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Background: To compare incontinence rates and complications in patients receiving

artificial urinary sphincter (AUS) with or without radiotherapy (RT).

Methods: PubMed, Embase, ScienceDirect, CENTRAL, and Google Scholar databases

were searched for studies comparing outcomes of AUS between patients with and

without RT. Search limits were from 1st January 2002 to 15th September 2021.

Results: Eighteen studies were included. Meta-analysis revealed statistically significant

reduced odds of the absence of incontinence in the RT group (OR: 0.35 95% CI: 0.21,

0.59 I2 = 51% p < 0.0001) as compared to the no-RT group. We also noted statistically

significant increased risk of revision surgery in the RT group (OR: 1.74 95% CI: 1.16,

2.60 I2 = 73% p = 0.07). There was increased risk of infections (OR: 2.51 95% CI: 1.00,

6.29 I2 = 46% p = 0.05) and erosions (OR: 2.00 95% CI: 1.15, 3.45 I2 = 21% p =

0.01) in the RT group, but the difference was significant only for erosions. Meta-analysis

revealed a statistically significant increased risk of explantation in patients with RT (OR:

3.00 95% CI: 1.16, 7.75 I2 = 68% p = 0.02) but there was no difference in the risk of

urethral atrophy (OR: 1.18 95% CI: 0.47, 2.94 I2 = 46% p= 0.72) and mechanical failure

(OR: 0.90 95% CI: 0.25, 3.27 I2 = 54% p = 0.87) between the two groups.

Conclusions: Ourmeta-analysis of recent studies indicates that RT significantly reduces

the odds of achieving complete continence after AUS placement. History of RT does not

increase the risk urethral atrophy or mechanical failure in patients with AUS. However, the

risk of revision surgery, erosions and explantations is significantly increased in patients

with RT with a non-significant but increased tendency of infections.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/, identifier:

NCT02612389.

Keywords: radiotherapy, EBRT, artificial urinary sphincter, prostate cancer, incontinence, meta-analysis

INTRODUCTION

Prostate cancer is one of the major causes of cancer-related mortality in men. According to
estimates each year around 1.6 million men are diagnosed with and 366,000 men die of prostate
cancer (1). An important complication associated with the management of prostate pathologies is
urinary incontinence (UI) which can severely impact a patient’s quality of life (2). In the long-term,
∼9.6% of patients develop UI after 2 years, and the incidence rises to 13.4% at 5 years (3).
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UI after prostate treatment can be multifactorial and can be
influenced by several variables like patient characteristics, prior
continence levels, sphincteric competence, pre and postoperative
detrusor function, and surgical techniques (4). While some cases
of overactive bladder and UI can be managed by medications,
severe UI usually requires management with artificial urinary
sphincters (AUS) or urethral slings (5). Since the introduction
of AUS in the 1970s, the device has become the surgical gold
standard for the management of UI (6, 7). AUS consists of an
inflatable cuff that controls the flow of urine by mechanically
compressing the urethra. In this context, the importance of
baseline healthy tissue cannot be underestimated. One important
variable which can influence baseline tissue health is radiation
therapy (RT). RT is frequently indicated in cases of prostate
cancer to control positive margins or to control extra-prostatic
malignancy (8). Furthermore, it is well-known that radiation
can lead to significant periurethral tissue damage, fibrosis,
reduced vascularity, and poor wound healing (9). Therefore,
it is important to understand how does RT changes the
success rates and complications of AUS. To the best of our
knowledge, only one study by Bates et al. (10) has systematically
reviewed the impact of RT on outcomes of AUS. However,
an important limitation of their review was that most of their
studies were published before 2000. There have been significant
advances in surgical procedures and RT protocols over time
and there it is unclear how does RT impact outcomes of
AUS in the contemporary scenario. Therefore, we designed
the current study to assess if prior RT leads to significant
deterioration of outcomes of AUS by pooling data only from
recent studies.

MATERIALS AND METHODS

The methodology of our review was based on reporting
guidelines of the PRISMA statement (Preferred Reporting
Items for Systematic Reviews and Meta-analyses) (11).
The protocol of the review was prospectively registered on
PROSPERO (CRD42021274844).

Literature Search
A systematic and comprehensive search was undertaken on
the electronic databases of PubMed, Embase, ScienceDirect,
and CENTRAL. We also searched gray literature using Google
Scholar (for the initial 200 results of each search query).
To minimize single reviewer bias, two authors separately
explored the databases. The search limits were set from
1st January 2002 to 15th September 2021. Search terms
included were: “radiotherapy,” “radiation,” “EBRT,” “AMS800,”
and “Artificial urinary sphincter.” Further details of the
search strategy which was common for all databases are
presented in Supplementary Table 1. After the initial search,
the results were deduplicated and the remaining articles were
assessed by their titles and abstracts. We identified studies
relevant to the review and extracted their full texts. The
two reviewers independently evaluated these studies for final
inclusion in the review. Any discrepancies in study selection
were resolved by consensus. In the end, manual scoping of

the reference list of included studies was carried out for any
missed references.

