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Introduction
Hyperbaric oxygen (HBO) therapy has been used in 
medicine for over a century. At atmospheric pres-
sure and while breathing room air, approximately 
0.3% of oxygen delivered to tissues is dissolved in 
plasma.1 The remaining oxygen is delivered bound 
to hemoglobin. Henry’s Law states that the partial 
pressure of gas dissolved in liquid is equal to the 
partial pressure of the gas at the surface.2 As a result, 

breathing 100% oxygen as opposed to room air 
(21% oxygen) should increase the amount of oxy-
gen in the blood. Boyle’s Law states that the volume 
of a gas is inversely proportional to the pressure.2 
This allows for more oxygen molecules in the same 
volume at higher pressures. Combining the modali-
ties of 100% oxygen and increased atmospheric 
pressure allows for a 10–15-fold increase in the oxy-
gen content in blood.
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Abstract
Background: The etiology of interstitial cystitis (IC) is often idiopathic but can be due to 
Hunner’s ulcers. Hyperbaric oxygen (HBO) is used to treat ulcerative disease of the superficial 
skin. We hypothesized that HBO can treat ulcerative IC (UIC) but would be less efficacious for 
non-ulcerative IC (NIC).
Methods: Patients with NIC and UIC enrolled in this study. Following informed consent, 
demographic information was collected. A visual analog pain scale and validated 
questionnaires were collected; each patient underwent cystoscopy prior to treatment. Each 
subject met with a hyperbaric specialist and after clearance underwent 30 treatments over 6 
weeks. Adverse events were monitored. Patients repeated questionnaires, visual analog pain 
scale and global response assessment (GRA) immediately, 2 weeks, 3, 6 and 12 months after 
treatment. Patients also underwent cystoscopy 6 months after treatment. Differences before 
and after treatment were compared.
Results: Nine patients were recruited to this study. One was unable to participate, leaving two 
subjects with NIC and six with UIC. All patients completed HBO without adverse events. Three 
patients completed HBO but pursued other therapies 7, 8.5 and 11 months after treatment. 
On GRA, 83% of patients with UIC were improved. This treatment effect persisted, as 66% 
of UIC patients remained better at 6 months. In contrast, only one patient in the NIC group 
improved. Questionnaire scores improved in both groups. Pain scores improved by 2 points in 
the UIC group but worsened by 1.5 points in the NIC group. Two patients with ulcers resolved 
at 6-month cystoscopy.
Conclusion: HBO appeared beneficial for both UIC and NIC. Data shows slightly better benefit 
in patients with UIC compared to NIC; both groups showed improvement. Given the small 
sample size, it is difficult to draw definitive conclusions from these data. Larger studies with 
randomization would be beneficial to show treatment effect.
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Various indications for HBO include osteomyeli-
tis, chronic wounds, burns and radiation cysti-
tis.3–6 While not completely understood, the 
physiology that assists with wound healing is 
believed to be due to increased oxygen in the 
blood and subsequent increase in oxygen delivery 
to tissues. Increased oxygen increases the amount 
of reactive oxygen species. These are parts of nor-
mal metabolism of many cell components and 
coordinate cell signaling and antioxidant path-
ways, which can improve wound healing.7 HBO 
also induces production of VEG-F, which stimu-
lates angiogenesis.8

One of the most promising applications of HBO 
is in the treatment of superficial skin ulcers. In the 
treatment of diabetic foot ulcers, HBO therapy 
increased the rate of ulcer healing and size of the 
ulcer during treatment.9 In urology, ulcers in the 
bladder were first documented by Hunner in 
1915.10 These eventually became known as 
Hunner’s ulcers and have been documented in 
cases of interstitial cystitis (IC). To date, several 
trials of HBO have been conducted for patients 
with IC. None of these trials directly compared 
the response to HBO in patients with the diagno-
sis of IC with and without Hunner’s ulcers. We 
hypothesize that patients with ulcerative intersti-
tial cystitis (UIC) will respond better to HBO that 
patients with non-ulcerative interstitial cystitis 
(NIC).

Materials and methods
Patients with either a diagnosis of UIC or NIC 
were offered the option to participate in this IRB-
approved study by their urologist (KP or JG). 
Potential participants met with a research nurse 
(MC) to determine whether they were eligible for 
the study. Inclusion criteria included a diagnosis 
of IC made by a urologist, history of previous 
treatments for IC and urinary frequency of at 
least eight times daily. Exclusion criteria were as 
follows: previous bladder or neurologic surgery 
(except for cystoscopic procedures), active uri-
nary tract infection and chronic urinary retention 
requiring an indwelling catheter or intermittent 
catheterization. If patients met these criteria, 
informed consent was obtained. This was 
obtained by one of the authors (MC). All partici-
pants agreed not to undergo any treatments for 
IC during the course of the study.

