
Research Article

Urol Int 2022;106:63–74

Development of a Management Algorithm 
for Acute and Chronic Radiation Urethritis 
and Cystitis

Ben G.L. Vanneste 

a    Evert J. Van Limbergen 

a    Tom A. Marcelissen 

b     

Joep G.H. van Roermund 

b    Ludy C. Lutgens 

a    Carsten W.K.P. Arnoldussen 

c    

Philippe Lambin 

d    Matthias Oelke 

e

aDepartment of Radiation Oncology (MAASTRO clinic), GROW, School for Oncology and Developmental Biology, 
Maastricht University Medical Center, Maastricht, The Netherlands; bDepartment of Urology, Maastricht University 
Medical Centre, Maastricht, The Netherlands; cDepartment of Radiology and Nuclear Medicine, VieCuri Medical Centre, 
Venlo, The Netherlands; dThe D-Lab, GROW, School for Oncology and Developmental Biology, Maastricht University 
Medical Centre, Maastricht, The Netherlands; eDepartment of Urology, St. Antonius Hospital, Gronau, Germany

Received: November 25, 2020
Accepted: February 4, 2021
Published online: June 15, 2021

Correspondence to: 
Ben G.L. Vanneste, ben.vanneste @ maastro.nl

© 2021 The Author(s)
Published by S. Karger AG, Basel

karger@karger.com
www.karger.com/uin

DOI: 10.1159/000515716

Keywords
Radiotherapy · Radiation urethritis · Radiation cystitis · 
Prevention · Treatment

Abstract
Objective: The purpose of this review was to summarize the 
current literature on the assessment and treatment of radia-
tion urethritis and cystitis (RUC) for the development of an 
evidenced-based management algorithm. Material and 
Methods: The PubMed/MEDLINE database was searched by 
a multidisciplinary group of experts in January 2021. Results: 
In total, 48 publications were identified. Three different 
types of RUC can be observed in clinical practice: inflamma-
tion-predominant, bleeding-predominant, and the combi-
nation of inflammation- and bleeding-RUC. There is no con-
sensus on the optimal treatment of RUC. Inflammation-pre-
dominant RUC should be treated symptomatically based on 
the existence of bothersome storage or voiding lower uri-
nary tract symptom as well as on pain. When bleeding-pre-
dominant RUC has occurred, hydration and hyperbaric oxy-
gen therapy (HOT) should be used first and, if HOT is not 
available, oral drugs instead (sodium pentosane polysulfate, 

aminocaproic acid, immunokine WF 10, conjugated estro-
gene, or pentoxifylline + vitamin E). If local bleeding persists, 
focal therapy of bleeding vessels with a laser or electroco-
agulation is indicated. In case of generalized bleeding, intra-
vesical installation should be initiated (formalin, aluminium 
salts, and hyaluronic acid/chondroitin). Vessel embolization 
is a less invasive treatment with potentially less complica-
tions and good clinical outcomes. Open- or robot-assisted 
surgery is indicated in patients with permanent, life-threat-
ening bleeding, or fistulae. Conclusions: Treatment of RUC, 
if not self-limiting, should be done according to the type of 
RUC and in a stepwise approach. Conservative/medical 
treatment (oral and topic agents) should primarily be used 
before invasive (transurethral) treatments.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Radiotherapy (RT) of the pelvis is a frequently used 
treatment option for the management of urological, gy-
necological, and gastrointestinal malignancies. RT tech-
niques have improved during the last decades by using 

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.

D
ow

nloaded from
 http://karger.com

/uin/article-pdf/106/1/63/3756680/000515716.pdf by guest on 04 August 2025



Vanneste et al.Urol Int 2022;106:63–7464
DOI: 10.1159/000515716

image-guided or intensity-modulated RT with decreas-
ing side effects. Nevertheless, RT can still affect the adja-
cent healthy genitourinary tissues and gastrointestinal 
tract, thereby causing irritation and inflammation of the 
urethra, bladder, and rectum resulting in radiation ure-
thritis, cystitis, and proctitis as well as decreasing the 
quality of life of patients [1]. Acute side effects occur by 
definition ≤3 months after RT and are usually transient 
by symptomatic treatment as frequently applied in daily 
practice. Acute radiation urethritis and cystitis (ARUC) 
are very common with a reported incidence of up to 50% 
of irradiated patients [2]. Chronic radiation urethritis 
and cystitis (CRUC) appears by definition >3 months af-
ter RT with a clinical event-free interval ranging from a 
few months to many years [3]. Severe CRUC is less com-
mon and affects 5–10% of irradiated patients [2]. The 
probability of developing tissue injury is mainly related to 
the total radiation dose, RT technique, and the dose per 
fraction. Higher incidences are observed with doses >50–
60 Gray and after using conventional techniques versus 
intensity-modulated RT [2]. Individual patient factors 
may also influence the incidence of RUC, such as vascular 

