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Introduction: Pelvic radiotherapy is associated with both acute and chronic voiding
dysfunction. A review of the success and complications of surgical treatments for

female stress urinary incontinence after pelvic radiotherapy has not been summarized

in the published literature.

Methods: A systematic review of female stress urinary incontinence after pelvic

radiotherapy was conducted using MeSH terminology (1988-2018).

Results: There is limited published literature on the treatment of stress urinary

incontinence in women following pelvic radiotherapy. Long term indwelling urethral

catheter should be avoided in all women given the risk of iatrogenic hypospadias.

Surgical treatments can be classified into those for the intact versus failed outlet.

Urethral bulking injections have been studied in a prospective fashion specifically in

women with stress urinary incontinence after radiotherapy and although not

randomized, have the highest level of evidence. Patients should be screened for a

history of prior radiotherapy before considering sling placement. Artificial urinary

sphincter is associated with a high rate of erosion after prior radiotherapy. The role of

Burch colposuspension in patients with prior radiotherapy is poorly defined. Urinary

diversion should be considered for patients with a devastated outlet.

Conclusions: Since the long-term effects of radiotherapy on lower urinary tract

voiding function are typically irreversible and progressive, further research is needed

to mitigate the adverse effects of irradiation and identify more durable treatment

options for women with radiation induced bladder dysfunction and stress urinary

incontinence.
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1 | INTRODUCTION

1.1 | Genitourinary morbidity following
radiotherapy
According to recent statistics published by the American
Cancer Society; urologic, gynecologic, and colorectal

malignancy arising from the pelvis accounted for up to one-
third of all new cancer diagnoses in the United States.1 The
National Cancer Institute reports that approximately half of
all cancer patients in the United States will receive radiation
therapy.2 Genitourinary radiotoxicity in the acute phase
includes urinary urgency, frequency, nocturia, dysuria,
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bladder spasm, urothelial ulceration, and hemorrhage with an
incidence of 20-80%. Following an asymptomatic latent
period, epithelial atrophy, reduction in capacity, loss of
compliance, and bladder necrosis manifests as a result of
progressive vascular damage, obliterative arteritis, ischemia,
and fibrosis.3

The Radiation Therapy Oncology Group (RTOG) has
clearly defined genitourinary adverse events (Table 1).4

Morbidity following radiotherapy can be divided into acute
genitourinary toxicity, occurring within 90 days of radiation,
and late/chronic effects. Given the close proximity of the
cervix and vaginal cuff to the bladder, grade 1 and 2 urinary
adverse events are present in up to 45% of patients at 5-years
and major complications related to grade 3 adverse events
noted in 14% of patients at 20-years (Table 1).5–7

Despite a considerable disease burden, only a handful of
investigators have sought to characterize the urodynamic
changes which occur following radiotherapy for the treatment
of female pelvic malignancy.8–10 In the most recent of these
investigations, Katepratoom found that radiation typically
resulted in storage dysfunction when compared to radical
hysterectomy alone.10 In this study of 35 radiated bladders
evaluated with urodynamics, radiation was associated with
lower maximum cystometric capacity, poor bladder compli-
ance, increased sensation, increased detrusor overactivity,

and similar proportion of patients with urodynamic stress
incontinence. Consistent with the paucity of data on radiation
induced urodynamic dysfunction in women, is need for a
systematic review on the evaluation and treatment of female
stress urinary incontinence after pelvic radiotherapy.