All patients met with a hyperbaric medicine spe-
cialist (FG) for a history and physical examination 

and a chest X-ray. The specialist determined 
whether or not the patient was able to undergo 
HBO treatment, in accordance with known con-
traindications for HBO.

If all of these criteria were met, demographic 
information (age, gender, past surgical history) 
was then collected. Participants then completed a 
voiding diary, validated questionnaires, IC 
Problem Index (ICPI) and IC Symptom Score 
Index (ICSI), visual analog scale (VAS) pain 
score and cystoscopy prior to beginning HBO 
treatment. Cystoscopy was completed by one of 
the urologists (KP, MBC, DW or JG).

HBO treatment included a total of 30 treatments. 
For each treatment, the patient is placed in a 
chamber set at 2.2 atm. They wear a hood and 
breathe 100% oxygen for 90 minutes. They spend 
10 minutes in descent, receive two 10-minute 
breaks during the 90 minutes, and then spend 10 
minutes in ascent. The total treatment time is 2 
hours and 10 minutes. These were performed 
Monday through Friday for 6 weeks consecu-
tively. If a patient missed a treatment, they under-
went ‘makeup’ treatments until they received 30 
treatments. Blood pressure, pulse and blood glu-
cose were tested before and after each visit. Also 
at each visit, patients were monitored by a nurse 
and seen by a hyperbaric specialist and monitored 
for adverse events.

Patients had repeat visits with the research nurse 
at the following intervals after completing HBO: 
2 weeks, 3 months, 6 months and 12 months. 
Each visit included an interval history, monitor-
ing for any adverse events or side effects from 
HBO and completion of a voiding diary, ICPI 
and ICSI questionnaires, VAS pain score and 
global response assessment (GRA) to judge 
response to the treatment. The GRA scoring sys-
tem is shown in Table 1. The following voiding 
diary variables were also noted before and after 
treatment: number of voids per day less than 30 
cc, number of incontinence episodes per day and 
number of pads used per day. Cystoscopy was 
repeated 6 months after treatment to see if there 
were changes or if ulcers that were seen pre-treat-
ment had resolved. In every case, post-treatment 
cystoscopy was done by the same urologist who 
performed the pre-treatment cystoscopy.

Data were then collected and analyzed by a statisti-
cian. Descriptive statistics were supplied. Our pri-
mary outcome is the GRA. Secondary outcomes 
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included improvement in symptoms as seen in 
voiding diary, validated questionnaire scores, VAS 
pain score and cystoscopic appearance of the 
bladder.

Results
A total of nine patients were recruited to partici-
pate in the study over a 2-year period. One patient 
was excluded due to frequent headaches. Of the 
eight patients that underwent HBO, six had UIC 
(Group A) and two had NIC (Group B). 
Differences in demographic information between 
the groups are shown in Table 2.

All eight patients completed hyperbaric treat-
ment without adverse events. Three patients 
withdrew within the year at 7, 8.5 and 11 
months after treatment. These patients were 
considered non-responders and excluded from 
any further analysis. Therefore, the total ana-
lyzed sample included four patients with UIC 
and one with NIC.

GRA was the primary outcome. All GRA 
responses are shown in Table 3. All five patients 
were improved on GRA after treatment. The 
NIC patient was markedly better as of 3 months 
after treatment, and this effect persisted at 12 
months. In the UIC group, two patients were 
markedly better and two were mildly better.

Secondary outcomes included voiding diary 
responses, ICSI and ICPI questionnaire scores, 
VAS pain scores and resolution of ulcers on fol-
low-up cystoscopy. Voiding diary responses were 

extremely variable, both between groups, in each 
patient and before and after treatment. These 
responses were not used in any further analysis 
due to the lack of reproducibility.

ICSI scores for the analyzed patients are shown in 
Table 4. The one NIC patient analyzed showed a 
decrease from a pre-procedure score of 8 down to 
1. Of the four UIC patients, median ICSI score 
decreased from 13 to 10.

ICPI scores are shown in Table 5. The NIC 
patient showed a decrease in ICPI score from 9 to 
0. Median ICPI score in the UIC group decreased 
from 12 down to 10.

VAS pain scores were improved or stable in all 
patients. VAS pain scores are shown in Table 6. 
Median decrease in pain score was 1.5 points.

