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EARLY HYPERBARIC OXYGEN THERAPY IMPROVES
OUTCOME FOR RADIATION-INDUCED

HEMORRHAGIC CYSTITIS

KIAN TAI CHONG, NEIL B. HAMPSON, AND JOHN M. CORMAN

ABSTRACT
bjectives. To assess the clinical factors that affect the efficacy of hyperbaric oxygen (HBO2) therapy in

reating radiation-induced hemorrhagic cystitis. HBO2 therapy is an effective treatment for radiation-
nduced hemorrhagic cystitis, with reported response rates ranging from 76% to 100%.

ethods. The data from patients with radiation-induced hemorrhagic cystitis treated at our institution
etween May 1988 and December 2001 were reviewed retrospectively. All patients received HBO2 therapy
t 2.36 atm absolute pressure, with 90 minutes of 100% oxygen breathing per treatment. The outcome was
ssessed after at least 12 months of follow-up. We evaluated patient demographics, types of pelvic
alignancy and radiotherapy, total radiation dose, onset and severity of hematuria, and prior intravesical
anagement. Clinical improvement was defined as the absence of, or reduction in, macroscopic hematuria.
esults. A total of 60 patients (55 men and 5 women), mean age 70 years, received an average of 33 HBO2

reatments (range 9 to 63). Of the 60 patients, 48 (80%) had either total or partial resolution of hematuria.
hen treated within 6 months of hematuria onset, 96% (27 of 28) had complete or partial symptomatic

esolution (P � 0.003). All 11 patients with previous clot retention had clinical improvement if treated within
months of hematuria onset (P � 0.007). Prior intravesical chemical instillation did not affect the clinical

utcome. Patients who had undergone primary, adjuvant, or salvage external beam pelvic radiotherapy
howed response rates of 81%, 83%, and 78%, respectively (P � 0.950).
onclusions. Our results show that delivery of HBO2 therapy within 6 months of hematuria onset is
ssociated with a greater therapeutic response rate. Treatment efficacy was independent of prior intraves-
cal therapy and the timing of radiotherapy. UROLOGY 65: 649–653, 2005. © 2005 Elsevier Inc.
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elvic radiotherapy causes chronic fibrosis and
progressive endarteritis in poorly oxygenated

ladder submucosal and muscular tissues, with
ventual tissue scarring. This can potentially lead
o bladder mucosal sloughing and symptomatic
emorrhagic cystitis. Delayed radiation-induced
emorrhagic cystitis (HC) may appear more than
0 years after pelvic radiotherapy.1,2 The severity
f hematuria has been classified,2 and the Radia-
ion Therapy Oncology Group (RTOG) and Euro-
ean Organization for Research and Treatment of
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LL RIGHTS RESERVED
ancer (EORTC) scoring criteria are commonly
sed in clinical trials to describe acute or late ra-
iotherapy-related morbidities (Table I). Signifi-
ant symptomatic grade 3 or 4 hematuria occurs in
.1% to 8.2% of patients after external beam pelvic
adiotherapy or brachytherapy.3–7

Hyperbaric oxygen (HBO2) improves regional
issue oxygenation in previously irradiated tissue,
esulting in neovascularization and capillary
rowth into hypoxic and scarred submucosal tis-
ue. After HBO2 therapy, 76% to 100% of reported
atients with radiation-induced HC experienced a
eduction or complete resolution of hematu-
ia.1,8–10 In this study, we assessed the clinical fac-
ors that may correlate with the effectiveness of
BO2 in treating radiation-induced HC.

MATERIAL AND METHODS

The data of patients treated with HBO for radiation-in-
2

uced HC at our institution between May 1988 and December

0090-4295/05/$30.00
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650
001 were retrospectively reviewed. All patients had negative
rine cultures and underwent pretreatment cystoscopic eval-
ation to exclude bladder malignancy and to document the
resence of radiation cystitis.
Patients received HBO2 therapy in a multiplace hyperbaric

hamber with 90 minutes of 100% oxygen breathing at 2.36
tm absolute pressure per session, including 5-minute air
reaks after every 30 minutes of oxygen. An initial course of 40
reatments was planned, one session daily, five times per
eek. The number of sessions was reduced if a patient devel-
ped nonreversible side effects or unrelated medical problems
r declined further therapy. After completing 40 sessions, an-
ther 15 to 20 sessions were sometimes administered if the
ematuria persisted. The data were analyzed for patients with
t least 12 months of follow-up.

We evaluated the patient characteristics, primary pelvic ma-
ignancy type, modality of radiotherapy, onset and severity of
ymptomatic hematuria using the RTOG/EORTC criteria,
ime from hematuria onset to the initiation of HBO2 treatment,
nd prior intravesical management. The onset of hematuria
as defined as the first episode of hematuria after the initiation
f pelvic radiotherapy, independent of its RTOG/EORTC
rade.