The American Urologic Association (AUA), Society of
Urodynamics Female pelvic medicine & Urogenital recon-
struction (SUFU), International Continence Society (ICS),
and European Association of Urology (EAU) have published
guidelines regarding the management of female urinary
incontinence and the performance of urodynamics.11–14 A
systematic review of published literature in the PubMed
database from 1988 to 2018 on female stress urinary
incontinence after pelvic radiotherapy was conducted using
MeSH terminology (Figure 1) and guidelines established by
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA).15

2 | EVALUATION

2.1 | Lower urinary tract symptoms and
pathophysiology

Lower urinary tract complaints in women with radiation
induced urinary incontinence can include both voiding and

TABLE 1 RTOG radiation morbidity scoring criteria (acute vs late/chronic)

Grade Genitourinary toxicity %

Acute (<90 days)

0 No change

1 Frequency of urination or nocturia twice pretreatment habit; dysuria,
urgency not requiring medication

20-80%

2 Frequency of urination or nocturia that is less frequent than every hour;
dysuria, urgency, bladder spasm requiring local anesthetic (eg, Pyridium)

28-45%

3 Frequency with urgency and nocturia hourly or more frequently; dysuria,
pelvis pain or bladder spasm requiring regular, frequent narcotic; gross
hematuria with/without clot passage

4 Hematuria requiring transfusion; acute bladder obstruction not secondary to
clot passage, ulceration, or necrosis

Late/chronic

0 None

1 Slight epithelial atrophy; minor telangiectasia (microscopic hematuria) Minor
45% (5 years)

2 Moderate frequency; generalized telangiectasia; intermittent macroscopic hematuria

3 Severe frequency and dysuria; severe telangiectasia (often with petechiae);
frequent hematuria; reduction in bladder capacity (<150 cc)

Major
7.7% (3 years)
9.3% (5 years)
11.1% (10 years)
13% (15 years)
14.4% (20 years)

4 Necrosis/contracted bladder (capacity <100 cc); severe hemorrhagic cystitis

RTOG, Radiation Therapy Oncology Group.
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storage symptoms as defined by ICS standardized terminol-
ogy.16 The mechanistic failure to empty urine can result from
dysfunction of the bladder, dysfunction of the outlet, or a
combination of both a weak bladder and obstruction of the
outlet.17 The underlying pathophysiology of acute urinary
symptoms following pelvic radiotherapy are typically
subsequent to a leaky urothelium, with detrusor overactivity
manifest as urinary frequency, nocturia, urgency, dysuria, and
incontinence. Involuntary leakage of urine should be
characterized as either stress (effort, exertion, sneezing, or
cough), urgency (accompanied/preceded by urge), or mixed
incontinence (combination of stress and urgency).16

2.2 | Principles of evaluation

Since a majority of radiated patient's will report storage
symptoms, the AUA/SUFU guidelines18 form a nice
framework for the assessment of overactive bladder and
urinary incontinence following pelvic radiation. The mini-
mum evaluation should include a careful history, physical
exam, and urinalysis.18 History related to the pelvic cancer
should be elucidated, including dose, timing, and route of
irradiation; concomitant pelvic surgery; and expected
survival. Review of systems should assess for the presence
of recurrent urinary tract infections, hematuria from radiation
cystitis, bowel symptoms from radiation proctitis, and

fecaluria concerning for fistula. Past medical history should
ascertain medical co-morbid conditions. Past surgical history
should assess prior mesh for prolapse or incontinence. At the
clinician's discretion, additional tests may include cystos-
copy, renal bladder ultrasound, and free uroflowmetry with
post-void residual if concern for incomplete bladder empty-
ing.18 Intake-voiding diary can be used to assess maximum
capacity, urinary frequency, diurnal variations in functional
capacity (nocturnal vs daytime), timing of incontinence, and
correlation with fluid intake. Urodynamics may be obtained
in the complicated patient when invasive, potentially morbid
or irreversible treatments are considered.11

3 | CONSERVATIVE MANAGEMENT

3.1 | Observation during early phase after
radiotherapy

During the treatment of gynecologic cancer, radiotherapy
templates are created by the radiation oncologist to minimize
bladder irradiation. Typically the bladder neck and urethra
receive the highest genitourinary radiation dose during
cervical cancer treatment. During the acute phase, histology
of the bladder demonstrates reversible inflammation charac-
terized by loss of the glycosaminoglycan layer, sloughing of
urothelial cells, loss of uroplakin, edema, blood vessel

