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           Introduction 

 The prostate gland plays an integral role in male 
reproduction during young adulthood. Its ana-
tomic location, between the bladder and the mem-
branous urethra, means that it is also an important 
part of the urinary voiding pathway and has a sig-
nifi cant bystander effects on urinary function. The 
prevalence of urinary dysfunction, specifi cally 
lower urinary tract symptoms (LUTS) and urinary 
incontinence, increases as men age. LUTS in men 
is thought to be primarily a sequelae of benign 
prostatic hypertrophy (BPH), increases as men age 
as shown in multiple large longitudinal studies 
[ 1 ,  2 ]. As a rule of thumb, roughly half of men 
over the age of 50 suffer from some degree of 
LUTS. Urinary incontinence in community dwell-
ing men, similarly, increases as men age. 11 % of 
men over the age of 65 without a history of pros-
tate cancer or prostate surgery admit to suffering 
some degree of incontinence, increasing to 35 % 
in men over the age of 85 [ 3 ]. Prostate cancer 

affl icts elderly men and it is in this background 
that urinary function alterations after prostate 
cancer should be measured. 

 The control arm in one of the largest random-
ized trial performed to comparing radical prosta-
tectomy as treatment for prostate cancer to an 
untreated “watchful waiting” cohort showed that 
untreated localized prostate cancer leads to slight 
worsening of  urinary obstructive and irritative 
symptoms   but not urinary incontinence [ 4 ]. 

 It appears that  LUTS   due to prostate cancer 
in-situ behaves very much like LUTS due to BPH 
with the possibility of much faster progression. 
It is because of this reason that in men who have 
not had local treatment for prostate cancer, surgi-
cal modalities such as  transurethral resection of 
the prostate (TURP)   appear to be effective in 
relieving LUTS. Unfortunately, unlike  TURP   in 
the setting of BPH, TURP in the setting of locally 
advanced prostate cancer appears to be less dura-
ble likely due to continued tumor growth [ 5 ]. 

 Urinary function alteration after local treat-
ment for prostate cancer has been studied exten-
sively, particularly in patients treated with radical 
prostatectomy or radiotherapy. Most studies 
show very similar results leading to an excellent 
understanding of the natural history of urinary 
function alterations after these treatments. 
Unfortunately, modalities such as cryotherapy, 
high-intensity focused ultrasound, focal therapy, 
and others do not have robust clinical data with 
respect to urinary adverse events.  

      Introduction: Urinary Function 
Alterations in Men with Prostate 
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    Urinary Function After Radical 
Prostatectomy 

  Urinary  function   after radical prostatectomy 
changes dramatically in the short-term after radi-
cal prostatectomy [ 6 ]. Urinary incontinence, in 
particular, causes signifi cant distress in men who 
have undergone radical prostatectomy [ 7 ]. 

 Longitudinal studies show worsening urinary 
incontinence immediately after radical prostatec-
tomy with subsequent improvement over the 
course of the next few months. Sanda et al. sought 
to qualify predictors of quality of life following 
patients who underwent treatment for prostate 
cancer and determine their effect on both the 
patient and partner. A total of 1201 patients were 
evaluated both pre- and post-treatment up to 24 
months post treatment. Men who underwent 
prostatectomy reached a nadir in  Quality of Life 
scores   at 2 months post operatively which then 
improved over the following 24 months [ 6 ]. 
Irritative and obstructive scores improved to bet-
ter than baseline over the study period. This fi nd-
ing was confi rmed in another study by Pardo 
et al. A total of 435 patients were prospectively 
evaluated prior to treatment with prostatectomy, 
external beam radiotherapy or brachytherapy. 
Immediately post treatment, the prostatectomy 
cohort had worse incontinence quality of life 
scores at 36 months, but improved obstructive 
and irritative voiding symptoms. In patients with 
obstructive symptoms at baseline, 64 % of 
patients noted improvement above pretreatment 
[ 7 ]. Saranchuk et al. prospectively evaluated uri-
nary function in 647 consecutive men undergoing 
radical prostatectomy and noted that full conti-
nence, defi ned as no pad use per day, was 
achieved in 87 % of men at 12 months which 
increased to 93 % at 2 years [ 8 ]. 

 Multiple factors have been implicated in help-
ing to achieve an earlier and more complete return 
to continence post-prostatectomy. Younger age 
has been shown to promote an earlier return to 
continence, as has preservation of the neurovascu-
lar bundles, lower body mass index (BMI), 
absence of anastomotic stricture, lower number of 
comorbidities, no prior radiotherapy for prostate 
cancer, and increasing membranous urethral 

length [ 9 – 11 ]. Grade, stage, and PSA were once 
thought to be associated with postoperative conti-
nence, but this may be attributed to nerve- sparing 
status instead [ 12 ]. Nerve-sparing status was 
found to decrease the median time to continence 
from 5.6 to 1.5 months in a study by Eastham 
et al. [ 10 ]. 

 Multiple intraoperative maneuvers have also 
been described as well to help with postoperative 
continence. The role minimally invasive prosta-
tectomy on subsequent incontinence remains 
unresolved. 

 Increasing age is an independent preoperative 
predictive factor for postoperative incontinence. 
Matsushita et al. evaluated 2849 patients and 
noted increasing age, higher ASA score, increas-
ing BMI, and lower membranous urethral length 
were adverse independent predictors of subse-
quent continence recovery [ 11 ]. Age greater than 
65 years of age has been associated with increased 
rates of incontinence and incomplete recovery of 
continence [ 9 ]. In a review of 581 consecutive 
patients, 91 % of patients were continent at 24 
months and age less than 65 was the strongest 
correlate with recovery of continence [ 10 ]. In a 
prospective analysis by Licht et al., age greater 
than 65 years was an independent predictor of 
incontinence [ 13 ]. This refl ects rates of conti-
nence in the aging male population as a whole. 
Anger et al. in a review of  National Health and 
Nutrition Examination Survey   have found that 
incontinence rates rose from an overall preva-
lence of 17 % in men younger than 60–31 % in 
men older than 85 [ 3 ]. 

 Matsushita et al. showed an independent rela-
tionship between increasing BMI and subsequent 
incontinence, though there are some confl icting 
results [ 11 ]. Mulholland et al. demonstrated no 
association in body mass index and continence 
based on questionnaires related to voiding dys-
function over a 2 year period [ 14 ]. Conversely, 
Anast et al. showed that higher BMI was associ-
ated with worse urinary function, but not neces-
sarily worsened quality of life after a review of the 
 CaPSURE database   [ 15 ]. This may have been 
associated with increased BMI leading to a higher 
rate of anastomotic stricture seen in a separate 
review of the CaPSURE data [ 16 ]. 

G. Stearns and J.S. Sandhu
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 Smaller prostate volume has been suggested to 
result in improved continence rates; however, 
Eastham et al. found no association between pros-
tate size and recovery of continence on multivari-
ate analysis [ 10 ,  17 ]. Konety et al. reviewed the 
 CaPSURE database      for those patients with pros-
tate volumes recorded and noted that prostate vol-
umes less than 50 g were associated with improved 
continence rates; however, this difference normal-
ized at 24 months postoperatively [ 17 ]. 

 Newer modalities, such as laparoscopic or 
robotic prostatectomy, show similar results. 
Unfortunately, the difference in incontinence 
between open and MIS surgery has proven diffi -
cult to quantify because of the fact that very few 
surgeons offer both techniques contemporane-
ously. Furthermore, most comparisons have been 
between surgeons experienced in performing 
open surgery and those that have recently adopted 
MIS surgery, making conclusion problematic 
given effect of new technology and surgical 
learning curve .  

    Anastomotic Stricture After Radical 
Prostatectomy 

  Anastomotic  stricture  , or bladder neck contrac-
ture is a relatively uncommon, but well-known 
complication following radical prostatectomy. 
These patients tend to present in the fi rst 6 months 
postoperatively [ 18 ,  19 ]. The economic impact of 
symptomatic urethral and anastomotic strictures 
is not insignifi cant, with one study documenting 
the cost at approximately $6000 per affected 
individual [ 20 ]. 

 The rate of anastomotic stricture has been 
reported between 2.5 and 25.7 % in up to 62 % of 
patients who undergo radiotherapy [ 16 ,  18 ]. The 
wide range may be due in part to differences in 
data collection, patient population, surgeon prac-
tice patterns, and postoperative follow-up. These 
strictures are troublesome to manage, as they often 
require multiple procedures and intervention may 
lead to worsening of incontinence. 

 Risk factors for development of anastomotic 
stricture are similar to those seen for continued 
incontinence post prostatectomy and included age, 

increased BMI, renal insuffi ciency, presence of 
postoperative leak or hematoma [ 18 ]. Individual 
surgeon technique and experience appear to 
greatly infl uence the development of strictures. 

 In a review of the SEER-Medicare linked data-
base, Begg et al. noted a decreased rate of urinary 
complications, primarily anastomotic strictures, 
with higher volume surgeons [ 21 ]. Higher BMI 
and lower risk cancer were found to be associated 
with stricture formation upon review of the 
CaPSURE database [ 16 ]. 

 With the rise in minimally invasive prostatec-
tomy, a decrease in anastomotic strictures has 
been noted. Sandhu et al. found a roughly tenfold 
lower rate of anastomotic stricture in those 
patients undergoing MIS prostatectomy [ 18 ]. 
This was also noted in a SEER-Medicare linked 
database review by Hu et al. which showed that 
MIS prostatectomy was associated with 5.8 % 
rate of claims for bladder neck contracture versus 
14 % for open [ 22 ]. In a retrospective review of 
52 patients, Boroboroglu noted mucosal eversion 
during the vesicourethral anastomosis has been 
linked to decreased stricture formation and may 
present a possible explanation for the decreased 
stricture rate in minimally invasive prostatec-
tomy. Other factors they noted on multivariate 
analysis included intraoperative blood loss, 
increased operative time, smoking, and coronary 
artery disease were also linked with development 
of bladder neck contracture [ 23 ]. 

 The majority of these interventions are suc-
cessful early; however, there is a subset of patients 
that require multiple interventions or further 
reconstruction. Most contractures are managed 
conservatively with dilation or transurethral inci-
sion, with success rates ranging between 50 and 
87 % [  19 ].  

    Urinary Function After Prostate 
Radiotherapy 

 Prostate radiotherapy is another option frequently 
used either alone or combined with  androgen 
deprivation therapy (ADT)   in patients with local-
ized prostate cancer. Quality of life is often a 
factor in patient’s decision making regarding 

1 Introduction: Urinary Function Alterations in Men with Prostate Cancer
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which modality of treatment to undergo. A baseline 
voiding history should be undertaken as those 
patients with preexisting voiding dysfunction 
may experience worsening of their symptoms 
and should be counseled accordingly. 

 The  Prostate Cancer Outcomes Study   evalu-
ated 3533 men and followed them for over 15 
years to look at long-term functional outcomes of 
those patients undergoing treatment for localized 
prostate cancer. After 15 years, no difference was 
noted in the rates of urinary incontinence between 
those who underwent prostatectomy and those 
undergoing radiotherapy. Other voiding dysfunc-
tion was not assessed however [ 24 ]. Sanda noted 
an initial worsening of symptoms after external 
beam radiotherapy, albeit not as severe as seen 
post-surgery with an eventual return to baseline 
over 24 months. In those patients undergoing 
brachytherapy, symptoms did not return to base-
line following treatment and patients were more 
likely to note persistent distress after 2 years. 
Eighteen percent of those patients undergoing 
brachytherapy reported moderate to severe dis-
tress at 12 months following initiation of treat-
ment, compared to 11 % post radiotherapy and 
7 % post prostatectomy [ 6 ]. A study by Ghadjar 
et al. also performed a prospective analysis of 
urinary toxicity following both external beam 
and  brachytherapy  . Most patients had a QoL 
score on the AUA Symptom Index of 2. This did 
not change throughout treatment as a whole. 
Twenty-eight percent of patients experienced 
acute Grade 2 toxicity, with 20 % continuing to 
have Grade 2–3 symptoms at more than 3 months 
beyond treatment. Grade 2 toxicity was described 
as urinary dysfunction requiring alpha blocker 
therapy. Grade 3 required catheterization or post- 
procedural transurethral resection of the prostate. 
Late Grade 3 toxicities were due primarily to uri-
nary retention and were not associated in con-
junction with Grade 2 toxicity [ 25 ]. At 3 years, 
the rate of urethral stenosis, incontinence, and 
hematuria were 6.6 %, 4.8 %, and 3.3 %, respec-
tively, in a study by Fiorino [ 26 ]. 

 Preoperative predictive factors include a PVR 
of greater than 100 cc, pre-procedural AUA 
symptom score of greater than 8, bladder outlet 
obstruction seen on urodynamics, prostate volume 

greater than 40 cc, and peak fl ow of less than 
10 cc/s [ 27 – 29 ]. 

 Large prostates were associated with persis-
tent urinary toxicity in those patients undergoing 
both external beam and brachytherapy. In the 
study by Sanda et al., large prostate was defi ned 
as greater than 50 g [ 6 ]. 

 At 1 year, 5 % of partners reported being both-
ered by the patient’s incontinence. In the same 
cohort 7 % of partners were bothered by the 
patient’s obstructive symptoms in those undergo-
ing brachytherapy, compared to 3 % undergoing 
external beam radiotherapy [ 6 ]. 

 Patients who present with urinary toxicity are 
managed medically initially, usually with alpha 
blocker therapy [ 30 ].  Anticholinergics   have been 
used with some success for patients with persis-
tent irritative voiding symptoms refractory to 
alpha blocker therapy alone [ 31 ]. Surgery may 
ultimately be indicated, but this may render the 
patient incontinent, necessitating careful and 
thorough counseling of the patient. Patient selec-
tion is also key in this situation. A history of a 
patient with new onset obstruction without prior 
voiding symptoms who is obstructed on urody-
namic testing may benefi t from resection. In a 
retrospective review of 38 patients who under-
went TURP following brachytherapy, 18 % were 
incontinent post procedure. Median time to 
TURP was 11 months [ 32 ]. Incidence of recto-
urethral fi stula is also higher and should be 
explained to patients as well. Aggressive anterior 
resection should be avoided to prevent develop-
ment of pubovesical fi stula [ 33 ]. 

  Fistulae   are late complications that result from 
instrumentation such as cystoscopy or colonoscopy 
in patients who have had prior radiation. Repair of 
 rectourethral fi stula   is rendered more complicated 
secondary to the decreased vascularity of tissue 
surrounding the fi stula and usually requires perma-
nent diversion [ 34 ]. This is similar to data seen for 
pubovesical fi stulae. Patients typically presented 
with urethral stricture and underwent endoscopic 
treatment. Conservative management was typically 
unsuccessful with most patients undergoing 
eventual cystectomy [ 33 ]. 

  Radiation   may also be used as a salvage 
therapy in patients who have undergone fi rst line 

G. Stearns and J.S. Sandhu
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treatments for their prostate cancer. In a recent 
meta-analysis grade 3–4 toxicity was found to be 
signifi cantly higher in the salvage brachytherapy 
group, occurring in 12.9 % of patients. 
Incontinence was reported in 6.2 and 3.1 % 
developed recto-urinary fi stula [ 35 ]. Tharp et al. 
however reported toxicity of urethral necrosis 
and incontinence in 29 % of their cohort with a 
median of 58 month follow-up [ 36 ].  

    Emerging Topics in Urinary 
Dysfunction After Prostate Cancer 

    Urinary Function Recovery 
After Prostate Cancer Ablation 

 New data is emerging as short term studies arise 
regarding voiding dysfunction following whole 
gland ablation. The  COLD database   is a database 
of all men undergoing  cryotherapy  , both focal and 
whole gland, in both primary and salvage settings. 
4099 patients underwent whole gland cryoablation 
between 1999 and 2007. In the report of complica-
tions 65/2099 (3.1 %) reported de novo inconti-
nence. 18/2099 (0.4 %) developed rectourethral 
fi stula, and 34/2177 (1.6 %) had urinary retention 
persisting more than 30 days post procedure [ 37 ]. 
A recent study evaluating urodynamic outcomes 
saw decreased bladder compliance and de novo 
overactive bladder in 10 % of patients at 3 months 
post-procedure, improving by 6 months follow-up. 
At 6 months, the cohort showed decreased Pdet, 
and Qmax on urofl owmetry. Those patients with 
large prostates continued to have voiding dysfunc-
tion at the 6 month procedure period [ 38 ]. Another 
study with a median of 27 months follow-up 
showed urethral stricture formation requiring dila-
tion in 13.8 % of patients. Bladder neck incision 
was required in 9.2 %. Before treatment 73.3 % of 
patients did not leak, post treatment 55 % of 
patients did not leak. 2.7 % of patients did not 
require pads pretreatment, increasing to 9 % fol-
lowing treatment [ 39 ]. 

 Whole gland cryoablation has also been used 
as both a primary and salvage treatment for pros-
tate cancer. In the early postoperative phase, 
voiding dysfunction worsened, yet returned to 

baseline by 12 months post procedure. These 
symptoms were noted to be better than the 
brachytherapy cohort [ 40 ]. Kvorning Ternov 
et al. found that in 30 patients undergoing salvage 
cryotherapy 11 (36.6 %) had Grade 1–2 urinary 
incontinence, another 3 (10 %) had grade 3–4. 
Three (10 %) ultimately developed a urethral 
stricture and one (3 %) developed a fi stula 4.5 
years post procedure [ 41 ]. The COLD database 
showed a higher rate of urinary complications as 
compared to those undergoing whole gland cryo-
therapy for primary treatment of their prostate 
cancer when  cryotherapy   was performed in a sal-
vage setting. Incontinence rates were 12.3 % 
(33/299), rectourethral fi stula occurred in 1.5 % 
(5/194), and persistent urinary retention occurred 
in 12/282 (4.3 %) [ 37 ]. 

 High-intensity focused ultrasound (HIFU)       is 
also being used as both whole gland and focal 
therapy for localized prostate cancer. Crouzet 
et al. evaluated the oncologic outcomes and mor-
bidity of 1002 patients who underwent HIFU for 
treatment of their prostate cancer between 1997 
and 2009. Rates of urinary complications 
decreased with change from the prototype model 
to newer versions of the ultrasound machine. 
Prior to 2000, 15/63 (23.8 %) of patients had 
grade 1 stress urinary incontinence, compared to 
42/287 (14.6 %) between 2005 and 2009. 4/63 
had Grade 2–3 incontinence prior to 2000 while 
only 9/287 (3.1 %) had grade 2–3 incontinence. 
Acute urinary retention was seen in 10.2 % of 
1002 patients and bladder outlet obstruction was 
seen in 16.6 % (166/1002). Late complications 
included fi stula and urethral stenosis, occurring 
in 90/1002 patients (9 %) and 4/1002(0.4 %), 
respectively [ 42 ]. Rectourethral fi stula formation 
was seen in only patients who had undergone sal-
vage HIFU and had signifi cant comorbidities or 
prior radiation history. 

 Urinary retention is thought initially to be due 
to edema following the procedure. Prolonged 
obstruction may be secondary to sloughing of 
necrotic debris. Due to this high rate of urinary 
retention following HIFU,  transurethral resection 
of the prostate (TURP)   is frequently used in 
patients with larger prostates to help prevent 
obstructive symptoms postoperatively [ 43 ]. 

1 Introduction: Urinary Function Alterations in Men with Prostate Cancer
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In the study by Crouzet et al., after 2000, all 
patients with a prostate volume of greater than 
30 g underwent TURP immediately prior to their 
HIFU treatment. Chaussy et al. compared to 
patients who underwent HIFU alone with those 
who underwent TURP immediately prior to HIFU. 
96 patients underwent HIFU alone compared to 
175 who underwent HIFU and TURP. At 3 months 
post-HIFU, Quality of Life subscore on IPSS 
increased from 1.3 to 2.36 for HIFU alone versus 
2.06 to 1.85 with HIFU and TURP. Suprapubic 
catheter remained for a median of 40 days, as 
compared to 13.7 days in those patients undergo-
ing TURP and HIFU. Urinary tract infections 
were noted in 47.9 % in those undergoing HIFU 
alone, compared to 11.4 in those with both proce-
dures. 27.1 % of patients required further deob-
struction procedures, either removal of necrotic 
debris or dilation for bladder neck contracture, 
compared to 8 % of the TURP and HIFU [ 42 ].  

    Voiding Dysfunction in Men 
Following Focal Therapy 

 Given the  morbidity   following whole gland pros-
tate cancer treatment, interest persists regarding the 
possibility of focal therapy for localized prostate 
cancer. The focus of focal therapy is to eradicate 
the index tumor while preserving nearby struc-
tures, such as bladder and rectum, decreasing rates 
of urinary, bowel and sexual dysfunction post pro-
cedure. Long term data is lacking for most of these 
treatment modalities. Review of the COLD registry 
evaluating focal cryotherapy found limited urinary 
morbidity, reporting rectourethral fi stula in 1/1160 
patients. Urinary continence was maintained in 499 
of 507 (98.4 %) with urinary retention persisting 1 
month from therapy reported in 1.1 % (6/518) [ 37 ]. 
Focal HIFU was initially used as salvage treatment 
for patients who had failed primary treatment, usu-
ally with radiation as the primary treatment modal-
ity. The fi rst study looking at outcomes of focal 
HIFU looked at 39 patients who underwent salvage 
therapy between 2004 and 2009. At a median fol-
low-up of 17 months, 64 % reported being pad and 
leak free with 87.2 % being pad free. One rectoure-

thral fi stula occurred [ 44 ]. A further study looked at 
20 patients undergoing hemigland HIFU at up to 1 
year follow-up. 18/20 (90 %) were leak-free and 
pad free. At baseline, nine reported mild urinary 
symptoms and ten reported moderate urinary 
symptoms. By the end of 12 months, 16 reported 
mild urinary symptoms with 4 reporting moderate 
and no severe urinary issues. Quality of life 
remained unchanged throughout the follow-up 
period [ 45 ].  

    Voiding Dysfunction in Men 
with Locally Advanced Prostate 
Cancer 

 Those patients who present with locally advanced 
prostate cancer may experience voiding dysfunc-
tion, usually in the form of obstruction. Little 
data exists as to the role of pharmacotherapy in 
this cohort. Those patients who undergo initia-
tion of  hormone deprivation   may experience 
relief of their symptoms. In a study 35 patients 
with locally invasive prostate cancer who pre-
sented with urinary retention were randomized to 
either orchiectomy or transurethral resection of 
the prostate for treatment of their obstructive 
symptoms. Retention resolved in 24/35 patients 
(68.6 %) with orchiectomy alone [ 46 ]. 
Historically, TURP was not performed for relief 
of obstruction due to concern for acceleration of 
the disease process. In a review of 184 patients, 
Levine et al. sought to determine the impact of 
TURP on disease progression and cancer specifi c 
mortality. In locally advanced cancer (Whitmore- 
Jewett stage C/D), there was no difference in dis-
ease progression between the TURP group and 
the control. For those patients with organ con-
fi ned disease (Whitmore-Jewett stage B), disease 
specifi c mortality was signifi cantly higher in the 
group undergoing TURP [ 47 ]. A review of the  
SEER database   showed 2742/29361 patients 
underwent TURP following their prostate cancer 
diagnosis. The outcome of interest was markers 
of disease progression, defi ned as orchiectomy or 
procedures indicating worsening urinary obstruc-
tion. Those patients that underwent TURP were 
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more likely to undergo orchiectomy; however, 
the authors felt this was likely due to the severity 
of disease rather than the surgery itself [ 48 ]. 
TURP does appear to be effective in relieving 
urinary symptoms due to obstruction from pros-
tate cancer. In a retrospective review of 24 pallia-
tive TURPs, Crain et al. found an improvement in 
IPSS from 21.1 to 11 when patients underwent 
resection. They were more likely to fail voiding 
trial than the cohort of patients undergoing resec-
tion for benign disease and more likely to require 
reoperation for repeat obstruction [ 49 ].   

    Conclusion 

 Treatment of prostate cancer is associated with 
changes in voiding function. While much is 
known about the effects of radical prostatectomy 
and radiation therapy on urinary function, treat-
ment for prostate cancer continues to evolve. As 
such, research regarding the natural history of uri-
nary function after these newer treatment modali-
ties continues and patient counseling changes 
accordingly.     
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            Post-prostatectomy Incontinence: 
Introduction 

    Incidence 

 Urinary incontinence is a relatively common 
complication following radical prostatectomy 
(RP) with a wide range of reported incidence  , 
from 2 to 87 % [ 1 ]. Some of this variability may 
be attributable to differences between clinicians 
in defi ning and classifying post-prostatectomy 
incontinence (PPI) [ 2 ]. A group that examined 
patient-reported outcomes found 33 % of men 
had urinary incontinence requiring the use of 
protective devices such as pads, diapers, rubber 
pants and clamps [ 3 ]. Severe incontinence, as 
defi ned by either total incontinence or frequent 
urinary leakage, has been reported to be as high 
as 8.4 % [ 2 ]. 

 It has been well recognized that there is a 
time-dependent relationship to return of conti-
nence after prostatectomy. Incontinence rates 
decline over time, and generally patients establish 

their continence baseline status 1–2 years following 
surgery [ 4 ]. Early incontinence is common, while 
return to continence at 1 year has been reported 
to be greater than 90 % [ 5 ,  6 ]. Thus it is generally 
recommended that patients not undergo an inva-
sive anti-incontinence therapy until 6–12 months 
after surgery to allow for a baseline status to be 
achieved prior to intervention. Some groups rec-
ommend a trial of conservative therapy including 
pelvic fl oor physiotherapy fi rst [ 4 ]. However, 
many groups have shown that the majority of 
patients will have reached baseline continence by 
6 months [ 7 ]. Penson et al. followed 1213 patients 
who underwent RP and found that rates of severe 
urinary incontinence (frequent urinary leakage or 
no control) peaked at 6 months and steadily 
declined at 2 years following surgery to 10 % 
[ 8 ]. Goluboff et al. determined that 92 % of their 
patients reached their fi nal continence status at 6 
months [ 9 ] and Smither et al. demonstrated that 
the majority of patients who achieved continence 
did so as early as 18 weeks postoperatively, with 
little signifi cant change in functional status 
until 54 weeks [ 10 ]. 

 Another caveat to early observation is that 
patients with severe early urinary incontinence 
are more likely to have long-term incontinence. 
Vickers et al. examined patients who underwent 
a radical prostatectomy and evaluated the num-
ber of pads required at 3, 6, 9, and 12 months, 
and then reevaluated urinary continence status at 
2 years. They found that patients requiring one or 
two pads at 6 months had a low probability of 

mailto:victor.nitti@nyumc.org


16

being pad free at 2 years (50 and 36 %, respec-
tively) [ 11 ]. This group suggests that severe uri-
nary incontinence even within the fi rst year of 
surgery is a predictor for poor long-term func-
tion, and should be considered for earlier identifi -
cation and possible intervention. 

 The benefi t of  early intervention   has been 
studied. Schneider et al. compared PPI patients 
with SUI who underwent early periurethral bulk-
ing procedure at a mean time of 23 days postop-
eratively with patients treated at 26 months 
postoperatively. They found that short-term con-
tinence results were higher in the early interven-
tion group, however long-term results were 
similar [ 12 ]. Jones et al. found similar results 
when comparing intervention with the urethral 
sling, in that early intervention provided improved 
short-term but equivalent long-term results [ 13 ]. 

  Based on the available clinical data and or 
own experience, we generally wait about 12 
months prior to evaluation and surgical treat-
ment for patients with mild to moderate inconti-
nence, especially if they are noting continued 
improvement. If a patient is still improving at 12 
months, it may be prudent to delay surgical 
therapy a bit longer. For patients with severe 
incontinence that is not improving, evaluation 
and surgical intervention is considered at 6 
months. This is dependent of course on the 
degree of bother to the patient and his willing-
ness to undergo a surgical procedure.   

    Pathophysiology 

  The  internal urethral sphincter (IUS)   lies   at the 
bladder base and is composed of smooth muscle, 
while the  external urethral sphincter (EUS)   is 
composed of skeletal muscle and is under voli-
tional control. The IUS has both longitudinal and 
circular muscular layers, where continence is 
mediated by noradrenaline from sympathetic 
fi bers acting on a1-adrenoceptors to cause con-
traction of the circular smooth muscle and relax-
ation of the longitudinal smooth muscle via 
B3-adrenergic receptors. During voiding, the 
longitudinal smooth muscle contracts while the 
circular smooth muscle relaxes via nitric oxide 
and acetylcholine release from parasympathetic 

fi bers, allowing for bladder emptying. The EUS 
is composed of striated muscle, where contrac-
tion and relaxation is mediated via the pudendal 
nerve [ 4 ]. 

 The urinary sphincteric mechanism can also 
be divided into proximal and distal sphincter. The 
 proximal urinary sphincter   is formed by the blad-
der neck, prostate, and prostatic urethra to the 
verumontanum, under both parasympathetic and 
sympathetic control. During a radical prostatec-
tomy, the proximal urinary sphincter is effec-
tively removed. Continence is therefore 
dependent upon the distal urethral sphincter. This 
is comprised of the distal EUS, the prostatomem-
branous urethra, and the supporting musculature 
and fascia of the pelvis [ 14 ]. Therefore, inconti-
nence following radical prostatectomy is most 
often attributable to dysfunction of the distal ure-
thral sphincter. This can occur as a result of direct 
injury to the DUS, damage to its nerve supply or 
supporting structures, or preexisting dysfunction. 
Intraoperative preservation of this tissue is impor-
tant to preserve continence [ 15 ]. 

 The etiology of post-prostatectomy inconti-
nence (PPI) is most often attributable to sphinc-
teric incompetence (SI) that exists with or without 
bladder dysfunction in about 95 % of cases 
[ 1 ,  16 – 19 ]. Isolated bladder dysfunction, such as 
detrusor overactivity or decreased bladder com-
pliance is a rare cause of post-prostatectomy 
incontinence. Groutz et al. performed urody-
namic evaluation of 83 men with PPI and found 
33 % had bladder dysfunction; however, only 7 
% had bladder dysfunction as an isolated cause 
for PPI [ 16 ]. Some groups have reported rates of 
bladder dysfunction as a sole cause for PPI as low 
as 3 % [ 20 ], while concomitant sphincter and 
bladder dysfunction accounts for 34–45 % of 
patients with PPI [ 4 ]. De novo bladder dysfunc-
tion may be due to intraoperative bladder dener-
vation or outlet obstruction. Giannantoni et al. 
found that de novo decreased bladder compliance 
and detrusor underactivity shown on urodynam-
ics 1 month after radical prostatectomy had 
improved and resolved at 8 months in the major-
ity of patients [ 21 ]. Sphincteric incompetence 
overall remains the primary cause of PPI, believed 
due to direct damage and manipulation intraop-
eratively [ 4 ]. 
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 When patients have combined urinary inconti-
nence and a decreased force of stream, scarring 
leading to urethral stricture disease should be the 
suspected cause [ 22 ]. 

  Following a radical prostatectomy, urinary 
continence is dependent upon on the distal ure-
thral sphincter. Sphincteric incompetence 
accounts for approximately 95 % of post- 
prostatectomy incontinence, though concurrent 
bladder dysfunction may be present in 30 % of 
cases. Isolated bladder dysfunction is a rare 
cause of PPI. Urethral or anastomotic stricture 
should be suspected in patients with obstruction 
voiding patterns or a decreased force of stream   .   

    Factors That Drive Treatment 

 With the wide range in degree and type of incon-
tinence that occurs following a radical prostatec-
tomy, several factors may infl uence a patient’s 
desire to undergo either conservative or invasive 
treatment. For some patients, PPI can have a sig-
nifi cant effect on  quality of life (QoL)  . Fowler 
et al. published results from a Medicare survey 
and found that leakage of urine requiring use of 
protective pads had a more signifi cant effect on 
patient’s quality of life than sexual dysfunction, 
and patients were signifi cantly less likely to 
report satisfaction with surgical treatment [ 23 ]. 
Greater degree of incontinence not only worsens 
patient reported QoL; it also infl uences the degree 
of bother they experience, which then infl uences 
their desire for further intervention [ 4 ]. Overall, 
studies suggest that while mild incontinence can 
be acceptable to patients in exchange for cancer 
control, requiring regular use of protective 
devices or pads has a signifi cant infl uence on 
patient QoL and may infl uence desire for further 
treatment [ 7 ,  23 ]. 

 The type of incontinence also infl uences 
patient decision to undergo intervention. Stress 
urinary incontinence is most common in the early 
postoperative period and has been well demon-
strated to improve over time. This may guide cli-
nicians to counsel patients to continue 
conservative measures prior to pursuing more 
invasive options [ 4 ]. 

 Patient’s desire for cure can also infl uence 
 counseling and treatment options  . There are no 
curative medical interventions, though medica-
tions such as duloxetine   have been shown to 
improve mild to moderate incontinence [ 24 ]. A 
cure for PPI can be achieved with more invasive 
measures such as surgical interventions; how-
ever, these interventions have their own risks and 
potential effects on symptoms and quality of life. 

  All of the above factors are important in 
determining evaluation and intervention for 
PPI. But in reality it is always an individual 
patient’s decision based on the personal degree 
of bother. While the degree of incontinence will 
infl uence the type of treatment recommended, it 
is the degree of bother that drives the decision to 
intervene at all. There are general trends, but 
the bottom line is that some men are highly 
bothered by relatively mild incontinence, while 
others who have severe incontinence may not be 
“bothered” at all. It is also important that 
patients have reasonable expectations from 
treatments, especially those who are highly 
bothered by mild incontinence .  

    Patient Risk Factors for PPI 

  There are a number of  recognized   preoperative 
risk factors that increase the rate of PPI. By iden-
tifying those patients at increased risk for PPI, 
preoperative counseling and postoperative man-
agement can be better tailored to the individual 
patient. 

 Wallerstedt et al. evaluated 1529 patients who 
underwent a radical prostatectomy for clinically 
localized prostate cancer with questionnaires 3 
months prior to surgery and 12 months after sur-
gery. Incontinence was defi ned as requiring more 
than one pad daily to control urination. This 
group found that age and presence of preopera-
tive urinary leakage were signifi cant predictors of 
PPI. Prior transurethral resection of prostate for 
obstructive symptoms was not signifi cantly asso-
ciated with PPI [ 25 ]. Kim et al. also found that 
age was a signifi cant predictor of PPI, where 
younger patients tended to have higher rates of 
early continence recovery [ 26 ], and Novara et al. 
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found that younger age was an independent pre-
dictor of continence at 12 months [ 27 ]. Catalona’s 
group examined infl uence of age on return of 
continence in 1325 men 18 months postopera-
tively and found that men younger than 70 had 
continence rates of 92–97 %, while men in their 
70s had a signifi cantly lower continence rate of 
87 % [ 28 ]. 

 Evidence of sphincteric incompetence pre-
operatively has been demonstrated to increase 
the risk of postoperative urinary incontinence, 
primarily resulting in  stress urinary inconti-
nence (SUI)  . Preoperative bladder dysfunction 
such as detrusor overactivity or an acontractile 
bladder has also been shown to be a risk factor 
for PPI [ 15 ]. 

 Song et al. performed pelvic MRI imaging on 
94 patients prior to undergoing a radical prosta-
tectomy and evaluated the association between 
the integrity of the pelvic fl oor muscles, mea-
sured by thickness of the pelvic diaphragm as 
well as ratio of levator ani thickness to prostate 
volume, and urinary continence. They defi ned 
incontinence as any unwanted leakage of urine 
and found that these measures of pelvic fl oor 
integrity were associated with earlier recovery of 
continence after surgery [ 29 ]. Prostate size has 
not been clearly shown in the literature to infl u-
ence continence status after prostatectomy, and 
this group suggests that the presence of pelvic 
support is more signifi cant than the absolute size 
of the prostate. 

 A number of groups have evaluated the infl u-
ence of obesity on PPI. Xu et al. performed a 
meta-analysis of 13 observational studies and 
found that obese patients were signifi cantly 
more likely to have PPI [ 30 ]. They hypothesize 
that this may be due to intraoperative factors, 
such as excessive peri-prostatic fat limiting 
visualization and manipulation of urethra and 
neurovascular bundle, as well as postoperative 
factors such as increased pressure on the blad-
der and pelvic fl oor. 