The clinical outcome measures after HBO2 therapy included
ymptomatic assessment (either complete resolution, partial
esolution, no change, or worsening hematuria) by physicians
r as reported by the patients by way of returned postal survey
orms.

Clinical improvement was defined as complete or partial
esolution of macroscopic hematuria. Complete resolution re-
erred to the absence of macroscopic hematuria. Partial reso-
ution referred to a reduction in the severity or frequency of

acroscopic hematuria that corresponded to a change to a
ower RTOG/EORTC grade of radiotherapy-related hematu-
ia.

The results of the post-treatment cystoscopic evaluation
ere not evaluated because most patients with symptomatic

mprovement did not undergo repeat cystoscopy to document
he absence or reduction of bladder mucosal telangiectasia or
etechiae. Microscopic examination of urine was not evalu-
ted because some patients were followed up by postal out-
omes surveys without returning to the clinician’s office.

The total radiation dose delivered during pelvic radiother-
py was analyzed independent of the timing of therapy (pri-
ary, adjuvant, or salvage treatment).
The data were analyzed using Statistical Package for Social

ciences, version 11.0, with the one-sided Fisher’s exact test in
wo by two tables and the two-sided Pearson chi-square test
ith two degrees of freedom in the three by two table. Statis-

ical significance was reached at a P value of 0.05 or less.

RESULTS

A total of 60 patients (55 men and 5 women)
ith a mean age of 70 years (range 15 to 88) re-

eived an average of 33 HBO2 treatments (range 9
o 63). Patients with complete resolution, partial
esolution, no change, and worsened hematuria
ad an increasing mean age of 69, 70, 75, and 80
ears, respectively. Of the 60 patients, 44 men and
women (80%) had either complete or partial res-
lution of macroscopic hematuria (Table II). In
ur series, the most common indication for pelvic
adiotherapy was prostate cancer in 50 (83%) of
he 60 patients. Of this subgroup, 76% improved
with HBO2 therapy.H
e

A
c

La K
E

Y

A
cu

UROLOGY 65 (4), 2005



w
A
o
w
i
r

o
w
(
l
d
6
c
h
o
r

a
p

m
c
p
a
i
c

o
s
a
h
t
c
c

P

S

A

P

H

*
†

T

L

A

P

K
D
*

U

Of the 60 patients, 44 had significant hematuria
ith clots, of whom 25 developed clot retention.
fter HBO2 therapy, complete or partial resolution
f hematuria was seen in 35 (80%) of the 44 with
ho had clots, with or without clot retention, and

n 18 (72%) of the 25 patients with a history of clot
etention.
HBO2 therapy delivered within 6 months of the

nset of symptomatic hematuria was associated
ith a 96% rate of overall clinical improvement

Table III). Patients who had treatment initiated
onger than 6 months after the onset of hematuria
emonstrated a significantly lower response rate at
6% (P � 0.003). All 11 patients with a history of
lot retention who were treated within 6 months of
ematuria onset had complete or partial resolution
f hematuria. Of the 14 patients with prior clot

TABLE II. Patient characteristics, including p
after completing hyp

atient Characteristics
Complete
Resolution

ex (n)
Male (n � 55) 18
Female (n � 5) 3

ge (yr)
Mean 69
Range 19–87

elvic malignancy (n)
Prostate (n � 49) 25
Bladder (n � 6) 5
Cervix (n � 2) 2
Ovarian (n � 1) 0
Ewing’s sarcoma of pubis (n � 1) 1
Pelvic rhabdomyosarcoma (n � 1) 0
istory of hematuria (n)
With clots (n � 44) 14
With clots, no retention (n � 19) 8
With clot retention (n � 25) 6

Patient drop-out owing to persistent claustrophobia.
Bed-bound patient with life-threatening sacral wound septicemia.

ABLE III. Factors affecting therapeutic outco
time between onset of hematuria

ag Time to HBO2 Therapy

Co
Part
of H

ll patients (n � 60)
�6 mo (n � 28)
�6 mo (n � 32)

atients with history of clot retention (n � 25)
�6 mo (n � 11)
�6 mo (n � 14)

EY: HBO2 � hyperbaric oxygen.
ata in parentheses are percentages.
One-sided Fisher’s exact test.
etention who were treated longer than 6 months c

