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Introduction Stress urinary incontinence is a significant adverse effect following radical prostatectomy
for prostate cancer. Various factors, including surgical technique and patient characteristics, influence

the incidence of incontinence. Early artificial urinary sphincter implantation prior to salvage radiotherapy
may improve functional outcomes and quality of life for these patients. The objective of our study

is to address the current gap in research regarding the effects of radiotherapy on tissues surrounding

the artificial urethral sphincter, particularly when the artificial urethral sphincter (AUS) is implanted be-
fore, rather than after, radiotherapy.

Material and methods This pilot study analysed the impact of early AUS implantation in 2 prostate can-
cer patients who underwent radical prostatectomy (RP) and subsequently received salvage radiotherapy
(SRT) due to biochemical recurrence. Radiation dose distribution and functional outcomes, including
continence rates and complications, were evaluated.

Results Both patients experienced significant improvements in continence post-AUS implantation, using
fewer pads daily. However, a slight deterioration in AUS effectiveness was observed post-radiotherapy,
with an increase in pad usage. Radiation doses at the cuff site were relatively low, but mild tissue reac-
tions were noted.

Conclusions Early AUS implantation before SRT shows promise in enhancing urinary continence and over-
all quality of life in prostate cancer patients. Despite mild complications, the approach appears feasible
and beneficial. Further studies are needed to confirm these findings and optimise treatment sequencing.
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INTRODUCTION

Stress urinary incontinence represents a potential
adverse effect of radical prostatectomy (RP). The
incidence of this condition is influenced by various
factors, including the surgeon’s experience, the sur-
gical technique, the patient’s anatomical character-
istics, and the stage of the prostate tumour. Data
suggest that urine leakage occurs in 2.0% to 87.0%
of patients immediately after catheter removal [1, 2].
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While most patients experience temporary periods
of incontinence after RP, the majority typically re-
gain total continence within 2 to 3 months [3].
Numerous well-documented studies involving thou-
sands of patients indicate that the severity of uri-
nary incontinence decreases over time, with a grad-
ual return to continence observed in 68.0% to 97.0%
of patients at 12 months postoperatively [4-9]. Fur-
thermore, continence may progressively improve
for up to 2 years postoperatively [10].
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Effective rehabilitation, which is crucial in this
process, focuses on enhancing the strength and re-
sponsiveness of the sphincter muscles, but these
improvements require time. It is generally acknowl-
edged that the definitive assessment of continence
should be conducted one year after surgery. Sub-
sequently, long-term post-prostatectomy inconti-
nence rates, as reported by various studies, range
from 2.0% to 10.0% [1, 3, 4]. Beyond the first year,
it is widely accepted that these rates are unlikely to
show significant improvement.

The objective of our study is to address the current
gap in research regarding the effects of radiother-
apy on tissues surrounding the artificial urethral
sphincter (AUS), particularly when the AUS is im-
planted before radiotherapy. This evaluation seeks
to determine potential impacts and inform optimal
treatment sequencing.

PERSISTENT POST-PROSTATECTOMY
INCONTINENCE

In cases where appropriate rehabilitation fails to re-
solve urinary incontinence following radical prosta-
tectomy, resulting in a significant detriment to the
patient’s quality of life, urologists may consider
2 surgical interventions.

The first option involves the insertion of a tape
under the bulbar urethra, suitable for less severe
cases. The second option, recommended for patients
experiencing moderate to severe stress urinary in-
continence, is the implantation of an AUS. The AMS
800™, manufactured by Boston Scientific, is the
most widely used system. It comprises a three-part
silicone device consisting of a cuff that encircles the
urethra, a reservoir located in the abdominal cav-
ity, and a pump positioned in the scrotum. Its effec-
tiveness, according to various studies, ranges from
70.0% to 85.0% [1, 5-T7].

Successful implantation of an AUS significantly en-
hances the patient's quality of life. However, compli-
cations occur in 21.0% to 41.1% of cases, typically
arising from mechanical failures and erosion of the
sphincter components into the urethra or the skin.
Moreover, multivariate analyses have identified ra-
diation for prostate cancer recurrence as an inde-
pendent risk factor for urethral atrophy [1, 8, 9].

It is crucial to underscore that while efforts to re-
store continence are underway, patients continue
to be monitored and treated for prostate cancer.
The management strategy depends on the complete-
ness of the radical prostatectomy and the postopera-
tive prostate-specific antigen (PSA) levels. This dual
approach ensures that both the functional impact of
the surgery and the oncological outcomes are opti-

mally managed, highlighting the necessity of an in-
tegrated care pathway for these patients. Current
studies state that about 15.0-25.0% [11, 12] of pa-
tients after prostatectomy may need supplemental
radiotherapy for the prostate bed.