or connective tissue diseases, diabetes mellitus, previous 
surgery (e.g., transurethral resection of the prostate or 
bladder), smoking, and concomitant chemotherapy [4]. 
Men are not more likely to develop a RUC than women. 
However, a higher ratio is observed of 2.8 versus 1. This 
is mainly depended to the high proportion of prostate 
cancer RT use in the pelvic treatments [5].

Until now, the optimal management of RUC has not 
been defined. The aim of this article is to present a practi-
cal algorithm for the treatment of the whole spectrum of 
symptoms of ARUC and CRUC based on a literature re-
view. The authors anticipate that the recommendations 
and algorithm will improve the management of RUC and 
help to define the best time for seeking specialist advice.

Material and Methods

This narrative review was written by a multidisciplinary group 
of experts on pelvic oncology, urologists, radiation oncologists, 
and clinical researchers and is based on a literature search in the 
PubMed/MEDLINE database in January 2021. Search terms in-
cluded “radiation + cystitis” AND “+ treatment.” Results were lim-

Records identified by
database search

n = 895

Records screened
n = 570

Full text articles
assessed for eligibility

n = 70

Studies included in
qualitative synthesis

n = 48

Full text articles
excluded

(no data for radiation
cystitis treatment)

n = 22

Records excluded
(no clinical trial,

reviews, case-reports)
n = 500

Records excluded
(no human data, no
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n = 225
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Fig. 1. Flowchart of studies, which were 
identified by the literature search, screened 
excluded or included from analysis.

D
ow

nloaded from
 http://karger.com

/uin/article-pdf/106/1/63/3756680/000515716.pdf by guest on 04 August 2025



Management Algorithm for Radiation 
Urethritis and Cystitis

65Urol Int 2022;106:63–74
DOI: 10.1159/000515716

ited to the English language and humans. Trials without specific 
information on radiation cystitis were excluded (Fig. 1). A manu-
al review of hits was conducted for relevance. In total, 48 publica-
tions were identified and included in this review. All recommenda-
tions are based on the best available evidence and combined with 
the individual expert authors’ experiences in managing ARUC and 
CRUC.

Results

Symptoms of RUC
RT can cause both early (ARUC) and late (CRUC) side 

effects [3]. Late toxicities may also occur as a consequen-
tial effect of recurrent severe acute injury, as a conse-
quence of acute injury resulting in “scars” with late effects 
[3]. RT side effects are categorized in 5 grades (Table 1), 
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events [6].

Genitourinary ARUC includes dysuria, urgency (uri-
nary incontinence), pollakisuria, nocturia, low voided 
volumes, hematuria, or even urinary retention. Suprapu-
bic discomfort or pain is common and often experienced 

as projected pain into the penis or vaginal aperture. Sim-
ilar symptoms can be observed in patients with CRUC. In 
contrast to ARUC, hematuria is the most common symp-
tom of CRUC, often associated with iron-deficiency ane-
mia requiring blood transfusions or surgery with a peri-
operative mortality of approximately 4% [2]. In addition, 
patients may have symptoms of urinary retention due to 
urethral or bladder neck strictures or secondary to ob-
structing blood clots. Bladder wall fibrosis may lead to 
reduced bladder capacity, detrusor low compliance, ur-
gency, or overflow urinary incontinence.

Diagnosis of RUC
Diagnosis is mainly made by symptoms and as exclu-

sion of other potential conditions with similar signs, such 
as urinary tract infection, other malignancies, bladder 
outlet obstruction, or ureteral, bladder, or urethral stones 
[8]. CRUC can be suspected in patients who had pelvic 
RT and have abovementioned symptoms, even if RT was 
applied years or even decades before. However, caution 
should be made that several symptoms (like dysuria, ur-
gency, and nocturia) are very frequently occurred symp-

Table 1. Radiation cystitis according to the “common toxicity criteria,” version 4.0 [6, 7]

RUC grade Symptoms

1 Urethral or bladder discomfort → intervention not indicated

2 Symptomatic → medical intervention indicated (urinary catheter or bladder irrigation); limiting normal ADL

3 Severe symptoms → gross hematuria; transfusion needed, hospitalization indicated; limiting self-care ADL

4 Life-threatening consequences → urgent intervention indicated

5 Death

ADL, activities of daily living.

a b

Fig. 2. Cystoscopic features illustrating an 
atrophic bladder mucosa with telangiecta-
sia, and spontaneous bleeding. The irradi-
ated bladder mucosa is often atrophic with 
congested mucosae, telangiectasia, ulcer-
ation, stricture, necrosis, or spontaneous 
bleeding. Additionally and not shown on 
the photo, the patient had distal ureteral 
stenoses due to fibrosis.
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toms in older men even without RT. Assessment includes 
urinalysis, urine culture, and urine cytology to exclude 
urothelial carcinoma.

