
Our reference: APME 4 P-authorquery-v9

AUTHOR QUERY FORM
Journal: APME

Article Number: 4
Please e-mail or fax your responses and any corrections to:

E-mail: corrections.esch@elsevier.tnq.co.in

Fax: +31 2048 52789
Dear Author,

Please check your proof carefully and mark all corrections at the appropriate place in the proof (e.g., by using on-screen

annotation in the PDF file) or compile them in a separate list. Note: if you opt to annotate the file with software other than

Adobe Reader then please also highlight the appropriate place in the PDF file. To ensure fast publication of your paper please

return your corrections within 48 hours.

For correction or revision of any artwork, please consult http://www.elsevier.com/artworkinstructions.

Any queries or remarks that have arisen during the processing of your manuscript are listed below and highlighted by flags in

the proof.
Location

in article

Query / Remark: Click on the Q link to find the query’s location in text

Please insert your reply or correction at the corresponding line in the proof
Q1 Please note that the word “Case Report” has been deleted from the article title. Please check and correct if

necessary.
Q2 Please check the edits made to the affiliations and the corresponding author are correct.
Q3 Is the word “Post Voidal Urine” spelled correctly? Please check, and amend if necessary.
Q4 Please confirm that given names and surnames have been identified correctly.
Please check this box if you have no
corrections to make to the PDF file ,
Thank you for your assistance.

mailto:corrections.esch@elsevier.tnq.co.in
mailto:http://www.elsevier.com/artworkinstructions


Use of hyperbaric oxygen therapy in management of radiation cystitisQ1

Q4 Tarun Sahnia,*, Puneet Guptab

ABSTRACT

Radiation induced tissue injury is a result of progressive endarteritis which leads to hypovascular, hypocellular and
hypoxic tissues. This damage begins as soon as patient is exposed to radiation beam. Most patients experience
some acute side effects and it is rare and serious event when late side effects develop. Radiation cystitis is a late
complication of radiotherapy for pelvic malignancies like prostate and cervix. Although 85% of the cases resolve with
conservative management, the remainder become refractory and progress to involve a more extensive area of bony
and soft tissue. Hyperbaric oxygen therapy (HBOT) is used to treat various forms of chronic radiation tissue injury and
is a potential primary option for management of radiation cystitis by enhancing healing in such cases by increasing
vascular density and oxygen levels in irradiated tissues. We report a case of 60-year-old male with radiation cystitis
who showed promising improvement and resolution of his symptoms after forty HBOT sessions.

Copyright © 2012, Indraprastha Medical Corporation Ltd. All rights reserved.
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INTRODUCTION

Radiotherapy is a major non operative treatment and
commonly used in management of a number of malignan-
cies.1,2 From past few years, development in delivery of
radiotherapy has improved the efficacy and tolerance but
adverse effects continue to complicate its use. These effects
are commonly categorized as either acute effects that occur
during or in immediate post irradiation period and are
mostly self limiting or late effects that manifest many
months to several years later and are slower to heal.

Depending on patient’s sensitivity to radiotherapy, type
and dose of treatment, patients experience scarring and nar-
rowing of blood vessels within the treatment area leading to
inadequate blood supply which result in damage to soft
tissues and bones causing osteoradionecrosis, radiation
cystitis and radiation proctitis etc.3e6

Radiation cystitis is not a common complication but
occurs in as many as 15e20% of patients receiving

high doses of radiotherapy for management of genitouri-
nary cancers. It occurs at least 90 days after initiation of
radiation therapy but may occur in delayed manner even
beyond 10 years. Radiation therapy leads to hypovascu-
lar, hypocellular and hypoxic tissues causing cellular
depletion, fibrosis causing reduction in bladder capacity
and patients present with lower urinary tract storage
symptoms such as urgency, frequency and dysuria.3e9

The treatment of this entity depends on its extent and
severity and ranges from simple conservative methods
to radical surgery.

Hyperbaric oxygen therapy (HBOT) is a primary treat-
ment option that reverses vascular compromise in such
patients by stimulating angiogenesis, fibroblast proliferation
and improved tissue oxygenation within the affected
areas.7,9,10 HBOT for radiation cystitis is non invasive
and well tolerated modality with very encouraging
outcomes in this complex problem when administered
alone or as an adjunctive treatment.
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CASE REPORT

A 60-year-old normotensive, euglycemic gentleman devel-
oped radiation induced cystitis after being treated for
management of prostate cancer with 30 fractions of radia-
tion therapy (60 Gy) and radical prostectomy in 2009.

He presented with a history of increased urine
frequency, incontinence and haematuria since 8 months.
There was no other relevant medical history. His ultrasound
KUB revealed cystitis changes showing clot in urinary
bladder with large Post Voidal Urine (445 cc)Q3 . It also indi-
cated bilateral hydronephrosis and hydroureter. His prostate
serum antigen (PSA) level was found to be 0.06 ng/ml. He
underwent cystoscopy in January 2011 with 19 F sheath for
clot evacuation which revealed patches of radiation cystitis
lateral to left ureteric orifice.

Along with the medical treatment, the patient was
referred for HBOT for resolution of his symptoms and
was scheduled for 20 sessions. He showed slow but prom-
ising progress and was advised for further 20 sessions. The
patient underwent forty, 90-minute treatment at 2.4 atmo-
sphere absolute (ATA) in a multiplace hyperbaric oxygen
chamber at our centre.