TIMING OF RADIOTHERAPY

Proper patient selection for post-prostatectomy ra-
diotherapy can significantly influence local disease
control and potentially extend survival. The tim-
ing of radiotherapy on the prostate bed initiation
remains an important subject of numerous studies.
There are primarily 2 clinical scenarios that should
be considered: adjuvant radiotherapy (ART) and sal-
vage radiotherapy (SRT).

Adjuvant treatment, by its very nature, supplements
primary or initial therapy. Its purpose is to reduce
the risk of relapse, even when surgery seems to have
achieved complete control. Adjuvant radiotherapy is
generally administered within 4 to 6 months after
radical prostatectomy, once urinary control reaches
acceptable levels. This approach targets the eradica-
tion of residual cancer cells before any detectable re-
currence, as shown by rising PSA levels. Conversely,
SRT is reserved for cases of biochemical failure, in-
dicated by abnormal PSA levels that suggest cancer
recurrence.

Salvage radiotherapy is initiated once cancer recur-
rence is confirmed, with the ideal PSA threshold
for starting treatment considered to be between
0.2 ng/ml and 0.5 ng/ml. This delayed approach
to SRT is designed to spare many patients from
unnecessary radiotherapy. Current trends, as out-
lined in the latest European Association of Urology
(EAU) guidelines, recommend SRT as the preferred
approach, with ART being applied less frequently
and primarily reserved for patients with unfavour-
able prognostic factors identified in histopathology,
such as International Society of Urological Pathol-
ogy (ISUP) grade 4-5, positive surgical margins,
extraprostatic extension, seminal vesicle invasion,
and lymph node involvement [13].

However, it also means that irradiation may be post-
poned, often occurring several years post operation.
Consequently, the timing of radiotherapy may coin-
cide with the period when the implantation of an ar-
tificial sphincter due to persistent incontinence
is being considered. This overlap can complicate the
sequence of treatments, posing challenges in decid-
ing the order of procedures. The timing of radiother-
apy is crucial not only for optimising oncological out-
comes but also for managing urinary incontinence
and enhancing the overall quality of life in patients
with prostate cancer. The integration of these treat-
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ments must be carefully planned to address both
the oncological and functional needs of the patient,
thereby ensuring comprehensive care.

CASE PRESENTATIONS

The impact of radiation dose distribution was anal-
ysed in 2 patients who had been submitted to AMS
800™ implantation and later were qualified for SRT
of the prostate fossa due to biochemical recurrence.

Patient 1

The first patient, a 70-year-old male, had a radical
prostatectomy in June 2015. The postoperative pa-
thology report described Gleason 4 + 3, pT3aNOMx,
and RO. After the operation, the patient suffered
from urinary incontinence grade II (leaking while
standing). After 14 months of intensive rehabili-
tation, the situation did not improve significantly,
with the need to use 9 pads daily.

AMS 800™ implantation was performed in February
2017. Postoperatively, the number of pads decreased
to 0-1 daily, and the quality of life significantly im-
proved. At the same time, the patient was under PSA
follow-up, which started to rise in 2017, and on April
2018 it reached 0.35 ng/ml, suggesting biochemical
recurrence. The MRI done in January 2018 did not
add much information about a possible macroscopic
recurrence. In July 2018 the patient was submit-
ted to radiotherapy to the prostate bed. A follow-up
of 9 months did not reveal any significant complica-
tions. The patient’s PSA level decreased to 0.14 ng/ml
until February 2019. The AUS effectiveness had
slightly deteriorated several weeks after the irradia-
tion; the patient began using 2 to 3 pads a day and
experienced mild discomfort around the sphincter
area. However, he remained satisfied with his overall
urinary control. No further complications related to
the implantation of the artificial urethral sphincter
were observed.

Unfortunately, in March 2019, the patient was ad-
mitted to the intensive care unit from the gastro-
enterology clinic due to a rapidly worsening general
condition and increasing respiratory failure follow-
ing acute pancreatitis. Despite conservative treat-
ment in the gastroenterology clinic, the patient's
condition deteriorated, leading to anuria unrespon-
sive to furosemide, intubation for respiratory sup-
port, and initiation of continuous renal replacement
therapy (CRRT); however, the patient's condition
continued to decline, culminating in death due
to cardiovascular collapse and asystole in March
2019. This event was not associated with prostate
cancer history or therapy.