However, urinalysis and urine culture is only recom-
mended when initial therapy with alpha-blockers is not 
successful in acute RUC to exclude secondary bacterial 
infection. The urine cytology to exclude urothelial carci-
noma is only recommended to perform in chronic symp-
toms. Moreover, urine cytology should cautiously be in-
terpreted because of cell changes due to RT. Bladder out-
let obstruction can be estimated by several noninvasive 
parameters, such as uroflowmetry and measurement of 
post-void residual [9].

Further evaluation includes urethro-cystoscopy as 
well as examination of the lower and upper urinary tract 
by ultrasound, CT, or MRI to exclude other causes of he-
maturia. Urethro-cystoscopy is important to visualize tel-
angiectasia and bleeding vessels (Fig.  2), exclude other 
malignancies, and determine the extent and severity of 
CRUC. Similar to chronic radiation proctitis, 3 main 
forms of endoscopic findings are found in CRUC (1) in-
flammation-predominant form (I-CRUC) with edema, 
mucosal pallor, and possible ulcer (2) bleeding-predom-
inant form (B-CRUC) with friability, spontaneous hem-
orrhage, and telangiectasia, and (3) a mixed form with 
features of both I-CRUC and B-CRUC [1].

Bladder wall biopsies – especially in the previous high-
dose area with inflammation and necrosis – have to be 
avoided as they may initiate chronic, poorly healing 
wounds, or fistulae. The same applies for rectum biopsies 
[10]. Therefore, biopsies are restricted to patients with 
high suspicion of malignancy and in case of important 
therapeutic consequences. Biopsies of the lower urinary 
tract should always be performed in close collaborations 
between urologists and pelvic radiation oncologists, bal-
ancing the advantages and disadvantages of the proce-
dure.

Prevention
Reducing the irradiated bladder and urethral volume 

will decrease the risk of GU toxicities by using planning 
constraints to optimizing the RT planning. Genetic vari-
ants and biomarkers are gaining importance in the pre-
diction of the development of adverse effects following 
RT [8]. Recently, replicated genetic associations for ad-
verse reactions to RT were reported [11]. Genetic bio-
markers could help to identify high-risk on toxicity pa-
tients and that could allow radiotherapists to personalize 
treatments for patients for which extra care should be 
taken to decrease the dose to the bladder or urethra.

Different RT Techniques
The use of modern RT techniques (intensity and vol-

umetric-modulated RT) with the use of image-guided RT 
and brachytherapy (internal irradiation) minimize the 
field and the high-dose of radiation to the bladder and 
urethra while maximizing the dose to the target [12]. 
Newer RT techniques using heavy particles like protons 
or carbon ions are currently being developed and tested 
to improve outcomes with reduced toxicities [13]. Al-
though these methods have the potential to deliver opti-
mal high doses of radiation to the tumor while minimiz-
ing the surrounding normal tissues, the long-term out-
comes are not yet clear.

Hydration
Mild hydration and consequently diuresis are impor-

tant to avoid urinary retention, with consequently possi-
bility of infection. Moreover, it is important to achieve a 
clot-free bladder to avoid urinary retention.

Medication
The use of medical therapy to decrease the symptoms 

of RUC is described in several studies, especially with al-
pha-blockers, which is widely used as prophylactic ther-
apy with brachytherapy. Merrick and coauthors [14] re-
vealed that prophylactic alpha-blockers revealed signifi-
cantly lower maximum dysuria scores: at 1-month 
post-brachytherapy a difference of 2.7 versus 4.2, respec-
tively. Elshaikh and colleagues [7] reported in a placebo-
controlled phase III trial that the use of prophylactic tam-
sulosin showed a significant positive effect on urinary 
morbidity, but not on urinary retention rates.

