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Introduction Post-radiation cystitis is a complication of external beam radiation therapy, for the radical 
treatment of pelvic malignancies as radical treatment for pelvic malignancies. Chronic, refractory, post-
radiation cystitis is problematic in its management, mainly when a conservative approach is preferred. 
Conservative methods are the first line of treatment, especially since the area has been irradiated, mak-
ing surgical treatment more challenging.
The objective of this systematic review is to evaluate the effectiveness and safety of conservative  
methods for the management of post-radiation cystitis. All non-invasive methods were included  
in the research, in patients over 18 years of age undergoing pelvic radiation therapy.
Material and methods We conducted a systematic search for comparable studies on the conserva-
tive treatment of chronic post-radiation cystitis, analysing the efficacy and safety of these techniques, 
based on a specific protocol. The PubMed, Scopus, and CENTRAL databases and the grey literature were 
searched. Risk control of the individual papers was carried out using the RoB2 and ROBINS-I tools.
Results A total of 282 papers were reviewed, of which 6 were included in the review: 3 randomised clini-
cal trials and 3 non-randomised studies. Each of these studies investigated a different treatment, using  
a different population as control group, so it was not possible to conduct a meta-analysis of the studies.
Conclusions Although most conservative measures appear to be successful in the management  
of post-radiation cystitis, more studies, especially randomised clinical trials, are needed before an algo-
rithm of conservative methods can be created.
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Introduction 

Pelvic irradiation is considered a valid therapeutic 
option for the treatment of pelvic malignancies, 
either as primary treatment, adjuvant to surgical 
treatment, or in cases of local disease recurrence 
[1]. A large proportion of cancer survivors suf-
fer from side effects of radiotherapy because ir-
radiation of the pelvic organs carries the risk  
of radiation damage to surrounding healthy organs, 
a pathology called pelvic radiation disease (PRD),  

and in particular post-radiation cystitis if it affects  
the urinary bladder. 
The bladder epithelium is more susceptible to ra-
diation damage, probably due to the reduced rate 
of cell proliferation. Urine is a particularly strong 
irritant, and as a result, when it comes into con-
tact with the deeper layers of the bladder, it causes 
irritation and inflammation of the bladder wall. 
Bladder irradiation may cause destructive endarte-
ritis, i.e. damage to small arteries due to swelling  
of its inner lining, and consequently, due to reduced 
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tissue perfusion, ischaemia that leads to atrophy  
and fibrosis, resulting in haematuria. Fibrosis,  
if extensive, can lead to decreased bladder capacity, 
frequency, urgency, and even incontinence; this can 
be functional incontinence due to intrinsic sphinc-
ter deficiency or urge incontinence due to reduced 
bladder capacity and reduced bladder compliance/
detrusor overactivity [2].
Chronic post-radiation cystitis develops over a pe-
riod of 6 months to 20 years after radiotherapy [3] 
with varying degrees of haematuria and/or severe 
lower urinary tract symptoms (frequency, dysuria, 
and urgency). 

Treatment options for chronic post-radiation 
cystitis

Conservative management is usually the first line 
of treatment and includes hydration and diuresis, 
bladder catheterisation, clot evacuation, and con-
tinuous or intermittent bladder irrigation. If hae-
maturia persists, bladder irrigation or instillations 
with a variety of substances have been described 
including aluminium salts (alum), silver nitrate, 
formalin, and hyaluronic acid with/without chon-
droitin, each with varying degrees of efficacy and 
bladder toxicity.
Aluminium salts (aluminium ammonium sulphate 
or aluminium potassium sulphate) have been used 
for the treatment of haemorrhagic cystitis since the 
1980s [8]. The mechanism of action is via vasocon-
striction and reduction of the permeability of the 
bladder capillaries [9]. There have been rare re-
ports of absorption and concomitant nephrotoxicity 
caused by aluminium salts in patients with normal 
renal function, as these salts are excreted through 
the kidneys [9–11]. According to Westerman et al., 
about two-thirds of patients experienced remission 
of post-radiation cystitis symptoms, and one-third 
of those maintained these results, suggesting its ef-
ficacy as first-line treatment [12].
Formalin, an aqueous solution of formaldehyde, was 
first introduced in 1969 as a therapeutic option for re-
current haemorrhagic cystitis [13]. Formalin causes 
occlusion of bladder capillaries and stabilisation  
of urothelial proteins [14, 15]. Several adverse effects 
have been reported, such as hydroureteronephrosis 
due to urinary reflux and even renal failure, reduced 
bladder capacity, and urinary fistulas, depending  
on the concentration of instilled formalin [16–18]. 
Silver nitrate is a cauterising agent. When silver 
nitrate is mixed with water nitric acid is produced, 
which has cauterising properties [19]. Since most 
relevant studies were carried out in children with 
haemorrhagic cystitis caused by cyclophosphamide, 