ROLOGY 65 (4), 2005
fter the onset of hematuria, only 7 (50%) had a
ositive response to HBO2 therapy (P � 0.007).
Before initiating HBO2 therapy for ongoing he-
aturia, all patients underwent at least one cystos-

opy with cauterization. Twelve patients received
re-HBO2 intravesical astringent instillation with
lum, silver nitrate, or formalin (Table IV). These
ntravesical therapies did not affect the eventual
linical response to HBO2 (P � 0.552).
Patients who had undergone primary, adjuvant,

r salvage external beam pelvic radiotherapy had
imilar clinical improvement rates at 81%, 83%,
nd 78%, respectively (P � 0.950). In patients who
ad received a total pelvic radiation dose of less
han 6000 cGy (n � 3), between 6001 and 7000
Gy (n � 21), or greater than 7000 cGy (n � 5),
omplete or partial resolution of hematuria oc-

malignancy type, and outcome of hematuria
aric oxygen therapy

Outcome

Partial
esolution

No
Change Worsened Unknown

26 8 2 1*
1 0 0 1†

70 75 80 57
15–86 66–88 74–85 43–70

13 8 2 1*
1 0 0 0
0 0 0 0
0 0 0 1†

0 0 0 0
1 0 0 0

21 6 2 1*
9 2 0 0

12 4 2 1*

of hyperbaric oxygen therapy according to lag
d first session of HBO2 therapy
ete or
esolution
turia (n)

Hematuria Remained
Unchanged, Worsened, or

Unknown (n) P Value

6) 1 (4)
6) 11 (34) 0.003*

00) 0
0) 7 (50) 0.007*
elvic
erb

R

me
an

mpl
ial R
ema

27 (9
21 (6

11 (1
7 (5
urred in 67%, 71%, and 80%, respectively.
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COMMENT

Radiation-induced HC is an uncommon, but po-
entially devastating, side effect of pelvic radiother-
py. Of 1784 patients treated with radiotherapy for
tage Ib cervical cancer, the actuarial lifetime risk
f major RTOG/EORTC grade 3 or worse urinary
adiation morbidity has been reported at 1.0% at 5
ears, 1.4% at 10 years, and 2.3% at 20 years.10

istorically, severe HC was associated with a 44%
ortality rate despite aggressive urinary diversion

nd cystectomy.11

Radiation-induced tissue ischemia alters tissue
broblast function and collagen production, with
esultant active fibrosis and reduced bladder com-
liance, as well as suboptimal capillary angiogene-
is into hypoxic tissues. Wound repair in the blad-
er is impaired because of chronic scarring and
ay result in recurrent symptomatic hematuria.
For either RTOG/EORTC grade 1 or grade 2

ate radiation-induced hematuria, the initial
herapy should include urine cultures and cysto-
copic and upper tract evaluation to exclude uri-
ary tract infections, malignancy, and urolithia-
is. Progression to RTOG/EORTC grade 3 or 4
acroscopic hematuria, with or without clots,

ypically requires inpatient medical or surgical
ntervention.6,10 Traditional treatment methods
nclude bladder irrigation, cauterization, oral or
ntravenous agents, intravesical chemical instil-
ation, iliac artery embolization, urinary diver-
ion, and cystectomy. However, no single treat-
ent has resulted in satisfactory symptom

ontrol in most patients.1
HBO2 therapy is an attractive management op-

ion for radiation-induced HC.1,9 A recent review
ound that 145 (76%) of 190 reported patients
emonstrated complete or partial symptomatic im-
rovement, even among those who had failed mul-
iple prior medical, cystoscopic, or intravesical

TABLE IV. Clinical outcome according to prio
before HB

herapy Type

ntravesical therapy (n � 60)
Cauterization alone (n � 48)
Alum, silver nitrate, or formalin instillation (n � 12)

elvic radiotherapy timing (n � 58)
Primary (n � 37)
Adjuvant (n � 12)
Salvage (n � 9)

EY: HBO2 � hyperbaric oxygen.
ata in parentheses are percentages.
One-sided Fisher’s exact test.
Two-sided Pearson’s chi-square test (two degrees of freedom).
herapies.8 s

52
HBO2 therapy is the only form of treatment that
romotes tissue healing and angiogenesis.12 Deliv-
ry of HBO2 within an enclosed pressurized cham-
er causes plasma oxygen hypersaturation and the
reation of a steep oxygen gradient between capil-
aries and tissues. Dissolved oxygen in the plasma
iffuses across capillary beds to improve local tis-
ue oxygenation, increase collagen synthesis, and
romote angiogenesis and tissue healing by neo-
ascularization, with capillary in-growth into irra-
iated hypoxic tissues. Oxygen delivery can thereby
e improved to tissues hypoxic because of prior radi-
tion or mechanical or chemical injury.13,14

The risk factors for radiation-induced HC in-
lude a central axis radiation dose and extended
adiation field.10 The most common urologic cause
f radiation-induced HC is pelvic radiotherapy for
rostate cancer, as evidenced by 82% of patients in
ur series. The greater percentage of prostate can-
er is a demographic reflection of patients referred
o our hyperbaric facility.
Despite several prior failed therapies for bleeding

pisodes, 80% of our patients had either complete
esolution or a partial reduction of symptoms after
t least 12 months of follow-up. Even with a his-
ory of clot retention, 72% of patients showed clin-
cal improvement.