Eligibility Criteria
Inclusion criteria were defined as follows: (1) All cohort studies,
case-control studies, cross-sectional studies, controlled clinical
trials, randomized controlled trials comparing outcomes of AUS
in patients with or without RT. (2) Studies were to report at least
one of the following outcomes: rates of residual incontinence,
infections, erosions, explantations, urethral atrophy, or revision
surgery. (3) Studies were to report the absolute number of
patients with the outcomes. (4) To avoid a small study effect on
the outcomes, we included studies with a sample size of >25
patients. No restriction was placed on the etiology or urinary
incontinence and all studies comparing outcomes of AUS with
and without RT were included.

Exclusion criteria were: (1) Studies on patients undergoing
only revision surgeries. (2) Studies including a specific cohort of
only compromised patients. (3) Studies not reporting relevant
outcomes. (4) Non-English language studies, editorials, review
articles. (5) Studies reporting duplicate data. If there were two
studies with overlapping data, the study reporting the maximum
outcomes was included.

Data Extraction and Quality Assessment
Two authors independently extracted the following data: author
details, publication year, study type, study location, sample size,
inclusion/exclusion criteria, age of the patients, percentage of
diabetics, the severity of pre-operative incontinence (pads/per
day), timing of RT, study outcomes and follow-up. Since
residual urinary incontinence was variably measured amongst
the included studies, we chose to compare the number of
patients with no residual incontinence post AUS placement.
Definitions of infection, erosion, explantation, urethral atrophy,
and revision surgery were as per the included studies. Since
erosions and explantations represent revision surgeries, for
studies not reporting data of “revision surgery” per se, we
included data of erosions/explantations in the meta-analysis for
revision surgery.

The methodological quality of studies was assessed using
the Newcastle-Ottawa scale (NOS) (12). It was conducted by
two authors independent of each other. Any disagreements
were solved by a discussion. Studies were assessed for selection
of study population, comparability, and outcomes, with each
domain being awarded a maximum of four, two, and three points
respectively. The maximum score which can be awarded was
nine. Studies with nine points were considered to have a low risk
of bias, seven to eight points were considered to have a moderate
risk of bias and those with scores of six and below were with a
high risk of bias.

Statistical Analysis
The meta-analysis was performed using “Review Manager”
(RevMan, version 5.3; Nordic Cochrane Centre [Cochrane
Collaboration], Copenhagen, Denmark; 2014). All dichotomous
data were pooled using an inverse variance model to calculate
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FIGURE 1 | Study flow chart.

odds ratios (OR) with 95% confidence intervals (CI). Meta-
analysis was carried out only if at least three studies reported
data on the same outcome. All meta-analyses were conducted
using the random-effects model. Heterogeneity was assessed
using the I2 statistic. I2 values of 25–50% represented low, values
of 50–75% medium, and more than 75% represented substantial
heterogeneity. We assessed publication bias by visual inspection
of funnel plots. Funnel plots were created only for analyses
including ≥ 10 studies. A sensitivity analysis was carried out to
assess the contribution of each study to the pooled estimate by
removing one study one at a time and recalculating the pooled
effect estimates for the remaining studies. Subgroup analysis was
conducted based on the type of RT (Primary RT, post-surgery RT
or mixed).

RESULTS

The results of the search strategy and the number of records at
each stage are presented in Figure 1. A total of 18 studies met the
inclusion criteria and were reviewed in our study (13–30). Details
of the included studies are presented in Table 1. All included
studies were published between 2002 and 2020. The majority of
the studies were from the USA. Two (18, 23) were from the UK,
two (15, 21) from Germany, one (29) from Australia, and one
(28) from France. All were prospective or retrospective cohort
studies. Themajority of the studies included patients with urinary
incontinence post prostate cancer treatment. In three studies
(13, 16, 27) all patients with AUS placements were included
irrespective of the etiology of incontinence. Amongst studies
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TABLE 1 | Details of included studies.

Study Location Study

type

Inclusion

criteria

Exclusion

criteria

Device Groups Sample

size

Age (years) DM (%) Pad per day Follow-up Type of RT Outcomes

Hird et al. (30) USA R AUS

placement

following

prostate

treatment

AUS

secondary to

neurogenic

bladder

NR RT

No-RT

34

39

69.4

67.4

33

39

NR 311.8 days

289.5 days

NR UI

Sathianathen

et al. (29)

Germany P AUS

placement

following

prostate

treatment

Mild UI,

detrusor

overactivity

apparent

during first

300mL of

bladder filling

AMS 800

double cuff

RT

No-RT

73

77

69

70

12.3

20.4

7

6.5

24 months NR UI, infection,

erosion,

explantation, MF

Ravier et al.

(28)

USA R AUS

placement

following

prostatectomy

No

prostatectomy

or salvage

prostatectomy

NR RT

No-RT

46

112

67.2

65.7

8.9

17.8

4.83

4.58

2.6 years 3.8

years

Post-surgery Infection,

erosion, Urethral

atrophy, MF

Brant et al.