silver nitrate plays a limited role in the management 
of adults with haemorrhagic cystitis [20–22]. 
Hyaluronic acid seems to effectively restore  
the protective layer of glycosaminoglycans (GAG)  
in the bladder urothelium. The protective coating 
of the bladder urothelium together with the narrow 
interstitial connections create the main barrier be-
tween the bloodstream and the urine. This barrier, 
which is destroyed by radiation, is restored to a cer-
tain extent with hyaluronic acid [6].
Systemic conservative treatments include hyper-
baric oxygen therapy, WF10, and pentosan poly-
sulphate. Hyperbaric oxygen therapy is admin-
istered in specific c ompression c hambers, which 
provide 100% O2 at a designated pressure (about  
2 atmospheres) for a specific period of time (usually 
90 minutes, with intervals of atmospheric air inha-
lation). The aim is to reverse hypoxia in the bladder 
tissue, which is achieved through better diffusion 
of oxygen into the tissues promoting neoangiogene-
sis formation. The disadvantages of this treatment 
include claustrophobia, limited availability [7],  
and adverse effects related to the increased pres-
sure, such as rupture of the eardrum and dizzi-
ness. Literature indicates that this method has  
an efficacy of 60–92% [23], with patients with less 
severe symptoms showing a better and more du-
rable response.
WF10, an intravenous derivative of TCDO (tetra-
chlorodecaoxide), is a molecule that acts by modi-
fying the immune response. Once the bladder in-
flammation h as s topped a fter i rradiation, healing  
of the bladder urothelium begins, resulting in the 
shutting and healing of the capillaries that cause 
haemorrhagic cystitis. This results in remission  
of haematuria but also of urinary urgency [24–26]. 
The first t rial b y S risupundit e t a l., i n a  series  
of 20 patients, showed a remission in symptoms  
of up to 80% with no significant s ide e ffects. This 
was followed by 2 major studies by Veerasarn et al., 
in 2004 and 2006, in which WF10 was compared  
to a control group receiving bladder irrigations  
and transfusions, also in combination with conven-
tional therapy without a control group, with very 
good results (14/16 showed complete remission  
of symptoms, with mild adverse effects) [28]. 
Pentosan polysulphate is a semi-synthetic mol-
ecule that functions as a synthetic GAG. GAG coat 
the bladder epithelium internally, so this semisyn-
thetic glycosaminoglycan replaces the damaged 
GAG layer. Case reports of oral pentosan poly-
sulphate showed an improvement in haematuria, 
which persisted after the initial administration and 
dose reduction to maintenance levels, with no ad-
verse effects [4, 5].
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Material and methods

Study characteristics

This is a systematic review of the literature from the 
first recorded report on chronic post-radiation cystitis  
up to December 2023, aimed at finding all papers 
that meet the inclusion criteria. 

Inclusion and exclusion criteria 

For a study to be included in this systematic review it 
had to involve adult patients with symptoms of chron-
ic post-radiation cystitis, presence of symptoms for 6 
months after the end of radiotherapy, or persistence 
of symptoms for more than 6 months. Patients par-
ticipating in the study should have undergone radio-
therapy for the treatment of pelvic malignancies.
For a study to be excluded from this protocol, hae-
maturia must be associated with a cause other than 
post-radiation cystitis. Studies that focused on haem-
orrhagic cystitis resulting from chemotherapy were 
also excluded. 