 Stage of disease has not been conclusively 
related to rates of PPI, though a more advanced 
stage of disease may affect the surgical tech-
nique and make the dissection more difficult. 
Incontinence rates may therefore be higher; 

however, this is likely due to the surgery 
rather than the influence of advanced disease 
itself [ 31 ]. 

 There are mixed fi ndings on the infl uence of 
radiation therapy on incontinence in post- 
prostatectomy patients. Some groups report 
equivalent continence rates between patients who 
underwent adjuvant radiotherapy and those who 
did not [ 32 ]. However, patients who underwent a 
salvage prostatectomy following external beam 
radiotherapy have been shown to have signifi -
cantly higher rates of incontinence [ 33 ], which 
some suggest may be related to external sphincter 
fi brosis secondary to radiation therapy. Table  2.1  
lists patient risk factors for PPI.

    While preoperative risk factors may be 
important in counseling patients prior to radical 
prostatectomy, they actually play little role the 
evaluation and management of PPI, with the 
exception of prior radiation therapy. Radiation 
can infl uence the type of evaluation done and 
the type of treatment recommended.    

    Infl uence of Surgical Techniques 

  The  surgical technique   utilized to perform a pros-
tatectomy has been evaluated with respect to 
effect on rates of incontinence. Factors such 
as perineal vs. retropubic surgical approach 
[ 34 – 36 ], robot-assisted laparoscopic prostatec-
tomy (RALP) vs. open retropubic [ 37 – 41 ], blad-
der neck preservation [ 42 ,  43 ], and nerve sparing 
[ 44 – 50 ] have been reported by some to improve 
continence, while others have found no differ-
ence. Table  2.1  summarizes some of the risk fac-
tors for PPI. 

  As with preoperative risk factors, surgical 
technique of radical prostatectomy plays little 

    Table 2.1    Patient risk factors for post-prostatectomy 
incontinence   

 Increase risk  Decrease risk 

 Obesity  Strong pelvic 
support 

 Older age 

 Preoperative urinary incontinence 

 Prior radiation therapy 
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role the evaluation and management of PPI 
once it is established that the patient has incon-
tinence and is seeking intervention.    

    Evaluation of Post-prostatectomy 
Incontinence 

 The approach to the initial evaluation of a patient 
with PPI is similar to that of any patient with 
incontinence, in that a careful evaluation of the 
quality and quantity of the incontinence should 
be determined, along with the effect on quality of 
life for the individual patient.  

    General Medical History 

  Age,    as mentioned previously, should frame the 
clinician’s understanding of the individual 
patient’s problems and likelihood of long-term 
continence [ 51 ]. The time interval since RP should 
also be determined, given the time- dependent 
nature of return to continence (see Incidence). 

 Additional interventions for treatment of pros-
tate cancer should also be determined. A history 
of radiation therapy, or current or future treat-
ment of metastatic or locally recurrent disease 
may infl uence evaluation, timing, or type of treat-
ment [ 51 ]. Prior surgeries, especially involving 
the pelvis, and radiation therapy for purposes 
other than treatment of prostate cancer should be 
determined. The current stage and status of pros-
tate cancer should be elicited. 

 Other medical conditions should be evaluated. 
For example, a neurogenic bladder can result 
from a history of trauma or surgery, and should 
be on the differential, if present [ 4 ]. 

 Medications should be reviewed. Certain 
medications act directly on the GU tract and 
affect continence, for example alpha-adrenergic 
blockers can decrease urethral tone and can 
contribute to urinary incontinence, and anticho-
linergics may inhibit detrusor contractility. 
Other medications may indirectly contribute to 
UI, such as angiotensin-converting enzymes that 
can cause a chronic cough (exacerbation of SUI) 
and diuretics that increase voided volumes, 

which can exacerbate symptoms of urgency and 
frequency [ 4 ]. 

 Finally, an evaluation of the patient’s overall 
health and performance status is important when 
considering therapy. Elderly patients are more 
likely to be on multiple medications, and so care-
ful assessment of potential drug interactions is 
important when initiating new drug therapy 
aimed to treat UI. In addition, anticholinergic 
medications can have signifi cant effects on cog-
nition in the elderly patient, and decision to treat 
with this medication should be made based on a 
risk–benefi t assessment. There are limited stud-
ies evaluating the success or complication rates 
following operative intervention, however it is 
generally recommended to ensure that the benefi t 
outweighs any operative risk and to ensure 
patients have suffi cient performance status to 
recover well from a surgical intervention [ 4 ]. For 
an artifi cial urinary sphincter (AUS), for exam-
ple, a patient must have suffi cient hand dexterity 
and strength to use the device. 

  The evaluation of a patient with post- 
prostatectomy incontinence should begin with 
an assessment of the patient’s general medical 
history. This includes age, time interval since 
prostatectomy, additional prior interventions for 
treatment of prostate cancer, other medical 
problems, and medication history. Importantly, 
the patient’s performance status and overall 
health should frame clinician counseling on 
intervention options.    

    Characterization of Incontinence 
and Other Lower Urinary Tract 
Symptoms 

   Characterization   of the quantity and type of the 
UI and the circumstances under which it occurs 
are important to help elucidate the cause and the 
severity of the symptoms. 

 It is important to determine whether the 
patient considers the incontinence to be stress- 
related (involuntary loss of urine with activity, 
cough, or other event that increases intra- 
abdominal pressure) urgency-related (involun-
tary loss of associated with urgency), or a 
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combination of both [ 52 ]. If both are present it is 
important to try to determine which is more pre-
dominant and more bothersome. Sometimes 
patients are unable to express if urine loss is 
caused by activity or urgency. Incontinence can 
be insensible (occurring without stress or 
urgency) or may require more pointed questions 
as to when incontinence occurs (exactly what the 
patient is doing during incontinence episodes). In 
addition, a gravitational component to UI can 
increase suspicion for sphincteric incompetence 
as the underlying cause if UI worsens with sitting 
to standing or while standing, as compared to UI 
while lying down. Focusing on specifi c activities 
that cause or increase incontinence can be espe-
cially helpful for the patient with rare UI, where 
it is diffi cult to characterize the incontinence in 
great detail. A study by Mungovan et al. found 
that the activities that most commonly provoke 
urinary leakage in post-prostatectomy patients 
were walking at a comfortable speed and drink-
ing fl uids while seated [ 53 ]. Identifying the pre-
cipitating factors in an individual patient can help 
the clinician determine the type of incontinence 
present, and ultimately the intervention that 
would be most benefi cial. Also, some patients 
will complain that incontinence worsens towards 
the late afternoon or evening hours. When not 
associated with urgency, this is thought to occur 
as a result of “sphincter fatigue” in patients with 
underlying sphincteric dysfunction. Some 
patients will experience incontinence due to sex-
ual arousal or orgasm. We believe this is mostly 
due to sphincteric insuffi ciency. It can be diffi cult 
to manage when it is the only time that a man 
experiences incontinence. 

 It is also very important to determine the 
severity of the incontinence. This is commonly 
done on an objective basis by assessing pad usage 
(see below). For patients with more severe incon-
tinence, we fi nd it useful to ask if they are able to 
voluntarily void at all when they are active. If the 
answer is no, it is usually a sign of severe sphinc-
teric insuffi ciency. 

 With respect to other LUTS, we fi nd it helpful 
to determine the presence of any overactive blad-
der symptoms (urinary frequency and urgency 

not related to incontinence) and nocturia. This 
knowledge can help to set reasonable expecta-
tions from treatment. Also the force of the uri-
nary stream and subjective voiding pattern can be 
helpful to know. When decreased or abnormal, it 
may raise the suspicion of a stricture. However, 
some men who are totally incontinent will report 
very poor stream because they actually never 
void signifi cant amounts. For these patients, it 
can be useful to ask about voiding when they get 
up from bed with a relatively “full” bladder. 

 Overall, the patient’s degree of bother related 
to urinary incontinence should be determined, as 
this will ultimately infl uence the patient’s deci-
sion on pursuing further treatment or continuing 
conservative management. Relevant questions 
pertaining to the patient’s history are summarized 
in Table  2.2 .

    Characterization of the subjective type and 
degree of incontinence as well as any other 
LUTS is important as it may prompt further 
testing prior to intervention and can sometimes 
have a profound effect of the type of treatment 
offered   .   

    Physical Exam 

  The  physical examination   in the man with PPI 
should include several facets. The abdominal 
exam should include evaluation of the surgical 
scar. Palpation of the bladder in the lower abdo-
men should be performed to rule out a distended 
bladder to point towards an obstructive process. 
A  digital rectal examination (DRE)   will aid in 
assessment of rectal tone to help evaluate for neu-
rologic factors, as well as a neurological exami-
nation of the perineum and lower extremities [ 4 ]. 
The most important part of the exam is the evalu-
ation of the perineum, genitalia and stress testing 
for incontinence. A full genital examination 
should be performed. The quality if the skin of 
the scrotum and perineum should be evaluated. 
The patient should be observed for gravitational 
incontinence and then asked to cough or bear 
down to evaluate for stress urinary incontinence 
[ 4 ]. If the patient admits it incontinence with 
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certain maneuvers (e.g., bending) he should be 
asked to perform such maneuvers especially if 
stress incontinence is not otherwise demon-
strated. If the patient is wearing a protective pad, 
the wetness and size of the pad can be assessed 
during the physical exam. Though rare, meatal 
stenosis and phimosis can occur after prostatec-
tomy, and should be ruled out as a cause of 
obstruction on examination [ 51 ]. 

  The physical exam should include an abdom-
inal exam and a full genital exam. In addition, 
assessment for stress urinary incontinence, 
including provocative maneuvers that cause 
incontinence elicited from the patient history, 
should be performed.    

    Voiding Diaries and Questionnaires 

  A voiding and intake  diary   (bladder diary) is an 
objective way for patients to describe both fre-
quency and volume of voids, and is designed to 
include a description of episodes of urinary leak-
age, fl uid intake, and the presence and degree of 
urgency associated with leakage over a 3–7 day 
period [ 4 ]. The use of bladder diaries in the con-
text of PPI is primarily of use when patients have 
signifi cant urge UI, and are an inexpensive way 
to objectify the symptoms for the clinician to 
interpret [ 54 ]. It provides information on the 
patient’s voiding patterns and can shed light on 
bladder capacity. It can also identify excessive 
fl uid intake [ 29 ]. Bladder diaries can be used to 
monitor changes in urge-related incontinence 
symptoms, whether over time or following an 
intervention, and for this reason are useful for 
measuring outcome [ 55 ]. 

 Drawbacks to the use of diaries include patient 
diffi culty in completing them accurately and in a 
timely manner, which increases as the number of 
days recorded increase. Also, urinary leakage 
that occurs less than once daily will have a lim-
ited ability to be represented. The Fifth 
International Consultation on Incontinence 
(ICUD) provided recommendations in their 
 Incontinence  text in 2013 in which they give a 
grade C recommendation (based on expert opin-
ion) for the use of bladder diaries in the initial 
evaluation of patients with PPI to help communi-
cate voiding patterns [ 4 ]. 

 Questionnaires are another useful tool to 
objectively measure symptoms and their infl u-
ence on quality of life, and are a more commonly 
utilized tool in patients with PPI. There are many 
available questionnaires that can be focused on 
symptoms, measures of patient-reported out-
comes, or infl uence on quality of life. Patients 
with obstructive symptoms can have their symp-
toms characterized by questionnaires such as the 
 American Urological Association score for BPH 
(AUA-7)   [ 56 ], and  the International Prostate 
Symptom Score (IPSS)   [ 57 ]. Patients with 
urgency symptoms can be better assessed with 

   Table 2.2    Patient history questions   

  Patient characteristics  

 Age 

 Weight 

 Mobility and activity? 

  Surgical characteristics  

 Time since surgery 

 Type of surgery 

 Interventions following surgery (medical or surgical) 

 Prior abdominal or pelvic surgery 

 Radiation therapy 

  Medical history  

 Other medical problems? 

 Neurologic problems? 

 Medication list? 

 Constipation or fecal incontinence? 

  Characteristics of controlled voiding  

 Force of stream 

 Emptying bladder to completion 

 Split stream 

  Characteristics of incontinence  

 Stress and/or urgency 

 Awareness of leakage (insensible) 

 Gravitational 

 Frequency of leakage 

 Degree or volume of leakage (number, size, wetness 
of pads) 

 Precipitating events or activities 

 Pattern of incontinence (day versus night) 

 Degree of bother 
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the  International Consultation on Incontinence 
Modular Questionnaire (ICIQ)   [ 58 ]. The 
European Association of Urology published 
guidelines on management of urinary inconti-
nence in 2014 where they provided a grade B rec-
ommendation (based on well-conducted clinical 
nonrandomized trials) on the use of  questionnaires 
as a way to provide a standardized assessment of 
voiding symptoms [ 55 ]. 

  For the patient with PPI, voiding and intake 
diaries and questionnaires are not an essential 
part of the evaluation in routine clinical prac-
tice for all patients. Diaries are most useful 
when there are complaints of overactive bladder 
symptoms, nocturia or nocturnal enuresis as a 
predominant complaint (especially if daytime 
incontinence is minimal). Diaries may also be 
useful in cases where excessive fl uid intake is 
suspected. Questionnaires are most benefi cial 
in the research setting, but can be useful when 
trying to differentiate stress for urgency inconti-
nence in cases where direct questioning is less 
conclusive (  e.g.,   the MESA questionnaire)  [ 59 ] .   

    Pad Usage and Pad Tests 

  Determining the  number   of pads a patient with 
PPI requires has been shown to affect patient’s 
perception of degree of severity of incontinence. 
Fowlers et al. found that patients who wore pads 
were more likely to report urinary leakage as a 
medium or big problem than those who did not 
require pads but still reported urinary leakage 
[ 23 ]. The number of pads required also infl u-
ences patient perception of continence. Sacco 
et al. showed that patients requiring one pad daily 
consider themselves continent and have good 
perception of  health-related QoL (HRQoL)  , 
while requirement of two or pads daily had worse 
HRQoL outcomes, and patients were less likely 
to consider themselves continent [ 60 ]. 

 Pad tests are often used to help evaluate the 
relationship between the patient’s sensation of 
urinary leakage and the actual volume of urine 
leaked. Several studies have shown that quantify-
ing incontinence by pad weights or pad number 
can predict outcomes of certain interventions [ 4 ]. 

We believe that a 24-h pad test is the gold stan-
dard objective measurement of PPI. The number 
of pads is not a perfect measure of leakage, as 
some patients will tolerate a saturated pad prior 
to changing, while others may change pads fre-
quently with even mild leakage. In addition, there 
is variability in the size and type of pad [ 4 ]. Tsui 
et al. showed that the severity of incontinence 
was not related to the number of pads used, but 
better correlated to the pad weight, and recom-
mends that pad weight be used rather than pad 
count alone [ 61 ]. However, there is evidence that 
a pad test may not be absolutely necessary to 
quantify the degree incontinence, provided that 
patients can accurately express the size, number 
and wetness of the pads that they use. In a pro-
spective study conducted by the SUFU founda-
tion, patient perception of number of pads 
required on a daily basis correlated well with 
actual number of pads collected during pad test-
ing over a 24-h period. When patients were asked, 
“to what extent does urine loss affect your quality 
of life?” with options not at all, small amount, 
moderate amount and signifi cant amount, they 
were stratifi ed into four groups which were 
shown to be different in the number of pads 
required [ 2 ]. The study concluded that a pad test 
might not necessary to accurately determine the 
severity of PPI, if carefully collected prospective 
information about incontinence is obtained. 

  We believe that an accurate assessment of the 
degree of incontinence is important before rec-
ommending certain interventions. The litera-
ture would support the premise that sling 
procedures are less effective in cases of severe 
incontinence. How one assesses the degree of 
incontinence will vary depending on the clinical 
scenario. If a patient wears multiple extra large 
pads/day (   i.e.,   diapers) and admits that they are 
always wet to soaked, that may enough to con-
clude that incontinence is severe. Conversely if 
the patient is wearing one extra small or small 
pad per day incontinence is likely mild (or mod-
erate at the worst). However the majority of 
patient fall between these two extremes. In such 
cases formal pad testing, or a least an accurate 
assessment of pad number, size and wetness is 
recommended.    
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    Simple Diagnostic Studies 

  A  urinalysis   is generally recommended as an ini-
tial diagnostic study for patients with urinary 
incontinence to rule out an infectious cause, along 
with a urine culture [ 15 ]. In addition, older men 
are at risk of diseases of the bladder such as blad-
der cancer, carcinoma in situ, bladder stones, and 
urethral strictures, often presenting with overac-
tive bladder symptoms, which can be refl ected in 
hematuria or pyuria. Performing a urinalysis can 
help rule out some of these causes of UI [ 4 ]. The 
EAU provides a grade A recommendation (based 
on clinical studies of good quality) for routinely 
performing a urinalysis [ 55 ]. 

 A  post-void residual (PVR)   helps assess for 
incomplete emptying and obstruction as a cause 
of voiding symptoms. The  Canadian Urological 
Association (CUA)   published guidelines on adult 
UI in 2012 and provides a grade A recommenda-
tion (based on clinical studies of good quality) to 
include a PVR as part of the routine assessment 
[ 62 ]. The American Urological Association also 
recommend in their guidelines on the surgical 
management of SUI, updated in 2009, to perform 
a PVR as an essential part of the patient evalua-
tion [ 63 ]. There are not specifi c values associated 
with abnormal PVRs [ 54 ], however it provides 
the clinician an understanding of the patient’s 
ability to empty their bladder, which can be 
related to symptoms. The ICUD recommends 
that a PVR of greater than 200 mL should be con-
sidered a sign of an obstructive urinary problem 
[ 4 ]. Urofl owmetry, similar to assessment of PVR, 
is useful in assessing for obstructive urinary pat-
terns [ 15 ]. 

  Routine assessment of bladder emptying is 
important in the evaluation of PPI. This is most 
easily accomplished by determination of a post 
void residual (or random check of bladder vol-
ume in a patient with severe incontinence who 
does not void). This is most commonly done by a 
bladder scan ultrasound. Urofl ow is generally 
reserved for patients who complain of some 
emptying symptoms (incomplete emptying or 
slow stream   ).   

    Imaging for PPI 

  Differences   on imaging have been shown to exist 
between patients with and without incontinence 
following a prostatectomy. These studies have 
been performed to help elucidate causes of PPI, 
rather than helping evaluate degree or outcomes 
of urinary incontinence. Tuygun et al. performed 
pelvic magnetic resonance imaging (MRI) on 
patients following prostatectomy and found that 
patients with PPI had a higher incidence of fi bro-
sis, thereby concluding that fi brosis plays a key 
factor in the pathogenesis of PPI [ 64 ]. 

 Paparel et al. studied the change in urethral 
length on preoperative and postoperative pelvic 
MRIs in patients undergoing radical prostatec-
tomy and found that membranous urethral length 
loss was associated with incontinence, and rec-
ommend preservation of this length intraopera-
tively to help improve continence [ 65 ]. 

  In clinical practice, imaging does not have a 
signifi cant role in evaluating PPI and predict-
ing treatment outcomes unless other patholo-
gies are being excluded, for example fi stulae or 
underlying cancerous processes  [ 55 ] . The most 
common form of imaging is the voiding cysto-
urethrogram done as part of videourodynamics. 
While this can provide a very accurate anatomic 
assessment of the lower urinary tract, it has not 
been found to be superior to standard urody-
namics in a head to head trial.   

    Urodynamics 

   Urodynamic studies (UDS)      remain the gold stan-
dard for diagnosing the type of incontinence in 
patients post-prostatectomy. However, it is not 
always a requirement to perform in the setting of 
PPI. Urodynamics can be used to diagnose blad-
der dysfunction such as detrusor overactivity or 
decreased compliance and the capacity of the 
bladder. It can also be used to determine the 
 abdominal leak point pressure (ALPP)  , which, in 
men following a prostatectomy, is primarily 
related to sphincteric incompetence [ 4 ]. 
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 It is important to note that urodynamics may 
not serve to predict outcome following interven-
tion, but serve to diagnose the type of inconti-
nence present. Thiel et al. failed to fi nd a 
urodynamic parameter that would identify those 
patients who failed artifi cial urinary sphincter 
(AUS) placement, with failure defi ned as requir-
ing one pad or more following placement [ 66 ]. 
Similarly, ALPP may provide an “objective mea-
sure” of urethral resistance to an increase in 
abdominal pressure but fails to predict surgical 
outcomes [ 67 ]. Twiss et al. evaluated 29 patients 
with SUI following prostatectomy and found that 
ALPP on UDS failed to correlate with their 
degree of urinary incontinence, as determined by 
the 24-h pad test. They concluded that ALPP has 
limited clinical value in the setting of PPI man-
agement, and recommend focusing on the pres-
ence or absence of SUI and bladder dysfunction 
during urodynamics to guide management and 
diagnosis [ 20 ]. 

 Symptoms alone are inferior to urodynamics 
for diagnostic purposes. Reis et al. evaluated 
patients with urinary incontinence following rad-
ical prostatectomy and compared their responses 
on the  International Consultation on Incontinence 
Questionnaire-Short Form (ICIQ-UISF)   to their 
fi ndings on urodynamic studies (diagnoses 
included sphincteric incontinence alone, bladder 
dysfunction, and a combination of these two). 
They found that the diagnosis determined by uro-
dynamics were not predicted by the ICIQ-UISF 
and concluded that urodynamic testing is required 
for determining the etiology of incontinence [ 22 ]. 
However the routine use of urodynamics has not 
been shown to result in better treatment outcomes 
for PPI. It is important to note that treating SUI 
symptoms in the presence of bladder dysfunction 
does not alter outcomes in PPI patients. Ballert 
and Nitti examined 72 PPI men with SUI, of 
which 30.6 % had concomitant detrusor overac-
tivity, and found that preoperative detrusor over-
activity did not result in worse postoperative 
outcomes. They caution, however, that these 
patients may require anticholinergic treatment 
postoperatively to improve symptoms [ 68 ]. Other 

groups have found similar outcomes following 
placement of an AUS [ 69 ,  70 ]. 

 There are some unique problems encountered 
in PPI patients when performing UDS. A bladder 
neck contracture/anastomotic structure can be 
narrow enough that even the small caliber ure-
thral catheters used for UDS, 7-French, can be 
suffi cient to occlude the urethra and limit the 
ability to measure VLPP. For patients where 
sphincteric incompetence is strongly suspected, 
but no leakage is noted, it is suggested that the 
study be repeated. Another problem may arise in 
patients with severe sphincteric insuffi ciency, 
where standing upright results in continuous 
leakage. Methods to help manage this inconti-
nence during urodynamics are use of a penile 
clamp or having a patient lay supine during fi ll-
ing [ 71 ]. 

 Urodynamics should be an option in patients 
who are considering advanced treatment of 
incontinence (either surgical intervention for 
stress incontinence or third line therapy for 
urgency incontinence). Urodynamics is not nec-
essary or practical for patients who have had 
recent prostatectomy and are still in the recovery 
phase or for patients considering conservative or 
medical treatment of incontinence. While some 
routinely recommend urodynamics prior to a 
surgical intervention, the utility of this practice 
has not been proven to affect outcomes [ 15 ]. The 
AUA/SUFU Urodynamics Guideline states that 
“clinicians should perform repeat stress testing 
with the urethral catheter removed in patients 
suspected of having SUI who do not demonstrate 
this fi nding with the catheter in place during uro-
dynamic testing” [ 72 ]. It is also known that in 
PPI the urethral catheter can cause obstruction 
due to the rigidity of the anastomotic area. For 
this reason we generally subscribe to the urody-
namics protocol we published in 2005 for spe-
cifi c use in the post-prostatectomy male with 
urinary incontinence [ 71 ]. As per standard uro-
dynamic protocol, a 7 Fr urethral catheter and a 
rectal catheter should be used, with pressure sen-
sors to determine the detrusor pressure from 
their difference. It is recommended to initiate 
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fi lling at a medium fi ll rate, starting at 50 mL/
min but reduce to 30 mL/min in patients with a 
history of severe urgency incontinence or a 
known small functional bladder capacity. As 
mentioned previously, for patients with severe 
sphincteric incompetence, a penile clamp can be 
used to allow bladder fi lling in the standing posi-
tion. We recommend fi lling to 150 mL and then 
performing straining maneuvers to assess for 
stress incontinence. If incontinence is detected, 
an  abdominal leak point pressure (ALPP)   can be 
determined. If no stress incontinence is demon-
strated, fi lling is continued and Stress inconti-
nence is assessed at various volumes (usually 50 
mL intervals) until demonstrated. If stress incon-
tinence is not demonstrated, it should be reas-
sessed for without a catheter at a volume of at 
least 50 % of cystometric capacity. At capacity, a 
pressure-fl ow study is performed, as is the stan-
dard in urodynamics. Video fl uoroscopy can be 
performed to evaluate both the bladder neck as 
well as the region of the anastomosis to assess 
for the presence of a narrowing or stricture. In 
these patients at risk for a scarred urethra, a ure-
thral catheter can occlude the urethra and pre-
vent diagnosis of sphincteric insuffi ciency (35 % 
of this study’s population), and the ALPP may 
be falsely elevated [ 71 ]. For this reason, 
Huckabay et al. recommend a second fi ll phase 
to 50–70 % of bladder capacity on fi rst fi ll phase, 
followed by removal of the catheter and reassess 
for stress incontinence (and ALPP if desired). A 
noninvasive urofl ow can be obtained and a repeat 
video fl uoroscopy. A urodynamic protocol for 
PPI evaluation is shown in Fig.  2.1 .

    Urodynamics can be helpful is assessing the 
patient with PPI. Controlled studies regarding 
the value of UDS in PPI have not been done. 
Practically speaking, clinicians should do UDS 
prior to advanced therapy if the information 
provided will help to guide treatment or patient 
counseling. UDS is also useful in cases when 
the clinician is not sure of the cause of the prob-
lem. Although there is no evidence-base litera-
ture to support or refute UDS in patients who 
have had radiation, at this time we would rec-

ommend routine use in such patients who are 
considering surgical intervention. Finally we 
also believe that UDS is valuable in men who 
have PPI with incomplete bladder emptying, not 
caused by an obvious stricture.     

    Cystoscopy 

  In   patients who have symptomatic decreased 
force of stream and incomplete emptying, cysto-
urethroscopy should be performed to rule out 
abnormalities such as a urethral stricture or blad-
der neck contracture [ 15 ]. It should also be per-
formed if other bladder abnormalities are 
suspected, such as diverticulum, bladder stones, 
and presence of staples in the bladder [ 51 ]. It is 
also recommended that cystourethroscopy be 
performed prior to any surgical intervention, to 
evaluate for any urethral scarring and to evaluate 
the status of the bladder [ 15 ]. 

  Cystourethroscopy should be preformed 
routinely before surgical intervention such as 
artifi cial urinary sphincter or sling procedure 
to evaluate the urethra, anastomosis and 
bladder.   

    Summary 

 Post-prostatectomy incontinence most often pri-
marily due to sphincteric incompetence related to 
the surgical intervention, though bladder dys-
function can be present in isolation or in combi-
nation with stress incontinence. An understanding 
of the risk factors for PPI, including older age 
and obesity, should be evaluated, and an under-
standing of the different risks of urinary inconti-
nence can help risk-stratify patients for long term 
voiding dysfunction. The complexity of the eval-
uation of PPI is determined by the degree of 
bother to the patient and his willingness to pro-
ceed with treatment. A detailed history and phys-
ical (including the use of questionnaires and 
bladder diaries when indicated) can provide 
important information in guiding diagnosis of the 
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type of incontinence. An accurate assessment of 
the degree (quantity) of incontinence is important 
and this can be aided by pad testing or careful 
questioning. Imaging has low utility in diagnosis 
of PPI, unless combined with urodynamics 
(videourodynamics). Cystourethroscopy has 
utility in select cases, and is recommended prior 

to surgical intervention for evaluation of the 
urethra, anastomosis and bladder. Urodynamics 
may also be performed prior to surgical interven-
tion if it will infl uence treatment and/or counsel-
ing. This helps guide appropriate intervention 
and management. A pathway for initial evaluation 
of PPI Patients is shown in Fig.  2.2 .

7 Fr urethral
catheter and rectal
catheter with
pressure monitoring

moderate filling
phase at 50 mL/min

penile clamp or supine position in necessary
for severe sphincteric insufficiency

decrease to 30 mL/min for history of urge
incontinence or decreased functional
bladder capacity

If no ALPP, fill to
capacity and assess
for ALPP

evaluate bladder neck and anastomosis
for narrowing or stricture

fill to 150 cc and
assess for Stress
incontience & ALPP

Allow voiding,
perform pressure-
flow study and
video fluoroscopy

Remove urethral
catheter and fill to
50-70% of capacity
determined on first
fill phase

Assess for SUI and
may determine ALPP
(if present) using
pressure generated
from rectal catheter

Perform non-
invasive uroflow
and video
fluoroscopy

  Fig. 2.1    Urodynamics protocol       
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            Introduction 

 The reported percentage of patients experiencing 
any leakage at 6 months post radical prostatec-
tomy has ranged widely from 8 to 87 [ 1 ]. A sig-
nifi cant amount of resolution occurs between the 
6 and 12 month time period. However, the ques-
tion remains what the best strategy is for acceler-
ating the process to continence. Meanwhile, the 
patient will require assistance in managing the 
ongoing leakage in a manner that is comfortable, 
anxiety reducing and cost effi cient [ 2 ].  

    Conservative Therapy 

    Absorbent Products: Liners, Guards, 
Briefs, Underwear 

   Strategies   for the management of post prostatec-
tomy urinary incontinence after catheter removal 
are infl uenced in the long-term by the volume of 
incontinence. Regardless, the majority of patients 
will start with absorbent pads with adjustments in 
type based on the severity of leakage [ 3 ]. Though 

not exhaustive, Table  3.1  details some of the cur-
rently commercially available types of male 
incontinence protection by size and absorbent 
capability. In general, milder incontinence is 
managed satisfactorily with shields or lower den-
sity guards while severe incontinence requires 
brief or underwear with or without inserts to pre-
vent accidents. As the requirement for absorbent 
capacity increases, the stability of the system 
must be enhanced to tolerate more fl uid (Figs. 
 3.1 ,  3.2 ,  3.3 , and  3.4 ). The brief and underwear 
confi gurations also are available in a variety of 
sizes to accommodate differing body habitus. 
From a cost perspective, briefs and underwear 
systems have been demonstrated to be more 
effective than pads [ 4 ]. Thus, the patient should 
be advised along these lines if they wish to con-
tinue wearing pads as their primary mechanism 
for urinary containment.

       In the individual patient, absorbent products 
alone may constitute a long-term management 
strategy. However, it has been demonstrated that 
the use of even one pad per day is a source of 
bother and decreased patient satisfaction [ 5 ]. 
Additionally, the use of pads may be associated 
with skin irritation and dermatitis, especially in 
the intertriginous areas. In those who need to 
change their pad or garment more than several 
pads per day, fi nancial considerations may infl u-
ence the ability to change pads in a timely fash-
ion. Therefore, it is important to ensure that the 
patient is utilizing the most effective product 
based on their degree of incontinence .  
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   Table 3.1    Male absorbent protection by incontinence severity   

 Mild  Moderate  Severe 

 Shields  Depend ®  Shields for Men 
 Prevail ®  Belted Shields 

 Guards  TENA ®  MEN™ Protective 
Guards—Level 1 
 Prevail ®  Male Guards 

 TENA ®  MEN™ Protective 
Guards—Level 2 
 Depend ®  Guards for Men 

 TENA ®  MEN™ Protective 
Guards—Level 3 

 Underwear  Prevail ®  Boxers for Men 
 Prevail ®  Per-fi t ®  
Underwear 

 TENA ®  MEN™ Protective 
Underwear (Super Plus, 
(Plus and Extra) 
Absorbency 
 Depend ®  for Men 
Underwear 
 With FIT-FLEX™ 
Protection 

 Briefs  TENA ®  Classic Briefs 
 Depend ®  Real Fit ®  Briefs 
for Men 

 Pad/pants systems  TENA ®  Day (Light, 
Regular, Plus) and Night 
Super Pads 
 Prevail ®  Pant Liners 

  Fig. 3.1    Male shield       

  Fig. 3.2    Male guard       

    Occlusive Therapy (Penile Clamps) 

  Occlusive  devices   may function as a stand-alone 
therapy for incontinence or as an adjunct to 
absorbent products. Combination therapy 
between the two types of devices decreases the 

number of pads required during active periods 
with a resultant decrease in incontinence  products 
expenditure. Penile clamps, while somewhat 
unsophisticated, are very effective when utilized 
properly. Satisfaction with this device is gener-
ally dependent on the ability to tolerate the penile 

  

H.I. Ayoub and O.L. Westney



33

compression in the mid-shaft. One of the most 
commonly used products of this type is the 
Cunningham clamp (Fig.  3.5 ). The clamp is 
available in three sizes (juvenile, regular, and 
large) corresponding to shaft length. Patients 
must be instructed to release the clamp every 2 h 
to allow for circulation regardless of whether it 
coincides with a void attempt. Additionally, the 
clamp should not be left on the phallus overnight 
due to the risks of constant pressure. Mechanical 
compression devices are not suitable for patients 
with memory defi cits, poor manual dexterity, 

impaired sensation or a signifi cant component of 
overactive bladder.

   Clamp type devices are available in three gen-
eral styles: (1) Padded Straight, (2) Circular, and 
(3) Pouch (Table  3.2 ). The pouch type (Acticuf ® ) 
is distinguished by the addition of an absorbent 
pouch attached to a spring action clamp (Fig. 
 3.6a, b ). One disadvantage of this model is the 
inability to customize the degree of compression. 
Additionally, device usage is defi ned by the lim-
its of the pouch absorbency. Regardless, it is a 
viable option for patients with intermittent, low 
volume leakage.

    Though simple in concept, penile clamps are 
not complication free even in appropriately 
selected patients. Moore et al. compared the 
Cunningham clamp, U-Tex adjustable strap, and 
the C3 clamp. While the Cunningham clamp was 
most successful in decreasing urine loss, it was 
associated with decreased penile Doppler fl ow 
and more discomfort [ 6 ]. In general, there are no 
predictors for which patients will fi nd the clamps 
to be an indispensable tool versus those who 
describe it as “weapon of torture.” Therefore, it 
should be suggested to all incontinent patients 
who do not have a contraindication .  

    Catheters (Condom, Urethral 
and Suprapubic) 

  Patients   with severe or total incontinence may 
resort to a catheter and drainage system as the 

  Fig. 3.3    Male brief type garment (diaper confi guration)       

  Fig. 3.4    Male absorbency underwear garment       

  Fig. 3.5    Cunningham penile clamp       
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best method to obtain complete control of urinary 
incontinence. This form of management is advan-
tageous when the number or frequency of absor-
bent product changes is disruptive and/or 
fi nancially prohibitive. 

 Condom type catheters or urinary sheaths are 
an effective method of urinary containment for 
men with severe incontinence. In comparison to 
compressive devices, condom catheter systems 
are acceptable for patients with any degree of 
urge incontinence. Theoretically, this approach 
would also be superior to urethral catheterization 
due to the avoidance of mechanical bladder irrita-
tion. However, this management is unsuitable for 
patients with a retractile phallus, skin excoria-
tion, concomitant urethral stricture, poor manual 
dexterity, or a large glans/narrow phallus confi g-
uration [ 7 ]. In the appropriate patient, external 
catheters have been demonstrated to be superior 

to absorbent products in patient satisfaction. 
However, the success of a condom catheter is 
wholly dependent on proper sizing. The condom 
or sheath varies based on the material (latex or 
silicone), length of adhesive surface, circumfer-
ence and overall length [ 8 ]. Ideally, the assistance 
of a continence nurse is highly desirable to ensure 
that the patient uses the best type for his anatomy. 
Alternatively, catheter suppliers will generally 
forward patients an assortment of condom cathe-
ters to allow for selection of the style that main-
tains an adherent and comfortable fi t. 

 Urethral Catheter Drainage is a decision of 
last resort in a patient who is unsuitable for alter-
native management. The need for urethral cathe-
terization may also refl ect the presence of an 
unstable bladder neck due to an intractable stric-
ture. Suprapubic catheter drainage is not an 
answer for the patient with severe incontinence 
secondary to an open bladder neck due to contin-
ued urethral leakage.   