Patient 2

In the second case, a male aged 63 years had a radi-
cal prostatectomy performed in February 2016. The
postoperative pathology report stated adenocarci-
noma Gleason 4 + 3, T2NOMO, and RO. The PSA
6 weeks after the operation was <0.003 ng/ml.
Urinary incontinence of grade II was present af-
ter the operation, and the patient needed 6-8 pads
a day. Rehabilitation lasted for 12 months, but the
patient was still using 6 pads a day.

Due to persistent urinary incontinence and no
signs of prostate cancer recurrence, the patient had
an AMS 800™ implanted on 10 October 2017. In the
postoperative period, the patient reported needing
to use approximately 3 pads a day, but he was sat-
isfied with the surgical outcome. A standard post-
prostatectomy oncological follow-up was continued.
In February of 2020, an MRI performed due to the
rise of PSA to 0.72 ng/ml did not reveal any sign
of local recurrence. However, in May 2020, his PSA
increased to 1.75 ng/ml. Subsequent bone scans
and PET-PSMA did not show signs of macroscopic
tumour relapse. The patient was referred to radio-
therapy. He finished the course in September 2020.
Similarly, to our first patient, this patient did not
achieve full continence and needed to use approxi-
mately 3 pads a day, but he was satisfied with the
implanted AUS.

Evaluation of radiation therapy dose distribution

In both cases, irradiation with a linear accelerator
of 6 MV energy was employed, utilising modern
conformal techniques like intensity modulated ra-
diation therapy (IMRT) and volumetric modulated
arc therapy (VMAT). The planning was based on CT
scans obtained in the therapeutic position of the pa-
tient with a full bladder, using the Eclipse planning
system. Because in both patients the local recur-
rence site was not found in any diagnostic exams,
radiotherapy was prescribed to the prostate bed
with a boost to vesicourethral anastomosis, where
the relapse usually occurs [14].

A typical simultaneous integrated boost for prostate
cancer (SIBRT) technique was used with 63 Gy/28 fr
for the prostate bed and 66 Gy/28 fr for the anasto-
mosis. Figures 1B, and 2B present the localisation
of AUS elements in relation to high-dose regions.
Figure 1 represents the radiation therapy dose dis-
tribution in the first patient, and Figure 2 depicts
the dose distribution in the second patient.

In each instance, the components of the AUS were
carefully mapped to assess the radiation doses re-
ceived. In both cases, the AUS cuff was positioned
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in its standard location within the bulbar urethra,
approximately 30 mm from the vesicourethral anas-
tomosis. The cuff, being the most critical and vulner-
able part of the AUS, frequently undergoes cycles of
inflation and deflation, exerting recurrent pressure

on the urethra and thereby inducing mechanical
and ischaemic stress. Consequently, monitoring the
radiation dose to the tissue surrounding this com-
ponent is crucial due to its susceptibility to erosion.
In both cases, the radiation dose at the cuff was

603741

Figure 1. Radiation dose distribution for patient 1. A) Dose-volume histogram for patient 1 showing radiation dose distribution
to the AMS 800™ artificial urethral sphincter (AUS) components during salvage radiotherapy. The red arrow indicates the dose
to the AUS cuff. The light blue arrow denotes the control pump, green and pink arrows indicate the cuff tubing and balloon tub-
ing, the red arrow represents the cuff, and the black arrow identifies the pressure-regulating balloon. B) 3D dose distribution
model illustrating the spatial relationship between AUS components and irradiated regions. The red arrow points to the AUS cuff,
the green and pink arrows indicate cuff tubing and balloon tubing, respectively, the light blue arrow indicates the control pump,
and the black arrow shows the pressure-regulating balloon. C) Computed tomography scan with dose overlay, highlighting

the AUS cuff (red arrow) near high-dose regions.
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relatively low, with minimum and maximum doses
of 3.3 Gy and 21.6 Gy, respectively, with mean dose
6 Gy in the first case (Figure 1A, red arrow), and
minimum and maximum doses of 2.4 Gy and 4.7 Gy,
respectively, with a mean dose of 3.8 Gy in the other
(Figure 2A, red arrow).

As expected, the radiation doses to other parts of the
AUS were even lower. The relationship between dose
and volume for each part of the AUS is presented on
a dose-volume histogram (DVH) - coloured curves
in Figures 1A and 2A, and as 3D dose distribution
models in Figure 1B and 2B.