Study protocol

This systematic review looked for comparative ran-
domised clinical trials and non-randomised retrospec-
tive and prospective clinical trials. Articles written 
in English, German, French, and Spanish were ac-
cepted. Single-arm trials, either randomised clinical 
trials or non-randomised interventional studies (non-
comparative studies), were excluded.
The searched databases were PubMed/MEDLINE, 
Scopus, LILACS, and Cochrane/CENTRAL. The last 
search was performed on 30/12/2023. A screening of 
literature references relevant to this study was car-
ried out to identify and include them during the initial 
selection of papers using the "snowball" method and 
screening of the references of these papers. Further 
research using common search engines was carried 
out in order to find “grey” literature references related 
to this topic (Google Scholar, theses or dissertations). 
The PubMed/MEDLINE search sequence was devel-
oped as follows: (“Radiotherapy” OR “Radiation in-
juries” OR “radiotherapy”) AND (“Urination disor-
ders” OR “Haematuria” OR “Fistula” OR “Urinary 
Frequency” OR “Urinary Frequency” OR “Urinary 
Urgency” OR “Urinary Incontinence” OR “Bladder 
Fibrosis” OR “Urinary Stricture” OR “Urethritis” OR 
“Bladder Neck Obstruction” OR “Ureteral Obstruc-
tion” OR “Hydronephrosis” OR “Cystitis” OR “Telan-
giectasis”). The above search sequence was modified 
accordingly to search the other databases. The full 
search sequence can be found in the appendix.

Technical characteristics

Two authors (ND and EZ) executed the paper search 
algorithm. After removing duplicate work, the ti-
tles and abstracts of the remaining papers were 
reviewed. Papers whose full text was not available,  
or the full text was in a language other than the 
above-mentioned accepted languages, were excluded 
from the study. The selection process was done ac-
cording to the PRISMA (Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses) flow dia-
gram (Figure 1).
Data extraction was carried out by 2 researchers 
(ND and EZ). In this systematic review, both ran-
domised and non-randomised clinical trials were in-
cluded. For randomised clinical trials, the RoB2 tool 
was used. The control fields of this tool include the 
following: selection error, execution error, interven-
tion finding/identification error, decay error (incom-
plete result data), reporting error, and various other 
types of error (Figures 2, 3).
For non-randomised studies, the ROBINS-I (risk  
of bias in non-randomised studies of intervention) 
tool was used, which checks 7 areas of bias, cat-
egorising each study as low, moderate, high, and 
unclear risk. These areas of error include the fol-
lowing: confounding, selection, classification in the 
intervention, deviation from the therapeutic in-
tervention, and missing data in the measurement  
of outcomes and in the selection of reported out-
comes error (Figures 4, 5).

Objectives of the study

The main objective of this systematic review is to 
identify all studies on various non-surgical inter-
ventions for the treatment of chronic post-radiation 
haemorrhagic cystitis, and if possible to compare  
the results of these studies so that a conclusion can 
be drawn about the efficacy and safety of the individ-
ual methods. This review will attempt to find all the 
relevant studies of interventions for the treatment 
of chronic post-radiation cystitis, provide a quantita-
tive comparison and if possible, propose a treatment 
algorithm. 

Results 

Search results

The search retrieved 1334 studies from PubMed/
MEDLINE, 3,252 from Scopus, 15 from LILACS, 
and 241 from Cochrane/CENTRAL, for a total  
of 4,842 papers. Eight papers were retrieved from 
the ClinicalTrial.gov database, but it was not pos-
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sible to find papers related to the topic in the Eu-
draCT, WHO ICTRP, EBSCO databases, conference 
proceedings that were not already published, and 
theses and dissertations. Of the total 4,850 papers,  

after performing duplicate removal using the Men-
deley software, 3,740 studies were title-screened.  
Of these papers, 3,458 were considered irrelevant 
to the study's entry criteria, leaving 282 papers  
to search for full text. Of these papers, the full text 
was available for 87.
In total, 81 papers were excluded from further 
statistical synthesis and analysis. Sixteen of those 
were case reports, while 50 were simple case stud-
ies. Finally, the 15 papers excluded were prospec-
tive cohort studies but did not include a control 
group. In conclusion, 6 papers remain to be studied,  

Figure 2. Error risk graph, using the ROB2 toll.

Figure 4. Error risk graph, using the ROBINS-I toll.

Figure 3. Total risk of error by category, using the ROB2 toll.

Figure 1. Papers selection process PRISMA flow diagram.
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of which 3 were randomised clinical trials, and  
3 were prospective or retrospective studies using  
2 groups, either a control group or a second group 
receiving an intervention.