Patients who were treated within 6 months of the
nset of hematuria, independent of RTOG/EORTC
rade or bleeding severity, experienced a signifi-
antly better response to HBO2 treatment com-
ared with patients who received HBO2 therapy
ater than 6 months after the onset of hematuria.
ll 11 patients who had hematuria, with or without
lot retention, had significant clinical improve-
ent with early HBO2 treatment. We postulate

hat early hyperbaric intervention is more effective
t tissue regeneration and healing to break the vi-
ious circle of chronic sloughing and resultant

ravesical therapy and timing of radiotherapy
therapy
omplete or

ial Resolution of
ematuria (n)

Hematuria Remained
Unchanged, Worsened, or

Unknown (n) P Value

38 (79) 10 (21)
10 (83) 2 (17) 0.552*

30 (81) 7 (19)
10 (83) 2 (17)
7 (78) 2 (22) 0.950†
r int
O2

C
Part

H

carring in hypoxic irradiated bladder tissues.

UROLOGY 65 (4), 2005
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In our series, the therapeutic response to HBO2
herapy appeared to be age dependent, with a bet-
er outcome in younger patients. This finding,
owever, is inconclusive, because we were unable
o account for all possible concomitant patient-re-
ated conditions in this retrospective review. Con-
itions that could possibly affect treatment out-
ome include diabetes mellitus, cigarette smoking,
nd atherosclerosis or vascular insufficiency.
We analyzed the effect of intravesical astringent

nstillation on the efficacy of subsequent HBO2
reatment. No difference was found in the response
ates among patients who received cauterization
lone and those who received additional intraves-
cal alum, silver nitrate, or formalin (P � 0.552).
ven though these chemicals cause urothelial ne-
rosis and cellular apoptosis, HBO2 is apparently
till able to promote tissue regeneration effects
ith resultant clinical improvement.
The modality and timing of pelvic radiotherapy did

ot affect the response rates significantly (P � 0.950).
n more than 78% of patients, HBO2 was useful for
hose who developed radiation-induced HC after pri-
ary, adjuvant, or salvage pelvic radiotherapy.
The total radiation dose data retrieved in 29 pa-

ients showed that those receiving higher radiation
oses had a better therapeutic response. Of the 5
atients who had received more than 7000 cGy, 4
80%) had complete or partial resolution of hema-
uria compared with 2 (67%) of the 3 who received
ess than 6000 cGy and 15 (71%) of the 21 who had
eceived between 6001 and 7000 cGy. This com-
arison, however, was limited, because only 48%
f all patients (29 of 60) had available dosimetry
ata and because these patients were treated with
ifferent radiation protocols using varying radia-
ion field limits in different medical institutions for
variety of pelvic malignancies.
One of the limitations of this retrospective review
as the lack of data on the frequency and severity of

very hematuria episode that occurred both before
nd after HBO2 therapy. It was also difficult to quan-
ify how the hematuria episodes affected patients’
uality of life because of a lack of clinically validated,
isease-specific instruments to measure its impact.
urthermore, it was unclear whether the frequency of
ematuria and the interval between consecutive he-
aturia episodes affected the therapeutic outcome.
Most published reports on radiation-induced HC

reatment with HBO2 have been retrospective case
eries, and, to our knowledge, no published ran-
omized, prospective trials have been done. In a
ystematic review of the application of HBO2 ther-
py for delayed radiation injuries, the investigators
ummarized and classified the levels of evidence
or 17 reports on radiation cystitis.8 All of them had
merican Heart Association level 5 evidence and

ational Cancer Institutes’ Physicians Data Query g

ROLOGY 65 (4), 2005
evel 3ii evidence, and 15 of the 17 papers were
iven the BMJ Publishing Group’s designation of
likely to be beneficial” owing to the consistent and
ood results found in these case series. A well-
esigned randomized, prospective clinical trial
hat includes a validated, disease-specific quality-
f-life assessment should be done to answer some
f the limitations in our study.

CONCLUSIONS

In our study, delivery of HBO2 therapy within 6
onths of the onset of hematuria was associated with

n increased therapeutic response rate, even in pa-
ients with a history of clot retention. The effective-
ess of the treatment was independent of prior intra-
esical therapy and the timing of radiotherapy.

ACKNOWLEDGMENT. To Helen Phelps at Virginia Mason Med-
cal Center for her statistical expertise.
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