Supplements
Cranberry (Vaccinium macrocarpon) is prophylactic 

measured in cystitis, and it can be prescribed in juices or 
capsules. Cranberry’s consist of polyphenols, including 
flavonoids, anthocyanins, and proanthocyanidins, well-
known for their strong antioxidant properties [15]. Some 
previously trials revealed conflict insufficient results, 
however recently 2 trials were published with positive 
results: Bonetta and colleagues [16] reported in 370 pros-
tate irradiated patients an incidence of 16 lower urinary 
tract infections (8.7%) in the cranberry cohort (n = 184), 
while in the control group (n = 186) 45 lower urinary 
tract infections (24.2%) were recorded. Hamilton et al. 
[17] revealed also in prostate irradiated patients an inci-
dence of severe cystitis in the cranberry cohort of 30% 
compared with those that took placebo capsules (45%)  
(p = 0.058); moreover, the incidence of pain and burning 
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SYMPTOMS or SIGNS of
Radiation urethritis and cystitis (RUC)

Treatment

–  If possible: stop/reduce anticoagulants
–  Hydration + diuresis
–  When available: hyperbaric oxygen
    therapy (HOT)

–  Anticholinergics
–  β3-agonists

Storage luts
–  α1-blockers
–  Corticosteroids
–  TURP ≥4 months after
    RT if drugs are not
    effective
–  Catheterization when
    retention during RT

Voiding luts
–  Paracetamol
–  Non-steroidal
    inflammation
    drugs

Pain

–  Sodium pentosane polysul phate(SPP)
–  Aminocaproic acid (AA)
–  Immunokine WF10
–  Conjugated estrogen
–  Pentoxifylline + vitamin E (minimal bleeding)

Switch to oral drugs:

Bleeding – predominant RUC
(B-RUC)

Inflammation – predominant RUC
(I-RUC)

If bleeding persists or in case of fistulae/strictures:
Open, laparoscopic or robot-assisted surgery

–  LASER treatments (Argon, Nd:YAG,
    KTP)
–  Electrocoagulation

Focal therapy is case of localized bleeding:
Intro-vesical installations is case of
generalized bleeding:

Vesical or prostatic artery
embolization

–  Topical formalin
–  Aluminium salts (alum)
–  Hyaluronic acid/ chondroitin sulfate
–  Vesical/prostatic artery embolization

If bleeding is not serious and does not affect quality of life:
–  Re-assure
–  Watchful waiting, regular control

–  Discuss definitive treatment with the patient to
    ablate telangiectasia
–  Inform the patient of iatrogenic complications

If bleeding isserious, persisting or life-threatening:

1.

2.

3.

4.

Fig. 3. Algorithm for management of RUC. RUC, radiation urethritis and cystitis.
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was significantly lower in the cranberry cohort (p = 
0.045). However, more research is needed to confirm 
these results.

Treatment of RUC
Treatment of RUC has been evaluated in several stud-

ies, but no large or high-quality randomized controlled 
trial has been published to strengthen a particular strat-
egy until now. Therefore, the best available evidence de-
rives from small, mostly retrospective clinical trials, case 
reports, or expert opinion.

Interventions can be categorized into conservative/
medical, endoscopic, and surgical therapies. Medical ther-
apy remains the standard treatment for both ARUC and 
CRUC. Nevertheless, urethro-cystoscopy should be per-
formed if bleeding is strong, blood clots occlude the blad-
der outlet or urethra, malignancies of the lower urinary 
tract are suspected, or when patients have urinary reten-
tion or anemia. In case of urinary retention or bladder 
outlet obstruction, it is our opinion to avoid transurethral 
resection during the first 3–4 months after the RT because 
resection of irradiated tissue could cause chronic, poorly 
healing wounds and fistulae [18]. In case of bleeding, su-
perficial coagulation of bleeding vessels is sufficient. In 
addition, transurethral (self) catheterization should also 
be omitted for the same reason, that is, creating a “false 
route” fistula. Before considering invasive treatments, it is 
essential to realize that RUC can improve over time with-
out active treatment [18]. Donovan et al. [19] demonstrat-
ed patient-reported outcomes comparing RT with surgery 
or active monitoring in a well-balanced randomized phase 
III trial. Voiding symptoms were worse in the RT group 
at 6 months after treatment; however, lower urinary tract 
symptoms (LUTSs) returned nearly to baseline levels or 
were even similar to those in the active monitoring group.