Characteristics of the included studies 

Of all the eligible studies, the three randomised clini-
cal trials used different interventions for treating 
chronic post-radiation cystitis, namely hyperbaric ox-
ygen, WF10, and hyaluronic acid compared to hyper-
baric oxygen. More specifically, Shao et al. studied the 
effect of intravesical instillation of hyaluronic acid 
on post-radiation cystitis and the use of hyperbaric 
oxygen, as well as a comparison of these 2 methods,  
in a cohort of 36 patients with haemorrhagic cysti-
tis [27]. Symptoms of haematuria, frequent urina-
tion, and pelvic pain (on a scale of 0–10) were studied  
to evaluate the effect of the 2 therapeutic methods. 
Response to treatment was defined as the day of ab-
sence of symptoms (haematuria and frequent urina-
tion). Partial response was considered the presence  
of macroscopic haematuria and absence of blood 
clots. All other results were considered as no re-
sponse to treatment. There was no statistically signif-
icant difference in the improvement of patients in the 
2 groups. In terms of urinary frequency, there was 
a significant improvement with treatment in both 
groups at 6 months, but this improvement was only 
significant in the hyaluronate group at 12 months af-
ter treatment. The main adverse effect of hyaluronic 
acid was urinary tract infection due to catheterisa-
tion, with an increased incidence compared to the 
hyperbaric oxygen group at 6 months, but no statisti-
cally significant difference at 12 and 18 months.
The study by Veerasarn et al. compared the effect  
of the WF10 agent in combination with standard 
clinical therapy on post-radiation haemorrhagic cys-

titis with that of standard clinical treatment alone, 
i.e. the use of saline solutions for bladder irrigation 
combined with removal of the clots, administra-
tion of iron supplements, antispasmodics, and an-
tibiotics, and transfusion if deemed necessary [28].  
The patients in both groups were women after irra-
diation of the primary lesion at least 6 months be-
fore the onset of symptoms of post-radiation cystitis. 
Haematuria was classified using the LENT-SOMA 
criterion. Patients were followed up at 12, 24, 36, and 
52 weeks after the end of treatment, or at a different 
time if the patients disease relapsed. From the treat-
ment group 37 of 50 patients showed complete re-
mission of haematuria, compared to 32 of 50 patients 
in the control group, with no statistically significant 
difference between these 2 groups (p = 0.28). Of the 
group of patients who initially responded to treat-
ment, 17 of 37 presented with recurrence of hae-
maturia, compared to 24 of 32 of the control group,  
a difference that is statistically significant (p = 0.01).
Oscarsson et al. studied the effect of hyperbaric 
oxygen on chronic post-radiation cystitis in 87 pa-
tients from 5 Norwegian hospitals, using the EPIC 
(Expanded Prostate Index Composition Score) sys-
tem as the measurement scale, and in particular the 
specialised section for the urinary system [29]. Pa-
tients were randomised in 2 groups: a group of inter-
vention with hyperbaric oxygen comprised of 30–40 
sessions at 240–250 kPa for 80–90 min with 100% 
O2, and a control group, where the usual treatment 
was applied. The difference between these 2 groups 
in terms of mean patient scores on the EPIC system 
before and after the intervention was an improve-
ment of 10.1 in the hyperbaric oxygen group and  
7.7 in the control group. Regarding the adverse 
effects of the intervention, they occurred in 17  
of 41 patients, and most were first- or second-degree 
(barotrauma, myopia from oxygen administration) 

Figure 5. Total risk of error by category, using the ROBINS-I toll.
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Discussion