Three patients had ulcers prior to treatment. Two 
of these patients had resolution of their ulcers 6 
months after treatment.

Discussion
IC is notoriously difficult to diagnose and treat. 
Even the most recent AUA guidelines regarding 
the treatment of IC are very non-specific. They 
offer a variety of treatments for IC, which range 
from stress relief to physical therapy to oral medi-
cations to intravesical installations.11 In addition, 
a large portion of these treatments are based upon 
expert opinion, which are the lowest level of evi-
dence per the guidelines. IC patients are frus-
trated by attempting treatment options, often 
multiple, before they find an effective treatment 
that works for them. It is estimated by several 
studies that the cost of treatment of IC is esti-
mated at $230 million.12–17

One of the more severe types of IC is that in which 
patients have ulcers in the bladder. These were 
first documented by Hunner in 1915.10 Since 
then, many authors have attempted different 
treatments for Hunner’s ulcers, including tran-
surethral fulguration, adrenocorticotropic hor-
mone, heparin, hydrocortisone, prednisone and 

Table 1. Global response assessment (GRA).

Markedly 
worse

Moderately 
worse

Mildly 
worse

Unchanged Mildly 
better

Moderately 
better

Markedly 
better

GRA score –3 –2 –1 0 +1 +2 +3

Table 2. Comparisons of demographic variables 
between ulcerative and non-ulcerative groups.

Group A Group B

Mean age (years) 54.2 47

Gender

 Male   2 (33.3%) 0

 Female   4 (66.7%)  2 (100%)
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pentosanpolysulfate, all with varying degrees of 
success.18–23 Some authors have even performed 
cystectomy in very severe cases.24

HBO has shown promise in several fields of medi-
cine, including urology. A review in 2011 found 
that HBO has been used to treat Fournier’s gan-
grene, radiation cystitis, IC, fistula and cyclo-
phosphamide-induced cystitis.25 It was first used 
to treat IC by van Ophoven and colleagues in 
2004.26 This pilot study examined six patients, of 
which four showed long-term improvement. The 
other two patients showed short-term improve-
ment that was not sustainable. This pilot study 
led the same group to investigate further in 
2006.27 In this double-blind study, HBO treat-
ment showed improvement in three of the patients 
who received it, with no improvement in the sham 
group. While promising, these data only showed 
improvement in three patients, and given the 

intensity of HBO treatment this may be too much 
for patients to undergo with what appears to be a 
low benefit.

These initial investigations led to further clinical 
trials. In 2007, Tanaka and colleagues treated 
two women resistant to other therapies with 20 
sessions of HBO.28 One patient with a Hunner’s 
ulcer showed complete resolution. One patient 
had Eustachian tube dysfunction resulting in per-
sistent hearing dysfunction. Similar to the trials 
by van Ophoven and colleagues, this group then 
performed a longer-term, larger study.29 This trial 
enrolled 11 patients, of whom seven showed 
improvement. One drawback, however, was a 
lack of standardization of the treatments, as 
patients either underwent treatment for 2 or 4 
weeks. There was also no control group, which 
makes it difficult to directly attribute symptom 
improvement to HBO.

Table 3. Global response assessment for all patients.

Patient 2 weeks 3 months 6 months 12 months

Ulcerative 1 +2 +2 +1 +1

Ulcerative 2 +1 –3 +1 +3

Ulcerative 3 +2 +1 +1 +3

Ulcerative 4 +2 +1 +1 +1

Non-ulcerative +1 +3 +3 +3

Table 4. Interstitial Cystitis Symptom Score Index scores for all patients enrolled in the trial.

Patient Pre-treatment 2 weeks 3 months 6 months 12 months

Ulcerative 1 14 7 8 10 9

Ulcerative 2 16 15 15 15 15

Ulcerative 3 11 6 10 8 2

Ulcerative 4  9 4 5 9 7

Non-ulcerative  8 6 4 1 1

Table 5. Interstitial Cystitis Problem Index scores for all patients enrolled in the trial.

Patient Pre-treatment 2 weeks 3 months 6 months 12 months

Ulcerative 1 13 6 5 7 8

Ulcerative 2 13 13 13 12 12

Ulcerative 3 16 12 12 8 2

Ulcerative 4 10 6 7 5 8

Non-ulcerative 9 8 3 1 0
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The summarized data above show much promise 
for HBO. As mentioned in the introduction, our 
theory was that patients with UIC would respond 
better than those with NIC given that HBO has 
been shown to improve ulcerative diseases else-
where in the body. To this end, we made the goal 
of recruiting UIC and NIC patients and treating 
both to see if one had a greater response than the 
other. We were able to recruit both types of 
patients, and all underwent the same number of 
HBO treatments and completed the same ques-
tionnaires. We also excluded all the patients who 
pursued treatment before completion of the year 
assessment to minimize confounders that could 
have improved their symptom response.