    Behavioral Therapy (Pelvic Floor 
Muscle Exercises, Biofeedback, 
Pelvic Floor Stimulation, 
and Lifestyle Adjustments) 

    Pelvic Floor Muscle Therapy (PFMT) 

   PFMT   is a generic label for exercises meant to 
strengthen the pelvic fl oor musculature with 
resultant decreased leakage during periods of 

   Table 3.2    Mechanical penile compression devices   

 Name  Manufacturer 

 Padded 
clamp 

 Cunningham 
Clamp 

 BARD 

 Dribble Stop  DribbleStop 

 Squeezer Klip  Life Control 

 Circular  J Clamp  Jackson Medical 
Products 

 C3  Personal Medical 
Corporation 

 Uriclak  Uriclak 

 U-Tex 

 Pouch  Acticuf  GT Urological 

  Fig. 3.6    ( a ) Acticuf penile clamp with pouch. ( b ) Open acticuf       
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increased intra-abdominal pressure combined 
with a refl ex inhibitory effect on the detrusor 
body. Levels of instruction may range from sim-
ple verbal description to supervised physical 
therapy sessions. Assessment of the quality and 
strength of the contractions can arise from direct 
physical examination or via the use of biofeed-
back equipment. Pelvic fl oor muscle therapy pro-
grams are highly variable depending on the 
involvement of a therapist, specifi c pelvic fl oor 
contraction instructions, utilization of biofeed-
back, time of initiation, and number of exercises 
(contractions) prescribed per session and daily. A 
direct comparative analysis of the literature in 
this area has been complicated by varying exer-
cise protocols and heterogeneous endpoints 
[ 9 – 11 ]. 

 Basic PFMT initiates with verbal and written 
instruction in the outpatient setting combined 
with specifi c details regarding the number of con-
tractions to be performed daily. While formal 
PFMT session with a licensed physiotherapist is 
an asset, it may not be critical to long-term conti-
nence outcomes. Moore et al. demonstrated 
equivalent continence outcomes in patients ran-
domized to a formal PFMT session versus writ-
ten/verbal instructions with phone support [ 10 ]. 
In this particular study, the  self-directed program 
  consisted of 10–12 pelvic fl oor muscle (PFM) 
exercises three times per day. In our clinical set-
ting, the patients are given written and verbal 
instructions to perform 4–5 sets of 15 PFM’s per 
day. Physical confi rmation via digital examina-
tion while performing an exercise or consultation 
with a physiotherapist is reserved for patients 
with diffi culty consistently recruiting the correct 
muscles and/or poorly sustained contractions.  

    Initiation of PFMT 

 There have been several  randomized control tri-
als (RCTs)   evaluating the utility of starting 
PFMT prior to prostatectomy with the goal of 
improving time to continence and overall dry 
rates [ 12 – 15 ]. As previously stated, comparison 
of studies is diffi cult due to heterogeneity in the 
patient populations, therapeutic protocols and 

endpoints. Differences in radical prostatectomy 
technique (open, robotic assisted, and laparo-
scopic assisted) introduce another source of 
incongruity between trials. Meta-analysis of 
RCTs preoperative and postoperative PFMT to 
postoperative PFMT only has failed to demon-
strate a difference in continence between the two 
groups at 1-month, 3-months, 6-months and 1 
year [ 16 ]. Due to lack of standardization in 
PFMT protocols and endpoints, individual stud-
ies may demonstrate signifi cant results in a par-
ticular endpoint with no basis for comparison. In 
a non- randomized, retrospective study of 284 
open radical prostatectomy patients, Patel ana-
lyzed time to continence in men undergoing 
physiotherapist- guided (PG) PFMT 4 weeks 
prior surgery versus the control group who 
received preoperative verbal instruction from 
the surgeon. At the 6-week time point, signifi -
cantly fewer subjects in the PG-PFMT were 
incontinent as measured by a 24 h pad test [ 17 ]. 
A RCT by Centemero in 118 open radical prosta-
tectomy patients, self-reported continence at 1 
and 3-months was signifi cantly different in 
patients who received PF-PFMT 4 weeks prior 
to surgery versus postoperative only. Additionally, 
the  Quality of Life (QoL)   from the International 
Continence Society male short form (ICSmalesf) 
was superior in the preoperative intervention 
group [ 12 ]. The available data suggests possible 
benefi t in time to continence and patient satisfac-
tion that are not fully analyzed in meta-analysis 
due to statistical limitations. However, the long- 
term benefi t of preoperative PFMT has not been 
proven  [ 18 ].  

    Pelvic Floor Stimulation: Electrical 
Stimulation [Transcutaneous 
Electrical Nerve Stimulation (TENS), 
Percutaneous Electrical Nerve 
Stimulation and Anal Stimulation] 
and Electromagnetic Therapy 

   Electrical stimulation (ES)       of the pelvic fl oor is 
focused on stimulating motor fi bers of the pelvic 
fl oor. It is unclear whether this solely acts by 
strengthening the periurethral musculature or 
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whether it is also function as a form of biofeed-
back [ 19 – 21 ]. Surface electrode placement may 
be transcutaneous or percutaneous [ 22 – 24 ]. 
Surface electrodes may be position in multiple 
locations: perianal, suprapubic, sacral dorsal 
penile and/or thigh. Percutaneous stimulation is 
primarily focused on  posterior tibial nerve stimu-
lation (PTENS)  . Stimulation protocols vary tre-
mendously based on the following parameters: 
current source, pulse width and duration, current 
intensity (range), stimulus frequency, pulse 
shape, time and total number of sessions and rest 
to work ratio, type of urinary incontinence and 
type of electrical stimulation [ 22 ]. Direct rectal 
or anal stimulation has been used with the goal of 
directly simulating the pudendal nerve with elici-
tation of pelvic fl oor contraction. This modality 
is believed to be more effi cacious in patients who 
demonstrated good pelvic fl oor control [ 25 ,  26 ]. 
 Extracorporeal magnetic innervation (ExMI)   
was developed to allow for stimulation to the 
pelvic fl oor without the placement of surface 
electrodes or cavitary probes. The energy is 
delivered while in the sitting position through a 
padded seat containing the magnetic coils -  
Neocontrol (Neotonus, Inc., Marietta, GA). 

 Studies comparing groups of patients treated 
ES plus PFMT versus PFMT only tend to demon-
strate benefi t at 3- and 6-months but equivalence 
between groups at 1 year. Yamanishi randomized 
between postoperative anal surface electrode 
stimulation and PFMT versus written/verbal 
instruction PFMT only in 56 men post open radi-
cal prostatectomy. Combination therapy groups 
had signifi cant improvement in 24 h pad test 
ICImale SF continence scores and Qol scores. 
However, these differences were not present at 
the 12 month time point [ 25 ]. Conversely, other 
series have reported an increased level of adverse 
events in patient receiving either rectal probe or 
perianal surface electrode ES [ 27 ]. Similar results 
are mirrored in ExMI literature; Koo randomized 
patients to ExMI or PMT starting 1 week after 
catheter removal. The ExMi group demonstrated 
decreased 24-h pad weight at 1 and 3 months 
post-op; this difference was no longer present at 
6 months. Although the advantage in the ExMI 

group was not maintained, it does demonstrate a 
possible shortened time to continence [ 28 ]. 

 Based on the failure to identify a clear sus-
tained benefi t for electrical stimulation over 
PMFT with the potential for increased adverse 
events, we currently do not uniformly utilize 
these forms of electrical stimulation in our conti-
nence rehabilitation program.    

    Lifestyle Adjustments 

  Behavioral   modifi cations including diet, fl uid 
management and weight loss have been demon-
strated to be effective in signifi cantly reducing 
daily urine loss [ 29 ]. Therefore, patients should 
be instructed to avoid caffeine and monitor their 
responses to acidic and spicy foods with the 
goal of eliminating bladder irritants. In addition 
to infl uencing leakage volume, weight has been 
linked to inferior outcomes of male inconti-
nence procedures (slings and artifi cial urinary 
sphincter) [ 30 ,  31 ]. Optimization of comorbid 
conditions affecting urinary symptoms and 
incontinence is included in lifestyle modifi ca-
tion. Improvement of diabetic management 
includes more rigid diet control and exercise. 
However, if the patient is unable to satisfacto-
rily control his sugars with conservative mea-
sures collaboration with his endocrinologist or 
internist is required [ 32 ]. Total body condition-
ing has also gained attention as an adjunct to 
recovery of incontinence. Adjustment of diuretic 
timing can be critical to decreasing episodes of 
nocturnal enuresis. While all of these measures 
are intuitive and linked to reductions in urinary 
incontinence, there are no randomized studies 
testing lifestyle interventions to objective uri-
nary outcomes.  

    Expectant Management/Watchful 
Waiting 

 Although data  suggest   that incontinence seems to 
stabilize at the 6-month point after robotic 
assisted radical prostatectomy, observational 
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studies in the past have shown that a 10–15 % of 
patients may experience improvement up to 24 
months [ 1 ,  33 ,  34 ]. Therefore, we are careful to 
ask whether the patient has experienced improve-
ment within the last 4–6 weeks. In those with 
milder incontinence, continuation of pelvic fl oor 
muscle exercises combined with maximal life-
style modifi cation is a viable option. At any 
point, the management can be changed to a surgi-
cal intervention if the patient’s progress stagnates 
or the level of bother exceeds his willingness to 
continue waiting.   

    Medical Management of Stress 
Incontinence 

 The primary management of male stress inconti-
nence, especially severe incontinence, has not 
been pharmacological. However, there are cate-
gories of medications which have been studied 
for this purpose—alpha-adrenoceptor agonists, 
Beta 2-adrenoceptor agonists, and serotonin–nor-
adrenaline reuptake inhibitors [ 35 ]. 

    α-Adrenoceptor Agonists 

 Ephedrine,    phenylpropanolamine and  midodrine 
  have been studied in distant past in mixed gender 
studies for use in stress urinary incontinence [ 36 –
 38 ]. Though the studies were small, there were 
signifi cant improvements in incontinence. 
Unfortunately, ephedrine is highly regulated and 
not approved for use in urinary incontinence. 
Phenylpropanolamine was pulled from the US 
market due to the risk of hemorrhagic stroke. 
Midodrine is available in the USA with approved 
indication of symptomatic orthostatic hypoten-
sion. However, there have been no recent studies 
evaluating its effectiveness for postprostatectomy 
incontinence. Anecdotally, the decongestant 
agents in Zyrtec D ®  and Seldane D ® , pseudo-
ephedrine, can be used on a prn basis for inconti-
nence. However, this has not been evaluated in a 
clinical trial.  

    β 2 -Adrenoceptor Agonists 

  Clenbuterol      is   a sympathomimetic amine used by 
sufferers of breathing disorders as a 
decongestant and bronchodilator. Although there 
are two studies evaluating its effectiveness for 
male stress urinary incontinence, there no 
randomized clinical trials in male patients [ 39 , 
 40 ]. Currently, this agent is not approved for any 
indication by the FDA.  

    Serotonin–Noradrenaline Reuptake 
Inhibitors 

 The use of  imipramine      for urinary incontinence 
stems from initial usage in the pediatric popula-
tion for nocturnal enuresis and combination agent 
for neurogenic detrusor overactivity. Studies in 
post-prostatectomy patients have been limited 
[ 41 ].  Duloxetin  e, a selective serotonin (5-HT) 
and norepinephrine (NE) reuptake inhibitor, 
decreases stress urinary incontinence by aug-
menting urethral sphincter contractility [ 42 ]. The 
drug inhibits the presynaptic reuptake of 5-HT 
and NE at Onuf’s nucleus in the sacral spinal 
cord resulting in increased in rhabdosphincter 
activity due to increased postsynaptic receptor 
stimulation. In 2013, Neff reported on the usage 
of duloxetine in 94 post prostatectomy patients. 
While pad usage, IIQ-7 scores and QOL scores 
were statistically improved, 65 % of patients dis-
continued the medication due to side effects and/
or lack of effi cacy. While the agent is approved 
by the FDA for major depressive disorder, gener-
alized anxiety disorder, fi bromyalgia and neuro-
pathic pain; it is not indicated for stress urinary 
incontinence.   

    Urethral Bulking Agents 

 Urethral bulking agents remain the least invasive 
surgical technique in the treatment of male stress 
urinary incontinence (SUI). The utilization of 
materials to improve urethral coaptation evolved 
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from initial application in females  for   intrinsic 
sphincter defi ciency (ISD) [ 43 ]. Development of 
the perfect injectable agent—durable, effi ca-
cious, easily injectable, and safe—is ongoing. 
Polytetrafl uoroethylene (Tefl on) was one of the 
fi rst agents utilized; however, due to its particle 
size, migration occurred to regional lymph nodes, 
lungs, and brain. Consequently, Tefl on was with-
drawn from the market [ 44 ]. This clinical experi-
ence was utilized to guide the design of future 
synthetic injectable agents. Secondary to con-
cerns associated with the migration of synthetic 
compounds, there was a natural interest in har-
vest and reinjection of an autologous substance. 
This reasoning formed the basis for the utiliza-
tion of subcutaneous fat. Although it proved to be 
technically feasible in female patients, the suc-
cess rates for the treatment of continence were 
poor [ 45 ]. 

 Irrespective of gender, the most studied ure-
thral bulking agent has  been   bovine collagen 
(Contigen ® ). Although no longer commercially 
available for urological applications in the USA, 
it served as the gold standard for effi cacy. 
Currently, the most commonly used synthetic 
agents for urethral bulking are polydimethylsi-
loxane (Macroplastique ® ,Uroplasty, Minnetonka, 
MN, USA), carbon-coated zirconium oxide 
beads (Durasphere ® ,Carbon Medical 
Technologies Inc., St. Paul Minnesota) and 
hydroxylapatite spheres in carboxymethylcellu-
lose carrier [Coaptite (Boston, MA, Boston 
Scientifi c Corporation)]. Secondarily, materials 
with primary indications for pediatric vesicoure-
teral refl ux [Defl ux (Q-Med, Uppsala, Sweden), 
Zuidex (Q-Med AB, Uppsala, Sweden)] have 
been studied for use for in female urethral bulk-
ing without demonstrating equivalence to bovine 
collagen [ 46 ]. While the success/improved rates 
range between 20 and 70 % in women, they are 
modest at best in male patients. Irrespective of 
gender, injectable therapy is a consideration in 
patients who are unable to tolerate or refuse more 
invasive surgical therapy. In male patients, the 
best success rates have been described in patients 
with a high Valsalva leak point pressure, uns-
carred vesicourethral anastomosis and no radia-

tion history (5, 6) [ 47 ,  48 ]. Each of these agents 
is discussed in further detail including methods 
of administration and available literature. No cur-
rently available agents have FDA approval for the 
treatment of male incontinence. However, 
 Macroplastique ®    and  Durasphere™   are approved 
outside of the USA for this indication. 

    Assessment 

 The minimum  assessment   prior to proceeding 
with injectable therapy consists of cystoscopic 
evaluation to confi rm suitability of the anastomo-
sis and proximal urethra. Scarred, noncompliant 
tissue will not accommodate the material result-
ing in a diffi cult and ineffective injection. 
Although urodynamic evaluation is routinely per-
formed in the evaluation of post prostatectomy 
incontinence, its utility for predicting the success 
of anti-incontinence therapy has not been proven 
[ 49 ]. However, patients with complaints sugges-
tive of detrusor overactivity and/or detrusor 
hypocontractility should be evaluated prior to 
proceeding.  

    Antimicrobial Prophylaxis 

 In the past, a 2–3  day   course of oral antibiotics 
was recommended as appropriate course length 
for injectable therapy [ 50 ]. At a minimum, the 
AUA Best Practice Policy Statement for 
Antimicrobial Prophylaxis for Urological 
Procedures recommends a 24-h course of a fl uo-
roquinolone or trimethoprim-sulfamethoxazole 
for cystoscopic procedures with manipulation [ 51 ].  

    General Technique 

 Antegrade and retrograde  techniques   have been 
utilized for the injection of bulking agents in the 
male patient. Periurethral and transurethral 
approaches are described as methods for delivery 
of injectable materials to the male bladder neck; 
however, the retrograde transurethral technique is 
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accepted as the standard outpatient clinic 
approach. Therefore, we describe the use of bulk-
ing agents in this context.  

    Injection Basics 

 The posterior  urethra   is made up of four layers 
histologically; mucosa, lamina propria, muscula-
ris, and adventitia. The lamina propria is the 
appropriate layer for urethral bulking agent injec-
tion as it contains the potential space where the 
product can be delivered [ 47 ]. In the post- 
prostatectomy male this layer may be obliterated 
by scar just distal to the anastomosis secondary to 
prolonged catheterization, urine leak, or retropu-
bic hematoma. All materials require a needle for 
delivery of the material into the submucosal 
space. The size of the needle is dependent on the 
characteristics of the agent. Materials composed 
of a larger average particle size and higher vis-
cosity will require a larger gauge needle. In gen-
eral, however, dedicated injection needles range 
in size from 18 to 22 gauge. A standard rigid cys-
toscope or an injection scope with a working ele-
ment can be utilized (Table  3.3 ). Injection 
systems are currently available from the follow-
ing cystoscopic equipment manufacturers: 
Richard Wolf (Fig.  3.7 ) and Karl Storz (Fig.  3.8 ). 
These systems allow for more precise guidance 
of the needle using a resectoscope element rather 
than making manual adjustments via the working 
channel.

         Preparation for Injection 

 The patient  is   positioned in the dorsolithotomy 
position. The perineum is prepped and draped in 
a standard fashion. The urethra is infused with 20 
cc of 2 % lidocaine jelly and allowed to dwell for 
at least 10 min after placement of a penile occlu-
sive device. To improve analgesia, 1 % lidocaine 
solution (0.25–0.5 ml) may injected in the 
planned injection locations. Attempted re- 
cannulation of these needle sites for the bulking 
agent delivery decreases the likelihood of mate-
rial extravasation from additional punctures in 

the urethral mucosa. For all agents with the 
exception of Macroplastique ® , it is possible to 
use the same needle for the local and injectable in 
series, thus reducing the possibility of creating 
multiple mucosal defects. Prior to placing the 
scope, the needle should be primed with local anes-
thetic and passed through the working channel.  

    Injection Technique 

 After  navigating   the penile and bulbar urethra, 
the bladder should be drained to decrease dis-
comfort from over-distension during the proce-
dure. Subsequently, the bladder neck is visualized 
and the scope is withdrawn 1.5–2.0 cm distally. 
Plan your injection sites after reassessing the 
quality of the bladder neck tissue. A standard 
location using a clock reference would be 4 and 8 
o’clock in the male patient. Prior to mucosal pen-
etration, confi rm that the needle has been primed 
with local anesthetic. Alert the patient that he will 
feel a “stick followed a burning sensation then 
nothing.” Using an analogy of oral local anes-
thetic for dental procedures may be helpful. 
Advance the needle through the urethral mucosa 
at a 45° angle to the lumen. The bevel of the nee-
dle should be directed towards the lumen. Due to 
limited potential volume in submucosal space, it 
is necessary to be judicious about the amount of 
local injected. Thus, limit the injected volume per 
site to 0.5 ml or less, if possible. After injection, 
request verbal feedback from the patient regard-
ing when the discomfort has dissipated prior to 
proceeding. At this point, the local anesthetic 
syringe is switched for the injectable agent of 
choice (with the exception of Macroplastique). 
The unique technical variations for successful 
injection of each bulking agent are detailed 
below.  

    Post-procedure 

 The  bladder   should be suffi ciently full from 
 irrigation fl uid for an immediate trial of voiding. 
In the event that the patient feels unable to empty 
completely or reports a weak stream, an ultrasound 
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bladder volume index is performed. Urinary reten-
tion may be treated with either intermittent cathe-
terization or a small Foley catheter. Due to concerns 

of displacing or distorting the achieved coaptation 
with the Foley catheter, the preferred option would 
be intermittent catheterization.  

   Table 3.3    Injectable agents with equipment specifi cations   

 Injectable material  Trade name 
 Syringe sizes 
(ml) 

 Needle (manufacturer, 
product #) 

 Polydimethylsiloxane  Macroplastique  2.5  Rigid endoscopic needle- 
3.8 Fr. shaft × 14.5″ (370 
mm) long with 20 gauge 
tip × 0.54″ (14 mm) long 
(Uroplasty: MRN420) 
 Uroplasty rigid endoscopic 
needle 5 Fr. shaft × 15″ 
(380 mm) long with 18 
gauge tip × 0.54″ (14 mm) 
long (Uroplasty: MRN520) 

 Carbon coated zirconium oxide  Durasphere  1 and 3  Bent spinal tip, 15 in., 18 
gauge (Coloplast: 890205) 
 Needle: pencil point tip, 15 
in., 20 gauge (Coloplast: 
890209) 

 Calcium hydroxylapatite (CaHA) and 
sodium carboxymethylcellulose 
(NaCMC) 

 Coaptite  1  Sidekick™ needle 14.6 in., 
21 gauge (Boston 
Scientifi c: M0068903040) 

 Glutaraldehyde cross-linked bovine 
collagen 

 Contigen  2.5  Rigid endoscopic 
needle—22 gauge (Richard 
Wolfe) 

  Fig. 3.7    Richard Wolf injection scope       
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    Re-injection 

   Determination   of the results from the injection 
are made after any local anesthetic has dissipated 
along with any accompanying swelling—7–10 
days. Further injections are deferred until about 
6–8 weeks by which point the injections sites are 
suffi ciently healed.   

    Injectable Agents 

    Biologics 

    Bovine Collagen 
 Although bovine collagen is not currently avail-
able for urological applications in the USA, it 
served as the comparator for the majority of cur-
rently available agents. Thus a brief discussion of 
its prior usage is an important foundation for 
newer agents. 

 Contigen ®  (C. R. Bard, Covington, GA) glu-
taraldehyde cross-linked (GAX) collagen 
received US Food and Drug Administration 
(FDA) approval in 1993 for the treatment of 
Intrinsic Sphincter Defi ciency (ISD); however, 

distribution was discontinued in 2011 by the 
manufacturer. Contigen ®  was composed primar-
ily from bovine, Type I collagen which is typi-
cally found in bone, cartilage and connective 
tissue of cattle. The extracted collagen was then 
purifi ed and cross-linked with glutaraldehyde 
(GAX) mixed in a phosphate buffered saline to 
make up the injectable compound. After injection 
GAX collagen starts degrading within 12 weeks 
and ultimately completely degrades within 9–19 
months. Although the injected collagen has been 
demonstrated to promote intraurethral collagen 
production, however, several studies have shown 
the need for reinjection to maintain continence, 
thereby necessitating booster injections. 

 As a bovine byproduct, allergic reactions were 
a major concern and interestingly were predomi-
nately found in females [ 52 ]. McClelland et al. 
1996 reported that 28 % of patients who had 
intraurethral collagen injections for urinary 
incontinence produced specifi c antibodies against 
bovine dermal collagen [ 53 ]. Furthermore, 
Dmochowski et al. 2000 reported allergic reac-
tions in approximately 4 % of females [ 54 ]. 
Although 70 % of positive reactions are identi-
fi ed within 3 days, 30 % may not be expressed 

  Fig. 3.8    Storz injection scope       
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until 4 weeks [ 55 ]. Delayed allergic reactions 
associated with arthralgias were also reported by 
Stothers et al. 1998 [ 55 ]. Therefore, pre-injection 
skin testing is an absolute requirement with an 
interval of one full month prior to injection to 
allow for detection of delayed reactions. 

   Collagen Effi cacy 
 Under the best circumstances, less than 20 % of 
postprostatectomy males achieve a dry state with 
collagen [ 56 ,  57 ]. In the largest published study 
of the utilization of collage for male stress uri-
nary incontinence, the outcomes of 322 patients 
were analyzed. Overall improvement was 
reported in approximately 50 % with a mean 
duration of 6 months whereas complete conti-
nence was achieved in 17 % with a mean duration 
of 8.87 months. Of note 1.5 % of patients reported 
an increase in incontinence following collagen 
injections [ 58 ].      

    Synthetic Injectables 

    Durasphere ®  

    Product Description 
 Durasphere ®  is a non-immunogenic, nonpyro-
genic, nonabsorbable urethral bulking agent 
made of pyrolytic carbon coated zirconium oxide 
beads with suspended in a water-gel with 2.8 % 
beta-glucan (Fig.  3.9 ). Inert and non- 
immunogenic, a skin test is not necessary prior to 
the procedure. The initial formulation of the 
agent was hampered by large particle sizes with 
the beads ranging from 212 to 500 μm requiring 
a larger gauge needle to facilitate injection. 
Technical problems triggered further evolution 
leading to the production of Durasphere ®  EXP 
(Coloplast, Inc., Minneapolis, MN). The current 
agent is primarily differentiated by graphite coat-
ing and smaller beads (90–212 μm) allowing for 
injection with a 20 gauge needle. Thus, treatment 
in the outpatient clinic setting is much more 
feasible.

   Durasphere ®  EXP is available in 3 ml syringes 
for periurethral injections (for women) and 1 ml 
syringes for transurethral injections. Additionally, 

the manufacturer distributes 15 in. 18 gauge (bent 
spinal tip) and 20 gauge (pencil point tip) needles 
for transurethral injections (Fig.  3.10 ).

       Specifi c Tips and Manufacturer’s 
Recommendations for Injection 
of Durasphere 
 After injection of the local anesthetic and con-
nection of the Durasphere to the needle, the 
options are to: (1) retract the needle from the ure-
thral mucosa, prime with the Durasphere fol-
lowed by replacement of the needle in the same 
location or (2) keep the needle in-situ while 
injecting the anesthetic in the needle followed by 
the Durasphere. In the interest of minimizing 
manipulation and potential expansion of the 
puncture site, the latter is preferable. 

 In the post-prostatectomy patient, the length 
of supramembranous urethra is highly variable. 
Despite this, injection site must be selected with 
an entry point 1–1.5 cm distal to the bladder 
neck. The needle is oriented as previously 
described and advanced in the submucosal layer 
until the black hatch mark on the needle (1 cm 
from the bevel). Injection should be initiated with 
light pressure on the syringe plunger. 

 Injection of Durasphere can be technically 
challenging in the male patient due to the compo-
sition of the material. The potential space for 
injection must be compliant, expanding easily 
with little pressure on the syringe. If scarring is 
present requiring increased force to be applied to 
the syringe plunger, the beads and carrier solu-
tion will travel not through the needle at equiva-
lent rates, resulting in the carrier solution 
advancing ahead of the beads. In the absence of 
the gel, the beads are unable to progress through 
the needle resulting in obstruction of the needle 
and syringe with the remaining beads. However, 
in patients with a compliant supramembranous 
urethra, 2–3 ml of Durasphere is required for 
injection. 

 If anything more than light consistent pressure 
is necessary, the best course of action is reorien-
tation of the needle to identify an optimal space. 
The fi rst option is retraction of the needle by 
0.5 cm followed by redirection into a slightly 
deeper plane. In the event this maneuver is not 
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successful, the needle should be withdrawn com-
pletely. Prior to identifying an alternate location, 
advance the scope in the bladder to assure easy 
fl ow of the agent in the absence of resistance. If 
the needle has become obstructed, remove the 
needle to allow examination on the back table. A 

replacement needle will be necessary if the lumen 
is not cleared successfully. 

 Once a suitable location for injection is 
secured, injection usually proceeds in 1–2 addi-
tional locations using 1 ml per site. After com-
pleting injection at each location, the needle is 

  Fig. 3.9    Durasphere material       

  Fig. 3.10    Coloplast Durasphere ®  20 gauge, pencil point injection needle       
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left stationary for 10–15 s prior to withdrawing 
the needle. Once overall satisfactory coaptation 
is achieved, the scope is removed. Rather than 
passing the scope into the bladder for drainage, 
the bladder is left to full to allow for an immedi-
ate voiding trial as discussed previously.  

    Available Literature 
 Although the literature about Durasphere injec-
tions in women is ample, it is virtually nonexis-
tent in males likely due to the increased technical 
diffi culty and low success rates. Secin et al. dis-
cussed the effi cacy of Durasphere in the treat-
ment of mild to moderate post prostatectomy 
urinary incontinence in eight patients. The mean 
age of the patients was 63.2 years and median 
time of injection after radical prostatectomy was 
25 months. The mean Durasphere volume 
injected was 23.8 ml with a median follow-up of 
5 months. Only three patients reported subjective 
transient improvement and fi ve patients opted for 
more invasive surgical option. One patient 
reported worsening of his incontinence and 
another had acute urinary retention requiring an 
indwelling catheter for 4 days [ 59 ].   

    Coaptite ®  

    Product Description 
 Coaptite ®  is a non-pyrogenic, non-immunogenic 
agent composed of calcium hydroxylapatite 
(CaHA) spheres suspended in an aqueous based 
gel carrier of sodium carboxymethylcellulose 
(NaCMC) and glycerin. Since CaHA is a natu-
rally occurring substance in the human body, pre- 
procedural skin testing is not required. Similar to 
Durasphere, Coaptite is radiopaque allowing 
visualization on imaging. With mean bead diam-
eter of 100 μm (range, 75–125 μm), the particles 
are large enough to minimize migration risks but 
small enough to allow for smooth injection using 
a 21 gauge needle. The material is supplied in 
1 ml syringes with no additional equipment 
needed other than a standard cystoscope for the 
injection procedure. Common side-effects 
include hematuria, dysuria, UTI, urgency, uri-

nary retention with few cases of erosion and ure-
thral prolapse reported in female patients. To 
date, there is no literature available for the treat-
ment of urinary incontinence in males.  

    Specifi c Tips and Manufacturer’s 
Recommendations for Injection 
of Coaptite 
 Coaptite has some similarity to Durasphere due 
the particle and carrier/gel composition of the 
material. However, due to the particle size, 
Coaptite is suitable for a injection with a slightly 
smaller needle. Although there is less risk of sep-
aration between the calcium hydroxyapatite 
spheres and the carrier, the same caution should 
be taken as described with Durasphere 
(Fig.  3.11a–c ).

        Macroplastique ®  

    Product Description 
  Macroplastique ®   , a newer urethral bulking agent, 
is composed of vulcanized polydimethylsiloxane 
(a solid silicone elastomer) suspended in a bio-
excretable polyvinylpyrrolidone (PVP) carrier 
gel pre- packaged in sterile 2.5 ml syringes. 
Polydimethylsiloxane (PDS) is a large molecule 
with a mean diameter of 140 μm that upon 
implantation becomes encapsulated in fi brin and 
collagen therefore minimizing the risk of migra-
tion. However, due to its size and associated vis-
cosity, special equipment is required for particle 
delivery [ 60 ,  61 ].  

    Specifi c Tips and Manufacturer’s 
Recommendations for Injection 
of Macroplastique ®  
 Injection of Macroplastique ®  requires a reusable 
Administration Device which includes a syringe 
adapter (Fig.  3.12 ). The physician can choose 
one of two needles to attach to the adapter for 
product delivery; (1) Uroplasty Rigid Endoscopic 
Needle 3.8 Fr. shaft × 14.5″ (370 mm) long with 
20 gauge tip × 0.54″ (14 mm) long or (2) 
Uroplasty Rigid Endoscopic Needle 5 Fr. 
shaft × 15″ (380 mm) long with 18 gauge 
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  Fig. 3.11    ( a ) Open bladder neck pre-Coaptite Injection; ( b ) Transurethral injection needle placement; ( c ) Coapted 
bladder neck post-injection       
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tip × 0.54″ (14 mm) long (Fig.  3.13 ). Recent 
modifi cations in the dimensions and weight of 
the Administration device make it possible for a 
single person to manage the scope and the device 
in comparison with earlier models [ 62 ].

        Preparation of the Macroplastique 
Administration Device 
 The  Macroplastique   syringe plunger is placed 
into the syringe collar. The syringe collar assem-
bly is locked by rotating the hub of the 

  Fig. 3.12    Macroplastique administration device       

  Fig. 3.13    Uroplasty rigid endoscopic needle       
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Administration Device. The selected Uroplasty 
needle is attached to the luer lock of the syringe 
and rotated to achieve a tight connection. The 
protective sleeve from the needle is removed. 
Prime the needle with Macroplastique by engag-
ing the Administration Device. To stop the fl ow, 
depress the release mechanism located on top of 
the Administration Device (Fig.  3.14 ).

       Injection 
 Prior to bulking, adequate analgesia must be 
established. The most effi cient manner to achieve 
this consists of injecting the local anesthetic in all 
planned injection sites prior to starting with the 
Macroplastique. As previously mentioned, it is 
necessary to attempt to reutilize the same sites for 
the bulking agent to prevent additional areas for 
extravasation. 

 During placement of the needle and 
Administration Device through the working chan-
nel, it may be necessary for an assistant to stabi-
lize the cystoscope. Advance the scope into the 
bladder while pushing the needle forward to con-

fi rm orientation of the bevel towards the lumen. 
Retract the needle tip and scope back into the ure-
thra 1.5 to 2.0 cm distal from the bladder neck. 
For injection, the manufacturer describes a “tissue 
tunneling” technique which is similar to the ideal 
placement technique for all injectables. The nee-
dle enters the tissue at a 30–45° angle followed by 
advancement of the needle for 0.5 cm. The angle 
is the fl attened to be parallel with the urethra and 
the needle is advanced for another 0.5 cm. 

 The Administration Device lever should be 
deployed slowly to prevent rapid egress of the 
agent into the submucosa. Pause a few seconds 
between each pull to allow for equilibration of 
the pressure within the submucosal space. 
Continue until the syringe is completed at each 
location and/or satisfactory coaptation has been 
achieved. In all positions, wait approximately 30 
s before withdrawing the needle from the tissue 
to limit product loss from the implantation site. It 
is suggested that further injections not be 
attempted until after 12 weeks from the prior 
injection.  

  Fig. 3.14    Macroplastique device loaded with syringe and needle       
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    Published Data 
 Macroplastique ®  has been studied extensively in 
females; however, there are few studies in males 
which deserve mention. Kylmala et al. studied 50 
patients with mild to moderate post prostatec-
tomy SUI. Macroplastique was injected at 5 
o’clock or 7 o’clock or both with repeated injec-
tions being at least 3 months apart. After the fi rst 
treatment, 6 patients were completely dry and 28 
reported improvement after which 40 patients 
had a second treatment and an additional 10 
patients became dry. Third and fourth injections 
were given to 23 and 8 patients out of whom 9 
and 5 patients became dry, respectively. The total 
mean volume of Macroplastique used was 7.1 ml, 
with a mean of three injections with a mean fol-
low- up of 7.3 months. The overall dry rate was 
60 % and improvement in 28 % with adverse 
effects that included dysuria with no reported 
Acute Urinary Retention (AUR) [ 63 ]. 

 Imamoglu et al. divided 45 patients with PPI 
into two groups by severity of incontinence, 
group I (21 patients) had minimal incontinence 
and group II (24 patients) had total incontinence. 
The patients in each group were then randomized 
to get AUS (11 and 11) vs. Macroplastique injec-
tion (10 and 13). The mean follow-up for AUS 
patients was 60 months vs. 48 months for the 
Macroplastique patients. The dry rate in group I 
was 90 % in AUS patients and 80 % in injection 
patients with no statistically signifi cant differ-
ence. However, group II demonstrated a signifi -
cant difference ( p  < 0.01) with a dry rate of 72.7 
% vs. 23.1 % for AUS and injection patients, 
respectively. Injections were performed at 3, 6, 
and 9 o’clock with a mean number of injections 
of 1.2 and a mean injection volume of 11.9 ml 
(5–7.5 ml each injection); a 4.3 % AUR rate was 
reported [ 64 ]. Lee et al. 2014 studied 30 patients 
with PPI and evaluated Macroplastique ®  single 
injection treatment with a mean follow-up of 9.3 
months. Injections were performed at 3, 6, 9, and 
12 o’clock with a mean injection volume of 
5.3 ml. The success rate was reported as 43.3 % 
with a complete dry rate of 10 % and AUR rate of 
16.7 %. Though not signifi cant, the success rate 
was higher in non-radiated patients with a lower 
LPP [ 60 ]. 

 The most common adverse effects of Macro-
plastique include urinary retention (5.9–17.5 %), 
urinary frequency (0–72.4 %), dysuria (0–100 
%), and rarely UTI (0–6.25 %).    

