been improved by previous therapy regimens between December
2004 and July 2009.

Results: Seven of the 11 patients demonstrated persistent improvement in symptoms during the 12 months after HBO
treatment. These responders demonstrated a decrease in the pelvic pain scale and urgency scale from 7.7 ± 1.0 and,
6.6 ± 0.9 to 3.4 ± 2.5 and 4.3 ± 2.4 after 12 months, respectively (p < 0.05). The total score of the interstitial cystitis
symptom index and 24-hour urinary frequency demonstrated a significant sustained decrease from the baseline. Two
responders, who received an additional course of HBO 12 and 13 months after initial treatment, respectively, did not
suffer impairment for more than two years. There was one case of transient eustachian tube dysfunction and three
cases of reversible exudative otitis media as a consequence of HBO treatment.

Conclusions: HBO is a potent treatment for PBS/IC patients resistant to conventional therapy. It was well tolerated
and provided maintained amelioration of pain, urgency and urinary frequency for at least 12 months.

Background
Painful bladder syndrome/interstitial cystitis (PBS/IC) is a
collective term covering a range of clinical complaints and
pathological findings. Approximately 10-50% of PBS/IC
patients demonstrate a classical mucosal ulcer (Hunner’s
ulcer), and the majority are diagnosed on the basis of posi-
tive factors and exclusions derived from the diagnostic cri-
teria of the National Institute of Diabetes and Digestive
and Kidney Diseases for IC [1,2]. The etiology of PBS/IC
includes a diversity of factors and remains poorly under-
stood. Therefore, appropriate therapy has not been estab-
lished from clinical evidence [3-5]. Hyperbaric oxygen

(HBO) therapy has been reported to be effective in
patients with cyclophosphamide-induced hemorrhagic
cystitis and chronic radiation cystitis for approximately
20 years [6-9]. The pathological finding of chronic radia-
tion cystitis is similar to PBS/IC, focusing on ischemia and
a reduction in bladder capacity due to fibrosis of the blad-
der wall [10-12]. On the basis of these findings, a pilot
study concerning HBO treatment in several PBS/IC
patients whose symptoms had not been improved by other
conventional treatments was carried out.

Methods
From December 2004 to July 2009, 11 PBS/IC patients
whose symptoms were resistant to conventional therapy
were treated with HBO therapy. All patients had
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undergone conventional treatments including oral medi-
cation, intrasvesical instillation of heparin and hydrodis-
tension. The ethical review board of our institute
approved the study, and informed consent was obtained
from all patients. Patients were treated with HBO (2.0
ATA for 60 minutes/day × 5 days/week for two or four
weeks) sequentially after previous hydrodistention. After
10 sessions had been performed, patients were assessed
and 10 more sessions were performed in some cases;
eight patients underwent 10 sessions and three received
20 sessions (Table 1). In the case of patients with severe
urgency or incontinence, pads were worn during treat-
ment sessions. The efficacy of HBO treatment for PBS/
IC disease was assessed using the score of O’Leary-Sant
IC symptom and problem index (ICSI), comprising eight
questions with the ranges of 0-5 and 0-4 with regards to
pain and voiding symptoms, respectively, the scales of
pelvic pain and urgency using a visual analogue scale
(VAS) with the range 0-9, bladder capacity, daily voiding
frequency, and endoscopic findings. A responder was
defined as a patient with an improvement in ≥ 1 fraction
among the total score of ICSI, and the scale of pain or
urgency on VAS. The population of two related samples
could not be assumed to be normally distributed. There-
fore, statistical comparisons were performed using the
Wilcoxon signed-rank test for changes from the baseline
in the aforementioned parameters. P < 0.05 was consid-
ered to denote a statistically significant difference.

Results
The patients comprised 10 females and one male; the
mean age was 60.0 years (range 28-79 years). The PBS/
IC diseases in these 11 patients included eight cases of