On completion of hyperbaric treatment, patient had
decreased urinary frequency and daily voiding reduced
from 14 to 7 times per day. He reported improvement in
pain scale from baseline 5 on Visual Analogue Scale
(VAS) to zero after forty HBOT sessions. The patient had
no episode of haematuria with reduced pelvic pain. There
was increased bladder capacity with reduced urinary
frequency at night. Table 1 shows improvement in his
symptoms during different phases of HBO treatment.

DISCUSSION

Radiation cystitis is a challenging complication in the
management of genitourinary cancer. It manifests as pres-
ence of haematuria, incontinence, dysuria and nocturia
with tissue ischaemia as its underlying mechanism. It leads
to progressive endarteritis, hypovascular, hypocellular and

hypoxic tissue (the ‘three-H’ tissue) resulting in reduced
ability to replace normal collagen and compromised cellular
loss which causes difficulty in healing.6,8e10 HBO results in
an increased diffusion gradient which forces oxygen into
the damaged urothelial tissues and also stimulates angio-
genesis with fibroblast proliferation in the irradiated
areas.5,8e10

The case we treated with HBO showed significant
decrease of urinary frequency and pelvic pain along with
increased bladder capacity. It was well tolerated and no
adverse effects were seen. HBO for radiation cystitis is an
effective and safe treatment with encouraging outcomes.

CONCLUSION

HBO therapy is a non invasive modality for treating the
underlying changes that occur with radiation injury, result-
ing in resolution of symptoms in patients with radiation
cystitis.

ACKNOWLEDGEMENT

We would like to thank Dr Rajesh Ahlawat from Medanta
Hospital and for referral of this patient and research coordi-
nators in hyperbaric team Ms Shweta and Ms Sapna for
their assistance.

REFERENCES

1. Feldmeier JJ, Heimbach RD, Davolt DA, Court WS,
Stegmann BJ, Sheffield PJ. Hyperbaric oxygen as an adjunc-
tive treatment for delayed radiation injuries of the abdomen
and pelvis. Undersea Hyperb Med. 1997;23(4):205e213.

2. Woo TCS, Joseph D, Oxer H. Hyperbaric oxygen treatment
for radiation proctitis. Int J Radiat Oncol Biol Phys. 1997;
38(3):619e622.

3. Chong KT, Hampson NB, Corman JM. Early hyperbaric
oxygen therapy improves outcome for radiation-induced
hemorrhagic cystitis. Urology. 2005;65(4):649e653.

Table 1 Improvement of symptoms of patient during different phases of treatment.

Symptoms Before HBOT After 20 sessions After 40 sessions

Urinary frequency in a day 14 10 7
Dysuriaa 5 2 0
Bladder capacity (ml) 200 200e250 >300
Nocturia 6 times 3 times 2 times
Pelvic paina 2 0 0
a Visual Analogue Scale used for pain estimation (0 means no pain and 10 is maximum pain ever experienced).

2 Apollo Medicine 2012 -; Vol. -, No. - Sahni and Gupta

105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208

Please cite this article in press as: Sahni T, Gupta P, Use of hyperbaric oxygen therapy in management of radiation cystitis, Apollo
Medicine (2012), doi:10.1016/j.apme.2012.04.004

APME4_proof ■ 15 May 2012 ■ 2/3

Original text:
Inserted Text
[space]

Original text:
Inserted Text
[space]

Original text:
Inserted Text
c

Original text:
Inserted Text
ninety 

Original text:
Inserted Text
center

Original text:
Inserted Text
C

Original text:
Inserted Text
ischemia 

Original text:
Inserted Text
amp 



4. Focosi D, Maggi F, Pistolesi D, et al. Hyperbaric oxygen
therapy in BKV-associated hemorrhagic cystitis refractory to
intravenous and intravesical cidofovir: case report and review
of literature. Leuk Res. 2009;33:556e560.

5. Williams JA, Clarke D, Dennis WA, et al. The treatment of
pelvic soft tissue radiation necrosis with hyperbaric oxygen.
Am J Obstet Gynecol. 1992;167(2):412e416.

6. Marx RE. Radiation injury to tissue. In: Whelan HT,
Kindwall EP, eds. Radiation Injury to Tissue. Hyperbaric
Medicine Practice. 3rd ed. Best Publishing; 2008:
853e903.

7. Bevers RFM, Bakker DJ, Kurth KH. HBO treatment for hae-
morrhagic radiation cystitis. Lancet. 1995;346:803e805.

8. Corman JM, McClure D, Pritchett R, et al. Treatment of radi-
ation induced hemorrhagic cystitis with hyperbaric oxygen.
J Urol. 2003;169:2200e2202.

9. Del Pizzo JJ, Chew BH, Jacobs SC, et al. Treatment of radia-
tion induced hemorrhagic cystitis with hyperbaric oxygen:
long-term follow-up. J Urol. 1998;160:731e733.

10. Janda M, Newman B, Obermair A, et al. Impaired quality of
life in patients commencing radiotherapy for cancer. Strah-
lenther Onkol. 2004;180:78e83.

HBOT in radiation cystitis Case Report 3

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

Please cite this article in press as: Sahni T, Gupta P, Use of hyperbaric oxygen therapy in management of radiation cystitis, Apollo
Medicine (2012), doi:10.1016/j.apme.2012.04.004

APME4_proof ■ 15 May 2012 ■ 3/3


	APME4_edited.pdf
	Use of hyperbaric oxygen therapy in management of radiation cystitis
	Introduction
	Case report
	Discussion
	Conclusion
	Acknowledgement
	References



	Check Box: Off