(27)

USA R AUS

placement

following

prostatectomy

NR NR RT

No-RT

152

689

NR NR NR 3.7 years NR Revision surgery

Sotelo and

Westney (26)

UK P AUS

placement

following

prostate

cancer

treatment

NR NR RT

No-RT

16

28

NR NR NR 19 months Post-surgery

and Primary

UI

Rivera et al.

(13)

USA R All AUS

implantations

AUS

secondary to

neurogenic

bladder

AMS 800 RT

No-RT

181

308

72

70

19.4

13.7

NR 4.3 years NR Revision surgery

Lai et al. (25) USA R AUS

placement

following

prostate

cancer

treatment

NR AMS 800,700,

600

RT

No-RT

31

63

65.5

63.5

NR NR 62 months Post-surgery

and Primary

UI, infection,

erosion, revision

surgery

Raj et al. (24) USA R All AUS

placements

NR NR RT

No-RT

83

93

NR NR NR 25-32 months Post-surgery

and Primary

Erosion

(Continued)
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TABLE 1 | Continued

Study Location Study

type

Inclusion

criteria

Exclusion

criteria

Device Groups Sample

size

Age (years) DM (%) Pad per day Follow-up Type of RT Outcomes

Walsh et al.

(23)

Germany R AUS

placement

following

prostatectomy

NR AMS 800 RT

No-RT

30

64

NR NR NR 39.7 months Post-surgery Infection

Jahromi et al.

(22)

Canada R AUS

placement

following

prostatectomy

No

prostatectomy

NR RT

No-RT

39

79

NR NR NR NR Post-surgery Infection, erosion

Maurer et al.

(21)

Australia R AUS

placement

following

prostatectomy

No

prostatectomy

AMS 800 RT

No-RT

29

48

70.9

73

31

37.5

NR 12.2 months Post-surgery UI, infection,

erosion, revision

surgery

Srivastava

et al. (20)

France R AUS

placement

following

prostate

treatment

Neurological or

traumatic

causes

AMS 800 RT

No-RT

61

61

70.1

67

NR NR 37 months Post-surgery

and Primary

Infection,

erosion,

explantation,

revision surgery

Cohen et al.

(19)

USA P All AUS

placements

NR NR RT

No-RT

138

248

NR NR NR 2.3 years NR Explantation

Guillaumier

et al. (18)

USA R AUS

placement

following

prostate

cancer

treatment

NR AMS 800 RT

No-RT

22

59

NR NR NR 18.8 months Post-surgery

and Primary

Infection,

erosion, urethral

atrophy, revision

surgery, MF

Jhavar et al.

(17)

USA R AUS

placement

following

prostatectomy

NR AMS 800 RT

No-RT

60

116

70

68.7

NR 5.6

5.2

36.5 months Post-surgery Infection,

erosion, urethral

atrophy, revision

surgery, MF

Simhan et al.

(16)

USA R All AUS

placements

NR AMS 800 RT

No-RT

95

542

NR NR NR 68 months NR Revision surgery

Kretschmer

et al. (15)

UK R AUS

placement

following

prostatectomy

NR AMS 800 RT

No-RT

22

76

67

69

NR NR 46 months Post-surgery UI, Infection,

erosion, urethral

atrophy, MF

Gomha and

Boone (14)

USA R AUS

placement

following

prostatectomy

NR AMS 800 RT

No-RT

28

58

69.7

68.3

NR NR 32 months Post-surgery Infection,

erosion, urethral

atrophy

R, retrospective; P, prospective; RT, radiotherapy; UI, urinary incontinence; MF, mechanical failure; NR, not reported.
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FIGURE 2 | Meta-analysis of no postoperative incontinence between RT and no-RT groups.

TABLE 2 | Results of subgroup analysis.

Outcome Groups Number of

studies

RT (n) No RT (n) Odds ratio

No postoperative incontinence Post-surgery RT

Mixed

4

2

139

47

298

91

0.34 95% CI:0.12, 0.97 I2 = 73% p = 0.04

0.32 95% CI:0.12, 0.85 I2 = 26% p = 0.02

Revision surgery Post-surgery RT

Mixed

6

4

224

197

489

276

1.29 95% CI:0.57, 2.93 I2 = 69% p = 0.54

2.33 95% CI:0.87, 6.24 I2 = 71% p = 0.09

Infection Post-surgery RT

Mixed

6

3

232

114

477

183

2.55 95% CI:0.57, 11.41 I2 = 63% p = 0.22

2.23 95% CI:0.62, 7.99 I2 = 20% p = 0.22

Erosion Post-surgery RT

Mixed

5

4

202

197

413

276

2.72 95% CI:1.33, 5.55 I2 = 0% p = 0.006

1.55 95% CI:0.38, 6.39 I2 = 56% p = 0.54

CI, confidence interval; RT, radiotherapy; n, number of patients.