The studies that were included in this review 
are different in design; 3 were randomised clini-
cal trials and 3 were non-randomised studies, with 
varying degrees of risk of error. Moreover, each  
of the studies investigated a specific symptom.  
The study by Shao et al. [27] focuses on the compari-
son of two methods, hyaluronic acid and hyperbaric 
oxygen, for the treatment of post-radiation cystitis. 
In the study by Veerasarn et al. [28] systemic admin-
istration of WF10 was used as a therapeutic method, 
while in the study by Oscarsson et al. [29] hyperbaric 
oxygen was administered to treat the symptomatol-
ogy of post-radiation cystitis.
In the non-randomised studies, i.e. the studies  
by Milani et al. [30] and Lojanapiwat et al. [31], fo-
cus was placed on comparing a treatment applied 
in a different way, in the first study by doubling 
the dose of the administered medicine, and in the 
second by modifying the way the therapeutic sub-
stance is introduced inside the bladder. The study 
by Mohamadal-Ali et al. [32] tested the efficacy  
of hyperbaric oxygen for the treatment of post-ra-
diation cystitis. Taking all the above into account,  
it was considered that a meta-analysis of these 
studies cannot be performed because there is a risk 
of increasing the error in non-randomised clinical 
trials.
Several papers referred to the creation of an algo-
rithm to have a more methodical approach to the 
conservative treatment of this condition. For ex-
ample, the study by Vanneste et al. [33] analysed 
all possible treatment approaches in patients with 
acute and chronic cystitis and urethritis of post-
radiation aetiology. In this paper, categorisation 
was based on symptoms: the first category defines 
haematuria (haemorrhagic post-radiation cystitis)  
as its predominant symptom, while the second de-
fines inflammation (symptoms of urgency, dysuria, 
and frequent urination) as its predominant symp-
tom. The first case was treated with all the prepa-
rations and methods mentioned above in this paper 
(briefly: oral preparations, intravesical instillation  
or irrigation, embolisation of vessels, or cauteri-
sation of the bladder mucosa). In the second case, 
anticholinergic, corticosteroid, non-steroidal anti-in-
flammatory medicines, and α1 and β3 adrenorecep-
tor antagonists were used (Figure 6).
A different treatment algorithm is presented by Ale-
sawi et al. [34], who try to treat only haematuria  
in patients with post-radiation cystitis This algo-
rithm includes the use of hyperbaric oxygen, but as 
a last line of conservative treatment, before the ap-
plication of interventional methods (Figure 7).

complications that are self-limiting or easily man-
aged without the need to discontinue treatment.
The 3 non-randomised clinical trials also stud-
ied the administration of different treatments for  
post-radiation cystitis, namely the administration  
of flavoxate hydrochloride in various doses with-
out the use of a control group, intravesical admin-
istration of formalin, either through instillation  
or by applying patches, placental extract instillation, 
and the use of hyperbaric oxygen. There was also  
a difference in the symptom being treated in each  
of these studies. More specifically, Milani et al. stud-
ied the urgency after radiotherapy and how it is  
treated with different concentrations of flavox-
ate hydrochloride [30]. A sample of 34 women with 
symptoms of urgency after pelvic irradiation were 
treated with flavoxate hydrochloride in 2 different 
intervention groups, with daily doses of 600 mg  
and 1,200 mg, respectively. There was an improve-
ment in the overall clinical condition of patients  
in the 600 mg group (9/21 or 43%) and in the 1,200 mg  
group (8/13 or 61%), a statistically non-significant 
difference. The urodynamic monitoring of these pa-
tients showed an improvement in total bladder ca-
pacity, first urge to urinate, and pressure at maximum 
capacity (the 1,200 mg group prevailed in terms of im-
provement, marking a statistically significant differ-
ence compared to the 600 mg group). 
The remaining papers analysed the effect of each 
active substance on haematuria. The study con-
ducted by Lojanapiwat et al. investigated the ef-
fect of formalin on persistent haematuria caused  
by post-radiation cystitis [31]. Patients participating 
in this study (n = 19) were divided into 2 groups, one 
group receiving 4% formalin intravenously (n = 11) 
and the second receiving 10% formalin through ap-
plication of impregnated gauzes (n = 8). In the first 
24 hours after treatment, patients' urine was clear  
in 9/11 (82%) and 6/8 (75%) patients in the 2 groups, 
respectively. Four adverse effects occurred in the first 
group of patients, namely bilateral hydronephrosis 
with anuria (n = 2), vesicovaginal fistula (n = 1), 
and death due to sepsis (n = 1). No adverse effects 
occurred in the second group of patients.
Mohamadal-Ali et al. studied the effect of hyper-
baric oxygen in relation to conservative treatment 
for haematuria in patients with post-radiation 
cystitis [32]. Patients were divided into 2 groups, 
with the first group (n = 10) receiving hyperbaric 
oxygen treatment and the second group (n = 4) re-
ceiving conservative treatment only. In the results,  
2 of 10 (20%) and 2 of 4 (50%) patients in both 
groups had symptom remission. Hyperbaric oxygen 
treatment was well tolerated without any adverse 
effects (Table 1).
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with partial and no remission of haematuria were 
managed with endoscopic cauterisation of the mucosa 
and clot evacuation. One week after the application 
of this treatment, if haematuria persisted, patients 
were managed with the fourth line of treatment, i.e. 
selective embolisation of the intrapelvic branches  
of the internal iliac arteries bilaterally. In the fifth 
line of treatment, patients who did not show com-
plete remission of their symptoms were treated with 
100% hyperbaric oxygen at 2.36 atmospheres for ap-
proximately 90 minutes, for a total of 40 sessions.
This study clearly demonstrates that the combina-
tion of invasive and non-invasive methods with a se-
quential application of increasing levels of interven-
tion seems to have better results, especially in the 
most severe cases, as well as better patient compli-
ance to treatment. 