In patients with CRUC, treatment should be based on 
the pattern and severity of symptoms. Based on the cur-
rent literature, a novel treatment algorithm is suggested 
in Figure 3. For patients with minor symptoms or without 
bother, even no treatment may be indicated because 
CRUC has a natural history of improving over time. Don-
ovan et al. [19] demonstrated with patient-reported out-
comes that the bladder toxicities of RT (urinary voiding 
and nocturia) were worse in the RT group at 6 months but 
then mostly recovered and were similar to the other treat-
ment groups (surgery and active monitoring) after 12 
months. In case of bothersome symptoms, conservative 
symptomatic therapy is the cornerstone for CRUC. B-
CRUC is the most dramatic and frequently reported 
symptom and, therefore, most reports deal with this type 

of adverse event. Patients with B-CRUC with complaints 
of anemia (dyspnea upon effort, palpitations, and fatigue) 
should be monitored accordingly and, whenever appro-
priate, substituted with iron supplements or blood trans-
fusions. Anticoagulant drugs should be reevaluated and 
stopped if not medically contraindicated. If the patient is 
hemodynamically instable, endoscopic treatment and co-
agulation are always indicated [4].

Non-surgical Treatment for I-RUC
Storage LUTS
Storage LUTS are often symptoms related to radiation 

cystitis: complaints experienced during the bladder filling 
and storage phase of micturition, symptoms are including 
urgency (incontinence), increased frequency, and nocturia. 
Acetylcholine receptor antagonists (anticholinergics) are 
effective in the treatment of storage LUTS. Anticholinergics 
may cause severe and bothersome adverse events, including 
dry mouth, constipation, post-void residual urine, or in rare 
cases urinary retention. However, inefficient voiding or uri-
nary retention is rarely seen, especially when prescribed to-
gether with an α1-blocker [20]. If symptoms during RT in-
crease, corticosteroids such as prednisone 5 mg twice daily 
can be used to reduce the swelling around of the urethra in 
order to avoid urinary retention. In case of insufficient ef-
ficacy or side effects of anticholinergics, the new β3-agonist 
mirabegron, although not tested for this indication, can be 
used for symptom relief instead [21].

Voiding LUTS
Voiding LUTS are often symptoms related to radiation 

urethritis: the experienced complaints are a bad, intermit-
tent micturition, hesitancy, dysuria, and after dribbling. 
Voiding LUTS are more observed in men than in women 
and should initially be treated with α1-adrenoceptor antag-
onists (α1-blockers) which reduce both bladder storage and 
voiding symptoms, improve urine flow and reduce post-
void residual urine. Orthostatic hypotension can often be 
reduced when administering α1-blockers at night before 
sleeping. In contrast, silodosin is a selective α1A-adrenocep-
tor antagonist with no or only minor effects on blood pres-
sure; therefore, silodosin appears to be the preferred α1-
blocker in patients with (orthostatic) hypotension [22].

Pain
When pain is the predominant complaint, pain man-

agement is indicated to increase the patients’ comfort lev-
el and should follow the WHO “analgesic ladder” ap-
proach to cancer pain management [23]. According to 
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our experience, pain originating from the lower urinary 
tract does not respond well to opioids, and urinary reten-
tion is a rare complication of opioids use (1%). Moreover, 
bladder pain responds well to paracetamol and nonste-
roidal anti-inflammatory drugs.

Non-surgical Treatment for B-RUC
Hydration and Diuresis
Mild hematuria responds very well to hydration and 

diuresis [5]. It is important to achieve a clot-free bladder 
to avoid urinary retention.

Sodium Pentosane Polysulfate
Sodium pentosane polysulfate (SPP) is an anti-inflam-

matory agent of which 3–5% of the oral intake is excreted 
in the urine. SPP replaces the damaged glycosaminogly-
can layer of the bladder (replenishing) and reverses the 
damage of the bladder surface [24]. In addition, the uro-
thelium is less prone to bacterial adherence and triggers 
for hematuria [24]. In a retrospective nonrandomized 
study, Sandhu et al. [25] reported about 60 patients with 
hemorrhagic cystitis who were treated with oral SPP. The 
initial dose was 100 mg thrice daily. The dose was reduced 
to a maintenance dose of 100 mg once daily in 21 patients 
(35%), and SPP could even be stopped because hematuria 
disappeared in 10 patients (17%) [25]. SPP is licensed in 
the USA and EU for the treatment of bladder pain syn-
drome/interstitial cystitis (Elmiron®).

Aminocaproic Acid
Aminocaproic acid (AA) is an antifibrinolytic agent 

mainly excreted into the urinary tract which counteracts 
the effects of urokinase that contributes to the intractabil-
ity of bleeding [26]. This drug can either be administered 
orally, intravenously, or intravesically via catheterization 
and bladder irrigation.