Mixed group indicates both primary and post-surgery RT.

reporting data, the AMS 800 device was used in most studies.
The sample size in the RT group amongst the included studies
ranged from 16 to 181 while that of the non-RT group ranged
from 28 to 689. Themean age of the patients was above 60 years in
all studies. The number of patients with diabetes mellitus ranged
from 8.9 to 37.5%. Data on the severity of urinary incontinence
was reported by only a small number of studies. When reported,
the follow-up was >1 year for all studies.

Meta-Analysis
We were able to extract data on the absence of urinary
incontinence after AUS placement from eight studies (14, 17,
18, 22, 23, 25, 28, 29). Comparing data of 281 patients with a
history of RT vs. 489 patients without RT, we noted statistically
significant reduced odds of the absence of incontinence in the
RT group (OR: 0.35 95% CI: 0.21, 0.59 I2 = 51% p < 0.0001)
(Figure 2). Results were stable on sensitivity analysis and there
was no change in the significance of the effect size on the
exclusion of any study. On subgroup analysis, results were similar

for studies including patients with post-surgery RT and mixed
population (primary and post-surgery RT) (Table 2).

Data from fifteen studies was pooled for the meta-analysis of
revision surgery. Meta-analysis of data from 1,060 patients in
the RT group and 2,629 patients in the no-RT group, we noted
statistically significant increase in the risk of revision surgery in
patients with prior RT (OR: 1.74 95% CI: 1.16, 2.60 I2 = 73% p
= 0.07) (Figure 3). There was no evidence of publication bias on
visual inspection of the funnel plot (Supplementary Figure 1).
On sensitivity analysis, there was no change in the significance
of results on the sequential exclusion of any study. On subgroup
analysis based on the type of RT, the results indicated a tendency
of increased risk of revision surgery in the RT group but the
results were statistically non-significant (Table 2).

On comparison of data from 419 patients in the RT group
and 737 patients in the no-RT group, we noted a tendency of
increased risk of infections in patients with a history of RT but the
difference did not achieve statistical significance (OR: 2.51 95%
CI: 1.00, 6.29 I2 = 46% p = 0.05) (Figure 4). On the sequential
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FIGURE 3 | Meta-analysis of revision surgery between RT and no-RT groups.

exclusion of data from three studies (14, 17, 25), the results
indicated a statistically significant increased risk of infections
in patients with RT. There was no evidence of publication bias
(Supplementary Figure 2). On subgroup analysis based on the
type of RT, the results indicated a tendency of increased risk
of infections in the RT group but the results were statistically
non-significant (Table 2).

Ten studies (14, 16, 17, 20, 21, 25, 26, 28–30) with 472
participants in the RT group and 766 participants in the
no-RT group reported data on erosions. The meta-analysis
demonstrated that patients with RT have a significantly increased
risk of erosions (OR: 2.00 95% CI: 1.15, 3.45 I2 = 21%
p = 0.01) (Figure 5). There was no evidence of publication
bias (Supplementary Figure 3). On exclusion of the study of
Shrivastava et al. (20) the results turned non-significant (OR: 1.79
95% CI: 0.99, 3.23 I2 = 20% p = 0.06). There was no change in
the significance of the results on the exclusion of any other study.
Subgroup analysis based on type of RT indicated increased risk
of erosions in studies including patients with post-surgery RT,
however, the difference was non-significant for studies including
a mixed patient population (Table 2).

Data on explanation and urethral atrophy was reported by
only three (21, 27, 28) and five studies (14, 20, 23, 25, 26)
respectively. Meta-analysis revealed a statistically significant
increased risk of explantation in patients with RT (OR: 3.00 95%
CI: 1.16, 7.75 I2 = 68% p = 0.02) (Figure 6), but there was no
difference in the risk of urethral atrophy between the two groups
(OR: 1.18 95% CI: 0.47, 2.94 I2 = 46% p = 0.72) (Figure 7).
Results of urethral atrophy were stable on sensitivity analysis.

Six studies (20, 21, 23, 25, 26, 28) reported data on rates of
mechanical failure. Comparing 284 patients in the RT group with
505 in the no-RT group, we found no difference in the risk of
mechanical failure between the two groups (OR: 0.90 95% CI:
0.25, 3.27 I2 = 54% p = 0.87) (Figure 8). Results did not change
on sensitivity analysis. Subgroup analysis based on type of RT
was not conducted for the outcomes of explantation, urethral
atrophy, and mechanical failure due to limited number of studies
in the analysis.

Risk of Bias
The risk of bias assessment of included studies based on authors’
judgment is presented in Table 3. The NOS scores of the studies
ranged from 5–7. There were no high-quality studies.