A noteworthy point of reference is the study con-
ducted by Ju et al. [35], in which an attempt was 
made to treat chronic post-radiation cystitis (to treat 
haematuria) using 5 consecutive steps in 6 cancer 
centres in China, through a retrospective study  
of 650 patients with moderate and severe haematu-
ria. While until recently there was a simple synthesis 
of methods and proposal of the authors, here an at-
tempt was made to study the effectiveness of a com-
bined method. 
The first line of treatment included administration 
of antibiotics, analgesics, and epsilon-aminocaproic 
acid, as well as other haemostatic agents to treat 
haematuria. If there was no partial or complete re-
mission of symptoms, in the second line of treat-
ment patients underwent intravesical instillations  
of thrombin or hyaluronic acid solutions. Patients 

Table 1. Type of treatment cystitis – results, adverse effects

Paper Gender Age Cystitis grade Type of treatment Results Adverse effects

Shao et al. 
(2011) [27]

Hyaluronic acid:  
6 women, 10 men

Hyperbaric oxygen: 8 
women, 12 men

Hyaluronic acid: 
59.3 (46–74)

Hyperbaric Oxygen: 
60.3 (44–78)

Hyaluronic acid: Ι = 0,  
ΙΙ = 6, ΙΙΙ = 10, ΙV = 0
Hyperbaric oxygen:  
Ι = 0, ΙΙ = 10, ΙΙΙ = 10, 

ΙV = 0

Hyperbaric oxygen  
2.5 atmospheres  

(n = 20)
Hyaluronic acid  

instillations (n = 16)

Full remission:  
hyperbaric = 9  

hyaluronate = 8
Partial remission:  

hyperbaric = 6  
hyaluronate = 4

Not  
mentioned

Veerasarn  
et al. (2004) 
[28]

WF10:51 Women
Control group:  

51 women

WF10: 51 (26-70)
Control group: 52 

(28–70)

WF10: : Ι = 0, ΙΙ = 43,  
ΙΙΙ = 8, ΙV = 0

Control group: : Ι = 0,  
ΙΙ = 41, ΙΙΙ = 10, ΙV = 0

WF10 (n = 50)
Control treatment  

(n = 50)

Response to treatment:
Dysuria:WF10 = 24,  
control group = 22

Frequency: WF10 = 21, 
control group = 20

Haematuria: WF10 = 
36, control group = 31

Haemoglobi-
nemia  

(n = 14)

Oscarsson et al.  
(2019) [29]

Hyperbaric oxygen: 12 
women, 29 men
Control group:  

10 women, 28 men

Hyperbaric Oxygen: 
64.0

Control group: 64.8

Hyperbaric Oxygen: 
EPIC = 48.2

Control group:  
EPIC = 41.6

Hyperbaric Oxygen  
2.4 atmospheres  

(n = 40)
Control treatment  

(n = 35)

Full remission:  
hyperbaric = 29

control group = 12
Partial remission:  

hyperbaric = 0,
control group = 19

Barotrauma 
and  

hyperaemic 
myopia

Mohamadal-
-Ali et al. 
(2010) [32]

Hyperbaric oxygen: 3 
women, 7 men
Control group:  

1 woman, 3 men

Hyperbaric oxygen: 
79 (59–90)

Control group: 
63.75 (51–79)

Haematuria without 
any calibration

Hyperbaric oxygen  
2.5 atmospheres  

(n = 10)
Control treatment  

(n = 4)

Full remission:  
hyperbaric = 2,  

control group = 2
Partial remission:  

hyperbaric = 0,  
control group = 0

None 

Milani et al. 
(1988) [30]

Flavoxate  
hydrochloride 600 mg:  

21 women
Flavoxate  

hydrochloride 1200 mg: 
13 women

Flavoxate hydro-
chloride 600 mg: 

57.28 ±13
Flavoxate hydro-

chloride 1200 mg: 
52.76 ±10.1

Urgency and  
incontinence (ICS)