FIGURE 1 PRISMA 2009 Flow Diagram15 as a result of search strategy using MeSH terms (alphabetical order): cholinergic antagonists,
cystitis, electromagnetic radiation, female, neck, phenazopyridine, radiation, radiotherapy, therapeutics, urethra, urinary bladder, urinary
diversion, urinary incontinence, women
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dilation, leaky urothelium, and epithelial hyperplasia.19 Since
most acute symptoms are self limiting during the first 90 days
following radiotherapy, they are typically managed by the
radiation oncologist or the patient's primary care provider.20

3.2 | Pharmacologic treatment during the
acute phase

Standard treatments for the exacerbation of acute symptoms
include phenazopyridine, anticholinergics, and hydration.20

Phenazopyridine is commonly prescribed for its known local
analgesic effect on the lower urinary tract when it is excreted
into the urine. Despite widespread acceptance of this
medication for the symptomatic treatment of bacterial cystitis
and anecdotal use in radiation cystitis patients, there has been
no published clinical investigational trial on the use of
phenazopyridine for the treatment of radiation induced
bladder dysfunction.

Anticholinergics are commonly prescribed by the radia-
tion oncologist during the acute phase of radiotherapy for
exacerbation of urinary frequency, urgency, and urgency
incontinence.20 Two recent clinical trials were identified on
the use of anticholinergics for radiation induced bladder
dysfunction (Table 2).21,22 In a single arm observational study
of 249 women treated with solifenacin 5 mg daily for post-
irradiation bladder dysfunction, at a mean 38 month interval
following radiotherapy, Jaszczynski et al22 found a significant
improvement in cystometric capacity, number of micturitions
per day, nocturia, urgency episodes, and urinary incontinence.
In a subsequent publication by Yan et al,21 trospium 20 mg
twice daily resulted in significant improvement in IPSS and
quality of life, when added to tamsulosin therapy for lower
urinary tract symptoms after prostate brachytherapy. This
study did not enroll women, and no additional prospective
published trials were identified for the use of anticholinergics
for radiation induced symptoms in women.

3.3 | Non-surgical stress urinary incontinence
treatment

When considering etiologies of stress incontinence, intrinsic
sphincter deficiency may exist in isolation, or include a
component of stress provoked detrusor overactivity. Com-
mon non-surgical treatment options include incontinence
liners/pads, pelvic floor muscle exercises, and anti-inconti-
nence pessaries.14,23,24 The clinical data regarding success
specific to radiation induced bladder dysfunction for each of
these is limited (Table 2).

Changes in pelvic floor function after radiotherapy were
recently summarized in a review by Bernard in 2016, which
included 13 studies, 692 participants, of which 160 were
women.23 Specific detrimental structural changes include
poor pelvic floor musculature contractile response (level 1B

evidence), at a mean 78 weeks following radiotherapy. In a
cross sectional study of 11 women with urinary incontinence,
a mean 3.1 years after hysterectomy with radiotherapy,
incontinence severity was found to correlate with rate of
pelvic floor force development, number of contractions and
endurance. When compared to 18 controls with hysterectomy
alone, women with prior radiotherapy demonstrated de-
creased maximum pelvic floor contractile force, rate of force
generation, and number of contractions.24

4 | SURGICAL MANAGEMENT

The late/chronic phase of radiation cystitis occurs years to
decades later, and on histology demonstrates chronic
inflammatory fibrosis. Typical findings include increased
collagen deposition, fibroblast infiltration, atrophy of smooth
muscle, edema, obliterative endarteritis, and hemorrhage.19

Since radiation induced bladder dysfunction typically
presents years to decades following irradiation, the optimal
timing of surgical interventions for radiation induced outlet
dysfunction has not been exhaustively studied in a random-
ized controlled trial fashion. Success and complications of the
available literature on surgical treatments for female stress
urinary incontinencewith an intact non-devastated outlet after
pelvic radiotherapy are summarized (Table 3).