In Figure 1, illustrating the radiation distribu-
tion in the first patient, a light blue arrow denotes
the control pump, green and pink arrows indi-
cate the cuff tubing and balloon tubing, a red ar-
row represents the cuff, and a black arrow identi-
fies the pressure-regulating balloon. In Figure 2,
the yellow arrow signifies the control pump, green
and pink arrows denote the cuff tubing and bal-
loon tubing, a red arrow indicates the cuff, and
a black arrow marks the pressure-regulating bal-
loon. Additionally, Figure 1C displays a CT scan
with the dose overlay and the AUS cuff highlighted
by a red arrow.

Dose-volume histogram interpretation

Due to its susceptibility to damage, the AUS cuff
(Figures 1A and 2A, red arrow) should especially be
protected from excessive radiation exposure. On the
DVH, the x-axis represents the dose received, mea-
sured in Gy, while the y-axis denotes the percentage
of the volume of the AUS cuff receiving a specific
dose. In the radiotherapy planning process, it is cru-
cial to keep the dose to the AUS as low as possible;
nevertheless, due to the close location of the cuff to
the prostate bed, some exposure to radiotherapy is
unavoidable (Figure 1A, red arrow). Despite meticu-
lous planning of the radiotherapy field, a small part
of the cuff received a maximum of 21.6 Gy, indicat-
ing only partial sparing. Importantly, as described
earlier, it appears that such a dose did not affect the
functionality of the cuff in the follow-up and did not
lead to urethra erosion.

In the second case, as presented in Figure 2, only the
pressure-regulating balloon (black arrow) received a
notable dose of radiation, while other parts of the
AUS system were effectively protected.

A graphical representation of the 3D dose distri-
bution model is shown in Figures 1B and 2B; the
spatial distribution of the radiation dose is shown
in a colour gradient. The region of the AUS cuff
is again marked by a red arrow. The model high-
lights the intended distribution of radiation and

Figure 2. Radiation dose distribution for patient 2. A) Dose-vol-
ume histogram for patient 2 showing radiation dose distribu-
tion to the AMS 800™ artificial urethral sphincter (AUS) com-
ponents during salvage radiotherapy. The red arrow indicates
the dose to the AUS cuff. The yellow arrow signifies the control
pump, the green and pink arrows denote the cuff tubing and
balloon tubing, and the black arrow marks the pressure-regu-
lating balloon. B) 3D dose distribution model depicting the AUS
components’ exposure to radiation. The red arrow indicates
the dose to the AUS cuff. The yellow arrow signifies the control
pump, the green and pink arrows denote the cuff tubing and
balloon tubing, and the black arrow marks the pressure-regu-
lating balloon. The colour gradient from blue (lower dose)

to red (higher dose) illustrates the radiation distribution.

the overlapping sensitive structures. The colour
gradient from blue (lower dose) to red (higher dose)
indicates that the cuff in the first case, which is
supposed to be safeguarded, is in proximity to ar-
eas receiving moderate to high doses, confirming
the observations from the DVH.

These observations may also be seen in the CT scan
with the dose overlay that presents a cross-sectional
view, where the internal structures are visualised
along with the dose distribution. The AUS cuff,
highlighted by the yellow arrow, is adjacent to re-
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gions receiving significant radiation. The overlay
confirms that while efforts were made to minimise
exposure, the cuff still receives a considerable dose,
as indicated by the colour contours extending into
its vicinity.

DISCUSSION

Two pivotal and unresolved issues warrant focused
discussion: the relatively low radiation doses lead-
ing to significant tissue reactions in the region
of AUS cuff, and the decision-making process re-
garding the sequence of radiotherapy and surgical
intervention. Urinary incontinence complicates
the safe administration of radiotherapy following
radical prostatectomy because it impairs bladder
filling. Conversely, the tissue reactions caused by
radiotherapy can hinder the recovery of the ure-
thral sphincter, necessitating a delay in radiother-
apy until continence is restored. When urinary
leakage is severe, patients may experience a pro-
longed deterioration in quality of life. This issue
becomes even more complex if, months or years
after the prostatectomy, there is a gradual in-
crease in PSA levels, raising questions about the
timing of irradiation. Such circumstances might
further delay decisions regarding the implanta-
tion of an AUS. Currently, most AUS implantations
occur after radiotherapy; however, this sequence
is not mandatory.