DISCUSSION

UI is one of the most disturbing adverse events occurring after
prostate treatment, be it for benign or malignant conditions.
Since its invention in the 1970s, the use of AUS has redefined
the management of patients with UI. It provides good continence
rates especially in patients after prostatectomy which greatly
improves the quality of life and patient satisfaction (6, 7).
However, like any device, AUS is also prone to several
complications and inadequate success rates. Such complications
can be significantly altered by various confounders and one such
important variable is RT. Men with prostate cancer frequently
require RT for control of extra-prostatic extensions or in case
of positive margins (8). Furthermore, as RT is known to have
an adverse impact on healthy tissues, it could significantly
complicate the outcomes of AUS. Since the introduction of AUS,
there have been several studies that have assessed the impact of
radiation on outcomes of AUS but with heterogeneous results. In
an attempt to provide the best possible evidence and judge the
true impact of RT on AUS, the current review was conducted.

The success of AUS is judged by its ability to provide
complete continence to the patient. However, according to
literature, success rates of AUS vary widely from 59 to 100%,
partly due to the difference in the definition of continence
and variability of reporting of outcomes amongst studies (31,
32). In the current review, there was a similar heterogeneity
amongst the included studies and hence we pooled data
on the “absence of UI” at follow-up. This compromise was
essential to allow a pooled analysis of data in our review.
In our meta-analysis, patients with a history of RT had a
statistically significant 65% reduced odds of success with AUS
and had persistent UI of some degree after follow-up. This is
in concurrence with the results of the previous review of Bates
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FIGURE 4 | Meta-analysis of infection between RT and no-RT groups.

FIGURE 5 | Meta-analysis of erosion between RT and no-RT groups.

FIGURE 6 | Meta-analysis of explantation between RT and no-RT groups.

et al. (10) which reported a two-fold increased risk of persistent
UI in patients with RT+ prostatectomy vs. prostatectomy
alone. Because the majority of the studies in the review of
Bates et al. (10) were pre-2001 and only recent studies were
included in our review, it suggests that the effect of RT on
functional outcomes has persisted despite improvements in RT
and treatment protocols over the years. However, these results

must be interpreted with caution as standardized scales of
measuring UI (31) like pad tests, Patient Global Impression
of Improvement score, Urogenital Distress Inventory-6, and
Michigan Incontinence Symptom Index score were not routinely
used in the studies. There is a need for future studies using such
standardized scores to judge the true impact of RT on post-AUS
UI outcomes.
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FIGURE 7 | Meta-analysis of urethral atrophy between RT and no-RT groups.

FIGURE 8 | Meta-analysis of mechanical failure between RT and no-RT groups.

The cause of persistent UI after AUS placement in patients
receiving RT has been attributed to the radiation-induced
changes in the urethra, alteration of the bladder wall structure,
and detrusor function (9). Indeed, post-AUS incontinence may
be seen owing to attenuated AUS cuff compression around the
urethra caused by radiation-induced urethral atrophy. Incidence
of atrophy may be further exacerbated by androgen deprivation
which is frequently used in patients receiving RT (25). In contrast
to this postulation, in our meta-analysis, we noted no difference
in the incidence of urethral atrophy between RT and no-RT
groups. One reason for this could be the small number of studies
reporting data on urethral atrophy and the small sample size of
studies included in the meta-analysis for this variable.

In our review, the risk of revision surgery was 24.1% in
patients receiving RT and 17.4% amongst those not receiving RT
with a statistically significant increased risk of revision surgery
in patients with history of RT. Our results are consistent with
the previous review (10), which also noted an increased risk of
revision in patients with RT. However, contrasting results have
been reported by other cohorts which were not included in this
review due to a lack of detailed outcome data. The study of
Radomski et al. (33) analyzing a cohort of 1,632 patients noted
no impact of prior RT on the risk of revision/removal of AUS
[Hazard ratio (HR): 1.01 95% CI: 0.80, 1.27]. We noted 2.5
times increased tendency of infection and a two-fold statistically
significant increased risk of erosion in AUS patients with a history
of RT as compared to those without RT. While the results for

risk of infection were statistically non-significant due to wide
CI, the upper end of the 95% CI was 6.29, indicating up to 6-
times increased risk of infection in the RT group. Furthermore,
on the exclusion of some studies, the results turned statistically
significant indicating an increased risk of infection with RT. Our
results assume significance as many of the included studies in
the analysis have reported no difference in the risk of infection
between the two groups and this may be due to the limited
sample size of the studies. By combining data, the statistical
power was significantly increased which could have contributed
to the difference in the results. Our results are supported by the
recent study of McKibben et al. (34) wherein history of pelvic
RT was found to be an independent risk factor for erosions
after AUS placement. It is suggested that progressive obliterating
endarteritis and tissue atrophy are frequently noted with pelvic
RT. The subsequent vascular compromise leads to urethral cuff
erosion (35). However, it is important to note that several
other factors can alter infection/erosion rates like patients’ age,
comorbidities like diabetes, prior urethral surgery, etc. These
factors were not taken into consideration in the majority of
the included studies. Our analysis also demonstrated increased
risk of explanation in the RT group. However, these results
should be interpreted with caution as data were pooled from just
three studies and further corroboration is needed to strengthen
this evidence.