In a retrospective nonrandomized study, Singh et al. 
[26] reported about 37 patients with macroscopic hema-
turia due to radiation cystitis, cyclophosphamide-in-
duced cystitis, or interstitial cystitis who were treated with 
intravesical AA. The authors diluted 200 mg AA per liter 
of physiological saline solution and continuously irrigat-
ed the bladder. This treatment was continued for 24 h 
after macroscopic hematuria diminished. Treatment re-
sulted in 34 responders (92%). However, catheterization 
and intravesical instillation were used in this case series.

Immunokine WF10
Immunokine WF10 inhibits inflammation associat-

ed with submucosal endarteritis [27]. Veerasarn et al. 

[27] demonstrated in a randomized, multicenter phase 
II trial in 100 patients that oral WF10 therapy is a safe 
and effective treatment. WF10, also known as Tetra-
chloro-deca-oxygen (TCDO), was administered in a 
dose of 0.5 mL/kg bodyweight, diluted in 250 mL physi-
ological saline solution, and infused intravenously for  
2 h. Infusions were repeated for 5 days per week every  
3 weeks for 2 cycles plus standard treatment (WF10 
group) or standard treatment alone (control group). 
The standard treatment consisted of oral antibiotics, an-
tispasmodics, iron supplement, blood transfusions, con-
tinuous bladder irrigation with physiological saline so-
lution, and evacuation of blood clots from the bladder, 
if necessary. At week 7, a total of 37 patients of the WF10 
group (74%) and 32 control patients (64%) stopped 
bleeding (p = 0.28).

Conjugated Estrogen
Estrogens decrease vascular fragility associated with 

hemorrhage late radiation cystitis. Liu et al. [28] reported 
about a significant improvement of hematuria in 4/5 pa-
tients following estrogen therapy 5 mg once daily.

Pentoxifylline
Pentoxifylline downregulates different pro-inflamma-

tory cytokines and has an antioxidant effect [29]. This 
mechanism of action can potentially avoid late radiation 
toxicity. Randomized, placebo-controlled trials of com-
bined pentoxifylline in combination with tocopherol (vi-
tamin E) have a confirmed efficacy for regression of su-
perficial radiation-induced fibrosis in other sites like skin, 
head, and neck mucosa [30].

Hyperbaric Oxygen Therapy
HOT is the only well-examined approach in the litera-

ture for treating B-CRUC. Unfortunately, HOT facilities 
are rare in some countries. Other limitations of HOT 
treatment are the costs and time-consuming treatment 
(60–120 min for 30–70 sessions). Patients with HOT 
breathe pure oxygen (100%) in a closed room in which 
the air pressure is increased to 2–3 times of the normal air 
pressure [31]. Consequently, the lungs can absorb more 
oxygen than with normal air pressure. The rationale is 
that highly oxygenated blood seems to be beneficial be-
cause it inhibits bacterial growth, increases angiogenesis, 
and stimulates the release of growth factors and stem 
cells, which all promote wound healing. It may even re-
verse progressive changes caused by RT and may improve 
other related symptoms such as radiation proctitis [31]. 
A Cochrane review based on 14 randomized controlled 
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trials demonstrated a benefit of HOT in preventing or 
healing late RT toxicity [32]. Bennett et al. [32] suggested 
that for patients with late RT toxicity affecting tissues of 
the head, neck, anus, and rectum, HOT is associated with 
improved clinical outcome.

Several retro- and prospective studies on HOT have 
been published showing an overall success rate in 65–
100% of patients (Table  2). The RICH-ART study is a 
phase II-III randomized trial, which reported that HOT 
relieves symptoms of late radiation cystitis: an improve-
ment of 10.1 points of the Expanded Prostate Index Com-
posite urinary score were observed in favor of HOT [33]. 
Villeirs et al. [34] conducted a systematic review on the 
use of HOT in RUC: they concluded that HOT is effec-
tive, with minimal adverse events, however with low ac-
cess and high costs.

Interventional Treatment of RUC
Catheterization
The bladder needs to be drained by transurethral or 

suprapubic catheterization when patients develop uri-
nary retention during RT. Transurethral catheterization 
should be done with caution because the whole urethra 
can be irritated and the urethral wall may be fragile. 
Therefore, transurethral catheterization should be per-
formed by experienced physicians in these patients. If 
catheterization is needed for a longer period, suprapubic 
catheterization is the preferred method [52]. Suprapubic 
catheterization also has the advantage that the patient can 
measure post-void residual urine after RT and before 
catheter removal.