Overall, patients responded well. There were no 
adverse events noted due to HBO. GRA showed 
improvement in both groups, and this effect was 
sustainable at 1 year post-treatment. All second-
ary outcomes, VAS pain, ICSI and ICPI scores 
were also improved in both groups. Given the 
small size of the groups, we were unable to directly 
compare the responses between them in a statisti-
cally significant way. One of the more promising 
findings in our study is that of the three patients 
with ulcers; two of them experienced cystoscopic 
resolution of the ulcers 6 months after treatment 
with HBO. Given the absence of other treatments 
during this time period (including fulguration), 
this suggests that HBO was the main reason for 
healing of these ulcers.

Given this is a clinical study, we are unable to 
explain how or why HBO is effective in IC. Yilmaz 
and colleagues attempted to explain pathologic 
and histologic changes in rats treated with HBO 
after hydrochloric acid-induced IC.30 Rats with 
induced IC and treated with HBO showed 
reduced mast cell activity. Other markers of cell 
damage also were improved if treated with HBO. 
This is a basic science study that begins to shed 
light on how HBO can ameliorate some of the 

symptoms of UIC, which are largely due to 
inflammation.

Our study has many advantages. This is the first 
study performed to our knowledge that directly 
compares treatment response in patients with 
UIC and NIC. In addition, all of the patients in 
our study were treated with the same type and 
number of HBO sessions. This is advantageous 
because other studies used varying numbers of 
treatments not only within treatment groups but 
also between groups. The use of validated ques-
tionnaires to assess treatment effect is also a ben-
efit. This provides consistency and validity to our 
results. Lastly, we excluded women who had pre-
vious urinary tract surgeries, such as bladder sus-
pension, pelvic organ prolapse repair and surgeries 
for stress incontinence. It is documented in sev-
eral studies that any of these surgeries can affect 
pelvic pain, discomfort, quality of life and sexual 
function.31–36

While promising, our study does have its disad-
vantages. First, the study had a very small number 
of subjects. As a result, we were unable to directly 
compare groups and draw any statistical signifi-
cance from our data. Second, while we excluded 
patients that underwent surgical or medical treat-
ments, we did not assess what non-medical treat-
ments, such as diet, exercise, stress relief or 
physical therapy patients were simultaneously 
undergoing during and in the year following treat-
ment. Several authors have advocated for the use 
of these techniques and how they can help with IC 
symptoms.11,37–39 It would be difficult to assess 
specific non-medical therapies that patients 
underwent during treatment and even more chal-
lenging to control for these. Third, it is well-docu-
mented that other syndromes commonly occur 
with IC. These can include, but are not limited to, 
inflammatory bowel disorders, endometriosis, 
chronic pelvic pain, vulvodynia, overactive blad-
der, fibromyalgia, chronic pain and chronic fatigue 

Table 6. Visual analog scale pain scores for all subjects.

Patient Pre-treatment 2 weeks 3 months 6 months 12 months

Ulcerative 1 2 0 0 2 0

Ulcerative 2 3 4 0 1 1

Ulcerative 3 5 3 4 2 0

Ulcerative 4 3 1 3 2 3

Non-ulcerative 1 1 3 0 0
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syndrome.40–45 In a study where it is difficult to 
recruit patients (more on that below), it would be 
very challenging to exclude subjects who have any 
of these concomitant medical conditions. If sub-
jects do have these conditions, it is impossible to 
know if HBO has any effect on these other medi-
cal problems and if the treatment of these could 
improve symptoms.

From a study standpoint, recruitment proved 
challenging – the time commitment is intense 
and the lack of pursuing other treatments for a 
year after the study were the primary deterrents. 
This is largely the reason many of our patients 
were either unemployed, on disability or worked 
part-time. The study was also expensive and 
performing the study for only eight patients still 
cost a significant amount. Repeating the study 
with more patients would be beneficial to prove 
statistical significance. This would likely require 
corporate sponsorship or a generous grant to 
complete, given the aforementioned financial 
difficulties.

Conclusion
Our study is the first to our knowledge that 
directly compares HBO treatment response in 
UIC and NIC. Despite the limitations, our study 
is helpful in identifying a potential response dif-
ference between the two groups. Further valida-
tion with a larger sample size would be useful.
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