Our review has several limitations. Firstly, most of the studies
in the review were retrospective in nature. Such types of studies
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are prone to selection bias. Secondly, the overall quality of
included studies was not high and bias due to several factors
could have compromised the results. Thirdly, there were several
methodological variations amongst the included studies like the
etiology of UI, initial severity of UI, type of prostate surgery, the
surgical technique of AUS placement, timing of RT, the dosage of
RT, perioperative protocol, etc. all of which could have skewed
outcomes. Baseline comparability of data by propensity score
matching and reporting of multivariate-adjusted outcomes was
not universally followed by the included studies. Furthermore,
lack of data for such important confounding variables precluded
a subgroup or meta-regression in our review. Fourthly, success
and complications with surgical procedures also depend on
expertise and surgical skills. This factor could not be considered
in our review. Fifthly, the type of RT was not consistent across
the included studies. Many of the studies did not specify whether
RT was used as the primary treatment modality or used post-
surgery as adjuvant or salvage therapy. In studies reporting data
on mixed population, outcomes were not presented separately
for primary RT and post-surgery RT which limited our ability
to comprehensively assess the outcomes. While we attempted a
subgroup analysis based on the type of RT, the number of studies
included in each group were to few to derive strong conclusions.
Lastly, the majority of the included studies were from the USA
and other western countries. This limits the generalizability of the
results to the worldwide population.

Despite these limitations, the strength of our review lies in
including only more recent studies in the analysis to provide
contemporary data to practicing clinicians. The majority of the
older studies from the previous review (10) were excluded to
judge the impact of current surgical techniques and patient
protocols on AUS outcomes.

CONCLUSION

Ourmeta-analysis of recent studies indicates that RT significantly
reduces the odds of achieving complete continence after AUS
placement. History of RT does not increase the risk of urethral
atrophy or mechanical failure in patients with AUS. However, the
risk of revision surgery, erosions and explanations is significantly
increased in patients with RTwith a non-significant but increased
tendency of infections. The focus of future studies should be
to assess if variables like patient comorbidities, prior surgery,
surgical technique, dosage and timing of RT, cuff size, etc., alter
the impact of RT on AUS outcomes.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/Supplementary Materials, further inquiries can be
directed to the corresponding author/s.

AUTHOR CONTRIBUTIONS

LZ and YX designed the project, involved in data collection
and data analysis, and prepare the manuscript. YX edit
the manuscript. Both authors read and approved the
final manuscript.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fsurg.
2022.825239/full#supplementary-material

REFERENCES

1. Pernar CH, Ebot EM, Wilson KM, Mucci LA. The epidemiology

of prostate cancer. Cold Spring Harb Perspect Med. (2018)

8:a030361. doi: 10.1101/CSHPERSPECT.A030361

2. Haglind E, Carlsson S, Stranne J,Wallerstedt A,Wilderäng U, Thorsteinsdottir

T, et al. urinary incontinence and erectile dysfunction after robotic vs open

radical prostatectomy: a prospective, controlled, nonrandomised trial. Eur

Urol. (2015) 68:216–25. doi: 10.1016/j.eururo.2015.02.029

3. Resnick MJ, Koyama T, Fan K-H, Albertsen PC, Goodman M, Hamilton AS,

et al. Long-term functional outcomes after treatment for localized prostate

cancer. N Engl J Med. (2013) 368:436–45. doi: 10.1056/nejmoa1209978

4. Radadia KD, Farber NJ, Shinder B, Polotti CF, Milas LJ, Tunuguntla

HSGR. Management of postradical prostatectomy urinary incontinence:

a review. Urology. (2018) 113:13–9. doi: 10.1016/j.urology.2017.

09.025

5. Comiter CV, Dobberfuhl AD. The artificial urinary sphincter and male

sling for postprostatectomy incontinence: which patient should get which

procedure? Korean J Urol. (2016) 57:3–13. doi: 10.4111/icu.2016.57.1.3

6. Carson CC. Artificial urinary sphincter: current status and future directions.

Asian J Androl. (2020) 22:154. doi: 10.4103/AJA.AJA_5_20

7. Yafi FA, Powers MK, Zurawin J, Hellstrom WJG. Contemporary review of

artificial urinary sphincters for male stress urinary incontinence. Sex Med Rev.

(2016) 4:157–66. doi: 10.1016/j.sxmr.2015.11.004

8. Martin NE, D’Amico AV. Progress and controversies: radiation therapy for

prostate cancer. CA Cancer J Clin. (2014) 64:389–407. doi: 10.3322/caac.21250

9. Manunta A, Guillé F, Patard JJ, Lobel B. Artificial sphincter

insertion after radiotherapy: is it worthwhile? BJU Int. (2000)

85:490–2. doi: 10.1046/j.1464-410X.2000.00484.x

10. Bates AS, Martin RM, Terry TR. Complications following artificial urinary

sphincter placement after radical prostatectomy and radiotherapy: a meta-

analysis. BJU Int. (2015) 116:623–33. doi: 10.1111/bju.13048

11. Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD,

Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, et al. The PRISMA 2020

statement: an updated guideline for reporting systematic reviews. Int J Surg.