4.1 | Urethral bulking agents

Urethral bulking agents were the subject of a recent Cochrane
review by Kirchin et al.25 For many of the trials evaluating
bulking injection, patients were excluded if they had a history
of prior radiotherapy.26 Out of all the surgical treatments for
stress incontinence (Table 3), only bulking agents have been
studied in a prospective fashion, and specifically enrolled
women with a history of prior radiotherapy.27,28 In the most
recent publication by Krhut et al, 24 women with a history of
pelvic radiotherapy and severe stress urinary incontinence
were enrolled in a multi-center study of Bulkamid®
(polyacrylamide hydrogel), and complete continence was
achieved in 25% of women after radiation, compared to 36%
of non-irradiated women. In an earlier study by Plotti of 24
women with de-novo stress incontinence after radical
hysterectomy treated with Macroplastique® (polydimethyl-
siloxane), 10 out of 24 patients (42%) reported cure of
incontinence after urethral bulking.27 This study enrolled five
women with prior radiotherapy, and no intraoperative or
postoperative complications were noted at 12 months after
injection. These two reports of urethral bulking agents were
the only published in the literature which prospectively
enrolled women with a history of prior radiotherapy.
Complications specific to radiotherapy were reported by
Castillo-Vico et al,29 and include the presence of a
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periurethral granuloma 4 months after dextranomer/hyalur-
onic acid copolymer injection. There were no additional
publications identified for the other urethral bulking agents
(collagen, calcium hydroxylapatite, ethylene vinyl alcohol,
and carbon spheres) in irradiated women.25

4.2 | Midurethral sling (synthetic and biologic)

Similar to bulking agents,25 patients with a history of pelvic
irradiation have been specifically excluded from many of the
clinical trials (OPUS,30 VALUE,31 SISTER32) assessing anti-
incontinence procedures.33 Therefore few studies report
outcomes in women with a history of radiotherapy who
subsequently underwent sling placement (Table 3). The
largest was published by Chuang and Kuo,34 in 16 women
with prior radiotherapy and radical hysterectomy, followed
for a minimum of 3 months. At a mean 5.9 year interval
between radiotherapy and surgical intervention, a 100%
(n= 2) rate of recurrent stress incontinence was noted at
6 months postoperatively. Similarly, in a prospective
observational study of 120 women treated with tension-free
vaginal tape (TVT) sling by Al-Singary, there were two
women enrolled with prior radiotherapy. At a 26 month mean
follow-up, 72% of women were dry on cough test, and there

were no erosions, however, 100% (n= 2) of the irradiated
women reported subjective sling failure. Likewise, in a series
of 75 women treated with TVT, including two with
radiotherapy, Kinn reported an overall 80% cure rate at a
2 year minimum follow-up, however, noted a 50% rate of
erosion in women previously treated with radiation. Addi-
tional results of the available published literature on sling
complications after prior radiotherapy are summarized
(Table 3). Based on these limited published data, there
appears to be a strong association between subjective sling
failure and rates of erosion after prior radiotherapy.

4.3 | Autologous fascia pubovaginal sling

There was limited published literature identified for autolo-
gous fascia and biologic slings following radiotherapy.
O’Reilly published a series of 121 women with fascia lata
sling and stress urinary incontinence, and included one
woman with prior radiotherapy. In their results only eight
women had recurrent stress incontinence at a mean 6.5 month
follow-up. However, following radiotherapy, there was a
100% (n= 1) rate of incontinence noted at 12 months. In this
patient, a 10 cmH2O leak point pressure was noted preopera-
tively, which was only increased to 21 cmH2O after sling.