ulcerative type and three of non-ulcerative type, accord-
ing to intravesical endoscopic findings (Table 1).
Patients were followed up for a median period of
14 months (range 3-50 months) after HBO therapy.
Seven of the 11 patients were classed as responders.
Four patients, who demonstrated no remission or short-
term improvement, were considered non-responders.
Three of four non-responders had non-ulcerative endo-
scopic findings (Table 1). At the end of the HBO
sessions, seven responders demonstrated a significant
improvement in symptoms compared to the pre-treat-
ment baseline (p < 0.05), and had sustained amelioration
with mild impairment during the following 12 months
(Figure 1). After 12 months, the scales concerning pelvic
pain and urgency were still decreased from 7.7 ± 1.0
and 6.6 ± 0.9 to 3.4 ± 2.5 and 4.3 ± 2.4, respectively
(p < 0.05). The total score of ICSI decreased from
26.7 ± 7.0 to 18.7 ± 7.4 (p < 0.05), and the 24-hour
voiding frequency decreased from 22.4 ± 4.0 to 14.6 ±
2.0 (p < 0.05). Two patients (cases one and two) in the
responder group, who had received 20 sessions at the
time of the initial report, underwent 10 secondary ses-
sions of HBO treatment 13 and 14 months after initial
HBO therapy, respectively. The symptoms in these
patients remained stable for more than two years. In
addition, cystoscopic examination demonstrated
marked granulation of the ulcerative lesion (Figure 2)
at the end of HBO treatment in all responders. With
regards to adverse events, there was transient eusta-
chian tube dysfunction in one case and reversible exu-
dative otitis media in three cases. However, no patients
discontinued HBO treatment because of these side
effects.

Table 1 Characteristics of HBO-treated patients and outcome of HBO

Patient Sex Age
(years)

Symptom
duration
(years)

Bladder
capacity on
FVC (ml)

Times of
hydrodistension
before HBO

Sessions of
HBO

treatment

Response
to HBO

PBS/IC subtype
based on

hydrodistension

Observation
duration after
HBO (months)

1* female 79 2.2 40 2 20 Responder Ulcerative 50

2* female 61 4.5 60 2 20 Responder Ulcerative 44

3 female 28 1.8 80 1 10 Non-
responder

Non-ulcerative 4

4 female 68 2.4 70 4 10 Responder Ulcerative 33

5 female 57 3.6 80 4 10 Responder Ulcerative 15

6 male 65 4 50 2 20 Non-
responder

Non-ulcerative 30

7 female 70 3.2 100 1 10 Responder Ulcerative 14

8 female 50 2.1 90 2 10 Non-
responder

Non-ulcerative 4

9 female 70 6.4 40 6 10 Responder Ulcerative 13

10 female 43 3.5 120 1 10 Non-
responder

Ulcerative 3

11 female 70 3.2 50 4 10 Responder Ulcerative 12

*Two patients of case 1, 2 underwent additional 10 sessions after 13, 14 months, respectively.
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Figure 1 Changes in evaluated parameters (the total score of ICSI, the scale of pain and urgency on VAS, 24-hour voiding frequency
and maximum bladder volume) from the baseline in seven responders after three, six, nine, and 12 months follow-up after HBO
treatment. The bottom and top of the box are the lower and upper quartiles, respectively, and the ends of whiskers represent the minima and
maxima of the samples.
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Discussion
The mechanism of action underlying HBO treatment is
attributed to hyper-saturation of the plasma with dis-
solved oxygen. This gives rise to an increased concentra-
tion gradient between the circulation and surrounding
tissues, allowing oxygen to enter damaged hypoxic
urothelial tissues. HBO treatment accelerates growth of
healthy granulation in injured tissues via stimulation of
leukocytic functions including phagocytosis and produc-
tion of growth factors related to angiogenesis [13,14].
HBO therapy has been used predominantly for chronic
radiation cystitis and cyclophosphamide-induced hemor-
rhage cystitis in the last 20 years [6-9]. Chronic radia-
tion cystitis is characterized by various histological
alterations including sub-mucosal hemorrhage, intersti-
tial fibrosis and smooth muscle fibrosis [10], which cor-
respond to classical PBS/IC with ulcerative lesions
[11,15]. Therefore, it was hypothesized that HBO could
be an effective treatment for PBS/IC with typical histo-
logical changes (glomerulations, Hunner’s ulcer and
interstitial fibrosis). Seven of 11 cases treated with HBO
demonstrated a significant decrease in urinary frequency
and pelvic pain and an increase in bladder capacity.
Cystoscopic examination revealed the scarring or heal-
ing phase of ulcerative lesions in all responders. Further-
more, the positive effects on symptoms were sustained
for a minimum of 12 months. Van Ophoven et al. car-
ried out a pilot study concerning HBO in six PBS/IC
patients [16]. Our group reported that HBO treatment
resulted in a marked improvement of severe PBS/IC
symptoms in the initial two cases [17]. In addition, van