Our research raises the question of whether im-
plantation before or after radiotherapy might bet-
ter meet the needs of patients and treating physi-
cians. Although there are extensive data supporting
AUS implantation post radiotherapy, it is well docu-
mented that irradiation in this region significantly
increases complication rates due to early and late
tissue reactions. These reactions predominantly
affect the tissues around the cuff placed around
the urethra, located closest to the irradiated area.
As presented in this study, despite efforts made to
minimise exposure, the cuff still receives a signifi-
cant dose of radiation.

Future strategies should focus on optimising the
dose distribution to ensure that critical components
such as the AUS cuff are adequately spared to pre-
vent potential complications and maintain their
functionality. The impact of even minimal radiation
doses at the sphincter site remains unclear. It is un-
certain whether the complications arise more from
radiation-induced tissue changes or from surgical
interventions in irradiated zones. This ambiguity
underscores the need for further studies to optimise
the sequencing of treatments to enhance patient
outcomes and minimise complications.

Tissue reactions and radiation dose implications

Despite the administration of relatively low doses
of radiation delivered to the site of future AUS cuff,
there is a documented increase in cuff erosion post
implantation. This observation raises questions
about the underlying mechanisms of tissue vulner-
ability post radiation.

Radiation therapy, even at low doses, induces
a spectrum of biological responses that can compro-
mise tissue integrity and healing capacity. These
responses include enhanced inflammatory reac-
tions, increased fibrosis, and vascular changes lead-
ing to decreased blood supply, and can collectively
predispose the tissue to erosion when subjected
to the mechanical stresses imposed by an AUS cuff.
Furthermore, the irradiated tissue may exhibit al-
tered biomechanical properties, such as reduced
elasticity and compliance, which are critical factors
in the context of an implanted device that cycli-
cally compresses the urethra. The juxtaposition of
mechanically stressed, less compliant tissue with
an AUS device could be a plausible explanation
for the increased incidence of erosions observed
in clinical settings. It is imperative to explore the
threshold levels of radiation that can precipitate
such deleterious effects and to identify potential
protective strategies that could be implemented
during radiotherapy planning.

Surgical timing: irradiated versus pre-irradiated
tissue

The dilemma regarding whether to operate on irra-
diated tissue or to irradiate previously operated tis-
sue is complex and multifaceted. Operating on irra-
diated tissue involves challenges such as diminished
tissue quality and impaired wound healing, which
are known consequences of radiation. These factors
can increase the technical difficulty of the surgery
and the risk of postoperative complications.

Conversely, irradiating tissue that has already un-
dergone surgical intervention with AUS implanta-
tion raises concerns about the radiation's impact
on the integrity and functionality of the implanted
device, as well as the potential for exacerbated tis-
sue damage leading to increased complication rates.
The surprisingly small number of studies addressing
this dilemma has inspired us to start looking into it.
The decision-making process in this context must
carefully consider the individual patient's oncologi-
cal prognosis, the severity of urinary incontinence,
and the potential risks associated with each ap-
proach. Personalised treatment plans that incor-
porate detailed assessments of tissue viability, the
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timing of PSA recurrence, and the specific charac-
teristics of the AUS device are essential. Multidisci-
plinary teams comprising urologists, radiation and
medical oncologists, and radiologists must collabo-
rate to optimise treatment sequences that maximise
oncological control while minimising functional
morbidity.

CONCLUSIONS

While traditional protocols often recommend the
implantation of AUS after radiotherapy, not before,
we propose a re-evaluation of this sequence. Given
the recent recommendations to favour salvage ra-
diotherapy over adjuvant radiotherapy, radiothera-
py is now often delayed by months or even years.
This delay increases the likelihood that patients
may need AUS implantation due to persistent in-
continence before receiving radiotherapy. Implant-
ing an AUS prior to radiotherapy may offer benefits
aligned with improved quality of life.

Considering the complexities associated with ra-
diotherapy’s impact on the AUS, particularly

REFEICINCES .o e ee e ee e es e

the urethral cuff, and the limited data on the ef-
fects of radiation on pre-implanted AUS, there is
a clear necessity for further empirical research.
Future studies should include retrospective analy-
ses of patients who have undergone these treat-
ments in varying sequences to gather preliminary
data and insights. Most importantly, prospective
research is essential to providing a robust evidence
base that can guide clinical decisions. Such studies
would ideally compare the outcomes of AUS im-
plantation both before and after radiotherapy, of-
fering a clearer understanding of the potential risks
and benefits.
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