    Agents Used Primarily Used 
for Other Urologic Applications 

 The same injectable agents employed as a treat-
ment for vesicoureteral refl ux in the pediatric 
population have been used with variable success 
for PPI. 

    Defl ux ®  

    Product Description 
  Defl ux ®       is a sterile, mixture of viscous dextrano-
mer microspheres (50 mg/ml) in a carrier gel of 
stabilized hyaluronic acid (15 mg/ml). The hyal-
uronic acid along with additional hydrogel/poly-
saccharide serves to improve delivery of the 
dextranomer microspheres. As hyaluronic acid 
has remarkable viscoelastic properties, it allows 
the mixture to be injected utilizing a needle as 
small as 23 gauge. The dextranomer micro-
spheres have a mean diameter of 130 μm ranging 
between 80 and 250 μm. After injection, the hyal-
uronic acid is dissolved in the tissue within 2 
weeks leaving the dextranomer microspheres in 
place as the main bulking agent. It was originally 
designed for SUI in women, however, bovine 
collagen had more favorable outcomes. Due to its 
unparalleled safety profi le, its use in children 
continues for both incontinence and vesicoure-
teral refl ux [ 65 ]. 

 Defl ux ®  is manufactured in 1 ml glass syringes 
equipped with luer lock fi tting, a tip cap, plunger 
and plunger rod. It can be injected using a stan-
dard cystoscope with a 23 gauge needle. It is 
injected submucosally in the standard fashion 
until complete coaptation is noted. 

 Zuidex™ implacement therapy also a hyal-
uronic acid/dextranomer copolymer designed for 
SUI in the USA was discontinued after a large 
multicenter study was showed increased inci-
dence of sterile abscess formation.  
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    Mode of Delivery and Manufacturer 
Instructions 
 As per the manufacturer, it is recommended to 
use the Defl ux metal needle (3.7 F × 23G tip × 350 
mm) for safe and accurate administration of 
Defl ux. However, any needle with 23 or 22 gauge 
could be safely utilized. 

 Similarly to Coaptite and Collagen, only a 
standard cystoscope is needed with an injection 
element. Defl ux can then be injected at the blad-
der neck or pre-sphincteric urethra submucosally 
at three sites until coaptation is seen. Injecting 
6 ml or more is not recommended as no studies 
demonstrated safety at higher volumes.  

    Published Data 
 Defl ux ®  is not typically used as fi rst line urethral 
bulking agent in adults however, several studies 
have been conducted in children particularly 
those who wish to avoid major reconstructive 
surgery. Lottmann et al. studied 61 children (41 
males and 20 females) most of which were in dia-
pers due to severe sphincteric incompetence, 
exstrophy-epispadias, neuropathic bladder, and 
ectopic ureters. The mean age was 10.3 years and 
the mean injection volume of Defl ux was 3.9 cc 
(range 1.6–12) with a follow-up after the last 
injection was 6–84 months (mean 28). The group 
noted at 1 month 79 % of the patients were dry or 
improved. At 6 months 56 % were dry or 
improved. Longer term follow-up at 1 year, 3 
years, 4 years, and 7 years yielded a dry or 
improved rate of 52 %, 52 %, 48 %, and 40 % 
respectively [ 66 ]. 

 Caione et al. in 2002 studied 16 patients with 
mean age of 10.6 years with a mean injection vol-
ume of 2.8 ml and a mean number of injections of 
2.3. The mean pretreatment dry time was 35 min; 
however, it was 78, 80, and 74 min at 6 months, 
12 months, and 24 months, respectively [ 67 ]. 

 Misseri et al. 2005 studied a total of 16 patients 
(6 males and 10 females) ranging in age from 4 to 
18 years with a mean follow-up of 9.5 months 
(range 3–24 months). The mean injected volume 
was 1.88 ml (range 0.8–4.4 ml) where complete 
dryness was noted in three patients, fi ve patients 
were improved (all of which had catheterizable 

channels) and eight patients showed no improve-
ment at follow-up [ 68 ].       
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         For decades, the artifi cial urinary sphincter 
(AUS) was the gold standard for surgical treat-
ment of persistent post-prostatectomy stress uri-
nary incontinence (PPI). In the early 1960s, the 
fi rst male slings were described by Berry and 
Kaufman and later by Schaeffer [ 1 – 3 ]. However, 
these slings were not widely used—mainly due 
to lack of published data, low success rates and 
high complications rates. Beginning in the late 
1990s, new male slings were introduced. 

 Current available male slings systems can be 
classifi ed into two subtypes: fi xed slings and 
adjustable sling systems. 

 In recent years male slings have gained much 
popularity due to good functional results and low 
complications. In addition, patients’ demand on 
minimally invasive treatment options restoring 
the natural voiding pattern is high and the oppor-
tunity to avoid using a mechanical device as the 
artifi cial sphincter is preferable to undergoing a 
for decades established treatment [ 4 ]. 

 According to the current guidelines, male 
slings are an alternative for men with persistent 
stress urinary incontinence (grade of recommen-
dation: C; level of evidence: 3) [ 5 ,  6 ]. 

 With an increasing number of options available 
for the surgical treatment of PPI, it is important to 
be aware of available therapeutic options, com-
parative outcomes and associated complications. 
However, no individual recommendations con-
cerning each specifi c sling system or data showing 
one sling is superior to another is available. 

 In addition, no guidelines concerning the ideal 
timing of surgical treatment are available. In gen-
eral, surgical treatment should be offered if the 
incontinence status is stable despite intensive 
conservative treatment and on patients’ demand. 

    Adjustable Sling Systems 

 Adjustable sling systems are positioned subure-
thrally on top of the bulbospongiosus muscle by 
a retropubic or transobturator  approach  . In these 
types of slings, postoperatively tension can be 
adjusted. Available devices are (alphabetical 
order): Argus classic, Argus T, ATOMS, Remeex. 

 In general, outcome is comparable for all 
adjustable sling systems (Table  4.1 ). However, 
there a differences in complications and adjust-
ment techniques as well as invasiveness.

   The risk of erosion seems to be linked to the 
degree of compression of the urethra and to 
infections. De novo urgency seems to be associ-
ated with mild postoperative obstruction. 

 Compared to retrourethral slings  postopera-
tive pain   is more common after implantation of 
adjustable sling systems. Early postoperative 
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pain is very common and even persistent pain can 
occur in up to 5 % of the patients. 

    Mode of Action 

 Permanent increase of urethral resistance 
10–15 cm H 2 O to support basis continence. 

    Argus Classic/ArgusT 
   The  Argus      system (Promedon, Argentina) con-
sists of a radiopaque cushioned system with a sili-
cone foam pad for soft compression of the bulbar 
urethra. Two silicone columns formed by multiple 
conical elements are attached to the silicone foam 
and allow system readjustment while two radi-
opaque silicone washers allow regulation of the 
desired tension (Fig.  4.1a, b ). During implantation 
measurement of the retrograde leak point pressure 
(RLPP) is recommended. During intraoperative 
tensioning the silicone arms are tensioned through 
the washers until a RLPP of pre-adjustment 
RLPP + 10 cm H 2 O is achieved (recommended 
maximum intraoperative RLPP 40 cm H 2 O).

   The Argus sling can be implanted via a retro-
pubic (Argus classic—Fig.  4.2 ) or a transobtura-
toric (ArgusT—Fig.  4.3 ) approach.

    For readjustment the suprapubic incision 
(Argus classic) respectively the right and left 
inguinal incisions (ArgusT) have to be re-opened 
under local or general anesthesia to explore the 
washers to increase or decrease the tension. 

 For the Argus classic several published studies 
with a mean follow-up period of up to 45 months 
are available. Reported cure rates are 17–79 %. 

 In 48 patients with mild-to-moderate SUI and 
a mean follow-up of 45 months (range 36–54 
months), a dry rate of 66 % was achieved [ 7 ]. 
Another study evaluated 101 patients with mod-
erate to severe SUI. After a mean follow-up of 2.1 
years (range 0.1–4.5 years) a dry rate of 79.2 % 
(pad test of 0–1 g) was reported [ 8 ]. A retrospec-
tive study including 95 patients with severe SUI 
showed success rates (cured + improved) of 72 % 
and a dry rate of 40 % (0 pads) in a median fol-
low-up of 27 months (range 14–57 months) [ 9 ]. 

 Readjustments are required in approximately 
one third of the patients. 

   Table 4.1    Outcome of adjustable sling systems (no studies included reporting only salvage cases)   

 Publication 
 Type of 
sling 

 Number 
of patients 

 Mean/median 
follow-up 
(months) 

 Defi nition 
of success 

 Success 
rate (%) 

 Improved 
(%) 

 Explantation 
rate (%) 

 Hoda et al.  ATOMS  99  18  0 pads/day 
and <10 ml in 
24 h pad test 

 63  29  4.0 

 Seweryn et al.  ATOMS  38  17  0–1 pad/day 
and <15 ml in 
24 h pad test 

 60.5  23.7  15.8 

 Bochove- 
Overgaauw 
et al. 

 Argus 
classic 

 95  27  Dry or 
improved 

 72 (0 
pads: 
40 %) 

 18  11 

 Dalpiaz et al.  Argus 
classic 

 29  35  0–1 small 
safety pad/
day 

 17  Not 
provided 

 35 

 Hübner et al.  Argus 
classic 

 101  25  ≤1 ml in 
20 min pad 
test 

 79.2  Not 
provided 

 15.8 

 Romano et al.  Argus 
classic 

 48  45  0 pads/day  66  13  10.4 

 Bauer et al.  ArgusT  42  28.8  0–5 ml in 24 
h pad test 

 61.9  26.2  11.9 % 
(including 
failed patients) 

 Sousa- 
Escandon et al. 

 Remeex  51  32  ≤1 pad/day  64.7  19.6  5.9 

 Remeex 
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  Fig. 4.1    ( a ) Argus system (with permission of Promedon, Argentina; copyright Promedon). ( b ) Argus Washer (with 
permission of Promedon, Argentina; copyright Promedon)       

  Fig. 4.2    Argus classic 
(with permission of 
Promedon, Argentina; 
copyright Promedon)       

  Fig. 4.3    Argus T (with 
permission of 
Promedon, Argentina; 
copyright Promedon)       
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 Data concerning irradiated patients are con-
troversial showing equal [ 8 ,  10 ] or lower success 
rates [ 9 ] compared to non-irradiated patients. In 
addition, one study showed reduced effi cacy in 
patients after treatment for urethral strictures or 
bladder neck stenosis before sling implantation 
[ 9 ]. Other studies showed no difference or did not 
evaluate these patients in detail. 

 Reported intraoperative complications of the 
Argus classic are bladder injuries (up to 10 %). 

 Main postoperative complications in a mean 
follow-up period of up to 45 months are: infec-
tions (up to 7 %), signifi cant postoperative peri-
neal pain (up to 27 %), urethral or bladder erosion 
(up to 13 %), de novo urgency (up to 14 %), 
retention (up to 35 %), suprapubic extrusion of 
the columns (up to 7 %), system dislocation (up 
to 7 %), and explantation of the system (up to 
35 %) due to complications (e.g., infection, ero-
sion, pain) [ 7 – 10 ]. In the early postoperative 
period urinary retention can occur (up to 35 %). 
Moderate adjustment of the sling during implan-
tation (recommended maximum intraoperative 
retrograde leak point pressure <40 cm H 2 O) 
seems to reduce the complication rate especially 
of postoperative retention and sling erosion [ 8 ]. 

 Detailed information concerning late postopera-
tive complications is rare. In up to 3 % persistent 
pain occurs and there is one reported case of explan-
tation after several months due to persistent pain 
[ 10 ]. In general, for the fi rst generation of the Argus 
classic more complications are reported [ 10 ]. 

 The implantation technique of the ArgusT was 
fi rst published in 2004 including one case report 
[ 11 ]. Until now, only one study with a mean fol-
low- up of 28.8 months including 42 patients is 
published [ 3 ]. Dry rate with a pad test of 0–5 g/24 
h was 61.9 %. 26.2 % of the patients had a reduc-
tion of incontinence of at least 50 % and fi ve 
patients failed. In all patients the ArgusT was 
explanted and an artifi cial sphincter (AMS 800, 
American Medical Systems, USA) was 
 successfully implanted. Subgroup analysis 
showed no difference in outcome of patients with 
additional radiotherapy, on patients with preoper-
ative urine loss <500 g/24 h and >500 g/24 h and 
in patients with and without anti-incontinence 
pretreatment. In addition, type of prostate surgery, 
age, and BMI had also no impact on outcome. 

 Median adjustment rate was 1.7. 
 There were no intraoperative complications or 

postoperative urinary retention reported. 
 The following postoperative complications 

occurred: urinary tract infection (2.4 %), peri-
neal wound infection (2.4 %), suprapubic 
wound infection (4.8 %), postoperative analge-
sics for >3 months (16.7 %), postoperative 
urgency (7.1 %), explantation due to persistent 
pain (4.8 %). 

 In general, the results of the Argus T seem to 
be comparable with the Argus classic. However, 
in contrast to the Argus classic, in the Argus T 
postoperative pain and persistent pain seems to 
be higher  .  

    ATOMS 
   The  ATOMS system      (A.M.I., Austria) consists 
of an adjustable cushion fi xed with monofi lament 
polypropylene mesh arms around the Ramus 
inferior of the Os pubis (Fig.  4.4 ). The mesh arms 
establish a 4-point fi xation. A titanium port for 
adjustment of the cushion volume is integrated 
and placed in the left symphysis (inguinal port—
Fig.  4.5 ) or scrotal region (scrotal port—Fig. 
 4.6 ). The sling is implanted via a transobturator 
approach using a perineal single-incision. 
Compression of the bulbar urethra is achieved via 
the adjustable cushion.

     For the ATOMS system, two studies are pub-
lished. In both studies the ATOMS with perineal 
port was evaluated. 

  Fig. 4.4    Position of ATOMS (with permission of AMI, 
Austria; copyright AMI)       
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 The fi rst study evaluated 38 patients with a 
mean urine loss of 747 ml in the 24-h pad test 
(230–1600 ml) and a mean follow-up of 16.9 
months (range 13–21 months) [ 12 ]. 60.5 % of the 
patients were considered dry (0–1 pads and less 
than 15 ml in the 24-h pad test) and 23.7 % 
improved (more than one pad and 16 to 100 ml in 
the 24-h pad test). In 15.8 % of the patients 
implantation failed (more than two pads daily or 
more than 100 ml in the 24-h pad test). Mean 
number of adjustments was 3.97 (range 0–9). 

 The second study evaluated 99 patients with a 
mean urine loss of 681 ml in the 24-h pad test 
[ 13 ]. After a mean follow-up of 17.8 months 
(range 12–33 months) 63 % of the patients were 
considered dry (0 pads and <10 ml in 24-h pad 
test) and 29 % were improved (daily pad use 
reduced by >50 % or patients needed 1–2 pads/24 
h and 10–40 ml in 24-h pad test). 8 % of the 
patients failed. Mean number of adjustments was 
3.8 (range 1–6). For every adjustment, 2 ml saline 
solution was added to the cushion via the port. 

  Fig. 4.5    ATOMS with 
inguinal port (with 
permission of AMI, 
Austria; copyright AMI)       

  Fig. 4.6    ATOMS with 
scrotal port (with 
permission of AMI, 
Austria; copyright AMI)       
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 No intraoperative complications are 
published. 

 Reported postoperative complications are the 
following: transient perineal or scrotal pain/dys-
esthesia (up to 68.7 %), early port infections 
leading to explantation (up to 10.5 %), retention 
(up to 3 %), explantation due to persistent pain 
(up to 3 %) and urethral erosion (up to 3 %). 

 Patients with previous radiotherapy or previ-
ous surgery for incontinence show comparable 
results to non-irradiated/non-pretreated patients 
without a higher incidence of complications. 

 The impact of age, comorbidities on outcome 
or complications is not evaluated  .  

   Remeex 
 The  Remeex system   (Neomedic, Spain) consists 
of a mesh connected via two monofi lament trac-
tion threads to a suprapubic mechanical regulator 
and is positioned under the bulbar urethra (Fig. 
 4.7 ). The system is implanted via a retropubic 
approach. The regulation part—the so-called 
“varitensor”—is a permanent implant 
(1 × 1 × 2.5 cm cubic device with internal never- 
ending axis to wind the traction threads) subcuta-
neously over the abdominal rectum fascia above 
the pubis. Adjustment is conducted via an external 
manipulator starting on day 1 after implantation 
which stays in place after implantation. The exter-
nal manipulator is removed after fi rst adjustment.

   Subsequent adjustments are performed under 
local anesthesia via the rejoined external manipu-
lator to the varitensor. 

 There are two published studies; however, one 
of them is only reporting preliminary results of 
six patients [ 14 ]. In a multicentric European 
Study 51 men with mild-to-severe SUI were 
treated with the Remeex [ 15 ]. The average fol-
low- up was 32 months (range 16–50 months). 
64.7 % of the patients were considered cured 
(no pads: 75.8 %; small pads or sanitary napkins 
for security reasons but normally dry: 24.2 %) 
and 19.6 % were improved. In 15.7 % of the 
patients the implantation failed. 

 90 % of the patients were adjusted during the 
early postoperative period; 86 % required a sec-
ond adjustment between 1 to 4 months after 
implantation, and 33 % required more than two 
adjustments. 

 The only reported intraoperative complication 
is bladder perforation (up to 10 %). 

 Reported postoperative complications are 
transient perineal discomfort or pain in the 
majority of the patients. In addition, removal of 
the device (6 %) due to infections of the variten-
sor or due to urethral erosion is reported. During 
adjustment a rupture of the monofi lament trac-
tion threads can occur. In addition, depending 
on degree of compression residual urine can 
occur. 

 The impact of age, comorbidities, or previous 
radiotherapy on outcome or complications is not 
evaluated.  

   Advantages and Disadvantages 
of Adjustable Sling Systems 
  Postoperative   adjustment is possible—even after 
years. Tension can be adjusted to patients’ 
increased postoperative physical activity. Good 
results are also in severe PPI and irradiated 
patients possible. 

 Adjustable sling systems are associated with 
overall higher complication and explantation 
rates in comparison to fi xed male slings. 

 Outcome in patients after treatment for ure-
thral strictures or bladder neck stenosis seems to 
be decreased.  

  Fig. 4.7    Remeex (with permission of Neomedic, Spain, 
copyright Neomedic)       
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   Treatment after Failed Adjustable Sling 
System 
 If the continence status is not improved by adjust-
ment salvage treatment should be considered if 
the patients ask for further improvement. 

 In general, AUS implantation is the salvage 
treatment of choice. Several studies showed 
AUS implantation after failed Argus sling and 
ATOMS is still possible without specifi c prob-
lems and shows good results without increased 
complication rate [ 8 ,  13 ,  16 ]. No data exist con-
cerning salvage treatment after failed Remeex 
sling implantation. However, data should be 
comparable to Argus and ATOMS. The adjust-
able sling systems (especially the non-mesh 
parts—explantation of the mesh parts can result 
in damage of the collateral tissue especially the 
urethra) should be explantated before AUS 
explantation. 

 If there is a damage or slippage of the sling 
system exchange of the system can be consid-
ered. In addition, there is one study reporting the 
implantation of an  AdVance sling   after failed 
adjustable sling systems [ 17 ]. However, no 
detailed analysis of this subgroup is available. In 
general, before considering the implantation of a 
retrourethral sling after failed adjustable sling 
system a proper evaluation of the residual 
sphincter function and mobility of the posterior 
urethra is necessary. However, implantation of 
an AdVance sling as salvage treatment salvage 
treatment cannot be widely recommended and 
should only be performed in highly selected 
patients and by an extremely experienced 
surgeon.    

    Fixed Male Slings 

 Fixed male slings can be divided into two types:

•    Retrourethral slings.  
•   Fixed compressive slings.    

    Mode of Action 

 The hypothesized mechanism is not thoroughly 
understood. 

 The mode of action of the retrourethral slings 
seems to be multifactorial:

•    Correction of postoperative hypermobility of 
the posterior urethra.  

•   Increased length of functional urethra.  
•   Venous sealing effect.    

 The mode of action of fi xed compressive 
slings may result from a combination of urethral 
compression with subsequent permanent increase 
of urethral resistance and angulation. 

   Retrourethral Slings 
  Worldwide, the AdVance  sling   (American 
Medical Systems, USA) is the most commonly 
used sling and the most evaluated sling with a 
couple of published studies—mainly single- 
center studies. 

 The AdVance sling is a retrourethral sling 
(Fig.  4.8 ). It consists of a  polypropylene mesh 
  and is positioned under the membranous urethra 
via a transobturatoric approach (Fig.  4.9 ).

    For the correct placement of the sling dissec-
tion of the  centrum tendineum   is necessary. Here 
the sling is fi xed on the bulb and thereafter 
adjusted. It is postulated that due to intraoperative 
adjustment the lax and descended supporting 
structures of the posterior urethra and sphincter 
region after prostate surgery are relocated into the 
former pre-prostatectomy position (Figs.  4.10a, b ) 
[ 19 ,  20 ]. Several urodynamic studies suggest that 
the AdVance sling does not cause any obstruction 
to the urethra [ 20 – 22 ].

  Fig. 4.8    AdVance sling (with permission of American 
Medical Systems, USA; copyright AMS)       
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   For the AdVance sling cure rates of 9–63 % 
with a follow-up of up to 40 months are pub-
lished [ 17 ,  23 – 30 ]. However, effi cacy rates are 
diffi cult to compare due to heterogeneous defi ni-
tion for cure varying from 0 to 1 pad/day or dif-
ferent amounts of daily urine loss in pad tests 
(1-h pad test or 24-h pad test). 

 Two prospective studies with a 3 year follow-
 up including one multicentre study are available. 

The multicentre study included 156 patients and 
reports a cure rate of 53 % (no pad or one security 
pad) and a success rate of 77 % (reduction of 
daily pad usage ≥50 %) [ 29 ]. No worsening over 
time occurred. 

 The second study included 30 patients and 
reported a cure rate of 60 % (no pad usage or one 
security pad) and a success rate of 73 % (reduc-
tion of daily pad usage ≥50 %) [ 28 ]. 

  Fig. 4.9    Position of 
AdVance sling (with 
permission of Elsevier [ 18 ])       

  Fig. 4.10    ( a ) AdVance sling before adjustment. ( b ) AdVance sling after adjustment       
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 There are several risk factors for failure under 
discussion. Incontinence severity and residual 
sphincter function including ability to close the 
sphincter completely and functional sphincter 
lengths (≥1 cm) seem to have a positive effect on 
effi cacy [ 19 ,  27 ,  29 ,  31 ,  32 ]. A Valsalva leak- point 
pressure of >100 cm H 2 O, representing a good 
residual sphincter function and a lower degree of 
incontinence, is associated with better effi cacy [ 33 ]. 

 Surgery for urethral stenosis or anastomotic 
stricture between prostatectomy and sling 
implantation is signifi cantly associated with 
lower dry rates [ 27 ]. 

 In irradiated patients, the AdVance sling 
shows reduced treatment success with dry rates 
between 18 and 53 % [ 29 ,  34 – 36 ]. 

 Previous surgical treatment may affect nega-
tively the effi cacy, especially if scarring of the 
surrounding tissue of the bulb occurred [ 28 ,  29 ]. 
However, there is one study reporting the out-
come of AdVance sling implantation in 19 patients 
with recurrent stress incontinence after implanta-
tion of an artifi cial sphincter [ 37 ]. In all patients 
etiology of the recurrent stress incontinence was 
urethral atrophy. In all patients the AdVance sling 
was implanted in addition to the artifi cial sphinc-
ter. After a mean follow-up of 13 months 79 % 
were dry using no pads and 21 % were improved 
using one pad per day. 53 % of the dry patients 
were dry without reactivation of the artifi cial 
sphincter and 47 % maintained dry with a combi-
nation of the AdVance sling and the activated arti-
fi cial sphincter. In these patients no intraoperative 
or postoperative complications (e.g., infection, 
retention, de novo urgency) occurred. 

 Patient age and body mass index seem to have 
no impact on outcome [ 28 ,  29 ]. 

 In contrast, surgeon’s experience (>25 
AdVance sling implantation) may have a positive 
effect on outcome [ 32 ]. 

 Severe  complications   including explantation 
or infection of the AdVance are rare. 

 The main postoperative complication is tran-
sient acute postoperative urinary retention (up to 
21 %) requiring temporary recatheterization and 
mild postoperative perineal pain [ 17 ,  23 – 30 ,  38 ]. 

 Two intraoperative injuries of the urethra are 
reported [ 38 – 40 ]. No further intraoperative com-
plications are published. 

 Reported main early postoperative complica-
tions are transient acute postoperative urinary 
retention (up to 21 %) requiring temporary recath-
eterization, mild dysuria in 14 %, mild transient 
perineal or scrotal pain in 0–20 %, local wound 
infection 0.4 %, severe wound infection leading to 
sling explantation in 2.8 % ( n  = 1),  urinary infec-
tion with fever 0.4 % and perineal- adductor com-
partment haematoma under anticoagulation ( n  = 1) 
[ 24 ,  27 – 29 ,  38 ,  41 ]. In addition, there is a report 
about one sling infection in an irradiated patient 5 
months after second AdVance sling implantation 
resulting in explantation of both slings [ 42 ]. In 
general, explantation rate is very low with a very 
low number of reported cases in total (<10). 

 There are several studies dealing with late 
postoperative complications and were shown to 
be uncommon. However, the following late com-
plications are reported: urinary retention for up to 
5 months ( n  = 2; 5.7 %), persistent retention due 
to sling slippage leading to sling incision ( n  = 1; 
0.4 %), persistent perineal pain ( n  = 1; 0.4 %), 
signifi cant adductor muscle pain ( n  = 2; 1.7 %) 
and symphysitis ( n  = 1; 0.4 %) leading to sling 
explantation—probably symphysitis was not 
induced by the sling [ 27 – 29 ,  38 ,  43 ]. 

 The impact of age, comorbidities or previous 
radiotherapy on intraoperative or postoperative 
complications is not evaluated. 

 In end of 2010, the second generation—
AdVanceXP– was introduced (Fig.  4.11 ). The 
AdVanceXP is not available in the USA (no FDA 
approval).

   The AdVanceXP addresses several important 
issues:

•    Anchors along the sling arms to reduce early 
failure due to sling loosening or slippage.  

•   A new needle shape for easier tunneling espe-
cially in larger or more obese patients.  

•   4 cm longer sling arms.  
•   Tyvek liner protect sheaths on the sling arms 

to cover the anchors during implantation.    

 Three studies evaluating the effi cacy and com-
plications of the AdVance XP are published [ 23 , 
 26 ,  44 ]. All three are comparative studies but not 
randomized. In general, effi cacy of the AdVance 
XP seems to be comparable to the AdVance. 
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However, a new complication occurred: persis-
tent residual urine. 

 In 110 patients treating with the AdVanceXP 
in a median follow-up of 16 months a cure rate of 
59 % (no pad or one security pad) was reported 
[ 26 ]. Reported early postoperative complications 
are transient urinary retention (2 %) and perineal 
hematoma (<1 %). In addition some late compli-
cations occurred: persistent perineal pain (2 %) 
and de novo urgency 12 %. De novo urgency was 
successfully treated with anticholinergics. 

 In a second study 27 patients were included and 
the median follow-up was 26 months [ 44 ]. 
However no detailed outcome data was presented. 
Reported complications are transient urinary 
retention 15 %, perineal-scrotal pain 8 %, de novo 
urgency 8 % and perineal hematoma 3 %. De novo 
urgency was again successfully treated with anti-
cholinergics. A risk factor analysis showed only 
amount of urine loss in the 24-h pad test with sig-
nifi cant impact on outcome. There was no impact 
on outcome for age, body mass index, interval 
from prostatectomy to sling placement, quality of 
life score, radiotherapy, weak sphincter coapta-
tion, adverse urodynamics and sling fi xation. 

 In the third study 41 patients with a median fol-
low-up of 25 months were included [ 23 ]. 65.9 % 
were cured (0 or one security pad). Median pad 
weight in the 24-h pad test was in all patients 8 g. A 
subgroup analysis showed better effi cacy of the 
AdVanceXP in comparison to the AdVance in obese 
patients (body mass index 25.0–30.0). The follow-
ing complications occurred: de novo urgency 2.4 %, 

urinary tract infection 4.9 % and temporary elevated 
residual urine 7.3 %. In 5 % ( n  = 2) persistent uri-
nary retention occurred. In both patients one sling 
arm was resected after 3 months resulting in normal 
voiding without residual urine and without negative 
impact on continence. In both cases the presumed 
reason for persistent urinary retention was an intra-
operative overtensioning of the sling during removal 
of the Tyvek liner protect sheaths. Therefore cau-
tion is recommended during removal of the protect 
sheaths .  

   Fixed Compressive Slings 
  There are two types of fi xed  compressive   slings:

•    Bone-anchored slings.  
•   Non-bone-anchored slings.    

   Bone-Anchored Slings 
  The InVance  sling   (American Medical Systems, 
USA) has become the most commonly utilized 
bone-anchored sling. The sling consists of a 
silicon- coated polyester sling positioned under 
the bulbar urethra via a perineal incision to 
achieve compression (Fig.  4.12 ). The mode of 
action results in compression to the bulbar ure-
thra through placement of the mesh which is 
secured to both inferior ischiopubic rami by three 
titanium screws at each side. Commercialization 
of the InVance was stopped in mid-2014 by 
American Medical Systems and the sling is no 
longer available.

  Fig. 4.11    AdVance XP 
sling (with permission 
of American Medical 
Systems, USA; 
copyright AMS)       
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   For the InVance sling data with a long follow-
 up period (up to 4 years) exist. In patients with 
mild-to-severe SUI pad free rates range from 36 
to 65 % and improvement rates are 10–40 % [ 45 –
 53 ]. Failure rates in irradiated patients are higher 
(up to 85 %) compared to non-irradiated patients 
[ 52 ,  53 ]. No intraoperative complications are 
reported. The main reported postoperative com-
plication is perineal pain. It occurs in up to 76 % 
of the patients but usually resolves within 3 
months. However, persistent pain is also reported 
and may require explantation of the sling [ 49 , 
 54 ]. Additionally, residual urine occurs in up to 
12 %. In most cases residual urine resolved by 
itself without further treatment. Urinary retention 
requiring loosening of the sling is rare [ 51 ]. 
Further reported complications are increased 
explantation due to infection (up to 15 %) and 
bone-anchor dislodgement (up to 5 %). De novo 
urgency or urge-incontinence mostly associated 
with mild postoperative obstruction was reported 
in up to 14 % [ 45 ,  49 ,  54 ]. However, in most 
cases it can be treated successfully with oral anti-
muscarinics. Urethral erosion is rare. However in 
these cases sling explantation is necessary [ 54 ]. 

 There are several studies dealing with late 
postoperative complications of the InVance in 
detail [ 48 – 50 ,  52 ,  54 ]. The following late compli-
cations are reported: persistent pain in up to 12 % 
of the patients requiring analgesic management 

and bone-anchor dislodgment leading to explan-
tation. In addition, sling explantation due to 
infection is reported with an average time 
between implantation and explantation of 99 
days (35–163 days). 

 One study evaluated the impact of obesity 
(BMI ≥30) and previous bladder neck contrac-
ture on intraoperative or postoperative complica-
tions. These patients showed a 51.5 % respectively 
81.5 % risk of having ≥1 complications [ 55 ]. In 
contrast, no study evaluated the impact of age or 
previous radiotherapy on intraoperative or post-
operative complications.   

   Non-bone-anchored Fixed Compressive 
Slings 
  Three non-bone-anchored  fi xed   compressive 
slings with published data are available:

•    Virtue sling (Coloplast, Denmark).  
•   TOMS and I-stop TOMS (CL Medical, USA).  
•   Compressive inside-out transobturator sling 

(Gynemesh PS, Ethicon, USA).    

 All these slings are positioned on the bulbos-
pongiosus muscle and are implanted via a tran-
sobturator approach. 

 For the Virtue sling, a fi xed four-arm sling 
with two transobturator arms and two pre-pubic 
arms, two published studies are available. The 
fi rst study including 22 patients is mainly dealing 
with the implantation technique including the 
evaluation of the retrograde leak point pressure 
before and during implantation and is not focus-
ing on effi cacy or postoperative complications. 
After implantation an increase of the leak point 
pressure was measured. No intraoperative com-
plications occurred [ 56 ]. The second study, a 
multicentre study reports 1 year data of 98 
patients with mild-to-severe PPI and in addition 
the data of 31 patients with a novel fi xation 
mechanism to prevent postoperative loosing or 
slippage of the sling [ 57 ]. 15 % of the patients 
were cured (<1.3 g urine loss in the 24-h pad test) 
after 12 months and 41.9 % showed an improve-
ment of ≥50 % in the pad weight. All reported 
complications were Clavien grade I: 12.2 % 
short-term genital paraesthesia, 14.3 % tempo-
rary perineal pain, 1 % scrotal hematoma, and 

  Fig. 4.12    Position of InVance (with permission of 
Elsevier [ 18 ])       
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1 % urinary tract infection. No erosion or sling 
infection occurred within 12 months. In the 31 
patients with additional fi xation of the sling arms 
the outcome was signifi cantly better. After 12 
months cure rate was 46 and 79.2 % improved. 
Complications were comparable to the non- 
fi xation group. All complications were Clavien 
grade I: 19.4 % short-term genital paraesthesia 
and 12.9 % temporary perineal pain. In the 
patients with unfi xed sling there was a progres-
sive reduction in effi cacy over the fi rst year after 
implantation. Higher degree of PPI seems to have 
no negative impact on effi cacy. 

 In both published studies the impact of previ-
ous radiotherapy on outcome or complications is 
not evaluated. 

 For the TOMS (a transobturatoric two-armed 
sling) two studies with a follow-up to 1 year [ 58 , 
 59 ] and for I-stop TOMS (a transobturatoric four- 
armed sling) two studies with a follow-up up to 2 
years are available [ 60 ,  61 ]. The slings can be 
implanted in an outside-in-technique as well as 
an inside-out-technique. 

 In patients with mild-to-moderate PPI a cure 
rate of 55.0 % (TOMS) respectively 50.0 % 
(I-stop TOMS) was achieved after 1 year with an 
improvement rate of 32.5 % resp. 46.1 %. After 2 
years cure rate of the I-stop TOMS was in 21 
evaluated patients 47.6 % and improvement rate 
was 42.8 %. In up to 4 % of the patients an intra-
operative wounding of the corpus cavernosum is 
reported. Postoperatively, 8.7 % of the patients 
showed a hematoma. Wound infection within the 
fi rst postoperative months is reported in 2 %. 
Postoperative urinary retention occurred in 1.1 % 
and urinary infections in up to 2.7 % of the 
patients. Perineal pain was very rare with maxi-
mum pain immediate postoperatively (2.7 ± 1.9 in 
the visual analog scale). At the 3 months follow-
 up 18.4 % of the patients had still a low stream or 
diffi culties with voiding, decreasing to 13 % after 
12 months. 

 The impact of previous radiotherapy on out-
come or complications is not evaluated. 

 For the compressive inside-out transobturator 
sling by Gynemesh PS one published study 
including 173 patients is available [ 62 ]. After a 
median follow-up of 24 months (range: 12–60 
month), 49 % of the patients were cured (no pad 

usage), 35 % improved (number of pads per day 
reduced by ≥50 % and two or fewer pads), and 
16 % failed. Patient after previous radiotherapy 
showed a signifi cant lower success rate. In addi-
tion a history of bladder neck stenosis resp. anas-
tomosis stricture as well as obesity were 
independent risk factors of failure. No intraoper-
ative complications occurred. There was only 
one suspected intraoperative bladder perforation 
in an irradiated patient. The angle of the guide 
insertion was reoriented and ureteroscopy evalu-
ation was without any fi nding. Reported early 
postoperative complications are: urinary reten-
tion in 15 %, perineal/scrotal hematoma in 9 %, 
perineal pain up to 23 % and sling infection in 
7.7 % (managed conservatively without sling 
explantation). Reported late postoperative com-
plications are persistent pain in up to 5 % of the 
patients. At the follow-up visits at 1 and 2 years 
after implantation, four patients (3 %) respec-
tively one patient (1 %) still suffered from pain. 
No patient reported persistent pain after 3 years. 
No urethral erosion or mesh removal/loosening 
were see n.    