(2021) 88. doi: 10.1016/j.ijsu.2021.105906

12. Wells G, Shea B, O’Connell D, Peterson J, Welch V, Losos M, Tugwell P. The

Newcastle-Ottawa Scale (Nos) For Assessing The Quality Of Nonrandomised

Studies In Meta-Analyses. Available online at: http://www.ohri.ca/programs/

clinical_epidemiology/oxford.asp (accessed October 30, 2020)

13. Rivera ME, Linder BJ, Ziegelmann MJ, Viers BR, Rangel LJ, Elliott DS.

The impact of prior radiation therapy on artificial urinary sphincter device

survival. J Urol. (2016) 195:1033–7. doi: 10.1016/j.juro.2015.10.119

14. Gomha MA, Boone TB. Artificial urinary sphincter for post-prostatectomy

incontinence in men who had prior radiotherapy: a risk and outcome analysis.

J Urol. (2002) 167:591–6. doi: 10.1097/00005392-200202000-00030

15. Kretschmer A, Buchner A, Grabbert M, Stief CG, Pavlicek M, Bauer RM.

Risk factors for artificial urinary sphincter failure. World J Urol. (2016)

34:595–602. doi: 10.1007/s00345-015-1662-9

16. Simhan J, Morey AF, Singla N, Tausch TJ, Scott JF, Lemack GE. Roehrborn

CG. 35 cm artificial urinary sphincter cuff erosion occurs predominantly in

irradiated patients. J Urol. (2015) 193:593–7. doi: 10.1016/j.juro.2014.07.115

Frontiers in Surgery | www.frontiersin.org 11 February 2022 | Volume 9 | Article 825239

https://www.frontiersin.org/articles/10.3389/fsurg.2022.825239/full#supplementary-material
https://doi.org/10.1101/CSHPERSPECT.A030361
https://doi.org/10.1016/j.eururo.2015.02.029
https://doi.org/10.1056/nejmoa1209978
https://doi.org/10.1016/j.urology.2017.09.025
https://doi.org/10.4111/icu.2016.57.1.3
https://doi.org/10.4103/AJA.AJA_5_20
https://doi.org/10.1016/j.sxmr.2015.11.004
https://doi.org/10.3322/caac.21250
https://doi.org/10.1046/j.1464-410X.2000.00484.x
https://doi.org/10.1111/bju.13048
https://doi.org/10.1016/j.ijsu.2021.105906
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
https://doi.org/10.1016/j.juro.2015.10.119
https://doi.org/10.1097/00005392-200202000-00030
https://doi.org/10.1007/s00345-015-1662-9
https://doi.org/10.1016/j.juro.2014.07.115
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles


Zhang and Xu Radiation and Artificial Urinary Sphincter

17. Jhavar S, Swanson G, Deb N, Littlejohn L, Pruszynski J, Machen G, et al.

Durability of artificial urinary sphincter with prior radiation therapy. Clin

Genitourin Cancer. (2017) 15:e175–80. doi: 10.1016/j.clgc.2016.07.019

18. Guillaumier S, Solomon E, Jenks J, Pakzad M, Hamid R, Ockrim J,

et al. Radiotherapy is associated with reduced continence outcomes

following implantation of the artificial urinary sphincter in men

with post-radical prostatectomy incontinence. Urol Ann. (2017)

9:253–6. doi: 10.4103/UA.UA_25_17

19. Cohen AJ, Kuchta K, Park S, Milose J. Patterns and timing

of artificial urinary sphincter failure. World J Urol. (2018)

36:939–45. doi: 10.1007/s00345-018-2203-0

20. Srivastava A, Joice GA, Patel HD, Manka MG, Sopko NA,

Wright EJ. Impact of adjuvant radiation on artificial urinary

sphincter durability in postprostatectomy patients. Urology. (2018)

114:212–7. doi: 10.1016/j.urology.2017.12.029

21. Maurer V, Marks P, Dahlem R, Rosenbaum CM, Meyer CP, Riechardt S,

et al. Functional outcomes of artificial urinary sphincter implantation with

distal bulbar double cuff in men with and without a history of external

beam radiotherapy: an analysis of a prospective database. BJU Int. (2019)

124:1040–6. doi: 10.1111/bju.14882

22. Jahromi MS, Engle K, Furlong D, Guevara Méndez A, Gomez CS.

Overactive bladder and urgency urinary incontinence in men undergoing

artificial urinary sphincter placement. Neurourol Urodyn. (2020) 39:1489–

93. doi: 10.1002/nau.24378

23. Walsh IK, Williams SG, Mahendra V, Nambirajan T, Stone AR. Artificial

urinary sphincter implantation in the irradiated patient: safety, efficacy and

satisfaction. BJU Int. (2002) 89:364–8. doi: 10.1046/j.1464-4096.2001.01759.x

24. Raj G V, Peterson AC, Webster GD. Outcomes following erosions

of the artificial urinary sphincter. J Urol. (2006) 175:2186–

90. doi: 10.1016/S0022-5347(06)00307-7

25. Lai HH, Hsu EI, Teh BS, Butler EB, Boone TB. 13 Years of experience with

artificial urinary sphincter implantation at baylor college of medicine. J Urol.