Flavoxate hydrochloride 
600 mg: 5.52 ±1.53

Flavoxate hydrochloride 
1200 mg: 5.15 ±1.77

Flavoxate  
hydrochloride 600 mg 

(n = 21)
Flavoxate  

hydrochloride 1200 mg 
(n = 13)

Clinical remission  
of symptomatology:  

flavoxate hydrochloride  
600 mg = 9

Flavoxate hydrochloride 
1200 mg = 8

Mild nausea 
(n = 3),  

retrosternal 
pain  

(n = 2)

Lojanapiwat  
et al. (2002) 
[31]

Intravesical formalin: 
11 women

Gauzes with formalin: 
8 women

Intravesical forma-
lin: 50 (44-64)

Gauzes with forma-
lin: 58 (54-71)

Haematuria without 
any calibration

Intravesical formalin 
injections 4% (n = 11)

Placement  
of 10% formalin  

impregnated gasses 
(n = 8)

Full remission:  
group I = 9,
Group II = 6

Partial remission:  
group I = 0
Group II = 0

Group I: 
anuria and 
bilateral hy-

dronephrosis 
(n = 2),  

vesicovaginal 
fistula (n = 1), 
death due to 
sepsis (n = 1)

Group II: none
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ties, it achieves complete resolution of haematuria  
in almost two-thirds of the patients [36, 37].  
In a study conducted by Moses et al. [38], a popula-
tion of 470 patients were evaluated before and after 
the use of hyperbaric oxygen therapy. Around 80%  

Hyperbaric oxygen therapy is a reappearing thera-
peutic aspect that is used in chronic radiation cys-
titis as well as the other uses in persistent exter-
nal trauma, especially after radiation. Due to its 
neoangiogenic and stem cell stimulation proper-

Figure 6. Algorithm for management of chronic post-radiation cystis based on patient symptomatology, according to Vanneste  
et al. [33].
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venting fibrosis, inflammation, and vascular dam-
age, which are the hallmarks of radiation-induced 
cystitis. However, due to its preclinical state, more 
research is required to establish suitable therapeutic 
doses, optimal therapeutic routes, and better under-
standing of their mechanism of action [41].
This study had several limitations. The basic limi-
tations include the design of the included papers  
and mainly the absence of a common way of report-
ing symptoms of chronic post-radiation cystitis (re-
porting via the LENT-SOMA, CTCAE, and EPIC 
scales or directly quoting the outcome of haematuria 
by classifying it as complete, partial, or no remis-
sion). There is a lack of randomised clinical trials  
on this topic, resulting in a reliance on non-ran-
domised studies to draw conclusions, which limits 
the quality of the results. 

Conclusions

Our systematic review was not able to provide an al-
gorithm on how to best manage post-radiation cys-
titis, despite the multitude of conservative, mainly 
pharmaceutical, options for the treatment of this 
condition. 
However, a proposed first line of treatment includes 
administration of antibiotics, analgesics, and epsi-
lon-aminocaproic acid, as well as other haemostatic 
agents. If there is no remission of symptoms, second-
line treatment includes intravesical instillations  
of aluminium salts, silver nitrate, formalin, or hyal-
uronic acid solutions, with acceptable success rates. 
Patients with refractory haematuria are managed 
with endoscopic cauterisation of the mucosa and 
clot evacuation. In cases where haematuria persists, 
patients are managed with selective embolisation  
of the internal iliac arteries or treated with 100% hy-
perbaric oxygen.
More randomised clinical trials and/or non-ran-
domised studies with a control arm are required  
to find the method with the best results in chronic 
post-radiation cystitis, both in the immediate remis-
sion of symptoms, which include not only haematu-
ria but also dysuria (pain in urination, frequent uri-
nation), and in the longer duration of symptom-free 
patients.
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of them had complete regression of haematuria 
(from 2 [IQR 2] to 0 [IQR 2]; p < 0.001). A subgroup 
analysis of the results showed that a history of smok-
ing and a non-prostate cancer history are negative 
prognostic factors for improvement odds of hyper-
baric oxygen therapy (OR = 0.44, 95% CI: 0.21–0.92; 
p = 0.03), (OR = 0.32, 95% CI: 0.10–0.99; p = 0.05).
An additional therapeutic approach includes the 
use of amniotic membrane extract as a novel ther-
apy for chronic radiation cystitis. The rationale 
behind this therapy is the pro-regenerative proper-
ties for the radiated bladder tissue. As is described  
by the study of Radoit et al. [39], the use of amniotic 
bladder therapy presents potential benefit based on 
the improvement of the scores used in accordance 
with SF-12 Health Survey and other assessment 
tools and scores. The same results are supported  
by the study of Lutchka et al. [40], which shows an 
improvement in the symptomatology of lower uri-
nary tract as early as 2 weeks and maintained for up 
to 36 weeks for 80% of the population studied. De-
spite this, some of them can show symptom rebound 
at 24 weeks.
A future therapy currently under the microscope  
is the use of mesenchymal stem cells to counter  
the radiation toxicity effects. This is achieved by pre-