Intravesical Instillations, Endoscopic Treatments, 
and Surgery for B-RUC
A variety of intravesical and cystoscopic therapies are 

available for B-CRUC. Instillation therapies for B-RUC 
should only be considered after failure of oral (drug) ther-
apies [35]. Due to the known potential risk of fistulae, 
ulcerations, or urethral stenoses, we advise that all cysto-
scopic treatments should be performed by an experienced 
urologist.

Intravesical Instillations
Formalin
Formalin occludes and fixes fragile neovasculature in 

RT-damaged tissues through chemical cauterization [53]. 
The success rate of this technique ranges from 75 to 89% 
[53]. Despite the high success rate, this treatment is po-
tentially associated with major complications in up to 
33% of patients, including fistulae (vesicovaginal and ves-
icointestinal), necrosis, ulcerations, fibrosis, obstruction, 
bilateral hydronephrosis, and decreased bladder capacity 
requiring urinary diversion [53]. It is important to check 
the different formalin concentrations which range from 
1 to 10% [53]. A retrospective study showed that 1% for-
malin was equally effective compared to the 2 or 4% solu-
tion with regard to hemostasis but caused fewer side ef-
fects (need of urinary diversion and persistent bleeding) 
[53].

Aluminum Salts
Aluminum salts (alum) trigger vasoconstriction and 

decrease capillary permeability which stops bleeding in 

Table 2. Summary of trials treating hemorrhagic cystitis with HOT [33, 35–46]

First author Year published Design Patients, 
n

Success rate (%) 
(complete and partial)

Lee et al. [36] 1994 Retrospective 20 90
Bevers et al. [37] 1995 Prospective 50 92
Chong et al. [38] 2005 Retrospective 60 80
Vilar et al. [39] 2011 Prospective 38 90
Oliai et al. [35] 2012 Retrospective 11 90
Hampson et al. [40] 2012 Prospective 44 89
Nakada et al. [41] 2012 Retrospective 38 74
Oscarsson et al. [42] 2013 Prospective 39 76
Shilo et al. [43] 2013 Retrospective 32 84
Tahir et al. [44] 2015 Retrospective 20 84
Mougin et al. [45] 2016 Retrospective 71 65
Dellis et al. [46] 2017 Prospective 36 100
Oscarsson et al. [33] 2019 Prospective randomized 87 64

HOT, hyperbaric oxygen therapy.
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mild cases [54]. Westerman et al. [54] reported in a ret-
rospective series that 24/40 patients (60%) needed no ad-
ditional therapy after intravesical alum installations [54]. 
Alum should be cautiously instilled because patients may 
develop acute alum toxicity leading to renal insufficiency 
and neurotoxicity [55].

Hyaluronic Acid and Chondroitin Sulfate
Hyaluronic acid and chondroitin sulfate represent re-

plenishment therapies [56]. Shao et al. [56] compared in-
travesical hyaluronic acid instillation with hyperbaric ox-
ygen in a series of 36 patients. No significant differences 
between the treatment groups were seen in terms of effi-
cacy at 12 months; the response was 85% (17 out of 20) 
patients treated with HOT compared with 94% (15 out of 
16) in the hyaluronic acid group.

Prostaglandins
Prostaglandins induce vasoconstriction and stimulate 

muscle contractions in blood vessels in the mucosa and 
submucosa of the bladder, thereby reducing edema and 
the inflammatory response [34]. A similar response is ob-
served in the uterus when prostaglandins are used for 
therapeutic abortion and refractory postpartum uterine 
bleeding [57]. However, only small case studies have been 
published demonstrating only small benefits in treatment 
of B-CRUC [57–59]. The authors feel that data on pros-
taglandins is insufficient in patients after RT and, there-
fore, do not recommend this treatment.

Endoscopic Treatments
Laser and Argon Plasma Coagulation
The argon, neodymium/yttrium aluminum garnet 

(Nd:YAG) and potassium titanyl phosphate (KTP) la-
sers have been used to coagulate bleeding vessels in the 
lower urinary tract (Table 3) [47–51]. Some retro- and 
prospective studies have been published; however, data 

are still scare. All studies did not have a control arm 
(sham treatment) and did not take into account that 
CRUC can improve over time without treatment. Ar-
gon plasma coagulation (APC) is a form of electrocau-
tery in which monopolar diathermy is transmitted to 
the target tissue through an ionized gas in a noncontact 
fashion (0.8–3.0 mm distance from the target) [1]. APC 
is well known and broadly used by gastroenterologists 
for the treatment of radiation proctitis [1]. APC seems 
to be a promising but still preliminary treatment op-
tion.