Ophoven’s research group reported the effectiveness of
HBO for PBS/IC on the basis of a randomized, double-
blind, sham controlled clinical study [18]. This study
revealed that the scale of pelvic pain in the HBO treat-
ment group was significantly better than in the sham
control group, and the amelioration in responders was
sustained 12 months after HBO treatment. The results
of our study are almost compatible with their report.
Interestingly, secondary HBO treatment prolonged the
period of remission in two cases (cases 1, 2). Therefore,
it is likely that a repeated course of HBO could acceler-
ate the healing phase of ulcerative PBS/IC disease.
Three of the four cases that responded poorly to HBO
presented with non-ulcerative PBS/IC. Thus, we specu-
late that ulcerative lesion with the most evident expres-
sion of bladder ischemia may be a predictive factor to
result in good response to HBO. HBO therapy was well
tolerated by patients; adverse events including visual dis-
turbance, eustachian tube dysfunction and claustropho-
bia were unusual [19]. Furthermore, the advantage of
HBO treatment over conventional therapies such as
hydrodistension [15], intravesical instillation of
dimethyl-sulfoxide (DMSO) [20] and intravesical sub-
mucosal injection of Botulinum toxin type A [21,22] is
that it is non-invasive.

Conclusions
The long-term efficacy of HBO treatment in 11 PBS/IC
patients resistant to other conservative therapies was
investigated. Seven of 11 patients, who underwent 10 or
20 sessions of HBO treatment, demonstrated good

Figure 2 Granulation of an ulcer in the bladder mucosa of an HBO-responder; the arrows indicate the lesions.
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amelioration of the evaluated parameters including IC
symptom score, scale for pain and urgency, 24-hour
urinary frequency and bladder volume, for at least one
year. Furthermore, two responders with worsening
symptoms experienced prolonged improvement after
additional HBO treatment sessions. HBO therapy was
well tolerated, with few patients developing transient
eustachian tube dysfunction and reversible exudative oti-
tis media.
The present study suggests that HBO could be used

for the treatment of PBS/IC patients resistant to various
conventional therapies.

List of abbreviations
FVC, frequency volume chart; pre, pre-HBO treatment; post, post-HBO
treatment; HBO, hyperbaric oxygen; PBS/IC, painful bladder syndrome/
interstitial cystitis; ATA, atmosphere absolute; ICSI, Interstitial Cystitis
Symptom and Problem Index; VAS, visual analogue scale.

Authors’ contributions
TT conceived the study and participated in analyses of the data. All authors
assisted in the interpretation of data and approved the final version of the
manuscript.

Competing interests
The authors declare that they have no competing interests.

Received: 2 October 2010 Accepted: 24 May 2011
Published: 24 May 2011

References
1. Koziol JA: Epidemiology of interstitial cystitis. Urol Clin North Am 1994,

21(1):7-20.
2. Peeker R, Fall M: Toward a precise definition of interstitial cystitis: further

evidence of differences in classic and nonulcer disease. J Urol 2002,
167(6):2470-2472.

3. Peeker R, Fall M: Treatment guidelines for classic and non-ulcer
interstitial cystitis. Int Urogynecol J Pelvic Floor Dysfunct 2000, 11(1):23-32.

4. Fall M, Baranowski AP, Fowler CJ, Lepinard V, Malone-Lee JG, Messelink EJ,
Oberpenning F, Osborne JL, Schumacher S: EAU guidelines on chronic
pelvic pain. Eur Urol 2004, 46(6):681-689.

5. Peeker R, Fall M: Interstitial cystitis–a time for revision of name and
diagnostic criteria in the new millennium? BJU Int 2002, 89(6):637-638.

6. Hader JE, Marzella L, Myers RA, Jacobs SC, Naslund MJ: Hyperbaric oxygen
treatment for experimental cyclophosphamide-induced hemorrhagic
cystitis. J Urol 1993, 149(6):1617-1621.

7. Norkool DM, Hampson NB, Gibbons RP, Weissman RM: Hyperbaric oxygen
therapy for radiation-induced hemorrhagic cystitis. J Urol 1993, 150(2 Pt
1):332-334.