   Advantages and Disadvantages 
of Fixed Male Slings 
 The AdVance  sling   is the treatment with highest 
number of published studies and highest number 
of treated patients. Best results can be achieved in 
patients with good residual sphincter function 
with mild-to-moderate PPI and mobile posterior 
urethra. 

 Complications in fi xed slings are rare and 
mainly mild. 

 No postoperative adjustment is possible. 
 Irradiated patients, patients with severe PPI or 

with sphincter defect and patients after treatment 
for urethral strictures or bladder neck/anastomo-
sis stenosis show reduced success rates.  

   Treatment after Failed Fixed Male 
Slings 
 After failed Invance sling implantation of an arti-
fi cial sphincter is possible and shows good results. 
For implantation of an artifi cial sphincter the sling 
has to be divided at its mid-portion. In the short 
term (follow-up 14.2 months) outcome and com-
plication is comparable to virgin patients [ 63 ]. 
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 Two studies are dealing with salvage therapy 
after failed AdVance sling in detail. 

 One study compared effi cacy and safety of the 
implantation of an artifi cial sphincter after failed 
AdVance sling with primary sphincter implanta-
tion [ 64 ]. In 29 patients with failed AdVance 
sling an AUS was implanted via a perineal 
approach. In all cases, the cuff was placed dis-
tally to the sling around the intercrural bulbar 
urethra. After a follow-up of 20.4 months effi -
cacy was comparable to primary AUS implanta-
tion with no increased complication rate. 

 Another study was evaluating the effi cacy and 
safety of a second AdVance sling implantation 
after failed fi rst AdVance sling in 35 patients 
[ 65 ]. After a mean follow-up of 16.6 months 
34.5 % of the patients were cured (no pad use) 
and another 37.9 % were using one dry security 
pad. In one patient intraoperative urethral injury 
occurred. In this patient sling placement was con-
tinued and a cystourethrography was performed 
on day 6 before catheter removal. Postoperative 
urinary retention occurred in 23.6 % but was in 
all patients only temporary. No infection, erosion 
or persistent pain occurred. 

 No data exist concerning salvage treatment 
after failed implantation of a Virtue sling, a 
TOMS, an I-stop TOMS or the compressive 
inside-out transobturator sling. However, data 
should be comparable to other fi xed male slings.    

    Patient Selection 

  There  is   currently no universally accepted stan-
dard by which patients are evaluated for persistent 
PPI nor stratifi ed into receiving an adjustable or 
fi xed male sling. In addition, comparative studies 

for the different sling types are missing and no 
standardized defi nition for “dry” or “success” 
after sling implantation exists. Therefore, it is not 
possible to compare directly reported outcomes 
and complications and it is not possible to iden-
tify one sling procedure as superior over another. 

 In general, the selection of the treatment 
should be based on contraindications (Table  4.2 ). 
However, there is a wide overlap of the different 
surgical options.

   The ideal population for the fi xed slings and 
especially the AdVance/AdVanceXP sling is still 
under discussion. Some urologist uses the daily 
pad usage (mainly 2–3 pads/day) or the urine loss 
in a pad tests (often below 200 ml in 24 h). 
However, this is not very accurate and severity of 
incontinence is often under- or overestimated. 
Therefore, more objective criteria are necessary. 
Several studies showed that with the “reposition-
ing test” a preoperative patient selection is pos-
sible [ 19 ,  31 ,  32 ]. The “repositioning test” is 
performed in lithotomy position with a cysto-
scope positioned distal to the membranous ure-
thra. Gentle midperineal pressure is applied 
parallel to the anal canal and below the bulbar 
urethra for repositioning the membranous ure-
thra. The test is positive if (1) the sphincter closes 
autonomously, refl ex, concentrically and com-
plete during repositioning of the membranous 
urethra and (2) if the functional urethra 
length = coaptive zone during additional active 
sphincter contraction (circumferential coaptation 
of the membranous urethra) is ≥1 cm. 

 In addition, patients with nocturinal inconti-
nence, irradiated patients and patients with a his-
tory of bladder neck stenosis/anastomosis 
stricture seem to be poor candidates for any type 
of non-adjustable sling system [ 27 ,  29 ,  32 – 34  ].  

   Table 4.2    Preoperative patient selection   

 Fixed slings  Adjustable sling systems  AUS 

 • PPI I–II° 
 • Mobile posterior urethra 
 • Coaptive zone ≥1 cm 
 • No PPI III° 
 • No sphincter defect 
 • Caveat: 
   – Radiotherapy 
   –  History of bladder neck 

stenosis/anastomosis stricture 

 • PPI II–III° (storage of urine still possible) 
 • AUS impossible or not accepted 
 • Irradiated patients: no decreased outcome 
 • Caveat: 
   –  History of bladder neck stenosis/

anastomosis stricture 

 • PPI II–III° 
 •  Severe/complete 

sphincter defect 
 • Complete incontinence 
 •  High psychological 

strain 
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    Management of Persistent Pain 
after Sling Implantation 

 Persistent pain can occur in up to 5 % of the 
patients especially after implantation of a tran-
sobturatoric adjustable sling system. 

 Potential explanations may be the higher 
trauma and compression to the Pudendus and 
Obturatorius nerve and its branches. 

 The treatment of persistent pain is a huge 
challenge for urologists as well as patients. 

 After pain classifi cation (nociceptive, neuro-
pathic, mixed) and exclusion of an infection or 
erosion of the sling system, pain management 
should be started. In cases of nociceptive pain 
nonsteroidal antirheumatics, COX2-inhibitors or 
metamizole seems to be helpful; if necessary 
treatment escalation with a weak opioid is 
 recommended. In cases of neuropathic pain 
Pregabalin, Gabapentin, tricyclic antidepres-
sants (e.g., amitriptyline) or retarded opioids 
(e.g., tramadol) are effective. If not effective an 
interventional procedure should be performed 
(Table  4.3 ). Only in rare cases a sling explanta-
tion is necessary [ 66 ].

       Conclusion 

 The treatment of post-prostatectomy stress uri-
nary incontinence has evolved signifi cantly over 
the past decades, with numerous improvements 
including various types of male sling systems. 

Patients’ demand for sling implantation is high 
and the opportunity to avoid using a mechanical 
device is preferable to undergoing a well- 
established procedure. 

 Male slings are nowadays widely used for the 
treatment of particularly mild-to-moderate 
PPI. However, there are no comparative studies. 
Therefore, it is not possible to compare directly 
reported outcomes and complications and it is 
not possible to identify one sling procedure as 
superior over another. 

 In general, surgical intervention should only 
be offered, if the incontinence status is stable and 
no further improvement of continence can be 
achieved with conservative treatment. 

 In the next future new variations and improve-
ments to the existing male slings will be devel-
oped and further studies with long-term follow-up 
data will be available. 

 Patients with persistent PPI desiring sling 
implantation should be counseled as to  reasonable 
expected outcomes as well as potential 
complications.     
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            Background and Device 

 The AUS has long been considered the gold stan-
dard for  post-prostatectomy incontinence (PPI)      
since its development by Dr. Scott in 1973 [ 1 ]. A 
far more primitive device was introduced by Dr. 
Foley in 1947, which included an external com-
pression device on the urethra and a manual 
pump [ 2 ]. The only currently available model of 
the artifi cial urinary sphincter is the AMS 800 
three-piece sphincter, which is shown in Fig.  5.1 . 
The main components of the device are the pres-
sure regulating balloon (also sometimes referred 
to as the reservoir), infl atable cuff and the control 
pump. The system is fi lled with isotonic fl uid and 
functions by relying on the pressure maintained 
by the reservoir and a valve lockout system. At 
rest, the device remains in the “activated” posi-
tion, which indicates that the cuff is infl ated and 
occluding the urethra. When the control pump is 

squeezed, the fl uid evacuates from the cuff and 
due to the pressure gradient, enters the reservoir. 
After roughly 90 s, the cuff automatically rein-
fl ates by fl uid returning from the reservoir. It is 
possible to maintain the “deactivated” position 
by depressing a button located on the superior 
aspect of the control pump. When reactivating 
the pump by forcefully depressing the main por-
tion of the pump, there is often a palpable click as 
the poppet valve unseats and the device is 
reactivated.

   The AMS 800   is instilled with an antibiotic 
coating of InhibiZone, which contains minocy-
cline and rifampin. Studies related to effectiveness 
have generally been in the setting of other genito-
urinary prosthetic surgery, specifi cally infl atable 
penile prosthesis (IPP). Carson showed a decreased 
risk of infection complications for IPP treated with 
InhibiZone compared to controls [ 3 ], which was 
corroborated in other studies [ 4 ]. However, studies 
specifi cally in AUS have not demonstrated an 
obvious benefi t from the antibiotic coating in 
terms of infectious complications, though the 
coating is associated with increased costs [ 5 ]. 
Nonetheless, InhibiZone remains the standard 
antibiotic coating on AMS 800, though non-coated 
devices are available. When using antibiotic coated 
devices, they may be externally rinsed occasion-
ally with fl uid, but they should not be soaked in 
saline as this can dilute its concentration. Of note, 
the use of InhibiZone   is contraindicated in patients 
with known allergy to tetracyclines or rifampin. 
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Additionally, InhibiZone is contraindicated for 
those patients with systemic lupus erythematosus 
as  minocycline has been reported to exacerbate the 
disease [ 6 ].  

    Patient Selection 

    History and Physical Exam 

 When considering placement of the artifi cial uri-
nary sphincter, a successful outcome begins in 
the clinic. While urologists have some surgical 
options for the treatment of incontinence, many 
patients are not appropriate candidates for one or 
more therapies. Estimates of incontinence after 
prostatectomy vary based on series as well as the 
defi nition of incontinence used, but multiple 
series report a 7–16 % incidence of some level of 
leakage [ 7 – 9 ]. Patients with other causes of stress 
incontinence are candidates for AUS, including 
those with spinal cord injuries and women with 
intrinsic sphincter defi ciency. 

 A thorough urologic history is important to 
ascertain and should identify the cause of inconti-
nence. The surgeon should be careful to elicit any 
other prior abdominopelvic surgeries   that may 
complicate reservoir placement. The degree of 
incontinence, usually in terms of the numbers of 
pads used daily and the degree to which they are 

soaked, should also be evaluated as alternative 
treatments are reasonable for less severe inconti-
nence [ 10 ]. Some men with mild leakage may 
elect to undergo sling placement or injection of 
bulking agents. Of note, the number of pads alone 
has been thought to be unreliable as there is con-
siderable variation in the amount of urine leakage 
tolerable by men before absorbent pads are 
changed. Some urologists, in an effort to be more 
accurate, may utilize other instruments, such as 
pad weight. In the SUFU Pad Test Study  , Nitti 
et al. demonstrated that the subjective patient-per-
ceived amount of leakage actually correlated well 
with the true amount of leakage by weighing pads 
over 24 h [ 11 ]. Utilizing newer technology, Pepper 
et al. demonstrated the feasibility and usefulness 
of a mobile app to document urinary incontinence 
symptoms [ 12 ]. Such an approach can be used as 
an alternative to the traditional bladder diary or 
patient recall. No matter the approach, understand-
ing the degree of leakage with a patient preopera-
tively can help to realistically set expectations of 
dryness after any planned procedure. 

 Identifying those patients with primarily urge 
incontinence remains an important step before 
AUS placement as implantation of the device 
may exacerbate rather than relieve symptoms of 
urgency. As an elevated detrusor leak point pres-
sure of over 40 cm water has been shown to be 
associated with upper tract deterioration [ 13 ,  14 ], 

  Fig. 5.1    AMS 800 
artifi cial urinary 
sphincter (courtesy of 
AMS)       

 

J.J. Pariser et al.



73

increasing outfl ow resistance in the setting of a 
“hostile” bladder is a risk and may lead to renal 
deterioration. In the setting of prior radiotherapy, 
Gomha and Boone reported similar outcomes of 
AUS for post-prostatectomy incontinence com-
pared to those without radiation though urinary 
urgency was notably high (44–47 %) in both 
groups [ 15 ]. Additionally, Ravier et al. reported 
similar functional outcomes but increased rate of 
major complications for AUS placement in 
patients with prior radiation [ 16 ]. A large multi-
center prospective study   of 386 patients demon-
strated that radiation, prior AUS erosion and 
history of urethral stent increased the risk of AUS 
explantation [ 17 ]. Taken in total, the risks and 
benefi ts should be carefully assessed before any 
surgical undertaking in these higher risk patients, 
though AUS placement certainly is feasible and 
usually met with excellent outcomes. 

 Understanding a patient’s wishes and expecta-
tions is another critical preoperative step. Those 
with mild urinary incontinence may prefer to live 
with their symptoms rather than pursue AUS 
placement given its associated morbidity and 
risk. Additionally, other surgical procedures, 
such as sling placement or injection of bulking 
agents, may be viable alternative therapies for 
certain patients. Given that a signifi cant portion 
of the psychosocial impact associated with stress 
urinary incontinence is related to the quantity of 
loss of urine [ 18 ], a reasonable nonsurgical 
option to prevent leakage is the use of an external 
Cunningham clamp, a device that has been shown 
to outperform other penile compression devices 
[ 19 ]. With an AUS, there is some concern about 
the need to manage a mechanical device in order 
to urinate, which is one advantage of using the 
male sling. In fact, Kumar et al. reported that 
when men with post-prostatectomy incontinence 
were offered a choice of AUS and male sling, 
92 % of patients chose the sling in order to avoid 
using a mechanical device [ 20 ]. 

 Manual  dexterity   and patient understanding 
should be assessed prior to surgical intervention. 
Adequate use of an AUS requires regular and 
reliable fi ne motor skills to manipulate the pump, 
which is typically located in the dependent por-
tion of the scrotum. While the exact cutoff for the 

minimum dexterity needed is nebulous, one 
should exercise caution if considering AUS 
placement in patients with advanced age or a pro-
gressive neurological disease. Although caretak-
ers can manage the artifi cial urinary sphincter if 
necessary, relying on others in these situations is 
generally precarious. As patients age, the device 
can be deactivated if the patient cannot manage 
the pump, but this would lead to recurrent incon-
tinence. As the age of the population continues to 
rise, additional patients and their caregivers will 
likely be faced with these situations. While fur-
ther study is needed to ascertain the safest course, 
communication between patient and family 
members is key while patients are independent 
and active. This may help prevent, for example, 
inadvertent catheterization with an activated 
AUS leading to increased morbidity for patients 
unable to fully participate in their own healthcare 
related decisions. Advising patients to consider 
the benefi ts of a medical ID bracelet may miti-
gate some of these issues. 

 A general medical history should also be elic-
ited from the patient. Given the consequences of 
infection, patients at higher risk such as those 
with diabetics or who are immunocompromised 
should be identifi ed and counseled 
carefully. Hyperglycemia   in the perioperative 
period for various surgeries has been associated 
with longer hospital stay, higher health care 
resource utilization and greater perioperative 
mortality [ 21 ]. It remains controversial if tight 
glycemic control in the perioperative and postop-
erative period is benefi cial, but certainly conven-
tional glycemic control is generally considered 
the current standard [ 22 ]. Those patients with a 
history of prior implant infection, evidence of 
frequent unexplained infections or an immuno-
compromised state may benefi t from infectious 
disease consult prior to consideration of AUS 
implantation. Patients with rheumatoid arthritis 
or infl ammatory bowel disease on immunomodu-
lators may consider a drug holiday in partnership 
with their prescribing physician. In summary, 
these special populations should be appropriately 
counseled regarding the potential increased mor-
bidity and mortality associated with implantation 
surgery. 
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 Erectile  dysfunction  , which is relatively more 
common than incontinence after prostatectomy, 
should be evaluated during the clinic visit. While 
there are numerous medical therapies for ED, if it 
remains refractory, the most defi nitive surgical 
treatment is penile prosthesis. While some sur-
geons have reservations regarding simultaneous 
AUS and penile prosthesis placement given pos-
sible increased risk of infection, multiple studies 
have demonstrated that it is safe with similar 
perioperative and subjective outcomes [ 23 ,  24 ]. 

 Performing an appropriate physical exam is 
an important step before incontinence surgery. 
While likely identifi ed during thorough history 
taking, it is important to note any prior surgical 
incisions or abnormal anatomy, which can be 
critical for operative planning. For example, 
noting that a minimally invasive (typically 
transperitoneal) or  open   (typically extraperito-
neal) approach had been undertaken for previ-
ous radical prostatectomy may help the surgeon 
in determining reservoir placement. 
Additionally, the patient should be checked for 
an inguinal hernia, which may require repair or 
change the expected location of the reservoir. 
Alternative causes of incontinence can be evalu-
ated or ruled out by testing for perineal sensa-
tion, bulbocavernosus refl ex or rectal exam. 
Additionally, it is important to examine the 
operative area to ensure there are no active skin 
infections or anatomic abnormalities that would 
preclude surgery. An informal assessment of a 
patient’s digital manipulation skills can usually 
be performed passively during an encounter, but 
if any tremor or weakness is suspected, a full 
neurologic exam or referral would be appropri-
ate. In a female, a thorough pelvic exam is nec-
essary to evaluate for Valsalva- induced leakage 
before undergoing any surgical interventions for 
stress incontinence.  

    Preoperative Testing 

  An incontinence  evaluation   generally includes 
urine studies, a voiding diary and may also 
include an assessment of post-void residual. 
Cystoscopy is often performed prior to surgery to 

delineate anatomy and rule out stricture disease. 
Post-prostatectomy patients with incontinence 
should be evaluated for bladder neck contracture. 
Studies have estimated the incidence of bladder 
neck contracture at 1.1–1.4 % after robotic pros-
tatectomy [ 25 ,  26 ], which seems to be slightly 
lower than the reported rates of 2.5–2.6 % for 
open retropubic prostatectomy [ 26 ,  27 ]. Any 
stricture or bladder neck contracture should be 
treated and monitored for recurrence prior to sur-
gery. AUS in patients with history of prior ure-
thral stricture should be performed with great 
caution as endoscopic treatments, such as ure-
throtomy for simple urethral strictures, are asso-
ciated with a high recurrence rate with a median 
time to recurrence of 9 months [ 28 ]. 

 Prior to AUS placement, a few basic labora-
tory studies should be performed. A basic meta-
bolic panel and complete blood count assess for 
renal function, leukocytosis, and thrombocytope-
nia. If diabetic, a hemoglobin A1C can assist in 
ascertaining the patient’s 3-month glucose con-
trol. Poorly controlled diabetics are at a greater 
risk for infectious complications. In addition, 
routine urinalysis and/or culture should be per-
formed to rule out infection or bacteriuria, both 
of which should be treated prior to surgery. 

  Urodynamic studies (UDS)   prior to AUS 
placement are a matter of some debate. Certainly 
if needed to confi rm the diagnosis or rule out 
alternative etiologies, UDS can be of consider-
able utility. In the setting of post-prostatectomy 
incontinence, preoperative urodynamics is gener-
ally left to surgeon preference. While detrusor 
underactivity is relatively common after radical 
prostatectomy [ 29 ], multiple studies have dem-
onstrated that adverse preoperative urodynamic 
features do not negatively affect continence 
results after AUS placement [ 30 ,  31 ]. If not 
undergoing preoperative cystoscopy, urodynam-
ics can add useful anatomic information. For 
example, in a study of 169 men with post- 
prostatectomy incontinence, 32 men (19 %) did 
not have demonstrable incontinence while the 
UDS catheter was in place but had leakage after 
the catheter was removed. Of these 32 patients, 
18 men (56 %) were found to have an anasto-
motic stricture [  32 ].  
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    Considerations with Prior 
Incontinence Surgery 

  For patients with prior  incontinence   surgery, sur-
geons should pursue a thorough preoperative 
workup. Similar to the workup for a patient with-
out prior incontinence surgery, ascertaining the 
degree of leakage is key. A complete history 
regarding timing and duration of failure may hint 
at the etiology. For example, the patient may sim-
ply not be operating the AUS correctly so the 
exact technique should be demonstrated by the 
patient and observed by the physician. Cystoscopy 
is mandatory in the setting of a prior AUS to eval-
uate for erosion, mechanical failure, stricture and 
urethral atrophy. While visualizing the area of the 
artifi cial sphincter, the device should be cycled. If 
the device is confi rmed to be working appropri-
ately, then alternative diagnoses should be enter-
tained. Urethral atrophy can be identifi ed in this 
manner. If the device does not cycle, a leak of 
fi lling solution may have occurred. This can be 
determined by performing an abdominal ultra-
sound or if a fi lling solution of diluted contrast 
was used during the initial procedure, an abdomi-
nal X-ray can identify an appropriately fi lled res-
ervoir. In the setting of a functional, appropriately 
managed AUS, urodynamic studies may reveal 
adverse fi ndings such as detrusor overactivity or 
poor compliance, which may identify a treatable 
etiology and prevent unnecessary surgical 
intervention. 

  Urethral atrophy   is a common cause of recur-
rent incontinence after AUS. There is some con-
troversy regarding the optimal management. The 
options include cuff downsizing [ 33 ], relocation 
of the cuff proximally [ 34 ], transcorporal place-
ment [ 35 ], or use of a tandem cuff [ 36 ]. 
Comparative studies are unfortunately lacking. 
Therefore, ultimately, treatment is decided based 
on anatomic considerations and surgeon prefer-
ence. Regardless, large series have shown favor-
able results for secondary sphincter implantation 
compared to primary AUS placement [ 37 ]. 

 It is important to remember that recurrent 
incontinence due to mechanical malfunction of 
an indwelling artifi cial urinary sphincter does not 
obligate surgical intervention. If no erosion or 

infection is discovered, it is ultimately a decision 
made between the patient and surgeon. If improv-
ing the patient’s incontinence, likely in the form 
of complete device replacement, is worth the 
known risks and complications then reoperation 
should occur. At the very least, device malfunc-
tion is not an emergency and careful decision 
making and operative planning can commence 
prior to surgical revision.   

    Practice Models, Patterns 
and Learning Curve 

 The management of patients with post- 
prostatectomy incontinence remains non- 
standardized, and male incontinence surgery is 
generally underutilized. This may be secondary 
to feelings of embarrassment, belief that treat-
ment is futile or lack of knowledge regarding 
management options. Reynolds et al. demon-
strated considerable state and regional variation 
in the use of AUS even when controlling for dif-
ferences in rates of prostatectomy and distribu-
tion of urologists, suggesting underutilization in 
certain areas of the country [ 38 ]. Similarly, con-
siderable variation in the performance of AUS 
has been demonstrated on an international level 
[ 39 ]. Even though the overall number of inconti-
nence procedures has steadily risen with time 
[ 40 ], only a small minority of surgeons perform a 
high volume of artifi cial urinary sphincter cases. 
Additionally, Kim et al. reported that in a popula-
tion based cohort of older men, only 6 % of men 
underwent an incontinence procedure after pros-
tatectomy [ 41 ]. Multiple issues may be playing a 
role. In addition to patient factors such as patient 
perception or misconception, surgeon availabil-
ity, and expertise to perform the procedure may 
also limit AUS placement in otherwise viable 
operative candidates. 

 The learning curve for the placement of artifi -
cial urinary sphincter remains controversial. 
While one single surgeon study suggested a 
learning curve of AUS was roughly 25 cases [ 42 ], 
a larger study with multiple surgeons demon-
strated a slow but steady decrease in reoperative 
rates showing no plateau through 200 procedures, 
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indicating a prolonged learning curve [ 43 ]. The 
majority of patients were treated by surgeons 
who had performed a total of ≤25 AUS place-
ments with only 9 % seeing a surgeon with ≥100 
prior procedures [ 43 ]. Similarly, Lee et al. 
reported that over 90 % of AUS cases are done by 
surgeons who performed fi ve or fewer each year 
[ 44 ]. As a result, there may be considerable room 
for preventable cases of reoperation for this 
reconstructive surgery. One study demonstrated 
the feasibility of a formal regional referral ser-
vice for post-prostatectomy incontinence, which 
can lead to standardized, high level care from 
specialized urologic centers [ 45 ].   

    Surgical Technique 

    Preparation 

  Various  steps   should be taken prior to artifi cial 
urinary sphincter insertion. While ruling out uri-
nary or cutaneous infections is imperative before 
incontinence surgery, many surgeons choose to 
prescribe a topical home antimicrobial regimen 
before the patients arrive in the hospital. In fact, 
employing a chlorhexidine based 5-day preop-
erative scrub has been shown to decrease bacte-
rial skin colonization compared to traditional 
soap and water for patients undergoing AUS 
insertion [ 46 ]. 

 On the day of surgery, hair removal is neces-
sary prior to skin cleaning and incision. A 
Cochrane review regarding preoperative hair 
removal concluded that clippers were associated 
with fewer surgical site infections than shaving 
with a razor [ 47 ]. These recommendations should 
be followed on the day of surgery to minimize 
infectious risks. 

  Intravenous prophylactic antibiotics   should be 
given prior to skin incision. Various recommenda-
tions (such as vancomycin with gentamicin or 
cephalosporin with gentamicin) have been pub-
lished regarding ideal antibiotic choice prior to 
genitourinary prosthetic surgery [ 48 ]. The regimen 
should generally garner broad antimicrobial cov-
erage against skin and urinary organisms and can 

be modifi ed in regard to local resistance patterns 
and patient allergies. Intravenous antibiotics are 
generally continued for 24 h, and many surgeons 
choose to keep patients on some oral antimicrobial 
for up to 1 week after discharge. Extended dura-
tion prophylaxis (>24 h) in this setting has not 
been well studied and should be approached with 
some caution given the theoretical, though admit-
tedly low, risks of adverse events such as resistant 
bacteria or  Clostridium diffi cile  colitis. As men-
tioned previously, special populations, such as 
patients with history of previous prosthetic infec-
tions, patients who are immunocompromised or 
those on immunomodulating drugs, may benefi t 
from infectious disease consultation to assist in 
antibiotic selection and duration. 

 Preoperative antimicrobial topical surgical 
site preparation is critical in establishing a sterile 
operative fi eld. While choice of cleansing solu-
tion varies in surgical practice, a randomized 
controlled trial has shown chlorhexidine–alcohol 
to be superior to povidone–iodine in terms of 
superfi cial and deep incisional infections for 
clean-contaminated cases [ 49 ]. Specifi cally for 
genitourinary prosthetic surgery, chlorhexidine–
alcohol has also been shown to be superior to 
povidone–iodine in terms of eliminating skin 
fl ora based on preoperative and postoperative 
cultures [ 50 ]. Some authors recommend an 
extended time for surgical scrubbing (10–15 
min). Though this has not been well studied, 
there would seem to be little downside other than 
the few additional minutes of anesthesia.    

    AUS in the Bulbar Urethra 

 If not performed preoperatively, cystoscopy may 
be performed at the start of the procedure to rule 
out stricture disease. A 14 French Foley catheter 
is inserted on the sterile fi eld, which facilitates 
identifi cation and dissection of the urethra as 
well as possibly providing standardized sizing 
while choosing the appropriately sized cuff. The 
bladder should be drained for reservoir place-
ment. Although urine is theoretically sterile, 
urine contamination into the operative fi eld can 
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be limited by utilizing gravity bag drainage as 
opposed to the suction tip, which will be used 
later in the operative fi eld. 

    Incision and Urethral Dissection 

  The usual  location   of the incision is the perineum 
just inferior to the scrotum. A midline, longitudi-
nal incision is made over the urethra, which can be 
palpated with the urethral catheter in place. The 
incision is extended 4–6 cm but should not 
approach the anus, which is ubiquitously colo-
nized with bacteria and should be excluded by the 
surgical drapes. A marking skin staple can be used 
to ensure the surgeon is aware of the most caudal 
extent of the operative fi eld. A Turner- Warwick 
retractor can be used to optimize exposure of rel-
evant anatomy. Electrocautery is used to minimize 
bleeding in the operative fi eld until the bulbospon-
giosus is encountered. The surgeon should switch 
to sharp dissection with Metzenbaum scissors to 
divide the bulbospongiosus to visualize the ure-
thra. Great care should be taken during urethral 
dissection. Generally, blunt dissection or “spread-
ing” should be avoided when mobilizing the dorsal 
aspect of the urethra. Instead, controlled sharp dis-
section using Metzenbaum scissors, with the ure-
thra under lateral tension, is preferred to minimize 
the risk of urethral laceration. 

 The location of the cuff has been historically 
in one of two positions. For post-prostatectomy 
patients, the location is typically the bulbar ure-
thra (Fig.  5.2 ). Surgical dissection for bulbar ure-
thral placement is relatively straightforward 
using the perineal approach. However, an upper 
transverse transscrotal approach remains an alter-
native with the advantage of placing the reservoir 
through the same incision [ 51 ]. There is some 
evidence that the perineal approach provides 
superior outcomes compared to a transscrotal 
approach [ 52 ]. The bladder neck is the alternative 
location, which is typically used in women and 
children, and is also often preferred in men with 
an intact prostate (Fig.  5.3 ). Of note, a bladder 
neck cuff is contraindicated for post prostatec-
tomy incontinence. For men, it is generally 
reserved for patients with neurologic etiologies 

of incontinence such as neurogenic bladder or 
exstrophy. Dissection of the urethra is more chal-
lenging for bladder neck placement as it requires 
circumferential dissection of the urethra at the 
junction of the bladder and prostate. If bladder 
neck placement is desired for the cuff, a variety 
of alternative surgical approaches may be pur-
sued. For example, studies have shown satisfac-
tory results with a number of approaches 
including abdominal [ 53 ], vaginal [ 54 ], purely 
laparoscopic [ 55 ], and robotic techniques in both 
men [ 56 ] and women  [ 57 ,  58 ].

  Fig. 5.2    Bulbar urethra placement of the AUS (courtesy 
of AMS)       

  Fig. 5.3    Bladder neck placement of AUS (courtesy of 
AMS)       
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        Device Preparation 

  Careful  technique   should be used during prepara-
tion of the various system components of the 
AUS. This ensures that free air is not introduced 
into the system, which can cause malfunction due 
to lockout. The fi rst step involves preparation of 
the control pump. The two ends of the control 
pump tubing are placing in a basin with fi lling 
solution. The pump is repeatedly squeezed while 
keeping the tips of the tubing submerged and the 
tubing of the control pump in a 45° angle 
upwards. After all internal air in the pump and 
tubing has been expelled, tubing-shod mosquito 
hemostats should be applied a few centimeters 
from each end. Of note, only one ratchet click on 
each hemostat should be applied to maintain 
occlusive pressure without providing excessive 
force, which can damage the tubing. For antibi-
otic coated devices, the pump should be placed 
away from any other instruments and covered 
with a sterile drape until implantation. 

 The pressure regulating balloon should be pre-
pared next. The balloon should be defl ated manu-
ally. A 15 gauge blunt tip needle attached to a 30 
mL syringe fi lled while 25 mL of fl uid is inserted 
into the tubing then withdrawn to completely 
defl ate the balloon. The balloon is then infl ated 
with 20 mL of fl uid. The balloon is rotated and the 
fl uid and any air should be withdrawn to remove 
all possible air. A tubing-shod hemostat is then 
placed on the tubing again with only one click. 

 The cuff is the prepared in a similar fashion by 
attaching a blunt tipped 30 mL syringe, this time 
with 10 mL of fl uid. The cuff should be com-
pletely defl ated manually by withdrawing the 
syringe, then 3–4 mL of fl uid (depending on the 
cuff size) should be instilled. Air bubbles should 
be manipulated manually out of the cuff while 
holding the syringe and tubing upright to allow 
them to escape into the superior aspect of the 
syringe. This can be repeated although overfi lling 
the cuff should be avoided. After all air has been 
removed, apply two tubing-shod hemostats a few 
centimeters away from each other a few centime-
ters from the end of the tubing. The cuff should 
also then be set-aside in a dry, safe place under a 
sterile drape. 

 While device preparation is sometimes rele-
gated to the surgical scrub nurse or other non- 
urologic personnel, it remains a critical step in 
urologic prosthetic surgery placement, and 
improper technique can lead to device malfunc-
tion or infection. This is especially true for 
smaller volume hospitals with rotating surgical 
teams, where an inexperienced individual may be 
the scrubbed assistant. Dedicated urologic nurs-
ing or ownership of the preparation portion of the 
procedure by the urologist can mitigate this 
effect. Critical steps include proper technique 
during removal of air bubbles from the multiple 
components of the device, which can prevent air 
locks and malfunctions. Generalized handling of 
the device is also extremely important to mini-
mize complications. This includes appropriate 
clamping in terms of equipment (tubing-shod 
mosquito hemostats), positioning of the mos-
quito hemostats and use of a single ratchet click. 
Additionally, the device should be prepared and 
stored away from the rest of the operative tray, 
which may include sharp instruments that could 
damage the device. Finally, minimizing handling 
may limit the risk of inadvertent contamination, 
and this may be a strong argument towards hav-
ing just one experienced urologist prepare and 
implant the device itself. 

 The AMS 800 can be fi lled with normal saline 
or radiographically opaque contrast. It is critical 
that if using contrast, sterile water (not saline) 
should be added in a specifi c amount to achieve 
an isotonic solution. Table  5.1  specifi es the exact 
amount of contrast media and sterile water to 
mix. For example, when using Conray 43 
(Mallinckrodt, Dublin, Ireland), 30 cc of contrast 
should be used with 60 cc of sterile H 2 O to create 
an appropriate dilution. The use of contrast in 
this setting is contraindicated in patients with 
iodine allergy .

       Cuff Sizing and Placement 

 After  urethral   dissection, the circumference of 
the urethra is measuring using the provided cuff 
sizer. Sizing should be performed around the cor-
pus spongiosum with or without the catheter in 
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place. While this is generally surgeon preference, 
one method should be used to maintain consis-
tency of measurements for a single surgeon. Of 
note, the circumference of the inside of the sizer 
is slightly smaller than the outer circumference. 

 Determining the correct size of the cuff is crit-
ical to ensure appropriate coaptation of the ure-
thra when the device is activated. Sizes vary from 
3.5 to 11.0 cm in circumference. The 3.5 cm cuff 
has only been available since late 2009. The 
larger sizes are generally reserved for bladder 
neck placement. While many urologists favor 
implanting a cuff of the exact size that is mea-
sured, it is sometimes necessary or appropriate to 
choose a size slightly larger. One advantage of a 
larger size is to mitigate the risk of postoperative 
urinary retention, minimize the development of 
urethral atrophy or prevent risk of future erosion. 
The concern of placing a cuff too large is leaving 
the patient with ineffective urethral coaptation 
and poor continence results. However, there is 
some evidence that modest upsizing results in 
similar short-term continence and satisfaction 
while improving long term outcomes [ 59 ]. In the 
setting of urethral atrophy, a relatively standard 
4.0–4.5 cm cuff may appear to be too large. 
Alternative operative techniques to deal with this 
clinical situation include placing a tandem cuff 
[ 36 ], urethral buttressing [ 60 ], or transcorporal 
placement [ 35 ]. Transcorporal placement 
involves additional dissection and will be dis-
cussed later. Especially in those patients with 
previous radiation, caution should be exercised 

when using a very tight cuff as radiation has been 
shown to signifi cantly increase the risk of erosion 
when using the 3.5 cm cuff compared to larger 
sizes [ 61 ]. 

 Once the desired size is determined, the cuff 
should be passed tab fi rst under the urethra and 
the tubing should be passed through the tab hole 
to completely surround the urethra. Multiple 
shod hemostats are needed to successfully wrap 
the cuff around the urethra. Finally, the tab should 
be pulled over the tubing adapter (which appears 
as a button), which locks the cuff in position. 
Failure to adequately fasten the cuff can ulti-
mately lead to failure if the cuff becomes unfas-
tened. The small bit of tail remaining after 
fastening can be excised with blunt tipped scis-
sors or left in place based on surgeon preference.  