(2007) 177:1021–5. doi: 10.1016/j.juro.2006.10.062

26. Sotelo TM, Westney OL. Outcomes related to placing an artificial urinary

sphincter using a single-incision, transverse-scrotal technique in high-risk

patients. BJU Int. (2008) 101:1124–7. doi: 10.1111/j.1464-410X.2008.07503.x

27. BrantWO, Erickson BA, Elliott SP, Powell C, AlsikafiN,McClung C, et al. Risk

factors for erosion of artificial urinary sphincters: a multicenter prospective

study. Urology. (2014) 84:934–9. doi: 10.1016/j.urology.2014.05.043

28. Ravier E, Fassi-Fehri H, Crouzet S, Gelet A, Abid N, Martin X. Complications

after artificial urinary sphincter implantation in patients with or without prior

radiotherapy. BJU Int. (2015) 115:300–7. doi: 10.1111/bju.12777

29. Sathianathen NJ, McGuigan SM, Moon DA. Outcomes of artificial urinary

sphincter implantation in the irradiated patient. BJU Int. (2014) 113:636–

41. doi: 10.1111/bju.12518

30. Hird AE, Radomski SB. Artificial urinary sphincter erosion after radical

prostatectomy in patients treated with and without radiation. J Can Urol

Assoc. (2015) 9:E354–8. doi: 10.5489/cuaj.2557

31. Linder BJ, Rangel LJ, Elliott DS. Evaluating success rates after

artificial urinary sphincter placement: a comparison of clinical

definitions. Urology. (2018) 113:220–4. doi: 10.1016/j.urology.2017.

10.033

32. Chertack N, Gill BC, Angermeier KW, Montague DK, Wood HM. Predicting

success after artificial urinary sphincter: which preoperative factors drive

patient satisfaction postoperatively? Transl Androl Urol. (2017) 6:1138–

43. doi: 10.21037/tau.2017.10.05

33. Radomski SB, Ruzhynsky V, Wallis CJD, Herschorn S. Complications

and interventions in patients with an artificial urinary sphincter:

long-term results. J Urol. (2018) 200:1093–8. doi: 10.1016/j.juro.2018.

05.143

34. McKibben MJ, Shakir N, Fuchs JS, Scott JM. Morey AF. Erosion rates of 35-

cm artificial urinary sphincter cuffs are similar to larger cuffs. BJU Int. (2019)

123:335–41. doi: 10.1111/bju.14483

35. Turina M, Mulhall AM, Mahid SS, Yashar C, Galandiuk S. Frequency and

surgical management of chronic complications related to pelvic radiation.

Arch Surg. (2008) 143:46–52. doi: 10.1001/archsurg.2007.7

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations, or those of

the publisher, the editors and the reviewers. Any product that may be evaluated in

this article, or claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Copyright © 2022 Zhang and Xu. This is an open-access article distributed under the

terms of the Creative Commons Attribution License (CC BY). The use, distribution

or reproduction in other forums is permitted, provided the original author(s) and

the copyright owner(s) are credited and that the original publication in this journal

is cited, in accordance with accepted academic practice. No use, distribution or

reproduction is permitted which does not comply with these terms.

Frontiers in Surgery | www.frontiersin.org 12 February 2022 | Volume 9 | Article 825239

https://doi.org/10.1016/j.clgc.2016.07.019
https://doi.org/10.4103/UA.UA_25_17
https://doi.org/10.1007/s00345-018-2203-0
https://doi.org/10.1016/j.urology.2017.12.029
https://doi.org/10.1111/bju.14882
https://doi.org/10.1002/nau.24378
https://doi.org/10.1046/j.1464-4096.2001.01759.x
https://doi.org/10.1016/S0022-5347(06)00307-7
https://doi.org/10.1016/j.juro.2006.10.062
https://doi.org/10.1111/j.1464-410X.2008.07503.x
https://doi.org/10.1016/j.urology.2014.05.043
https://doi.org/10.1111/bju.12777
https://doi.org/10.1111/bju.12518
https://doi.org/10.5489/cuaj.2557
https://doi.org/10.1016/j.urology.2017.10.033
https://doi.org/10.21037/tau.2017.10.05
https://doi.org/10.1016/j.juro.2018.05.143
https://doi.org/10.1111/bju.14483
https://doi.org/10.1001/archsurg.2007.7
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org
https://www.frontiersin.org/journals/surgery#articles

	Impact of Radiation Therapy on Outcomes of Artificial Urinary Sphincter: A Systematic Review and Meta-Analysis
	Introduction
	Materials and Methods
	Literature Search
	Eligibility Criteria
	Data Extraction and Quality Assessment
	Statistical Analysis

	Results
	Meta-Analysis
	Risk of Bias

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References