8. Weiss JP, Mattei DM, Neville EC, Hanno PM: Primary treatment of
radiation-induced hemorrhagic cystitis with hyperbaric oxygen: 10-year
experience. J Urol 1994, 151(6):1514-1517.

9. Furness PD, Palmer LS, Palmer JS, Capelli-Schellpfeffer M, Cheng EY:
Hyperbaric oxygen therapy for pediatric hemorrhagic cystitis. J Urol
1999, 161(5):1596-1597.

10. Crew JP, Jephcott CR, Reynard JM: Radiation-induced haemorrhagic
cystitis. Eur Urol 2001, 40(2):111-123.

11. Irwin P, Galloway NT: Impaired bladder perfusion in interstitial cystitis: a
study of blood supply using laser Doppler flowmetry. J Urol 1993,
149(4):890-892.

12. Pontari MA, Hanno PM, Ruggieri MR: Comparison of bladder blood flow in
patients with and without interstitial cystitis. J Urol 1999, 162(2):330-334.

13. Niinikoski J: Effect of oxygen supply on wound healing and formation of
experimental granulation tissue. Acta Physiol Scand Suppl 1969, 334:1-72.

14. Meltzer T, Myers B: The effect of hyperbaric oxygen on the bursting
strength and rate of vascularization of skin wounds in the rat. Am Surg
1986, 52(12):659-662.

15. Lavelle JP, Meyers SA, Ruiz WG, Buffington CA, Zeidel ML, Apodaca G:
Urothelial pathophysiological changes in feline interstitial cystitis: a
human model. Am J Physiol Renal Physiol 2000, 278(4):F540-553.

16. van Ophoven A, Rossbach G, Oberpenning F, Hertle L: Hyperbaric oxygen
for the treatment of interstitial cystitis: long-term results of a
prospective pilot study. Eur Urol 2004, 46(1):108-113.

17. Tanaka T, Kawashima H, Makino T, Kamikawa S, Kato N, Nakatani T:
Hyperbaric oxygen therapy for interstitial cystitis resistant to
conventional treatments. Int J Urol 2007, 14(6):563-565.

18. van Ophoven A, Rossbach G, Pajonk F, Hertle L: Safety and efficacy of
hyperbaric oxygen therapy for the treatment of interstitial cystitis: a
randomized, sham controlled, double-blind trial. J Urol 2006, 176(4 Pt
1):1442-1446.

19. Capelli-Schellpfeffer M, Gerber GS: The use of hyperbaric oxygen in
urology. J Urol 1999, 162(3 Pt 1):647-654.

20. Rossberger J, Fall M, Peeker R: Critical appraisal of dimethyl sulfoxide
treatment for interstitial cystitis: discomfort, side-effects and treatment
outcome. Scand J Urol Nephrol 2005, 39(1):73-77.

21. Giannantoni A, Costantini E, Di Stasi SM, Tascini MC, Bini V, Porena M:
Botulinum A toxin intravesical injections in the treatment of painful
bladder syndrome: a pilot study. Eur Urol 2006, 49(4):704-709.

22. Giannantoni A, Porena M, Costantini E, Zucchi A, Mearini L, Mearini E:
Botulinum A toxin intravesical injection in patients with painful bladder
syndrome: 1-year followup. J Urol 2008, 179(3):1031-1034.

Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2490/11/11/prepub

doi:10.1186/1471-2490-11-11
Cite this article as: Tanaka et al.: Hyperbaric oxygen therapy for painful
bladder syndrome/interstitial cystitis resistant to conventional
treatments: long-term results of a case series in Japan. BMC Urology
2011 11:11.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

Tanaka et al. BMC Urology 2011, 11:11
http://www.biomedcentral.com/1471-2490/11/11

Page 5 of 5

http://www.ncbi.nlm.nih.gov/pubmed/8284848?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11992059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11992059?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10738931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10738931?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15548433?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15548433?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11942986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11942986?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8501819?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8326555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8326555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8189559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8189559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8189559?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10210424?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11528186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11528186?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8455269?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10411032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10411032?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5383545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/5383545?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2431639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2431639?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10751214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10751214?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15183555?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17593107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/17593107?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16952654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16952654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16952654?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10458334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/10458334?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15764276?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16417964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/16417964?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206941?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/18206941?dopt=Abstract
http://www.biomedcentral.com/1471-2490/11/11/prepub

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Discussion
	Conclusions
	Authors' contributions
	Competing interests
	References
	Pre-publication history