Vesical Artery Embolization
Minimal invasive treatment option is vesical artery 

embolization. Alternatively, surgical ligation of iliac ar-
teries can also be performed [60]. Vesical artery embo-
lization by skilled and experienced interventional radi-
ologists is a minimal invasive therapy with potentially 
less complications [60]. The technique has been first 
described by Pisco et al. for treating benign prostate en-
largement with severe LUTS otherwise mandating sur-
gery [61]. However, it is also a very effective treatment 
for recurrent and intractable bleeding [62–65] Due to 
the minimal invasive nature, embolization is well en-
dured by patients even with comorbidities or after pre-
vious extensive surgery or RT. Therefore, we recom-
mend considering vesical artery embolization for 
 patients with (recurrent) bleeding after surgical inter-
vention or RT as a less invasive alternative for surgical 
management.

Surgery
Surgery is considered as the last resort for patients 

with B-CRUC after failure of all other treatments. Sur-
gery should be reserved for patients who have perma-
nent, potentially life-threatening bleeding or fistulae 
which do not respond to conservative or endoscopic 

Table 3. Summary of trials treating hemorrhagic cystitis with endoscopic treatments [47–51]

First author Year 
published

Design Modality Patients, 
n

Success rate (%) 
(complete and partial)

Ravi et al. [47] 1994 Prospective YAG laser 42 93
Wines et al. [51] 2006 Retrospective APC 7 65
Zhu et al. [49] 2013 Retrospective KTP laser 10 100
Talab et al. [48] 2014 Retrospective KTP laser 20 90
Martinez et al. [50] 2015 Retrospective KTP laser 4 100

APC, argon plasma coagulation.
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treatments [65]. Surgical treatment options range from 
cutaneous urinary diversion to urinary diversion such as 
ileal or colon loop diversion, with or without a cystec-
tomy [66]. The goal of supravesical diversion is to de-
crease the exposure of the hemorrhagic areas to uroki-
nase to allow hemostasis [5]. Urinary diversion should 
not include the irradiated area.

All surgical procedures, especially major surgery in-
side the irradiated pelvis, are associated with high mor-
bidity and mortality [65]. Linder et al. [66] observed se-
vere (grade III to V) complications in 8/19 patients (42%) 
and reported about a 90-day mortality rate in 3/19 pa-
tients (16%). Sack et al. [67] demonstrated in a series of 
15 patients that cystectomy with urinary diversion can 
improve quality of life. However, in 4 patients (27%) ear-
ly complications occurred, such as deep wound infec-
tions, abdominal wall dehiscence, bowel leak, and colitis 
caused by Clostridium difficile. In 7 patients (47%), late 
complications were observed such as incisional hernia, 
pelvic abscess, entero-cutaneous fistula, parastomal her-
nia, and uretero-enteric stricture.

Al Hussein et al. [68] reported about robot-assisted 
cystectomy in 46 patients with a history of pelvic RT. The 
reasons for cystectomy were secondary bladder and pros-
tate cancer in 30 (65%) and 2 patients (2%), respectively. 
Complications following surgery included fistulae and 
intractable symptoms (mainly continuous hematuria) in 
5 (11%) and 9 patients (20%), respectively. The authors 
saw complications during the first 90 days after surgery 
in 25 (54%) patients of whom 11 (24%) had major com-
plications and 1 (2%) patient even died. Infections, bleed-
ing, and gastrointestinal complications were the most 
common adverse events. Important to mention is that 
difficult cases with a history of pelvic RT were more like-
ly to undergo an open procedure, which may have result-
ed in a selection bias with an overestimation (open sur-
gery) or underestimation (robot-assisted surgery) of 
complications.

Limitations

The presented algorithm has some limitations. It is 
based on small, low-level, and often historical trials. 
Therefore, a meta-analysis was not possible. In the litera-
ture, no general consensus has been reached until now. 
More prospective research is recommended to increase 
the knowledge of both prevention and treatment of 
CRUC. Furthermore, the provided algorithm reflects ex-
pert opinion.

Conclusions

RUC is a frequently observed late adverse event of pel-
vic RT and can occur even years after treatment. The risk 
of RUC should be minimized by applying improved RT 
techniques such as intensity-modulated RT, image-guid-
ed RT, or brachytherapy. Diagnosis of RT-associated 
symptoms and signs are primarily done by exclusion of 
other potential causes. On the basis of the available litera-
ture, we constructed a practical 4-step management algo-
rithm for the whole spectrum of RUC (Fig. 3). Neverthe-
less, prospective controlled and larger studies are recom-
mended to increase the knowledge of both prevention 
and treatment of RUC.
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