    Reservoir Placement 

 Multiple  alternative   methods have been described 
for placement of the pressure regulating balloon 
such as scrotal or perineal, but a separate abdomi-
nal incision is generally recommended. After 
skin incision, Army Navy retractors are used to 
sweep away the superfi cial layers to reveal the 
anterior rectus or external oblique fascia. This is 
incised to allow separation of the muscle. Blunt 
fi nger dissection is usually suffi cient to create 
adequate space in the space of Retzius for the 
balloon. When possible, preplacing fascial 
sutures prior to introducing the device can avoid 

   Table 5.1    Recommended dilutions if using contrast for AUS fi lling (courtesy of AMS)   

 Contrast media  Dilution  Manufacturer 
 Validated for 
InhibiZone use 

 Conray 43  30 cc Conray 43  +  60 cc sterile H 2 O  Mallinckrodt  Yes 

 Cysto Conray II  60 cc Cysto Conray II  +  15 cc sterile H 2 O  Mallinckrodt  Yes 

 Hypaque-Cysto  60 cc Hypaque-Cysto  +  58 cc sterile H 2 O  Nycomed  No 

 Isovue 200  60 cc Isovue 200  +  23 cc sterile H 2 O  Bracco  No 

 Isovue 300  57 cc Isovue 300  +  60 cc sterile H 2 O  Bracco  No 

 Isovue 370  38 cc Isovue 370  +  60 cc sterile H 2 O  Bracco  No 

 Omnipaque 180  60 cc Omnipaque 180  +  14 cc sterile H 2 O  Nycomed  No 

 Omnipaque 240  60 cc Omnipaque 240  +  38 cc sterile H 2 O  Nycomed  No 

 Omnipaque 300  57 cc Omnipaque 300  +  60 cc sterile H 2 O  Nycomed  Yes 

 Omnipaque 350  48 cc Omnipaque 350  +  60 cc sterile H 2 O  Nycomed  No 

 Telebrix 12  53 cc Telebrix 12  +  47 cc sterile H 2 O  Laboratoire Guerbel  Yes 
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inadvertent puncture. For prosthetic cases, 
absorbable monofi lament suture may help to 
minimize infectious risks. When closing fascia, 
polydioxanone (PDS) suture is ideal given its 
longer time for absorption. For superfi cial layers 
including skin, faster absorbing suture is 
recommended. 

 A 61–70 cm H 2 O pressure regulating balloon 
is generally recommended for bulbar urethral 
cuff placement with 71–80 cm H 2 O reserved for 
cuffs at the bladder neck, which require a higher 
pressure to maintain closure. A defl ated reservoir 
is inserted through the fascial defect, and the 
sutures are then tied around the tubing. Regardless 
of using normal saline or a diluted contrast, 
22–24 mL of fl uid is generally used to fi ll the 
pressure regulating balloon.  

    Pump Placement 

 Attention should  next   be turned to placement of 
the manual control pump. Through the incision 
for reservoir placement, blunt dissection is carried 
inferiorly into a dependent portion of the ipsilat-
eral portion of the scrotum. It is important to avoid 
a superfi cial dissection (above Scarpa’s fascia), 
which can lead to palpable components and 
increase the risk of erosion. Great care should also 
be taken to avoid the testicular vessels. After the 
subdartos pouch is created, the pump is lowered 
into the space with the tubing visible from the 
incision. Figure  5.4  demonstrates this dissection.

       Connections 

 Connections are generally made through the 
abdominal incision. This includes connecting 
the tubing from the cuff to the pump (translu-
cent clear) as well as the reservoir to the pump 
(clear with black stripes). The connections must 
be made carefully to avoid any pitfalls that 
could result in mechanical dysfunction. The 
AMS Quick Connect Sutureless Window 
 Connectors   have replaced the previous suture-
tie connectors, which can still be used if neces-
sary. The various shapes of connectors are 

shown in Fig.  5.5 . The tubing should be cut 
using a straight scissors transversely to create a 
fl at surface. It is important to instill saline into 
the components of the connector to avoid any 
air bubbles from being trapped internally. 
Additionally, multiple tubing- shod mosquito 
hemostats should be kept a few centimeters 
from the end of the tubing until the connection 
is completed. The collet rings are slipped over 
each end of the tubing with the teeth toward the 
middle, and the tubing is then inserted as far as 
possible until the central stop of the middle con-
nector (Fig.  5.6 ). Through the two small win-
dows, the tubing should be visible. At this point, 
the two collet rings should be seated into the 
middle connector and the squeeze tool should 
be applied in a fashion as to not trap any tubing 
material in the jaws. The squeeze tool is closed 

  Fig. 5.4    Dissection for control pump (courtesy of AMS)       
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until the closure stops are fl ush with the central 
connector (Fig.  5.7 ). If using a straight connec-
tor, this is one application of the tool, but for 
right angle connections, the tool must be used 
twice (once for each side). After all the connec-
tions are complete, the hemostats should be 
removed, and the device should be tested for 
appropriate cycling.

         Closure and Follow-Up 

 At the end of the procedure, the device should be 
left in a deactivated state with the cuff defl ated. 
All incisions should be irrigated and closed with 

absorbable monofi lament suture to minimize 
infectious risks. A multilayer closure can theo-
retically protect patients with superfi cial skin 
infections from deep prosthetic infections, and 
skin glue creates a watertight barrier for 
incisions. 

  While  some   surgeons do treat younger, health-
ier patients as outpatients, others utilize an over-
night stay as a routine. An inpatient stay allows for 
management/monitoring of comorbidities, more 
rigorous assessment of adequate voiding prior to 
discharge, longer course of intravenous antibiotics 
and intravenous pain medication if needed. For 
outpatients, the patient should be left without a 
catheter, and the patient should demonstrate 

  Fig. 5.5    Various quick 
connectors for AUS 
placement (courtesy of 
AMS)       

  Fig. 5.6    Proper 
technique for insertion 
of tubing (courtesy of 
AMS)       
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 adequate voiding prior to discharge. Some sur-
geons insist on a documented post-void residual 
while others assess this clinically. For an overnight 
hospital stay, some surgeons prefer to leave the 
patient with a small (usually 12–14 Fr) indwelling 
urethral catheter and then perform a voiding trial 
in the morning. Others allow immediate voiding 
after surgery. 

 Once the patient has demonstrated adequate 
voiding and pain control, the patient should be 
discharged. Some endorse an initial regimen of 
pulling the pump inferiorly in the scrotum every 
few days to minimize upward migration into the 
inguinal canal. The downside of this approach 
includes additional pain related to manipulation 
as well as inadvertent activation of the device. 

 The length of antibiotics after surgery remains 
an area of debate. Many surgeons prefer to send 
patients home on a week of an antibiotic with uri-
nary and skin coverage. However, prolonged 
(>24 h) antimicrobial prophylaxis for AUS 

should be approached with some caution as no 
studies have proven their effectiveness in the face 
of theoretical risks. 

 The cuff should remain deactivated and the 
patient generally returns for device activation in 
4–6 weeks after surgery. This time frame allows 
for adequate initial healing of the urethra to avoid 
erosion as well as the time necessary to avoid 
pain with pump manipulation. The patient can 
rely on absorbent pads or condom catheter during 
this time and should notify their surgeon if any 
fevers, inordinate bruising, purulent drainage, or 
skin infections occur after surgery. 

 Long-term management requires diligence 
from the patient. Patients should not be catheter-
ized without device deactivation or a signifi cant 
risk of urethral erosion exists, which usually 
requires device explantation if erosion occurs. 
This should be stressed repeatedly with the 
patient and any associated caregivers. Some 
patients wear an identifi cation band indicating 
the presence of an AUS. However, inevitably, 
patients in critical condition with an AUS occa-
sionally undergo attempted urethral catheter 
placement by an unknowing provider. Such 
attempts with the device still activated are usually 
met with some tactile resistance at the level of the 
cuff. This is therefore sometimes discovered at 
the time of catheter placement if the catheter will 
not pass, but AUS problems can also be noted 
after catheter removal in relation to subsequent 
erosion or infectious sequelae .  

    Special Circumstances 

    Transcorporal Cuff 
 Transcorporal  placement   of the cuff of the AUS 
remains an option for diffi cult initial or revision 
surgery. It can be especially useful in the setting 
of prior erosion or urethral atrophy where usual 
cuff sizes do not allow an appropriately snug fi t 
with the urethra. Instead of dissecting around the 
bulbospongiosus muscle dorsally, two longitudi-
nal incisions are made on the tunica albuginea of 
the ventral surface of the corpus cavernosa. This 
allows the dorsal aspect of the cuff to pass 
through medial corporal lining of each corporal 

  Fig. 5.7    Squeeze tool for quick connectors (courtesy of 
AMS)       
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body as well as through the septum between the 
corporal cylinders. The lateral edges of the cor-
porotomies require sutures, which should be pre-
placed, to assist in retraction and eventually to 
close the corporal defects [ 35 ]. A representative 
dissection for transcorporal AUS placement is 
shown in Fig.  5.8 . In general, transcorporal place-
ment should only be performed for impotent men 
given the potential risk of postoperative erectile 
dysfunction associated with the dissection.

       Tandem Cuff 
  While the  usual   AUS placement entails a single 
occlusive infl atable cuff, utilizing a double (or 
tandem) urethral cuff is an option. The exact role 
and benefi t of tandem cuffs remains controversial 
among reconstructive urologists. This is largely 
due to a relative lack of comparative studies, 
especially in a prospective manner. In theory, a 
tandem cuff creates two levels of (and perhaps 
greater) occlusive forces, which could improve 
continence outcomes. However, given two sepa-
rate cuffs interacting with the urethra, one down-
side is an additional risk of erosion or infection. 

Two areas of dissection are required, with the 
additional site typically 1 cm distal to the usual 
location at the bulbar urethral sphincter (Fig. 
 5.9 ). It is possible to perform the second dissec-
tion more proximally if the initial dissection was 
somewhat distal and the patient has adequate ure-
thral length. A 1 cm distance between cuffs is 
usually recommended to avoid interaction 
between the cuffs and tissue ischemia in the 
intervening urethra. To place a tandem cuff, a 
Y-connector is used with the long portion facing 
the control pump. Additional solution is required 
for fi lling if tandem cuff placement is being per-
formed, and 24–26 mL is generally recom-
mended for the pressure regulating balloon.

   There is some controversy about the benefi t of 
double cuff placement. However, while feasibil-
ity has been shown in many studies, long-term 
studies have shown no difference in clinical out-
comes between initial single vs. double cuff 
placement in post-prostatectomy patients with 
some concern of higher complication rates when 
using two cuffs [  62 ].  

    Bladder Neck Placement 
  Men with  intact   prostates and stress incontinence 
as well as women with stress incontinence with 
intrinsic sphincter defi ciency are appropriate can-
didates for AUS placement after failure of medical 
and surgical therapy [ 63 ]. Just as with the bulbar 
urethra, patients require the necessary sophistica-

  Fig. 5.8    Intraoperative dissection during transcorporal 
AUS placement       

  Fig. 5.9    Tandem cuff AUS (courtesy of AMS)       
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tion and manual dexterity to use the device, proper 
motivation and be signifi cantly bothered by their 
lack of urinary control. The procedure and out-
comes for women or men with cuffs at the bladder 
neck differ from those in the bulbar urethra due to 
anatomic, physiologic, and technical concerns that 
deserve special consideration. 

 The technique for AMS 800 implantation at the 
bladder neck requires a different approach for 
accessing the urethra. One approach involves a 
transverse abdominal incision with dissection of 
the space of Retzius and exposure of the endopel-
vic fascia. The bladder neck is then dissected at the 
level of the catheter balloon for circumferential 
dissection of the proximal urethra. Many men and 
women who are candidates for AUS have a history 
of previous failed surgery. Therefore, adhesions 
may be encountered during this key part of the 
procedure. Dense adhesions in the space of Retzius 
or surrounding the bladder neck increase the risk 
for vaginal, rectal or bladder injuries. If vesical or 
vaginal injuries are encountered some practitio-
ners choose to close these primarily and continue 
while others choose procedure abandonment 
because of higher erosion rates with such injuries 
[ 64 ]. Bladder neck implantation commonly 
requires larger cuffs (≥5 cm). For women, a space 
is developed in the labia majora, and the pump 
may be placed in this location. For men, the pump 
is placed in the inferior aspect of the scrotum, sim-
ilar to previously described. The reservoir is placed 
in a lateral vesicle space. A similar approach using 
minimally invasive laparoscopic techniques such 
as laparoscopy or robotics has also been successful 
[ 55 ,  57 ]. Moreover, some choose to approach the 
bladder neck in women transvaginally [ 54 ]. Except 
for the anatomic details above, device preparation 
itself is generally similar regardless of location of 
the cuff.     

    Operative Considerations 

    Revision Surgery 

  When operating  with   an artifi cial urinary sphinc-
ter already in place, the surgical approach is 
slightly different. A pseudocapsule surrounds the 

various components, which can actually make 
dissection easier. Given the various reasons to 
perform reoperative surgery, gross infection is 
one of the most challenging. When gross infec-
tion necessitates device explantation, purulent 
fl uid and debris is often encountered, and the 
patient should undergo removal of all compo-
nents and a thorough antibiotic washout. 

 In the setting of an AUS revision, the majority 
of procedures involve complete removal and 
replacement of the entire device. This is espe-
cially true if more than 1–2 years have elapsed 
from the initial surgery. As the device has an 
unavoidable mechanical failure rate that increases 
over time, revision represents an opportunity to 
postpone a future procedure for device failure of 
a currently functioning component. Resetting the 
clock on a patient’s entire AUS by completely 
replacing all the components is thereby generally 
recommended. Additionally, the AMS Quick 
Connect Sutureless Window Connectors are not 
designed to be used for revision surgeries where 
the entire device is not replaced given the changes 
in tubing integrity over time. In these situations, a 
sutured approach may be utilized. Finally, while 
uncommon, simply fi nding one correctable prob-
lem with a patient’s AUS does not preclude an 
issue with two different components, and both of 
these issues would be addressed by replacing the 
entire device. 

 Occasionally, in the setting of either prosthetic 
replacement or subtotal device removal for non- 
infectious reasons, the dissection of the pressure 
regulating balloon proves exceedingly challeng-
ing. In an effort to avoid an abdominal counterin-
cision, injury to the bladder, or inadvertent 
damage to vascular structures, some surgeons 
may opt to drain the reservoir, cut the tubing as 
proximally as possible and leave the defunction-
alized pressure regulating balloon in place. While 
there may be theoretical risks of infectious com-
plications or untoward events related to device 
migration, two prior series have demonstrated 
that intentionally leaving a reservoir is generally 
safe [ 65 ,  66 ]. However, the authors of this chap-
ter generally advise against leaving defunctional-
ized components in patients when removal is safe 
and feasible.   
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    Urethral Injury 

 Urethral injury is a risk  during   dissection of the 
space needed for the infl atable cuff. This can 
often occur dorsally if choosing to perform blind 
blunt dissection of the urethra. Recognition of the 
injury, which can be performed by visualizing the 
catheter or by pericatheter instillation of fl uid or 
methylene blue, is critical. Injuring the urethra is 
generally recognized as a contraindication to 
continuing AUS placement and the procedure 
should be aborted. Proceeding with immediate 
AUS placement is associated with considerable 
risk of urethral erosion, especially if the cuff is 
placed at the site of injury. The injury should be 
repaired using absorbable suture and a catheter 
left in place for healing. AUS placement can be 
attempted again after confi rming an appropri-
ately healed urethra.  

    Rectal Injury 

 Visualizing and  injuring   the rectum during ure-
thral dissection is more common for bladder neck 
placement given the diffi cult dissection needed at 
the vesicourethral junction. Rectal injury during 
AUS placement is considered an absolute contra-
indication to proceeding with prosthetic place-
ment given the considerable associated infectious 
risks. The rectum should be repaired with general 
surgery consultation if necessary, and AUS place-
ment should only be attempted again months later 
after confi rming complete healing. In the setting of 
uncomplicated AUS placement for patients with 
prior posterior distraction injuries, subsequent ero-
sion into the rectum has been reported [ 67 ].   

    Perioperative Complications 
and Management 

    Urinary Retention 

  Immediate   postoperative urinary retention is an 
infrequent complication after artifi cial urinary 
sphincter placement and may occur even though 
the cuff is deactivated after placement. While the 

etiology of retention is often unknown, edema or 
hematoma around the cuff may be a contributing 
cause. The risk of postoperative urinary retention 
for ≥4 cm cuffs has been reported at 8 % with the 
rate of retention can be as high as 32 % for trans-
corporal placement [ 68 ]. Management includes 
fi rst ensuring that the cuff is deactivated. Initially, 
some surgeons choose to perform gentle clean 
intermittent catheterization to allow for a repeat 
voiding trial while others place a urethral catheter 
for a short period of time (<24 h). Regardless, 
prolonged inability to void should be managed 
with suprapubic tube placement to prevent the 
risk of urethral erosion due to catheterization 
while the swelling subsides. Though not specifi c 
to the immediate postoperative period, Seideman 
et al. demonstrated that prolonged urinary cathe-
terization (mostly commonly for non- 
genitourinary surgery or retention) was an 
independent risk factor for AUS cuff erosion [ 69 ]. 
Suprapubic tube placement can be performed 
using cystoscopic and/or ultrasound guidance, but 
an open approach may be safer to avoid inadver-
tent damage to any AUS components. Smith et al. 
reported the need of suprapubic tube in only 1 of 
53 patients treated with a ≥4 cm cuff [ 68 ].  

    Infection 

  Infection of  the   AUS can result from bacterial 
seeding at the time of implantation, hematoge-
nous spread from septic events or from erosion 
into a non-sterile space. Mostly commonly, bac-
teria involved originate from the skin or urethral 
contents. Contemporary series have shown that 
Staphylococcus aureus is the most commonly 
cultured bacteria with a considerable amount of 
methicillin resistance observed [ 70 ]. The stan-
dard of care with any deep or prosthetic infection 
is surgical removal of all prosthetic components 
and antibiotic administration. For very minor 
superfi cial skin infections immediately after 
placement of an AUS, an attempt at treatment 
with antibiotics can be made with close monitor-
ing if a multilayer closure was performed, but 
any progression of infection should be managed 
aggressively with explantation .  
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    Immediate Mechanical Failure 

 Immediate mechanical device malfunction is a 
relatively uncommon problem after artifi cial uri-
nary sphincter placement. In general, it can result 
from incorrect surgical technique. Some of the 
etiologies include inadvertent puncture of the 
device during the procedure, unsuccessful con-
nection of the various components of the device 
or inappropriate fi lling of the reservoir. This 
complication is generally discovered after initial 
device activation at 4–6 weeks and is confi rmed 
by visualizing absent cuff coaptation on urethros-
copy. The device should be revised when 
mechanical failures have occurred as these issues 
will not repair themselves.   

    Long-Term Complications 

    Mechanical Failure 

 As the AUS is a  mechanical   device, it is subject 
to mechanical malfunction over time. This can 
result from breakage of the lining of one or more 
of the components, tubing breakdown, any other 
cause of fl uid loss or an issue with the valve 
mechanism of the control pump. Estimates of the 
rates of mechanical failure range from 7.6 to 
21 % in long-term studies [ 71 ,  72 ]. Advances in 
design (such as the narrow backed cuff) have 
decreased the failure rates over time. The rate of 
mechanical malfunction generally increases with 
the length of time since initial implantation.  

    Urethral Atrophy 

 One of the most  common   reasons for recurrent 
incontinence after an initially successful AUS 
placement is urethral atrophy. Chronic compres-
sion causes the corpus spongiosum of the urethra 
to become attenuated, and consequently the cuff 
will no longer occlude the fl ow of urine. The rate 
of urethral atrophy has been estimated at 9.6–
11.4 % in long-term studies [ 37 ,  73 ]. The timing 
of recurrent incontinence can suggest a diagnosis 
of atrophy (median 29.6 months), which tends to 

occur sooner after initial implantation when com-
pared to mechanical failure (median 68.1 months) 
[ 73 ]. The diagnosis is typically made during eval-
uation for recurrent incontinence by cystoscopi-
cally visualizing the urethra and observing a lack 
of coaptation. The options for management 
include cuff downsizing, replacing the cuff in a 
new location, placing a tandem cuff, transcorpo-
ral placement or buttressing.  

    Urethral Erosion 

 If the urethral becomes  extremely   atrophic and 
thin, there is a risk of spontaneous urethral ero-
sion. Additionally, in the setting of a traumatic 
catheterization, with or without an activated cuff, 
a urethral injury may occur and expose the 
 artifi cial urinary sphincter to the lumen of the 
urethra. In this setting, patients may present with 
hematuria, recurrent incontinence or signs of an 
infection. Urethroscopy should be performed to 
evaluate the urethra and confi rm the diagnosis. 
The standard of care for urethral erosion is imme-
diate explantation of the entire device. If feasible, 
the site of urethral erosion should be repaired pri-
marily at the time of device removal as Rozanski 
et al. have shown a benefi t in terms of minimizing 
urethral strictures using this approach when com-
pared to those treated with Foley catheter alone 
(38 % vs. 85 %) [ 74 ].  

    Outcomes 

    Bulbar Urethra 
  Overall, the  AUS   has been lauded as a success in 
the treatment of male stress urinary inconti-
nence. While most patients experience improve-
ment in leakage, a signifi cant number of men 
will require additional surgical procedures for a 
variety of issues including recurrent inconti-
nence, infection or erosion. Long-term studies of 
AUS have shown excellent functional outcomes 
as the majority (59–92 %) of patients had good 
urinary outcomes at follow-up of 6.8–10 years 
[ 75 – 77 ]. The success rate is somewhat depen-
dent on the defi nition of continence employed. 
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Stricter  defi nitions of urinary control result in 
lower reported success rates. Some authors have 
noted that outcomes in males undergoing pri-
mary incontinence surgery are better with the 
cuff at the bladder neck [ 77 ]. 

 Patients have been queried for subjective and 
quality of life measures after AUS implantation. 
Pad use after AUS is in many ways most useful 
for ascertaining success of urinary outcomes for 
patients because it offers a point of direct com-
parison to preoperative functioning. For example, 
out of 71 patients at a mean follow-up of 7.7 
years, 19 (27 %) patients used 0 pads, 23 (32 %) 
used 1, 11 (15 %) used 1–3, and 18 (25 %) used 
greater than 3 pads daily. The degree of patient 
satisfaction correlated with the number of pads 
used. In an additional study, 47 patients who 
underwent AUS for post-prostatectomy inconti-
nence answered a questionnaire at a median fol-
low- up of 6.8 years. In this report, 27 % of men 
reported no pad use, and 52 % reported using one 
pad daily [ 75 ]. In addition, the underreported 
phenomenon of urinary leakage during sexual 
activity often affects men after prostatectomy. In 
a novel study, small numbers of men undergoing 
an AUS were questioned regarding potential 
improvement in their sexual quality of life, with 
the majority indicating improvement [ 78 ]. 

 In terms of overall complication rates, esti-
mates of revision-free device survival for post- 
prostatectomy males vary between (66–83 %) at 
7–10 years follow-up [ 75 – 77 ], but the majority of 
revisions are within the fi rst 2 years [ 75 ]. Of 323 
patients who received AUS at the Mayo Clinic, 
234 (72 %) required no surgical intervention at a 
mean follow-up of 68.8 months, which highlights 
the fact that the majority of patients experience 
long-term success [ 72 ]. 

 Linder et al. reported the outcomes of 69 AUS 
reimplantation procedures performed for erosion 
or infection compared to 497 primary AUS 
implantations at the Mayo Clinic [ 79 ]. With 
median follow-up of 34 months, patients with 
prior AUS explantation for erosion or infection 
experienced an increased rate of recurrent ero-
sion or infection compared to primary AUS 
implantation (19 % vs. 6.4 %). In spite of this, the 
5-year overall device survival rate was 68 % for 

reimplantation, which was similar to primary 
implantation (76 %). 

 Robotic implantation of AUS is a novel tech-
nique emerging as the next frontier for AUS 
placement with bladder neck cuff location. Six 
patients with neurogenic injury from spinal cord 
injury underwent a transperitoneal approach for 
AUS placement around the bladder neck. In this 
limited series, with median follow-up of 13 
months, no early erosion, infection or device mal-
function was reported. All six patients reportedly 
had complete continence. The advantage of 
robotic placement remains uncertain, as the early 
robotic approach accrued a median operative time 
of 195 min. Further long-term studies with direct 
comparison with other techniques are required. 
Moreover, robotic techniques currently have no 
role in the post-prostatectomy population  [ 56 ].  

    Radiation 
  While  some   smaller studies have confl icting 
results, one of the largest contemporary cohorts 
of irradiated patients who have undergone AUS 
implantation was studied by Ravier et al. Early 
complications, defi ned as occurring before the 
sphincter was activated, were not signifi cantly 
different between the 61 who did not previously 
have radiation therapy vs. the 61 that did receive 
some form of radiation therapy [ 16 ]. More ero-
sion complications were noted in irradiated 
patients than in non-irradiated patients (13.1 % 
vs. 4.9 %). The rate of sepsis was 9.8 % and 
mainly occurred in irradiated patients, with a sig-
nifi cant difference compared with non-irradiated 
patients (16.3 % vs. 3.2 %). In a separate single 
surgeon study of 176 men who underwent AUS 
implantation, Simhan et al. determined that the 
overwhelming majority of erosions for the 3.5 cm 
cuff occurred in irradiated men, and radiation 
was the only signifi cant risk factor identifi ed 
[ 61 ]. Moreover, in a meta-analysis with 36.7 
months average follow-up, 579 patients under-
went AUS placement after external beam radia-
tion and radical prostatectomy vs. 1307 after 
radical prostatectomy alone [ 80 ]. Revision rates 
were higher in those that received radiation with 
a risk ratio of 1.56 (95 % CI: 1.02–2.72;  p  < 0.05). 
The authors concluded infection and/or erosion 
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contributed to the majority of surgical revision 
risk compared to urethral atrophy ( p  = 0.020). 
Interestingly, persistent urinary incontinence 
after implantation was greater in those patients 
who received radiation therapy. As such, it is best 
to counsel patients of additional risks if they have 
a history of pelvic radiation. Radiation is thought 
to lead to the destruction of micro-vessels in the 
submucosal layers via chronic hypoperfusion 
leading to tissue fi brosis and atrophy [ 81 ]. While 
the urethra is not directly targeted in pelvic radia-
tion, nonetheless urethral tissue may be exposed 
and radiotoxicity may involve the urethra and 
surrounding tissues [ 82 ]. Additional prospective 
studies evaluating the impact of radiation on 
AUS outcomes are needed. 

 Individuals with prior urethroplasty are 
another special population with distinct anatomic 
considerations. In one study, 86 patients with 
mixed causes of compromised urethra including 
prior urethroplasty were evaluated after AUS 
placement [ 83 ]. Patients with prior urethroplasty 
or artifi cial urinary sphincter incurred a signifi -
cantly increased risk of failure. In contrast, trans-
corporal placement did not increase risks. It is 
conjectured that prior urethral mobilization 
potentially compromises blood supply to the ure-
thra, which predisposes patients to failure. 
Considering transcorporal placement in these 
patients who have had prior urethroplasty may be 
prudent.   

    Bladder Neck Outcomes 
  Outcome  data   is growing, and multiple series 
have been published on this approach. In sum-
mary, many men and women achieve continence 
and have high satisfaction rates after AUS place-
ment. However, many of these studies are single 
center, single surgeon reports. They are limited 
by varied defi nitions of continence making 
attempts to directly compare results diffi cult. At 
times, subjective data on patient satisfaction is 
included but often with non-validated surveys. 

 Chung et al. presented a series of 47 consecutive 
women who received an AUS for the treatment of 
incontinence. With a mean age of 51 years, these 
women represented a wide range of clinical sce-
narios. Thirty-fi ve of the women previously failed 

anti-incontinence surgery, representative of the 
usual female candidates for AUS placement. 
Kaplan–Meier analysis showed >80 % of AUS 
were functioning after 100 months. Continence 
rates were defi ned strictly as dryness without pad 
use. By that defi nition, 59 % of patients reached 
continence with AUS only, and 85 % when clean 
intermittent self-catheterization was performed. In 
an additional contemporary series, 215 women 
with ISD were treated by AUS implantation [ 63 ]. 
In this analysis, 158 patients (73.5 %) were conti-
nent and 170 (79 %) were satisfi ed. 

 Laparoscopic approaches have been des-
cribed and continence is similar to open series 
(80–88 %), albeit with longer operative times and 
shorter follow-up [ 55 ,  64 ,  84 ]. In a recent novel 
robotic series of six women at mean follow-up of 
14 months, fi ve were completely dry and one had 
transition from 4 to 1 pads daily  [ 57 ].  

    Morbidity 
 Given the  increased   surgical challenges associ-
ated with AUS placement at the bladder neck, it 
is not surprising that morbidity is increased when 
compared with standard bulbar urethral place-
ment. The risks of device infection, urethral ero-
sion, urethral atrophy and mechanical failure are 
shared for the bulbar urethra or bladder neck 
implantation techniques. For those patients seek-
ing AUS who have already have had previous 
surgery to the bladder neck, implantation is 
fraught with diffi culty. There is very limited data 
on AUS revision surgery at the bladder neck. 

 In a series of 47 women, 8 (17 %) AUS were 
removed due to AUS erosion or infection. There 
were 20 AUS revisions, 16 of which were pri-
mary AUS revisions [ 85 ]. In another series, 215 
women underwent AUS placement and of those, 
15.3 % required reoperative procedure at a mean 
of 8.5 years after initial surgery. The authors dis-
covered that risk factors associated with AUS 
failure were pelvic radiotherapy, age >70 year 
old and a previous Burch procedure [ 63 ]. 

 In a separate series by Costa et al. of 376 AUS 
implantation in 344 female patients, device lon-
gevity was estimated at a mean of 14.7 years. 
Specifi cally at 5 and 10 years, device survival 
was 88.6 % and 69.2 %, respectively. Multivariate 
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analysis revealed that increasing numbers of 
 previous incontinence surgeries and a neurologic 
indication were independent risk factors for 
increased device failure [ 86 ].    

    Summary 

 The artifi cial urinary sphincter remains the gold 
standard in the treatment of post prostatectomy 
incontinence. While alternatives such as bulking 
agents or urethral slings are available and attrac-
tive for men seeking to avoid the need to manage 
a mechanical device, the modest success rates of 
these procedures have tempered their use. As 
prostate cancer screening guidelines continue to 
be refi ned, the rate of prostatectomy and men 
with subsequent incontinence may change. 
However, the majority of patients with post- 
prostatectomy incontinence who undergo AUS 
placement experience improved continence and 
are generally satisfi ed with the procedure. There 
are known perioperative and long-term risks 
associated with implantation that contribute to 
some patients requiring revision. Surgeon experi-
ence, attention to technique and even future 
advances in AUS technology will continue to 
improve outcomes and further minimize compli-
cations. It is also important that reconstructive 
urologists who utilize prosthetics are knowledge-
able about potential pitfalls and the management 
of various complications. The AUS will continue 
to be the mainstay of treatment for male stress 
incontinence for the foreseeable future.     
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        The gold standard for male stress urinary 
 incontinence has long been the artifi cial urinary 
sphincter (AUS).  Effi cacy and satisfaction rates 
  are high as long as the AUS is functional [ 1 ,  2 ]. 
Various complications have been reported, 
including infection, erosion, device malfunction, 
and residual or recurrent incontinence, but if 
these are approached in a systematic fashion, 
patient satisfaction may be restored. 

    Infection 

  Device  infection   is a relatively rare  occurrence, 
normally occurring at a median of 3.7 months 
after implantation, stabilizing after 48 months 
[ 3 ]. Contemporary series report infection rates 
between 0.5 and 10.6 % [ 2 ,  4 ]. Gram positive 
cocci are the most commonly seen bacteria. 
Patients present with fever, erythema, persistent 
pain over the prosthesis, fi xation of the pump to 
the scrotal wall, purulent drainage from the 
wound, or exposed prosthesis [ 5 ,  6 ]. 

 Traditional management involves immediate 
removal of the device followed by delayed  replacement 

of the AUS, typically at 3–6 months after explant. 
There have been small case series involving imme-
diate replacement of artifi cial urinary sphincter after 
ensuring no erosion [ 5 ], but this is not the standard 
of care due to the fact that there appears to be no 
worsening of outcomes with delayed implantation. 
Removal of the AUS and its components is satisfac-
tory to resolve the infection and patient’s symptoms. 
Meticulous surgical technique, appropriate use of 
perioperative antibiotics, and antibiotic coating of 
the sphincter components are all efforts used to 
decrease erosion rates. Current American Urologic 
Association Guidelines recommend preoperative 
antibiotics to be given in all patients consisting of an 
aminoglycoside and a fi rst/second generation cepha-
losporin or Vancomycin  [ 7 ].  

    Erosion 

   Urethral cuff erosion      typically presents with dif-
fi culty voiding, dysuria, and hematuria. Unless 
there has been a surgical technical error resulting 
in an unrecognized intraoperative cuff erosion, 
this is normally not seen in the immediate post-
operative period, and usually occurs between 15 
and 18 months [ 8 ,  9 ]. Diagnosis is made with 
cystoscopy, results of which reveal at least a part 
of the urethral cuff within the urethral lumen (see 
Fig.  6.1 ). Management consists of removal of the 
AUS and urethral catheter for 3 weeks. If the ero-
sion is severe enough, urethroplasty at the time of 
explantation may be warranted [ 10 ].
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   Urethral cuff erosion rates are highly variable, 
between 2 and 12 % in some series and depend 
on multiple factors [ 9 ,  11 ]. Patients at higher risk 
for erosion include those patients who have 
undergone radiation therapy, prior urethroplasty, 
multiple treatments for bladder neck contracture, 
urethral stent placement, or prior history of ero-
sion/infection with a previous AUS. Higher 
explantation rates have been seen in those patients 
with prior infection/erosion, prior urethral stent, 
and those who had a 3.5 cm cuff [ 8 ,  11 ]. Some 
surgeons suggest that the higher rate of erosion 
with use of the 3.5 cm cuff may be due to a prior 
history of radiation, with 21 % of a radiated 
cohort experiencing erosion versus 4 % in those 
not radiated [ 12 ]. Prolonged urethral catheteriza-
tion following AUS placement, defi ned as greater 
than 48 h, has also been associated with increased 
erosion rates [ 9 ]. Systemic disease states such as 
hypertension and coronary artery disease have 
been implicated as well, as these disease states 
portend vascular insuffi ciency, which may lead to 
tissue breakdown and ultimate cuff erosion [ 11 ]. 
While rare, pelvic or scrotal surgery for other 
causes might result in delayed erosion of the 
control pump, tubing, or reservoir (see Fig.  6.2 ). 
This scenario is managed just like an infected 

artifi cial sphincter by explanting the entire device 
and re- implanting it 3–6 months later.

   Erosion may be prevented by minimizing pro-
longed catheterization and urethral instrumenta-
tion, meticulous surgical technique, and delayed 
activation [ 9 ,  11 ]. Patient education is also impor-
tant in helping to limit urethral instrumentation 
and prolonged catheterization. Patient brochures, 
wallet cards, and necklaces or bracelets with 
medical information help to prevent inadvertent 
urethral catheter placement prior to deactivation 
of the urethral cuff. Deactivating the cuff at inter-
vals, especially at night, may help decrease rates 
of urethral erosion, and may be helpful in the 
high-risk patient [ 11 ]. 

 Reimplantation of the sphincter usually occurs 
between 3 and 6 months post procedure [ 11 ,  13 ]. 
Follow-up cystoscopy is recommended prior to 
AUS replacement [ 11 ]. Some surgeons advocate 
for immediate urethral repair at the time of 
explantation, as urethral stricture may result at 
the site of erosion. Rates of stricture formation 
were found to be 38 % after in situ urethroplasty, 
as compared to 85 % in those managed with 
Foley catheter alone [ 13 ]. Transcorporal place-
ment of at the time of AUS replacement may help 
in those patients who have had prior erosion. This 
has been repeatedly shown to be safe in patients 
with severely compromised urethras, including 
those with prior urethral insults [ 8 ]. Functional 
outcomes have been excellent, with 84 % of 
patients reporting 0-1 pad per day use [ 14 ]. 

  Fig. 6.1    Urethral cuff erosion seen for cystoscopy       

  Fig. 6.2    Control pump eroded through scrotum       
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However, it is associated with higher rates of 
postoperative erectile dysfunction and postopera-
tive urinary retention [ 15 ]. Other alternatives 
have included urethral wrapping with xenograft 
such as small intestinal submucosa [ 16 ]. Although 
the case series are small, good functional out-
comes have been reported [ 8 ,  16 ]. 