Figure 7. Algorithm for treatment of haematuria, according  
to Alesawi et al. [40].

Hematuria

R/O:  coagulopathies, neoplasms, stones,  
infections and medical renal diseases

No clots and stable hemodynamics  
and hematocrit

Clots or unstable hemodynamics  
and hematocrit

Observation
Clots evacuation, CBI, +/– cytoscopy  

fulguration 

Refractory hematuria

Hemorrhagic cystitis

Resolution

Observation

Instillation therapy: 1% alum, amicar, 
silver, nitrate, formalin

Resolution Refractory hematuria

Observation Re-cysto + fulguration or 
hyperbaric oxygen

Resolution Refractory hematuria

Observation
Embolization and/or 

surgery including urinary 
diversion +/-  cystectomy
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Appendix

1. Algorithm for searching papers from databases:

Radiotherapy

#1 exp Radiotherapy/
#2 Radiotherapy/ or "radiotherapy".mp.
#3 exp Radiation injuries/
#4 "rt".fs.
#5 radiat$.mp. (mp=title, abstract, registry num-
ber word, mesh subject heading)
#6 radiotherap$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#7 (radio$ adj1 therap$).mp. (mp=title, abstract, 
registry number word, mesh subject heading)

Urinary system symptomatology

#8 exp Urination disorders/
#9 (urin$ adj3 frequency).mp. (mp=title, abstract, 
registry number word, mesh subject heading)
#10 (urin$ adj3 urgency).mp. (mp=title, abstract, 
registry number word, mesh subject heading)
#11 ((bladder or vesic$) adj3 fibro$).mp. (mp=title, 
abstract, registry number word, mesh subject head-
ing)
#12 exp Hematuria/
#13 haematur$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#14 hematur$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#15 exp Fistula/
#16 ((bladder or vesic$) adj3 fistul$).mp. (mp=title, 
abstract, registry number word, mesh subject head-
ing)
#17 ((bladder or vesic$) adj3 ulcer$).mp. (mp=title, 
abstract, registry number word, mesh subject head-
ing)
#18 exp Urethritis/

#19 urethrit$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#20 exp Urethral stricture/
#21 ((bladder or vesic$ or uret$) adj3 strict$).mp. 
(mp=title,
abstract, registry number word, mesh subject head-
ing)
#22 exp Hydronephrosis/
#23 hydronephro$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#24 exp Urinary incontinence/
#25 (urin$ adj3 incont$).mp. (mp=title, abstract, 
registry number word, mesh subject heading)
#26 exp Cystitis/
#27 cystitis.mp. (mp=title, abstract, registry num-
ber word, mesh subject heading)
#28 exp Bladder neck obstruction/
#29 (bladder neck adj5 obstruct$).mp. (mp=title, ab-
stract, registry number word, mesh subject heading)
#30 exp Telangiectasis/
#31 telangiect$.mp. (mp=title, abstract, registry 
number word, mesh subject heading)
#32 Ureteral obstruction/
#33 ((bladder or vesic$) adj5 obstruct$).mp. 
(mp=title, abstract,
registry number word, mesh subject heading)
#34 (uret$ adj5 obstruct$).mp. (mp=title, abstract, 
registry number word, mesh subject heading)

Final Composition

#35 #1 or #2 or #3 or #4 or #5 or #6 or #7
#36 #8 or #9 or #10 or #11 or #12 or #13 or #14 
or #15 or #16 or #17
or #18 or #19 or #20 or #21 or #22 or #23 or #24 
or #25 or #26 or #27
or #28 or #29 or #30 or #31 or #32 or #33 or #34
#37 #35 and #36
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