TABLE 2 Non-surgical irradiation bladder treatment/assessment

Author Cohort (n) Follow-up Objective findings Subjective findings Notes

Anticholinergic treatment

Jaszczynski
(2016)

n= 300 (n= 249 women);
Single arm observational
study solifenacin 5 mg
daily for post-irradiation
bladder

6 months Improvement in
cystometric
capacitya, volume at
first desirea, and
Pdet@capacitya

Improvement in #
micturitions/daya,
nocturiaa, urgent
episodesa, and
incontinencea

38 month (mean)
interval between
RT and
treatment.
Solifenacin well
tolerated

Yan (2017) n= 60 vs 64; RCT PrCA s/p
brachytherapy, trospium
20mg BID + tamsulosin
vs tamsulosin alone

6 months No difference in Qmax
and PVR from
baseline

Improvement in IPSSa and
QoLa in trospium group.
No difference in voiding
score.

No women

Pelvic floor musculature

Bernard
(2016)

n= 692 (13 studies)
Systematic review of
effect of RT on pelvic
floor muscle function
(n= 160 women)

N/A RT affects structure of
PFM (level 2B), no
change in anal
sphincter thickness
(level 2B)

RT worsens PFM
contractile response
(level 1B)

78 weeks (mean)
interval between
RT and PFM
assessment

Bernard
(2017)

n= 11; Descriptive cross
sectional study of women
with UI after Hx and RT
(vs 18 women with Hx
without UI)

N/A PFM maximum force,
rate of force
development, and #
of contractions
reduced in RT group

UI severity correlates with
rate of force
development, # of
contractions, endurance,
age, and vaginal length

3.1 years (mean)
interval between
RT and PFM
assessment

Hx, hysterectomy; IPSS, International Prostate Symptom Score; N/A, not applicable; NR, not reported; OAB, overactive bladder; Pdet, detrusor pressure; PFM, pelvic floor
muscle; PrCA, prostate cancer; PVR, post void residual; Qmax, maximum flow rate; QoL, quality of life; RCT, randomized controlled trial; RT, radiotherapy.
Most recent literature reported since 2010 (where available). Reference list: Jaszczynski et al,22 Yan et al,21 Bernard et al,23 Bernard et al.24
aSignificant improvement.
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4.4 | Burch colposuspension

There were no published outcomes specific to radiotherapy
identified for women treated with Burch colposuspension.
Radiotherapy was cited as a specific exclusion criteria, for
instance in the 2011 Cochrane review33 of the Stress
Incontinence Surgical Treatment Efficacy Trial (SISTER)
which randomized 655 women to Burch colposuspension or
fascia sling.32 Since there is a lower implant burden with
Burch colposuspension when compared to synthetic sling,
rates of erosion would be expected to be lower for Burch than
sling. However, given the magnitude of adverse changes in
bladder physiology after radiotherapy, and a mere 49% stress
incontinence success rate published in the SISTER trial of
non-radiated women, the postulated efficacy of Burch would
be expected to be even lower in irradiated women. Given the
paucity of published literature on Burch after radiotherapy,
the utility of this treatment is poorly defined.

4.5 | Artificial urinary sphincter

In women with stress urinary incontinence and prior
radiotherapy, the published literature on the artificial urinary
sphincter is limited. In a case series by Vayleux of 215 women
treatedwith artificial urinary sphincter, therewere ninewomen
previously treated with radiotherapy, which on multivariate
analysis was significantly associated with continence failure
(OR 4.37, CI 1.02-18.5).35 Additionally, a 33% sphincter
erosion rate (n= 3) was noted at a mean follow-up of 6 years.
Prior to this, the only other study of artificial urinary sphincter
identified by search criteria which included outcomes in
women after radiotherapy, was published by Duncan.36 In this
case series of 29 women treated with artificial sphincter, 8 out
of 12 patients had cuff erosion which necessitated explant,
including 7 of whom previously received radiation. Given the
high rate of sphincter failure, the authors advocate screening
out women with a history of radiotherapy.