 The 3.5 cm urethral cuff is the smallest and 
newest available cuff for the artifi cial urinary 
sphincter. The initial series by Hudak et al. 
showed similar explantation rates for erosion and 
infection for patients undergoing the 3.5 cm cuff 
in 67 patients. Most of these patients had under-
gone prior urethral surgeries and radiation [ 17 ]. 
The 3.5 cm cuff has been associated with higher 
erosion rates as previously mentioned in a recent 
prospective trial on multivariate analysis [ 8 ]. 
Those patients undergoing reimplantation follow-
ing urethral erosion tend to have good continence 
outcomes, with over half reporting 0-1 pads daily 
[ 11 ]. However, these patients do have a fourfold 
higher rate of future erosion so patients must be 
counseled to this effect [ 11 ,  18 ].   

    Persistent or Recurrent 
Incontinence 

 Persistent or recurrent incontinence is a  common 
presentation post-AUS to the urologist with 
multiple etiologies. Effi cient and appropriate 
evaluation of the patient and device will help 
determine the next most effective modality of 
treatment.  

    Persistent Incontinence 

  In  those   patients that report immediate leakage 
after activation of the AUS, typically at the same 
level to that experienced prior to implantation, 
device malfunction—although rare this early—
should be ruled out. If patients have irritative 
symptoms, hematuria, or signs of infection, then 
erosion should he high on the differential diagno-
sis. Other potential causes may include: improper 
operation of the pump, urinary tract infection, 

occlusion of the tubing, or improper cuff sizing 
[ 19 ] .  Improper operation results from a failure to 
fully defl ate the cuff which may result in over-
fl ow incontinence. The pump may also be inad-
vertently deactivated by the patient, leading to 
persistent incontinence. If the pump is not placed 
in the proper location in the scrotum, the pump 
may be accidentally compressed while sitting, 
leading to unintentional cuff defl ation [ 20 ]. 
Patient education is essential at the time of acti-
vation to help prevent this from occurring. 

 Detrusor overactivity or underactivity may 
appear de novo following prostatectomy. It may be 
associated with a urinary tract infection, and there-
fore urinalysis and urine culture may be helpful to 
rule out this as a potential source. Leach et al. noted 
only 40 % of patients had pure stress incontinence 
as the etiology of their post- prostatectomy inconti-
nence. The remaining 60 % had some aspect of 
bladder dysfunction, which was aided with urody-
namics [ 21 ]. The exact mechanism of action behind 
new onset changes in detrusor function is unknown. 
Chung et al. evaluated the urodynamics of 264 
patients with bladder dysfunction following radical 
prostatectomy and noted detrusor underactivity in 
108 (45 %). Minimally invasive prostatectomy was 
the only factor predictive of detrusor underactivity 
on univariate analysis [ 22 ]. Possible etiologies 
include decentralization of the bladder caused by 
mobilization at the time of prostatectomy, infec-
tion, infl ammation or wall remodeling from fash-
ioning the bladder neck at the time of anastomosis 
[ 23 ]. This may be evaluated with urodynamics 
after infectious sources have been ruled out. 
Anticholinergics may help to alleviate these symp-
toms if related to detrusor overactivity. 

 Improper sizing of the cuff frequently leads to 
decreased but persistent incontinence. This sizing 
tends to be related to surgeon experience, with a 
decrease in reoperative rates seen with a rising 
number of AUS performed annually. A study by 
Sandhu showed the risk of reoperation to be 24 % 
in those patients with fi ve prior cases, decreasing 
to 10.7 % with those surgeons having performed 
more than 200 implants [ 24 ]. The pressure regu-
lating balloon may also need to be evaluated to 
ensure that there is an appropriate level of fl uid in 

6 Troubleshooting and Optimizing Outcomes After Artifi cial Urinary Sphincter



96

the reservoir. Multiple techniques, including 
downsizing of the cuff, placement of a tandem 
cuff, placement of a transcorporal cuff, or place-
ment of a higher pressure pressure-regulating bal-
loon are available to improve persistent urinary 
incontinence. The decision to change just a com-
ponent (e.g., just changing the urethral cuff when 
downsizing) versus replacing the entire device is 
dependent on time from initial implantation. Most 
authorities will replace the entire device with 
appropriate component modifi cation if the initial 
device was placed more than 2 years prior.   

    Device Malfunction 

  Device  malfunction   rates increase with the life of 
the AUS. Clemens et al. noted a 50 % freedom 
from reoperative rate at 5 years with a cuff reop-
erative rate of 60 % in the same time period [ 2 ]. 
Another study showed a device survival rate of 
66 % at 10 years [ 25 ]. The incidence of mechani-
cal dysfunction has decreased signifi cantly since 
the introduction of the narrow-back cuff in 1987, 
decreasing the rates from 21 % to 7.6 % in a sin-
gle center study of 323 patients [ 4 ]. 

 Device failure typically presents with sudden 
onset of recurrent urinary incontinence [ 6 ,  10 ]. 
Management of device failure is dependent on 
the time since AUS implantation. For failures 
soon after placement, other pathologies, such as 

bladder neck contracture, erosion, or bladder 
pathology should be ruled out. This is best done 
with cystoscopy. Once those etiologies have been 
ruled out, the sphincter itself should be evaluated. 
Ensuring that there are appropriate levels of fl uid 
has been included in algorithms for troubleshoot-
ing previously, but there has been debate how to 
appropriately evaluate this [ 10 ]. Physical exam 
may reveal a pump that feels empty or cycles 
quickly; however, this has been shown to not be 
as sensitive as imaging [ 26 ]. Initially all AUS res-
ervoirs were fi lled with dilute contrast and a 
plain-fi lm abdominal X-ray was suffi cient to 
evaluate the volume of the reservoir balloon. This 
remains an option according to the most recent 
AMS Operating Room Manual [ 26 ]. Injectable 
saline is now the preferred option for the fi lling of 
the AMS800 and renders plain-fi lm X-ray inef-
fective for reservoir evaluation. Cross-sectional 
imaging is the current mainstay in noting the vol-
ume of fl uid in the pressure regulating balloon. In 
particular, ultrasound has been reported to be 
useful and spares the patient radiation exposure 
that may be experienced with CT scan. Brucker 
et al. reported 100 % sensitivity when using 
offi ce-based ultrasound to evaluate fl uid volume 
[ 26 ]. If this is performed outside of the offi ce set-
ting, discussion with the radiologist is essential to 
ensure appropriate visualization and measure-
ment of the reservoir. Figure  6.3  shows examples 
of formal limited pelvic ultrasounds performed to 

  Fig. 6.3    ( a ) Limited pelvic ultrasound with defl ated cuff; ( b ) CT scan showing defl ated cuff (within  shaded oval )       
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evaluate volume of the pressure-regulating 
balloon (Fig.  6.3  is an example of sonogram and 
CT scan with unfi lled PRBs). A rough rule of 
thumb is that the diameter of the balloon should 
not be less than 3.8 cm, which corresponds 
roughly to 24 mL of fl uid. Some practitioners 
advocate for use of electrical conductance testing 
to identify the faulty component and site of the 
leak at the time of operative revision [ 10 ,  20 ,  26 ].

   In cases of device failure, the most common 
site of failure, defi nes as leak of urine on fi lling the 
component, is usually the urethral cuff. Some 
authorities will only replace the entire AUS device 
if the original was placed more than 3 years prior. 
Some practitioners will keep the pressure regulat-
ing balloon in place at the time of revision, placing 
a second reservoir on the contralateral side [ 27 , 
 28 ]. They report a rate of infection similar to those 
with all components removed, 1.8 versus 1.5 %, 
respectively [ 27 ]. An ohmmeter has also been 
used to only revise the components with the leak 
[ 20 ]. However, if the leak is small, there may be 
false negative testing, resulting in the need for fur-
ther revision. We advocate removing and replacing 
the entire device, regardless of when the initial 
device was placed, if there is a fl uid leak in the 
system, diagnosed by imaging that demonstrates 
decreased amount of fl uid in the pressure-regulating 
balloon. This is because of the fact that there has 
been, by defi nition, communication between the 
fl uid within the hydraulic system of the artifi cial 
urinary sphincter and body fl uids.   

    Idiopathic Leakage 

 Frequently  patients   will present to their urologist 
complaining of leakage after sitting on a hard 
stool for an extended period of time, resulting in 
embarrassing social incontinence, even in men 
who are otherwise dry. In an ex vivo study, extrin-
sic cuff compression resulted in refl ux of dye back 
towards the pressure regulating balloon. After 
compression for 20 s, the pressure in the cuff 
decreased and urine was able to leak out [ 29 ]. The 
patient should be reassured that this is a normal 
occurrence and may fi nd improved continence 
with the use of cushions and padded seats.  

    Urethral Strictures/Bladder Neck 
Contractures 

 The rate of anastomotic  stricture   after radical 
prostatectomy has been reported to be between 
2.7–25.7 %, up to 62 % in those patients who 
undergo radiotherapy [ 30 ,  31 ]. In a study by 
Sandhu et al., anastomotic strictures were found 
to be associated with obesity, age, open surgical 
approach, renal insuffi ciency, and presence of a 
perioperative hematoma or urine leak [ 32 ]. In 
patients with a stricture following AUS place-
ment, management can be diffi cult as instrumen-
tation leads to an increased urethral erosion risk 
and the stricture causes bothersome symptoms 
and possible return of incontinence. Weissbart 
et al. reported a series of patients managed with 
Holmium YAG laser using a rigid ureteroscope. 
All patients had an anastomotic stricture prior to 
AUS that had been aggressively resected. Prior 
to AUS placement, cystoscopy was performed to 
ensure no recurrence. Mean time to repeat anas-
tomotic stricture at 57 weeks and confi rmed by 
offi ce cystoscopy. Incisions were made at 3 and 
9 o’clock with a 365 nm laser fi ber [ 33 ]. Mark 
et al. recommended synchronous endoscopic 
treatment and out of 26 patients, only one 
recurred. His recurrent stricture was managed at 
the time of sphincter revision [ 34 ].  

    Success Rate of Revision Surgery 

 Secondary  reimplantation   has outcomes similar 
to those of virgin AUS placement. Reoperation 
rates were 17.5 in primary AUS cases versus 
25 % in salvage AUS cases in a study by Linder 
et al. Salvage cases were performed for erosion, 
infection, or urethral atrophy. No difference was 
seen in 5-year survival rates (66 vs. 71 %, respec-
tively). Median time to repeat explantation was 
6 months [ 35 ]. Another group found that time to 
revision occurred at a median of 20.1 months. Of 
those patients undergoing revision, 44.7 % of 
patients did not require any further procedures. 
The most common indication for revision was 
recurrent incontinence. If the patient underwent 
explantation for erosion, 76.3 % of patients did 

6 Troubleshooting and Optimizing Outcomes After Artifi cial Urinary Sphincter



98

not require a further procedure after reimplantation 
[ 36 ]. These patients post erosion do have a higher 
risk of erosion [ 11 ] and should be counseled for 
this at the time of reimplantation. Overall device 
outcomes (infection, atrophy, leaks, mechanical 
failure) were found to be no different from virgin 
cases [ 18 ].  

    Conclusions 

 The artifi cial urinary sphincter is a durable solu-
tion for treatment of stress urinary incontinence 
in the male resulting in high patient satisfaction. 
The management of AUS complications is rea-
sonably straightforward and should be approached 
in a systematic fashion, resulting in improved effi -
ciency in resolution of patient symptoms. 
Prevention of adverse outcomes is an area for 
future study.     
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            Introduction 

 Due to the widespread use of PSA as a marker for 
prostate cancer, and radical prostatectomy as a 
common treatment modality for prostate cancer, 
bladder neck contracture (BNC), also referred to 
as anastomotic stricture [ 1 ], has become a not 
infrequent cause of voiding dysfunction. The 
reported  incidence   of bladder neck contracture 
ranges widely from 0.4 to 32 % of patients [ 3 ,  2 , 
 4 ]. Higher rates of 20–30 % tend to be reported in 
earlier reports (prior to the era of robotic assisted 
laparoscopic prostatectomy) [ 5 – 7 ,  10 ,  11 ]. 
Reports from the past decade indicate the rate of 
BNC after laparoscopic or robotic prostatectomy 
to be 4–6 % [ 9 ,  14 ]. The true incidence of bladder 
neck contracture, however, is unknown, as rou-
tine endoscopic evaluation is not performed in 
the majority of cases and diagnosis of BNC is 

largely dependent on presentation and evaluation 
of urinary symptoms [ 12 ]. Clearly, the presence 
of bladder neck contracture is a factor in patient 
satisfaction, as presence of BNC or urethral stric-
ture was found on patient questionnaires to nega-
tively affect a patient’s willingness to undergo 
treatment again [ 6 ].  

    Risk Factors 

  Various factors  have   been associated with the forma-
tion of BNC, including surgeon specifi c, intra- 
operative, as well as patient specifi c factors [ 15 ,  16 ]. 

 Surgeon volume has been demonstrated to 
affect rates of complications such as BNC after 
radical prostatectomy. Begg et al. evaluated data 
from the SEER-Medicare database and deter-
mined that higher volume surgeons were associ-
ated with a lower rate of post-prostatectomy 
urinary complications including anastomotic 
strictures [ 13 ]. In 2011, Sandhu et al. reported a 
single institution study in which the individual 
surgeon was a predictive factor in the occurrence 
of BNC [ 14 ]. They suggested that this refl ected 
varying surgeon experience and skill as well as 
the varying technical approaches taken by the 
individual surgeons. Further, they demonstrated 
that surgical approach, laparoscopic versus open 
technique, was the strongest predictor of a symp-
tomatic BNC with a hazard ratio of 0.11, 
 p  < 0.0001. Improved visualization with magnifi -
cation during the construction of the anastomosis, 
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continuous suture technique, and overall 
decreased blood loss are all factors which have 
been suggested as reasons for decreased inci-
dence of BNC with the minimally invasive tech-
nique. This echoed a previous report by Hu et al. 
that the minimally invasive approach had lower 
rates of anastomotic strictures than the open tech-
nique [ 9 ]. 

 Intraoperative factors such as increased opera-
tive time and increased estimated blood loss have 
been associated with a higher risk of BNC [ 15 ]. 
A retrospective studies by Surya et al. identifi ed 
urine leak and excessive blood loss as risk fac-
tors—complications which predispose to anasto-
motic leak and/or disruption. Sandhu et al. in a 
larger retrospective study demonstrated that urine 
leak and pelvic hematoma were independently 
associated with the symptomatic BNCs. However, 
Levy et al. reported that contrast extravasation on 
voiding cystourethrogram at 3 weeks did not 
increase risk of BNC [ 16 ]. 

 Patient characteristics contributing to BNC 
include cigarette smoking, diabetes, CAD, HTN, 
obesity, and age. Analysis of data from the 
 Cancer of the Prostate Strategic Urologic 
Research Endeavor (CapSURE) database   dem-
onstrated that age older than 70 years and obesity 
were strong predictors of the need for stricture 
related treatment after prostate cancer therapy 
[ 8 ]. This study in particular did not differentiate 
between urethral strictures and bladder neck con-
tractures. However, a study from Memorial Sloan 
Kettering Cancer Center also demonstrated age 
and BMI are independent factors associated with 
symptomatic bladder neck contractures, specifi -
cally [ 14 ]. Obesity was previously associated 
with higher pathological Gleason grade, higher 
positive surgical margin rates, higher risk of 
tumor recurrence [ 8 ]. It is hypothesized that obe-
sity may cause technical diffi culties in perform-
ing a good anastomosis with mucosa to mucosa 
apposition and may poorly infl uence healing [ 8 ]. 

 Further, Sandhu et al. found that Charlson 
comorbidity index was associated with develop-
ment of symptomatic vesicourethral anastomotic 
stricture [ 14 ]. Specifi c comorbid factors that have 
been reported to be associated with a higher inci-
dence of BNC include coronary artery disease 

(CAD), hypertension (HTN), and diabetes (DM), 
renal disease, and history of cigarette smoking 
[ 14 ,  15 ]. All these risk factors suggest the effect 
of microvascular disease on wound healing 

 Park et al. reported that bladder neck contrac-
ture was associated with increased post- 
prostatectomy scar width greater than 10 mm and 
hypothesized that BNC may be related to a 
hypertrophic scarring mechanism [ 17 ]. Prior 
TURP has been also identifi ed as a risk factor 
[ 18 ]. Radiation status is also a signifi cant risk 
factor, both in the primary and adjuvant setting. 
The use of external beam radiation after radical 
prostatectomy has been shown to increase the 
risk of BNC [ 8 ]. Patients undergoing salvage 
prostatectomy after radiation also have an eight-
fold increased probability (47.0 vs. 5.8) of BNC 
than those undergoing standard radical prostatec-
tomy [ 19 ]. Radiation not only increases the prob-
ability of BNC but also tends to make them more 
diffi cult to treat. A greater average number of 
procedures were needed to stabilize BNC in the 
salvage prostatectomy than in the standard radi-
cal prostatectomy group, including 1.24 vs. 1.15 
dilatations, 0.88 vs. 0.58 incisions and 0.71 vs. 
0.08 resections  [ 19 ].  

    Presentation 

  Evaluation   of the CapSURE database has dem-
onstrated that most post-prostatectomy strictures 
present within the fi rst 6 months after radical 
prostatectomy with a decreasing incidence 
through the subsequent 2 years, while radiation 
strictures occur with increasing frequency 
through the fi rst 4 years of follow-up [ 8 ]. 

 Patients present with obstructive urinary 
symptoms including decreased urinary stream, 
dribbling, nocturia, incomplete voiding, or even 
complete retention [ 20 ]. Many also have inconti-
nence. Multivariate analysis has demonstrated 
that BNC is an independent risk factor for urinary 
incontinence after radical prostatectomy [ 21 ]. 
BNC may have several effects on continence. 
Outlet obstruction may worsen any component of 
bladder overactivity, increasing urge incontinence. 
BNC may also mask underlying sphincteric 
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defi ciency and thus treatment of the contracture 
may worsen continence [ 1 ]. On the other hand 
according to some authors, scarring of the outlet 
may prevent adequate coaptation of preserved 
external sphincters and thus treatment of the 
bladder neck contracture may improve conti-
nence [ 22 ]. 

 Clearly a certain unknown percentage of 
patients remain asymptomatic and undiagnosed 
or are only diagnosed incidentally, for instance, 
upon inability to catheterize for an unrelated sur-
gical procedure [ 12 ].  

    Evaluation 

  Evaluation   may include midstream urinalysis and 
urine culture to ensure the absence of infection. 
Urofl owmetry may reveal a decreased Qmax 
with an obstructive pattern. There may be incom-
plete emptying of the bladder with elevated post 
void residual. Cystoscopic evaluation demon-
strates well defi ned annular scar at the level of the 
urethrovesical anastomosis (Fig.  7.1 ), below the 
bladder neck and proximal to the membranous 
urethra and the sphincter complex [ 23 ]. The 
severity of BNC may range from a slight narrow-
ing of the lumen preventing passage of the cysto-

scope (Fig.  7.1 ) to complete obliteration (Fig. 
 7.2 ). However if the scar is not yet mature, as 
may occur in patients who are less than 8 weeks 
after prostatectomy, the area of scar may be 
poorly defi ned [ 20 ]. Retrograde urethrogram and 
voiding cystourethrogram may be used to delin-
eate stricture anatomy. In cases of obliterative 
contractures, the patient will need a suprapubic 
catheter for urinary drainage. Subsequently, ante-
grade cystoscopy through the suprapubic tract 
can be performed to accurately identify the prox-
imal extent of the obliterated segment, while ret-
rograde urethroscopy can delineate the distal 
extent of the stricture.

    This evaluation is generally suffi cient for a 
clear-cut case of obstructive urinary symptoms 
and a cystoscopic evidence of anastomotic con-
tracture. However, if there is concomitant stress 
or urge urinary incontinence urodynamic testing 
allows assessment of bladder overactivity and 
recruitment of abdominal musculature for void-
ing [ 24 ].  

    Management 

 Several authors have described algorithms for 
treatment of BNCs which generally progress 
from less invasive endoscopic management to 

  Fig. 7.1    Typical appearance of a bladder neck contracture 
on cystoscopic evaluation. There is a well defi ned annular 
scar at the level of the urethrovesical anastomosis       

  Fig. 7.2    Bladder neck contractures may also be oblitera-
tive. There is no visible lumen on cystoscopic evaluation 
of this bladder neck       
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open reconstruction [ 25 ,  26 ]. Management may 
include simple dilation, optical internal bladder 
neck incision, transurethral resection of the 
 stricture and fi nally open surgical reconstruction 
of the bladder neck. 

 Initial management of BNC is generally ure-
thral dilation  . A single dilation or urethrotomy 
successfully manages BNC in 24–73 % of 
patients [ 15 ]. This may be performed by fi liform 
and followers, Van Buren sounds, or balloon dila-
tion in the offi ce (Fig.  7.3 ) [ 20 ,  27 ]. Some authors 
have favored balloon dilation for initial treatment 
of BNC [ 28 ,  29 ]. Ramchandani et al. reported a 
59 % success rate with initial balloon dilation 
with no subsequent urinary incontinence. Serial 
dilation may be combined with a schedule of 
self-catheterization to maintain bladder outlet 
patency [ 17 ,  25 ]. Park et al. reported a regimen 
using dilation with Nottingham dilators to 18 
French followed by a 3 month self-dilation regi-
men [ 17 ]. 73.1 % of the patients were success-
fully managed with this regimen with one or two 
dilations followed by self-catheterization. 
However, dilations are uncomfortable for 
patients, may cause trauma to the bladder neck, 
and may be a source of infections. Furthermore, 
patients with urethral strictures performing self- 
catheterization have been reported to have a sig-
nifi cant decrease in quality of life [ 30 ]. Moreover 

in patients with concomitant incontinence who 
may need AUS placement, intermittent catheter-
ization should be avoided due to concern for ero-
sion. Thus, other options for management of 
refractory BNC are desired.

   More aggressive intervention with bladder 
neck incision or bladder neck resection has been 
suggested for refractory BNC [ 18 ,  20 ,  27 ]. 
Generally, bladder neck incision involves inci-
sion of the scar at 3, 9, and in some instances, the 
6 o’clock position. There is some variation based 
on surgeon preference. However, the optimal 
modality for transurethral incision of bladder 
neck is unknown. 

 Cold knife  urethrotomy   has success rates as 
high as 25–87 % for uncomplicated cases [ 27 ]. 
Dalkin et al. advocated for urethrotomy using the 
cold knife urethrotome at the 4 o’clock and 8 
o’clock positions at the level of the scar down to 
bleeding tissue [ 20 ,  24 ]. Foley catheter was left for 
72 h after the urethrotomy. If the scar appeared 
immature at initial presentation, they recom-
mended initial dilation with fi liform and followers 
followed by urethrotomy once the scar was mature. 
The same group later reported their long term fol-
low-up: at a mean follow-up of 30 months, repeat 
urethrotomies were required in 17 % of patients 
[ 24 ]. Using a continence questionnaire they estab-
lished that continence rates between the urethrot-
omy patients and control patients were also not 
statistically different. Cold knife urethrotomy may 
be used as a primary treatment or secondary treat-
ment when dilation fails. 

 Electrocautery or “hot” knife  incision   has also 
been used for bladder neck incisions generally 
have been used for denser strictures refractory to 
prior endoscopic management. Ramirez et al. 
reported a technique in which intraoperative bal-
loon dilation of the BNC is followed by deep lat-
eral incisions with Collings knife at 3 and 9 
o’clock (Figs.  7.4  and  7.5 ) [ 26 ]. This allows pas-
sage of the resectoscope proximal to the bladder 
neck prior to performing bladder neck incisions, 
which allows incisions to be directly visualized 
and incised deeply. Most of their patients (78 %) 
were refractory to prior endoscopic management. 
The authors reported a 72 % success rate on ini-
tial TUIBNC at a mean follow-up of 12.9 months.

  Fig. 7.3    This is the cystoscopic appearance of a balloon 
dilator passing through a bladder neck contracture       
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    Laser  urethrotomy   has been advocated due to 
ability to achieve precise incisions and achieve 
hemostasis [ 31 ,  32 ]. In particular, the Ho:YAG 
laser is thought to be advantageous for urethrot-
omy due to its shallow tissue absorption of less 
than 0.5 mm [ 25 ]. This minimizes the effect of 
the laser on surrounding tissue thus decreasing 
the risk of scar formation. Lagerveld et al. used 
Ho:YAG laser to make a deep incision at the 
bladder neck at 6 o’clock followed by vaporiza-
tion of scar tissue from the 3 to 9 o’clock posi-
tions in 10 patients. At a mean follow-up of 18 
months (range 3–29 months) no patients needed 
treatment for restenosis. Other authors reported 

the use of the Ho:YAG laser for BNC refractory 
to multiple prior endoscopic interventions [ 32 ]. 
While the number of patients in this case series 
was small (three), they reported successful treat-
ment at a follow-up of 11–37 months. 

 Transurethral  resection   of bladder neck has 
been suggested for longer strictures resistant to 
other endoscopic intervention [ 33 ]. However, the 
risk of incontinence is may be high [ 18 ]. Surya 
et al. found that three of four patients undergoing 
bladder neck resection had subsequent inconti-
nence. Popken et al. conversely reported success-
ful resection of scar without incurring increased 
risk of incontinence [ 23 ]. 

 Several different techniques have been sug-
gested when the vesicourethral junction is oblit-
erated. Combined antegrade and retrograde 
recanalization with a stiff guide wire has been 
used with various modalities including cold 
knife, electrocautery and laser used to core out 
the lumen [ 34 ,  35 ]. Carr and Webster described a 
technique in which a sternal wire was guided 
from the urethra into the area of the bladder neck 
under vision via antegrade cystoscopy. Once the 
wire was in the correct location, cold knife inci-
sions were used to regain urethrovesical continu-
ity. While all four patients were able to regain 
urethrovesical continuity, three of the four 
patients required self catheterizations to maintain 
patency for the long term. 

  Fig. 7.4    Demonstration of intraoperative balloon dilation of the bladder neck contracture. The balloon dilator is passed 
over a wire through the bladder neck contracture and then is infl ated       

  Fig. 7.5    Balloon dilation of the bladder neck contracture 
allows passage of the resectoscope into the bladder. The 
bladder neck contracture is further opened using deep lat-
eral incisions with Collings knife at 3 and 9 o’clock       
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 Roughly one-third of BNCs may be refractory 
to three or more attempts at endoscopic treatment 
[ 15 ]. Given the diffi culty in managing refractory 
BNCs, some have advocated combining bladder 
neck incision with injection therapy with antipro-
liferative agents such as triamcinolone or mito-
mycin [ 36 ,  37 ]. Eltahawy et al. reported a 
technique in which holmium laser was used to 
perform transurethral incision of the bladder 
neck with subsequent injection of triamcinolone 
at the incision sites. They reported a 83 % suc-
cess rate at a mean follow-up of 24 months (range 
6–72 months) [ 36 ]. 

 Mitomycin C  has   also been used as an adjunct 
to internal urethrotomy for recalcitrant BNC 
[ 37 ]. The Lahey clinic reported a technique in 
which cold knife incisions of bladder neck were 
performed followed by injection of mitomycin 
C. At a median follow-up of 12 months, 72 % of 
the patients had a stable, open bladder neck after 
one procedure; 22 % of patients required repeat 
procedures to stabilize their bladder neck. 

 Some authors have advocated endoscopic 
management coupled with placement of perma-
nent intraurethal stents (UroLume™) in BNCs 
resistant to endoscopic management only [ 7 ,  25 ]. 
The UroLume™ Wallstent was a stainless steam 
tubed mesh which allows for epithelial ingrowth, 
theoretically preventing migration, infection, and 
encrustation, which was initially reported on the 
use for urethral strictures by Milroy [ 38 ]. The 
placement of the UroLume stent interfered with 
sphincter function and thus jeopardized conti-
nence; therefore several authors advocated with 
UroLume™ placement at the bladder neck fol-
lowed by artifi cial urinary sphincter placement. 
There are well known complications: stent migra-
tion, perineal pain, hematuria, stent encrustation, 
and growth of obstructive hyperplastic tissue 
[ 39 ,  40 ]. However, initial studies reported a high 
success rate with one study reporting a 89 % 
patient satisfaction rate at a mean follow-up of 
17.5 months [ 40 ]. Anger et al. reported the 
UroLume as a reasonable option to offer patients 
with recurrent BNC to avoid chronic indwelling 
catheter or more invasive options such as urinary 
diversion or open reconstruction [ 25 ]. However, 
longer follow-up has revealed a high rate of com-

plications [ 41 ,  42 ] with Magera et al. reporting a 
much lower success rate of 52 % at initial stent 
insertion [ 43 ]. Erickson et al. reported a 53 % 
stent specifi c reoperation rate [ 42 ] and suggested 
that stents only be offered in patients who did not 
desire or were medically unfi t for open recon-
struction. The UroLume stent is no longer com-
mercially available in the United States.  

    Open Repair 

   When   above treatments fail, the patient should be 
considered for revision of the vesicourethral 
anastomosis if they are medically fi t to endure 
surgery. Multiple attempts at endoscopic man-
agement may result in complex dense, long, or 
obliterative strictures. Existing reports of revi-
sions of vesicourethral anastomosis are from 
high volume reconstruction centers and abdom-
ino-perineal, transpubic, and transperineal 
approaches have been described [ 12 ,  29 ,  44 ]. 
Incontinence after anastomotic revision is the 
norm rather than the exception and a plan for 
management of incontinence, whether in syn-
chronous or staged fashion, should be in place. 

 The transperineal approach start with a peri-
neal incision for mobilization of the urethra up to 
the level of stricture where the urethra is tran-
sected and all scar tissue is excised until only 
healthy tissue remains. Maneuvers such as sepa-
ration of the crura or inferior pubectomy may be 
performed to allow access to the bladder neck. 
Mundy and Andrich prefer a strictly transperi-
neal approach and reported success in 88 % of 
the patients without a history of radiation [ 12 ]. 
The remaining patients underwent a second revi-
sion with good results. Of note, radiation 
decreased success rates substantially to 66 %. All 
reconstructed patients subsequently required 
AUS placement. 

 Simonato et al. described a “pull through” 
method using a combined perineal and suprapu-
bic approach [ 45 ]. In this approach, after the ure-
thra is mobilized perineally, the bladder is 
punctured suprapubically and the tract dilated to 
accommodate an Amplatz sheath. The  suprapubic 
access is then used to insert a sound over a guide-
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wire into the bladder neck which identifi es the 
proximal extent of stricture. Once the strictured 
segment is excised and the urethra prepared, 
sutures placed on the proximal stump of the ure-
thra are pulled into the bladder neck via the 
suprapubic access. A catheter is placed and 
sutures are placed in the paraurethral fascia and 
vesicourethral anastomosis to create a watertight 
anastomosis. Ten out of 11 patients required AUS 
placement 6 month after their bladder neck 
reconstruction for complete incontinence. 

 Theodorou et al. described their abdomino- 
perineal approach in which an abdominal inci-
sion is made in addition to the perineal incision to 
assist with mobilization of the bladder and ure-
thra from above [ 46 ]. Scar was excised from both 
perineal and abdominal approaches. The bladder 
was mobilized from the abdominal incision and 
advanced to meet the urethra, which was brought 
in from the perineal route. Concomitant ileocys-
toplasty was performed if required, for bladder 
overactivity resistant to medical treatment. All 
patients underwent simultaneous AUS place-
ment. At mean follow-up of 24.42 months, fi ve 
patients were able to void well without obstruc-
tion while one patient required clean intermittent 
catheterization to empty his augmented bladder. 

 Wessells et al. described the experience at the 
University of California, San Francisco (UCSF) 
and emphasized the need for an approach tailored 
to the anatomy of the individual patient [ 44 ]. 
They described varied approaches in four patients 
with BNC refractory to endoscopic management. 
One was an abdomino-perineal approach where 
the urethra was mobilized perineally but a cys-
totomy was necessary to appropriately visualize 
the anastomotic suture placement. While the per-
ineal approach is similar to urethroplasty for pos-
terior urethral disruption, prior prostatectomy 
causes fi brotic changes that make the bladder less 
mobile than in posterior urethral disruption, 
necessitating the additional abdominal approach 
for bladder mobilization in select cases [ 44 ]. 
Pubectomy was performed in two patients, one in 
whom a urethropubic sinus required excision and 
another in whom pubectomy facilitated exposure 
for the formation of a bladder tube to anastomose 
to the urethra. In an update of their experience, 

they suggested that pubectomy was helpful in 
strictures longer than 2 cm [ 47 ]. One patient had 
a long stricture from radiation, salvage prostatec-
tomy, and multiple endoscopic interventions. He 
underwent a reconstruction via a perineal 
approach with a penile fasciocutaneous fl ap ven-
tral onlay. The varied approaches for each patient 
emphasize the need to tailor treatment to the 
individual. 

 In the majority of vesicourethral anastomosis 
revisions, incontinence is expected. However, 
there have been reports of BNC repairs with pres-
ervation of continence, albeit on a small number 
of patients. Schlossberg et al. reported recon-
struction in two patients using a combined 
abdominal and perineal approach, partial pubec-
tomy, and omental wrap around the new anasto-
mosis [ 29 ]. Both patients were continent post 
operatively; the authors maintain that continent 
vesicourethral reconstruction is possible if the 
membranous urethra remains functionally intact. 
Chiou et al. reported a novel technique of endo-
urethroplasty in which a meshed preputial skin 
graft is placed via a catheter [ 48 ]. Initially multi-
ple bladder neck incisions are made with a ure-
throtome. A Foley catheter is placed for 3–5 days 
until the second stage in which a pediatric resec-
toscope is used to expose the granulation bed. A 
meshed preputial skin graft is placed around the 
Foley catheter and tacked into place via a suture 
passed through the urethra from the perineum. 
They have reported success on two patients while 
maintaining continence at 11 and 25-month 
follow-up .  

    Diversion 

 The last resort for  treatment   of recalcitrant blad-
der neck contracture, when outlet reconstruction 
fails, is urinary diversion. Chronic catheter drain-
age or suprapubic tube may be elected depending 
on patient preference and health status. However, 
if the bladder is of reasonable capacity, then a 
catheterizable limb may be created [ 33 ,  49 ]. In 
patients with prior radiation, evaluation with uro-
dynamics is paramount to evaluate bladder 
capacity, compliance and overactivity to ensure 
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simultaneous bladder augmentation is not 
required. Cystectomy with urinary diversion may 
also be appropriate if bladder function is poor.  

    Conclusion 

 BNC is an uncommon complication after radical 
prostatectomy that has been associated with a 
history of smoking and radiation therapy. While 
the majority of men with BNC can be managed 
with endoscopic treatment, recalcitrant bladder 
neck contractures present a complex problem 
requiring careful consideration of each patient’s 
anatomy. Treatment of bladder neck contractures 
are often associated with incontinence which can 
be managed with an AUS after stabilization of 
the bladder outlet.     

   References 

     1.    King T, Almallah YZ. Post-radical-prostatectomy uri-
nary incontinence: the management of concomitant 
bladder neck contracture. Adv Urol. 
2012;2012:295798.  

    2.    Lange PH, Reddy PK. Technical nuances and surgical 
results of radical retropubic prostatectomy in 150 
patients. J Urol. 1987;138(2):348–52.  

    3.    Middleton AW. Pelvic lymphadenectomy with modi-
fi ed radical retropubic prostatectomy as a single oper-
ation: technique used and results in 50 consecutive 
cases. J Urol. 1981;125(3):353–6.  

    4.    Davidson PJ, van den Ouden D, Schroeder 
FH. Radical prostatectomy: prospective assessment of 
mortality and morbidity. Eur Urol. 
1996;29(2):168–73.  

    5.    Fowler FJ, Barry MJ, Lu-Yao G, Roman A, Wasson J, 
Wennberg JE. Patient-reported complications and 
follow-up treatment after radical prostatectomy. The 
National Medicare Experience: 1988-1990 (updated 
June 1993). Urology. 1993;42(6):622–9.  

    6.    Kao TC, Cruess DF, Garner D, Foley J, Seay T, 
Friedrichs P, et al. Multicenter patient self-reporting 
questionnaire on impotence, incontinence and stric-
ture after radical prostatectomy. J Urol. 
2000;163(3):858–64.  

     7.    Erickson BA, Meeks JJ, Roehl KA, Gonzalez CM, 
Catalona WJ. Bladder neck contracture after retropu-
bic radical prostatectomy: incidence and risk factors 
from a large single-surgeon experience. BJU Int. 
2009;104(11):1615–9.  