4.6 | Spiral sling and urethral reconstruction

The completely circumferential spiral urethral sling has been
well described by several authors as a treatment option for the
devastated bladder outlet with recurrent stress urinary
incontinence.37 There were no studies identified which
specifically reported outcomes in women with prior
radiotherapy who underwent spiral sling. For the woman
with a devastated outlet, in whom the outlet is to be
reconstructed, Mundy described a 30 patient case series of
several approaches for urethral substitution in women,
including four with prior radiotherapy treated with colonic
substitution and artificial urinary sphincter.38 In those treated
with colonic substitution and artificial sphincter, 50% of the
patients failed and required urinary diversion. The authors

advise that a pedicle labial skin tube neo-urethroplasty should
be considered for patients with prior radiotherapy.

4.7 | Urinary diversion

For the failed bladder outlet with devastated urethral sphincter
and/or bladder neck, and a continence mechanism which
cannot be salvaged, diversion is a standard of care treatment
option. Long term indwelling urethral catheter should be
avoided in women given the high likelihood of iatrogenic
hypospadias. Suprapubic cystostomy catheter urinary diver-
sion without an outlet procedure is an option in select patients
with devastated outlet and some degree of sphincter and/or
bladder neck continence. An outlet enhancing procedure with
one of the surgical treatments traditionally used for the intact
outlet (Table 3), may be required in addition to a suprapubic
catheter if there is some degree of surgically salvageable
outlet function. Alternatively, bladder neck closure may be
considered, with the understanding that poor wound healing
after radiation places the patient at elevated risk of failure.39

Published outcomes for urinary diversion in women after
pelvic radiotherapy are summarized (Table 4). Excluding
fistula from our search strategy, there were no published
series identified specifically for the indication of urinary
incontinence after radiotherapy. The time interval between
radiotherapy and urinary diversion is typically on the order of
years to decades.40–43 Options for diversion after radiother-
apy include either a continent reservoir or an incontinent ileal
conduit with or without vesicovaginostomy. In a series by
Banerji of 28 women undergoing ileal conduit at a mean 9.8
years after cervical cancer radiotherapy, 18 women under-
went concomitant vesicovaginostomy using a resectoscope
and Collin's knife to allow vaginal secretions to drain and
prevent pyocystitis.40 Ideally the bowel segment selected for
the pouch should be outside of the radiotherapy field to
improve tissue healing, reduce fibrosis, and improve
continence. In a series by Stolzenburg of 24 patients
undergoing Colon Mainz pouch III, the authors report a
mean pouch capacity of 294 mL at a mean follow-up of
35 months, and 20 patients were noted to be fully continent.44

In the 18 patients who were previously radiated, pouch
capacity was noted to be adequate at 308 mL, which the
authors attribute to the location of the ascending and
transverse colon used for the pouch, located outside of the
previously radiated field. In a similar series by Wilkin et al,41

26 women underwent Indiana pouch at time of exenteration
for recurrent gynecologic cancer, with 12 having had prior
radiotherapy. In this series, 3 out of 12 patients had pouch
incontinence from the efferent limb. For the patient with a
devastated outlet and end stage bladder, diversion remains a
standard of care treatment option, as long as the quality of life
benefits40 are carefully weighed against a reported 65-83%
postoperative complication rate.41,43
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5 | CONCLUSIONS

Pelvic radiotherapy is associated with both acute and chronic
voiding dysfunction. There is limited published literature on the
treatment of stress urinary incontinence in women following
pelvic radiotherapy. Long term indwelling urethral catheter
should be avoided in all women given the risk of iatrogenic
hypospadias. Surgical treatments can be classified into those for
the intact versus failed outlet. Urethral bulking injections have
been studied in a prospective fashion specifically inwomenwith
stress urinary incontinence after radiotherapy and although not
randomized, have the highest level of evidence. Patients should
be screened for a history of prior radiotherapy before
considering sling placement. Artificial urinary sphincter is
associated with a high rate of erosion after prior radiotherapy.
The role of Burch colposuspension in patients with prior
radiotherapy is poorly defined. Urinary diversion should be
considered for patients with a devastated outlet.
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