        8.    Elliott SP, Meng MV, Elkin EP, McAninch JW, 
Duchane J, Carroll PR, et al. Incidence of urethral 
stricture after primary treatment for prostate cancer: 

data From CaPSURE. J Urol. 2007;178(2):529–34. 
discussion 534.  

     9.    Hu JC, Gu X, Lipsitz SR, Barry MJ, D’Amico AV, 
Weinberg AC, et al. Comparative effectiveness of 
minimally invasive vs open radical prostatectomy. 
JAMA. 2009;302(14):1557–64.  

    10.    Breyer BN, Davis CB, Cowan JE, Kane CJ, Carroll 
PR. Incidence of bladder neck contracture after robot- 
assisted laparoscopic and open radical prostatectomy. 
BJU Int. 2010;106(11):1734–8.  

    11.    Williams SB, Prasad SM, Weinberg AC, Shelton JB, 
Hevelone ND, Lipsitz SR, et al. Trends in the care of 
radical prostatectomy in the United States from 2003 
to 2006. BJU Int. 2011;108(1):49–55.  

       12.    Mundy AR, Andrich DE. Posterior urethral complica-
tions of the treatment of prostate cancer. BJU Int. 
2012;110(3):304–25.  

    13.    Begg CB, Riedel ER, Bach PB, Kattan MW, Schrag 
D, Warren JL, et al. Variations in morbidity after radi-
cal prostatectomy. N Engl J Med. 
2002;346(15):1138–44.  

        14.    Sandhu JS, Gotto GT, Herran LA, Scardino PT, 
Eastham JA, Rabbani F. Age, obesity, medical comor-
bidities and surgical technique are predictive of symp-
tomatic anastomotic strictures after contemporary 
radical prostatectomy. J Urol. 2011;185(6):2148–52.  

        15.    Borboroglu PG, Sands JP, Roberts JL, Amling 
CL. Risk factors for vesicourethral anastomotic stric-
ture after radical prostatectomy. Urology. 
2000;56(1):96–100.  

     16.    Levy JB, Ramchandani P, Berlin JW, Broderick GA, 
Wein AJ. Vesicourethral healing following radical 
prostatectomy: is it related to surgical approach? 
Urology. 1994;44(6):888–92.  

      17.    Park R, Martin S, Goldberg JD, Lepor H. Anastomotic 
strictures following radical prostatectomy: insights 
into incidence, effectiveness of intervention, effect on 
continence, and factors predisposing to occurrence. 
Urology. 2001;57(4):742–6.  

      18.    Surya BV, Provet J, Johanson KE, Brown 
J. Anastomotic strictures following radical prostatec-
tomy: risk factors and management. J Urol. 
1990;143(4):755–8.  

     19.    Gotto GT, Yunis LH, Vora K, Eastham JA, Scardino 
PT, Rabbani F. Impact of prior prostate radiation on 
complications after radical prostatectomy. J Urol. 
2010;184(1):136–42.  

        20.    Dalkin BL. Endoscopic evaluation and treatment of 
anastomotic strictures after radical retropubic prosta-
tectomy. J Urol. 1996;155(1):206–8.  

    21.    Eastham JA, Kattan MW, Rogers E, Goad JR, Ohori 
M, Boone TB, et al. Risk factors for urinary inconti-
nence after radical prostatectomy. J Urol. 
1996;156(5):1707–13.  

    22.    Giannarini G, Manassero F, Mogorovich A, Valent F, 
De Maria M, Pistolesi D, et al. Cold-knife incision of 
anastomotic strictures after radical retropubic prosta-
tectomy with bladder neck preservation: effi cacy and 
impact on urinary continence status. Eur Urol. 
2008;54(3):647–56.  

Y. Yamaguchi et al.



109

     23.    Popken G, Sommerkamp H, Schultze-Seemann W, 
Wetterauer U, Katzenwadel A. Anastomotic stricture 
after radical prostatectomy. Incidence, fi ndings and 
treatment. Eur Urol. 1998;33(4):382–6.  

      24.    Yurkanin JP, Dalkin BL, Cui H. Evaluation of cold 
knife urethrotomy for the treatment of anastomotic 
stricture after radical retropubic prostatectomy. 
J Urol. 2001;165(5):1545–8.  

        25.    Anger JT, Raj GV, Delvecchio FC, Webster 
GD. Anastomotic contracture and incontinence after 
radical prostatectomy: a graded approach to manage-
ment. J Urol. 2005;173(4):1143–6.  

     26.    Ramirez D, Zhao LC, Bagrodia A, Scott JF, Hudak SJ, 
Morey AF. Deep lateral transurethral incisions for 
recurrent bladder neck contracture: promising 5-year 
experience using a standardized approach. Urology. 
2013;82(6):1430–5.  

      27.    Breyer BN, McAninch JW. Management of recalci-
trant bladder neck contracture after radical prostatec-
tomy for prostate cancer. Endoscopic and open 
surgery. J Urol. 2011;185(2):390–1.  

    28.    Ramchandani P, Banner MP, Berlin JW, Dannenbaum 
MS, Wein AJ. Vesicourethral anastomotic strictures 
after radical prostatectomy: effi cacy of transurethral 
balloon dilation. Radiology. 1994;193(2):345–9.  

      29.    Schlossberg S, Jordan G, Schellhammer P. Repair of 
obliterative vesicourethral stricture after radical pros-
tatectomy: A technique for preservation of conti-
nence. Urology. 1995;45(3):510–3.  

    30.    Lubahn JD, Zhao LC, Scott JF, Hudak SJ, Chee J, 
Terlecki R, et al. Poor quality of life in patients with 
urethral stricture treated with intermittent self- 
dilation. J Urol. 2014;191(1):143–7.  

    31.    Lagerveld BW, Laguna MP, Debruyne FMJ, De La 
Rosette JJMCH. Holmium:YAG laser for treatment of 
strictures of vesicourethral anastomosis after radical 
prostatectomy. J Endourol. 2005;19(4):497–501.  

     32.    Hayashi T, Yoshinaga A, Ohno R, Ishii N, Watanabe 
T, Yamada T, et al. Successful treatment of recurrent 
vesicourethral stricture after radical prostatectomy 
with holmium laser: report of three cases. Int J Urol. 
2005;12(4):414–6.  

     33.    Westney OL. Salvage surgery for bladder outlet 
obstruction after prostatectomy or cystectomy. Curr 
Opin Urol. 2008;18(6):570–4.  

    34.    Carr LK, Webster GD. Endoscopic management of 
the obliterated anastomosis following radical prosta-
tectomy. J Urol. 1996;156(1):70–2.  

    35.    Dogra PN, Nabi G. Core-through urethrotomy using 
the neodymium: YAG laser for obliterative urethral 
strictures after traumatic urethral disruption and/or 
distraction defects: long-term outcome. J Urol. 
2002;167(2 Pt 1):543–6.  

     36.    Eltahawy E, Gur U, Virasoro R, Schlossberg SM, 
Jordan GH. Management of recurrent anastomotic 
stenosis following radical prostatectomy using hol-

mium laser and steroid injection. BJU Int. 
2008;102(7):796–8.  

     37.    Vanni AJ, Zinman LN, Buckley JC. Radial urethrot-
omy and intralesional mitomycin C for the manage-
ment of recurrent bladder neck contractures. J Urol. 
2011;186(1):156–60.  

    38.    Milroy EJ, Chapple C, Eldin A, Wallsten H. A new 
treatment for urethral strictures: a permanently 
implanted urethral stent. J Urol. 1989;141(5):1120–2.  

    39.    Corujo M, Badlani GH. Epithelialization of perma-
nent stents. J Endourol Endourol Soc. 
1997;11(6):477–80.  

     40.    Elliott DS, Boone TB. Combined stent and artifi cial 
urinary sphincter for management of severe recurrent 
bladder neck contracture and stress incontinence after 
prostatectomy: a long-term evaluation. J Urol. 
2001;165(2):413–5.  

    41.    Anger J. Management of recalcitrant bladder neck 
contracture after radical prostatectomy for prostate 
cancer. UroLume stent. J Urol. 2011;185(2):391–2.  

     42.    Erickson BA, McAninch JW, Eisenberg ML, Washington 
SL, Breyer BN. Management for prostate cancer treat-
ment related posterior urethral and bladder neck stenosis 
with stents. J Urol. 2011;185(1):198–203.  

    43.    Magera Jr JS, Inman BA, Elliott DS. Outcome analy-
sis of urethral wall stent insertion with artifi cial uri-
nary sphincter placement for severe recurrent bladder 
neck contracture following radical prostatectomy. 
J Urol. 2009;181(3):1236–41.  

      44.    Wessells H, Morey AF, McAninch JW. Obliterative 
vesicourethral strictures following radical prostatec-
tomy for prostate cancer: reconstructive armamentar-
ium. J Urol. 1998;160(4):1373–5.  

    45.    Simonato A, Gregori A, Lissiani A, Varca V, 
Carmignani G. Use of Solovov-Badenoch principle in 
treating severe and recurrent vesico-urethral anasto-
mosis stricture after radical retropubic prostatectomy: 
technique and long-term results. BJU Int. 2012;110(11 
Pt B):E456–60.  

    46.    Theodoros C, Katsifotis C, Stournaras P, Moutzouris 
G, Katsoulis A, Floratos D. Abdomino-perineal repair 
of recurrent and complex bladder neck-prostatic ure-
thra contractures. Eur Urol. 2000;38(6):734–40. dis-
cussion 740–1.  

    47.    Elliott SP, McAninch JW, Chi T, Doyle SM, Master 
VA. Management of severe urethral complications of 
prostate cancer therapy. J Urol. 2006;176(6 Pt 
1):2508–13.  

    48.    Chiou RK, Howe S, Morton JJ, Grune MT, Taylor 
RJ. Treatment of recurrent vesicourethral anastomotic 
stricture after radical prostatectomy with endoure-
throplasty. Urology. 1996;47(3):422–5.  

    49.    Castellan MA, Gosalbez R, Labbie A, Monti 
PR. Clinical applications of the Monti procedure as a 
continent catheterizable stoma. Urology. 
1999;54(1):152–6.      

7 Management of Vesicourethral Anastomotic Stricture



111© Springer International Publishing Switzerland 2016 
J.S. Sandhu (ed.), Urinary Dysfunction in Prostate Cancer, DOI 10.1007/978-3-319-23817-3_8

      Rectourethral Fistula                     

     Jack     M.     Zuckerman      and     Kurt     A.     McCammon     

        J.  M.   Zuckerman ,  M.D.    •    K.  A.   McCammon ,  M.D., 
F.A.C.S.      (*) 
  Department of Urology ,  Eastern Virginia Medical 
School ,   Norfolk ,  VA ,  USA   
 e-mail: MccammKA@EVMS.EDU  

  8

      Abbreviations 

   RUF    Rectourethral fi stula   
  RP    Radical prostatectomy   
  EBRT    External beam radiation therapy   
  XRT    Radiation therapy   
  TURP    Transurethral resection of the prostate   
  HIFU    High-intensity focused ultrasound   
  CT    Computed tomography   
  MRI    Magnetic resonance imaging   
  RUG    Retrograde urethrogram   
  VCUG    Voiding cystourethrogram   
  BMG    Buccal mucosa graft   
  SPT    Suprapubic tube   

          Introduction 

 Rectourethral fi stula (RUF) is a congenital or 
acquired abnormal communication between rec-
tal and urethral epithelium. Congenital fi stulas 
include those that occur in conjunction with ano-
rectal malformations and are usually corrected at 
the time of pediatric anoplasty. Acquired fi stulas 
may develop secondary to iatrogenic surgical 

injury, trauma, infection/infl ammation, malignancy, 
or tissue ablation [ 1 ]. Today, although rare, 
acquired fi stulas most often result from compli-
cations of prostate cancer treatment. PSA testing 
has led to an increase in prostate cancer diagnosis 
and treatment over the last several decades. 
Multimodality therapy and tissue ablative tech-
niques are also being performed with increasing 
frequency, leading to higher rates of RUF. While 
surgical fi stulas are often small and uncompli-
cated, fi stulas associated with radiation and/or 
tissue ablation are frequently larger with poorly 
vascularized tissues leading to more diffi cult 
repairs with poorer outcomes.  

    Etiology and Pathophysiology 

 The risk for rectal injury during radical prostatec-
tomy (RP) is small and only a subset of these inju-
ries will develop into an iatrogenic RUF. Thomas 
and colleagues published that the incidence RUF 
formation is 0.53 % (12/2447) following open radi-
cal prostatectomy [ 2 ]. The risk for fi stula formation 
was higher in perineal (1.04 %) versus retropubic 
prostatectomy (0.34 %). Of these men, only 54 % 
of them were known to have an incidental rectal 
injury during prostatectomy, which was repaired at 
the time in two layers. Sixty-two percent of the 
men had extracapsular disease, suggesting either 
adherence to the rectal mucosa or surgeon attempts 
at wide local excision contributed to fi stula for-
mation. Robotic-assisted laparoscopic techniques 
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appear to have even lower rates of rectal injury and 
fi stula formation, though no direct comparisons 
can be made. Wedmid et al. published a series of 
6650 robotic prostatectomies performed at six 
institutions [ 3 ]. They found only 11 rectal injuries 
(0.17 %), of which only four progressed to a recto-
urethral fi stula. Three of the four RUF were uniden-
tifi ed rectal injuries at the time of prostatectomy. 
Only one of the rectal injuries identifi ed and 
repaired intraoperatively developed into a RUF. 
The three patients presenting late required bowel 
diversion and delayed repair. 

 Use of radiotherapy for the treatment of pros-
tate cancer has increased dramatically as new 
techniques are developed and accepted by 
patients and physicians. External beam radiation 
therapy (EBRT) was used to treat 20 % of men in 
the CaPSURE (Cancer of the Prostate Strategic 
Urological Research Endeavor) database between 
1993 and 2001 [ 4 ]. The use of brachytherapy 
increased from 4 % to 22 % during the same time 
period. Multimodality therapy is also increasing. 
In those with high-risk features, radiation is fre-
quently recommended following radical prosta-
tectomy in the adjuvant or salvage settings. 
Additionally, patients with high-risk disease 
being treated for cure may choose to undergo 
combined brachytherapy and EBRT. This 
increased use of XRT has invariably led to 
increased rates of radiation induced RUF. 
Contemporary series report that more than 50 % 
of RUF are caused or complicated by radiation 
and/or ablation techniques [ 5 ,  6 ]. These risks are 
magnifi ed further in men undergoing combined 
external beam and brachytherapy [ 7 ]. That being 
said, RUF formation after radiation therapy 
remains infrequent, with incidence rates reported 
from 0 to 0.6 % after EBRT and 0.3–3 % after 
brachytherapy [ 5 ,  8 – 10 ]. 

 Radiotherapy may contribute to RUF forma-
tion in a variety of ways. Radiation causes both 
direct and indirect cellular damage through its 
ionizing effects [ 11 ]. Indirect cytotoxicity occurs 
secondary to the release of oxygen free radicals, 
altering normal DNA biology and protein synthe-
sis. Direct effects occur when the photon itself 
damages DNA or tissue proteins. Acute effects of 
radiation are primarily tissue edema and infl am-

mation with a reduction in cell proliferation. This 
lack of proliferation may lead to ulceration, 
bleeding and infection. Subacute and chronic 
phases are dominated by ischemia and fi brosis. 
Microvascular damage leads to tissue ischemia, 
promoting necrosis, fi brosis and worsening ulcer-
ation, all of which contribute to radiation induced 
RUF formation [ 12 ]. Effects of radiation are dose 
and tissue dependent. Higher doses delivered (as 
with combined brachytherapy and EBRT) will 
result in higher risk of normal tissue damage and 
urinary complications. Additionally radiation 
effects are remarkably tissue dependent. Tissues 
with high rates of metabolic activity, such as uri-
nary and gastrointestinal epithelium, are most 
sensitive to the effects of radiation. They are also 
fi xed midline structures that are more diffi cult to 
exclude from the radiation fi elds when treating 
pelvic malignancies. 

 The risk of RUF following radiotherapy invari-
ably increases with urethral manipulation, 
whether endoscopic, open or percutaneous. Men 
with rectal bleeding following XRT, especially 
after brachytherapy, should be cautioned against 
anterior rectal wall biopsy or cautery. This has 
been shown to induce RUF formation and bleed-
ing usually subsides on its own without interven-
tion [ 10 ,  12 ]. Urinary obstruction is possible after 
both EBRT and brachytherapy; however, it is 
more often described with the permanent implant. 
Rates of obstruction requiring transurethral resec-
tion of the prostate (TURP) following brachyther-
apy range from 0 to 8.3 % [ 10 ]. These patients are 
at high risk for RUF if a complete resection is per-
formed secondary to insuffi cient blood supply to 
the prostatic urethra and poor urethral healing 
[ 12 ]. The bladder neck should be spared in these 
men, if possible, to preserve adequate urethral 
perfusion. The risks during outlet procedures are 
not limited to TURP. Experience suggests that 
RUF formation may be even more likely follow-
ing prostate laser photovaporization in post-radia-
tion patients. This may be secondary to less 
control with depth of tissue penetration during 
laser photovaporization procedures, though RUF 
rates in this population are not well reported. 

 PSA recurrence following defi nitive radio-
therapy is not uncommon. CapSURE database 
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analysis found up to 63 % of men developed 
recurrence a mean 38 months following XRT. In 
the subset with presumed local recurrence, local 
salvage treatments may be offered. Salvage radi-
cal prostatectomy is most often performed at 
select high volume centers; however, despite sur-
geon experience, morbidity with this procedure 
remains high. Gotto et al. presented a large series 
of salvage radical prostatectomies and noted a 
signifi cantly increased risk for RUF compared 
with primary RP regardless of the type of XRT 
the patient had previously received [ 13 ]. Overall, 
surgical complications were found in more than 
50 % of men. 

  Cryotherapy   is becoming a more commonly 
performed salvage treatment in the USA secondary 
to the relative ease of performing the procedure in 
the salvage setting and the perceived reduced risk 
of morbidity compared with salvage RP. Although 
improvements have been made in later generation 
devices to reduce complications, salvage cryother-
apy has been shown to induce RUF formation in 
0–3.4 % of men [ 14 ]. This risk remains despite per-
forming focal compared to whole gland salvage 
[ 15 ]. Other salvage options following failed EBRT, 
including brachytherapy and high-intensity focused 
ultrasound (HIFU), appear to have similar urethro-
rectal complications. Brachytherapy after EBRT 
failure leads to RUF formation in an average 3.1 % 
of men and fi stula complications after HIFU 
approach 4 % [ 16 – 18 ].  

    Presentation 

 Iatrogenic rectourethral  fi stulas   secondary to rad-
ical prostatectomy typically present within 2–3 
weeks following surgery [ 2 ,  19 ]. Radiation 
induced fi stula generally develop in a delayed 
fashion and typically present between 2 and 3 
years following completion of XRT [ 5 ,  12 ]. 
Clinical symptoms can be variable, though the 
most commonly reported symptoms are pneuma-
turia and anal urinary leakage. Those without 
overt symptoms of a RUF may present with 
recurrent urinary tract infections and the index of 
suspicion must be high in those with a history of 
a radical prostatectomy, especially if a rectal 

injury was known to occur during RP. In addition 
to symptoms commonly found with iatrogenic 
surgical fi stulas, radiation induced fi stulas may 
lead to hematuria, rectal bleeding and pelvic 
pain. Massive rectal bleeding and necrotizing 
fasciitis have also been reported with RUF [ 20 ]. 

  Fecaluria     , a traditional hallmark of urorec-
tal fi stulas, is less commonly seen with RUF 
compared with colovesical fi stulas from diver-
ticular disease or malignancy. This is thought 
to be secondary to the relative high pressure 
within the urethra compared with the rectum 
during voiding, leading to rectal urine leakage 
rather than fecaluria [ 21 ]. For this reason, fecal-
uria is a poor prognostic sign in men with RUF as 
this would suggest a larger fi stula at presentation. 
It has similarly been suggested that those without 
fecaluria may be more likely to close spontane-
ously with urinary diversion with or without 
colostomy [ 2 ].  

    Diagnosis and Evaluation 

  An  example   of a diagnostic and treatment algo-
rithm can be found in Fig.  8.1 . Exam under anes-
thesia allows excellent characterization of the 
rectourethral fi stula and helps with the treatment 
plan. Digital rectal examination can allow palpa-
tion of the fi stula if the defect is suffi ciently large. 
Proctoscopy and cystoscopy should both be per-
formed to determine the exact location, size and 
infl ammation associated with the fi stula. Fistula 
tract biopsy should be performed in every patient 
prior to surgery to rule out recurrent or radiation 
induced malignancy. Patients should also be 
evaluated for rectal stenosis as this is found 
commonly after radiation and may complicate 
attempts at repair if the stenosis is signifi cant [ 22 ].

    Retrograde urethrogram (RUG)   may be may 
be performed while the patient is under anesthe-
sia or in the offi ce setting. This will aid in further 
delineating the location and size of the fi stulous 
tract. If done with the patient awake in the offi ce, 
concomitant voiding cystourethrogram (VCUG) 
should also be performed (Fig.  8.2 ). This will 
provide additional information with regard to 
bladder neck and posterior urethral pathology, 
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such as urethrovesical anastomotic stenosis or 
prostatic urethral stricture.

   Cross sectional abdominopelvic imaging 
using either computed tomography (CT) or 
 magnetic resonance imaging (MRI) may be indi-
cated in cases where the standard workup is 
insuffi cient and the anatomy of the fi stula is not 
clear. This imaging is also helpful in men with 
prior failed repairs. Some have also suggested 
that MRI allows demonstration of an intervening 
cavity between the rectum and urethra, which 
may aid in surgical planning and patient counsel-
ing [ 21 ]. 

 Urodynamic testing is occasionally helpful 
in the evaluation of a rectourethral fi stula, though 
they are often diffi cult to perform depending 
on the size of the fi stula tract and volume of 
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urine leakage. If they are performed, an assess-
ment of bladder capacity is helpful. Men with 
radiation induced RUF will frequently also have 
a reduced bladder capacity. As a consequence, 
some will be better served with a cystectomy 
and urinary diversion rather than attempts at fi s-
tula repair. 

 Lastly, men presenting with urorectal fi stulas 
should be evaluated for sexual function and over-
all quality of life. Erectile function is known to be 
poor in men with radiation induced RUF [ 11 ]. 
Men considering fi stula surgery who have 
 adequate erectile function should be counseled 
that surgical treatment might result in worsening 
of their erection quality .  

    Conservative and Endoscopic 
Management 

  Conservative management of rectourethral  fi stulas   
generally refers to transurethral or suprapubic 
urinary drainage in conjunction with a “low 
residue” diet or temporary colostomy to reduce 
rectal fecal burden. This regimen is continued 
for 4–6 weeks and followed by repeat fi stula 
assessment with an offi ce RUG and VCUG. 
Extending the trial of conservative management 
beyond 6 weeks for those with a persistent RUF 
would be futile and those patients should be 
counseled on surgical options at that time. 

 Any attempts at conservative management of 
rectourethral fi stulas should reserved for those 
men with small, surgically induced fi stula with-
out associated radiation or tissue ablation injury. 
This group of patients has the best chance for 
non-surgical resolution of their fi stula. It is likely 
that rather than a true rectourethral fi stula, this 
situation represents an iatrogenic urorectal com-
munication that has not been present for suffi cient 
time to form an epithelial tract. In this specifi c 
scenario, urinary diversion and dietary changes 
may allow healing to occur before an epithelial-
ized communication becomes permanent. 

 Several authors have reported positive results 
using this conservative management technique in 
surgical RUF. Most recently, Thomas and col-
leagues reported on 12 patients with a surgically 

induced fi stula who underwent attempts at con-
servative management with urinary drainage +/− 
diverting colostomy [ 2 ]. Of the 12 men, fi ve 
(42 %) had resolution of their fi stula without sur-
gical intervention. Fecaluria was found to be a 
negative prognostic sign for fi stula resolution 
with conservative treatment, suggesting that 
patients with fecaluria have larger and more com-
plex fi stulas. Others have also noted some suc-
cess with conservative measures. Nyam and 
Pemberton demonstrated at 14 % success rate, 
and Al-Ali and associates a 46.5 % closure with a 
similar treatment paradigm [ 23 ,  24 ]. 

 Contrary to an uncomplicated surgical fi stula, 
however, men with a history of radiation or tis-
sue ablation are signifi cantly less likely experi-
ence spontaneous closure [ 5 ]. These fi stulas are 
complicated by generally being larger in size with 
infl amed and poorly vascularized surrounding 
tissue. They also more often present in a delayed 
fashion when an epithelial tract has had ample 
time to establish. All of these factors contribute 
to lack of spontaneous closure. 

 In addition to urinary and fecal diversion, 
minimally invasive endoscopic treatments have 
been attempted for small fi stulas. Dolay et al. 
published a successful case of successful RUF 
treatment with endoscopic injection of fi brin glue 
into the fi stula tract and rectal mucosal clipping 
[ 25 ]. A similar case report demonstrated success 
injecting fi brin glue into a complex RUF second-
ary to rectal Crohn’s disease. The fi stula resolved 
and had not recurred at 3 years of follow up [ 26 ]. 
We have also attempted a technique of injecting 
fi brin glue in men with small and uncomplicated 
RUF with some success, though small numbers. 
Fibrin glue theoretically works in these patients 
by occluding the fi stula tract, promoting native 
fi brin deposition and stimulating fi broblast pro-
liferation. It also stimulates epithelialization and 
neovascularity, all of which promote fi stula reso-
lution. This technique may be an option for those 
men with uncomplicated fi stulas who fail conser-
vative measures and either refuse or are not can-
didates for a defi nitive open repair. However, a 
standardized technique and more robust outcome 
data are necessary before this minimally invasive 
treatment option can be broadly recommended .  
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    Open Surgical Management 

 The vast majority of rectourethral fi stulas will 
require open surgical management. There are sev-
eral basic surgical principles for optimization of 
outcomes with fi stula repair. No matter which 
technique is chosen, complete excision of the fi s-
tula tract followed by a multilayer, tension free 
rectal and urethral closure is mandatory. In all but 
the simplest surgical fi stulas, tissue interposition, 
usually accomplished with a local fl ap, will 
improve outcomes. Flaps are especially necessary 
for any redo procedures or large RUF associated 
with radiation and/or tissue ablation techniques [ 6 ]. 
Tissue interposition creates a space of separation 
between the prior fi stulous communication and 
reduces the likelihood of fi stula recurrence. 

 Timing of open repair is often dictated by sur-
geon preference and experience. It is generally 
our practice, and that of others, to wait 3 months 
after a diagnosis surgical fi stula with urinary 
diversion +/− fecal diversion before proceeding 
with repair [ 6 ,  27 ,  28 ]. This allows the patient at 
least an attempt at spontaneous closure and gives 
time for tissue infection and infl ammation to 
improve or resolve. In men with radiation induced 
fi stulas or RUF following tissue ablation tech-
niques we generally wait 4–6 months as the asso-
ciated tissue infl ammation and tissue necrosis is 
signifi cantly increased in this group. Men pre-
senting with sepsis or local infection must be 
adequately treated and fecal diversion is nearly 
always necessary in this group preoperatively. In 
those instances we will frequently delay repair 
slightly longer to allow suffi cient tissue healing 
and resolution of infection. 

 Preoperative preparation depends on whether 
the patient has already undergone fecal diversion 
with a colostomy or ileostomy. If fecal diversion 
is planned as part of the fi stula repair, a full poly-
ethylene glycol mechanical bowel preparation 
ensures a stool free rectum during surgery. If a 
fecal diversion was performed prior to fi stula 
repair this is unnecessary. IV antibiotics that 
cover both skin and gastrointestinal fl ora are 
administered within 1 h of incision. Patients with 
a prior fecal diversion can be fed immediately 
following surgery. Those undergoing diversion at 

the time of fi stula repair or if electing to undergo 
repair without a covering fecal diversion should 
are kept NPO until return of bowel function. 

 Postoperative care depends on the fi stula etiol-
ogy. Urinary diversion is managed for all patients 
with a suprapubic tube (SPT) and Foley catheter 
following RUF repair. The Foley is kept in place 
for 3–4 weeks and a VCUG is performed at the 
time of Foley removal confi rming the fi stula reso-
lution and absence of urethral stricture or bladder 
neck stenosis. If a fecal diversion is present, this 
is generally maintained for 3 months following 
fi stula repair. Prior to reversing the diversion, 
repeat endoscopic and radiographic examination 
of the urethra is recommended to ensure com-
plete resolution of the fi stula tract. 

    Transanorectal (York Mason 
and Parks Procedure) 

   Historically colorectal  surgeons   rather than 
urologists performed the majority of rectoure-
thral fi stula repairs. As a consequence, surgical 
approaches utilized for other colorectal surgeries 
were more commonly used during fi stula repair. 
Although innumerable techniques have been 
described, transanorectal procedure can broadly 
be divided into sphincter-splitting approaches 
(York Mason [ 29 – 31 ]) or more recently the 
sphincter-preserving transanal rectal advance-
ment fl aps (Parks procedure [ 32 ]). 

 Bevan was the fi rst to describe transsphinc-
teric rectal surgery in 1917 for rectal tumors [ 33 ]. 
Its application for the treatment of rectourethral 
fi stulas, however, was not reported until 1969 by 
Kilpatrick and York Mason [ 29 ]. Transanorectal 
procedures begin by placing the patient in prone 
jackknife position. The buttocks are spread with 
adhesive tape. An incision is then made in the 
midline from the coccyx to the anal verge. The 
external sphincter is divided with care to place 
paired sutures at each level of the muscle. These 
sutures ensure proper sphincter alignment during 
reconstruction at the completion of the proce-
dure. The rectum is then opened posteriorly along 
the incision, allowing exposure of the fi stula 
tract. The fi stula is sharply excised with a scalpel. 
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Prospectively catheterizing the fi stula tract can 
be helpful during this portion of the case, but is 
not mandatory. After the fi stula and associated 
infl ammatory tissue has been excised, the rectum 
and urethra mobilized to allow suffi cient separa-
tion. A tension free, layered closure of the ure-
thral and rectal defects is then performed with 
absorbable suture. Three layers of tissue are 
utilized. The urethra is closed fi rst over a Foley 
catheter. A substantial layer of anterior rectal 
wall muscle is approximated second followed by 
the rectal mucosa, which comprises the third 
layer. The sphincter is reconstructed and the pre-
sacral and overlying tissues cover the defect. 

 The largest experience with the transano-
rectal modifi ed York Mason approach to RUF 
repair was presented in 2012 by Hadley and col-
leagues from the University of Utah [ 34 ]. Fifty-
one patients at their institution underwent this 
approach to fi stula repair over their 40 year 
experience. Only seven patients had radiation-
induced fi stulas with the remainder surgical fi s-
tulas. To date they have only experience fi ve 
fi stula recurrences with a greater than 90 % suc-
cess rate. One of the failures was salvaged with 
a repeat York Mason procedure. The remainder 
underwent permanent urinary or fecal diversion. 
A summary of outcomes from this and other 
select series using this technique can be found 
in Table  8.1 .

   The other less commonly used transanal tech-
nique for RUF repair is a sphincter-sparing rectal 
advancement fl ap, or Parks procedure [ 32 ]. This 
approach is also performed in the prone jackknife 
position and involves transanal fi stula exposure 
without incising the rectal sphincter or mucosa. 
Exposure is achieved with fi xed anal retractors. 
Once the tract has been identifi ed, a U-shaped 
broad based fl ap of rectal mucosa and muscle is 
raised. The apex of the U is situated through the 
fi stula tract and the tract is excised. The defect is 
then closed in three layers: urethral mucosa 
approximated over the Foley catheter, rectal wall/
muscle and rectal mucosa. 

 The rectal advancement technique is less com-
monly used, even by colorectal surgeons, second-
ary to reduced exposure and diffi culty with fi stula 
excision and repair. Garofalo et al. published a 

20-year experience with rectal advancement fl aps 
for RUF repair [ 35 ]. Over that time period only 
12 men underwent attempts at fi stula treatment 
utilizing this technique. At a mean follow up of 
31 months, eight patients (67 %) were free from 
RUF recurrence. More recently, Joshi and associ-
ates presented their results with fi ve patients 
using this technique [ 36 ]. All fi ve men are asymp-
tomatic without fi stula recurrence at a median 11 
months, though one did require a second proce-
dure after failure of the initial attempt (80 % suc-
cess at fi rst attempt). 

 Although initially the mainstay of rectoure-
thral fi stula surgery, sphincter-splitting and pre-
serving transanal fi stula repairs are now much 
less frequently utilized. Sphincter preserving 
procedures are only useful in those men with 
small, distal, non-irradiated RUF in whom a 
more minimally invasive approach seems optimal. 
This approach is severely limited in its exposure 
and has no place in the treatment of larger fi stula 
or those with associated radiation or tissue ablation 
injury. Additionally, while the urethra may be 
closed using this technique, rectal fl ap advance-
ment is the primary means for fi stula resolution. 
This ignores the presumption that the pressure 
gradient favors fl ow from the urethra into the rec-
tum rather than vice versa [ 21 ]. That being said, 
morbidity following a transanal procedure is low 
and it does not preclude a transperineal salvage 
should the initial attempt at closure fail. 

 Sphincter-splitting transanal approaches are 
performed more commonly than sphincter- 
preserving ones and have demonstrated compa-
rable outcomes to transperineal repairs (88 % 
overall operative success) [ 42 ]. However, this 
approach is limited in its versatility. Treatment of 
concomitant bladder neck stenosis or urethral 
stricture is not possible with a transrectal approach 
and interposition fl aps can be more diffi cult. 
Ideal candidates are those with small- moderate 
sized fi stulas (<2 cm) without a history of prior 
radiotherapy or tissue ablation. Men with larger 
fi stulas or those with other complicating factors 
who undergo a transrectal repair are known to 
be at a signifi cant disadvantage, demonstrating 
reduced operative success compared to small, 
non-radiated fi stulas [ 34 ]. 

8 Rectourethral Fistula
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 In the last 15–20 years, the proportion of men 
presenting with symptoms of a RUF who have 
previously been radiated has increased dramati-
cally. Prior to 1997, 4 % of RUF were compli-
cated by radiation whereas more than 50 % 
present with that history today [ 5 ,  6 ]. Thus, fi nd-
ing an ideal patient for a transanorectal procedure 
is becoming increasingly diffi cult. Additionally, 
although it has not been reported in the literature, 
concern for anal incontinence with a sphincter- 
splitting procedure is pervasive, especially with 
surgeons less familiar with this approach. For 
these reasons, some have argued that a transperi-
neal approach to fi stula repair is more adaptable 
to any situation and should be the procedure of 
choice for both uncomplicated and complicated 
fi stulas   [ 21 ].  

    Transperineal 

 A perineal  approach   to repair of rectourethral 
fi stulas is becoming increasingly common and 
now represents the preferred technique for RUF 
surgery. Perineal exposure is something most 
urologists are comfortable with, given its use in a 
variety of urologic surgeries, including urethro-
plasty, incontinence procedures, urethrectomy, 
and others. In addition to addressing the RUF, 
this technique allows the treatment of concomi-
tant bladder neck and urethral pathology in the 
same setting and is ideally situated for raising 
local fl aps for tissue interposition. 

 The perineal approach to RUF repair begins 
with the patient in dorsal lithotomy or exagger-
ated lithotomy position. We most often utilized 
exaggerated lithotomy as this allows two sur-
geons to comfortably operate standing side-by- 
side, but this is a matter of surgeon preference. 
An inverted “U” or lambda incision is made in 
the perineum. The Jordan-Simpson perineal 
Bookwalter retractor or similar perineal retrac-
tor is helpful for exposure. The transverse peri-
nei muscles are divided and the perineal body is 
completely incised. This allows the urethra to 
be elevated and a surgical plane developed in 
close proximity to the anterior rectum all the 
way up to the peritoneum. The rectum and ure-

thra are widely mobilized and the fi stula is 
divided and exposed. 

 Closure of both the rectum and urethra depend on 
the size of the fi stula and resulting tissue defect. 
The rectum should always be closed in horizontal 
layers to avoid iatrogenic rectal stenosis. Larger 
fi stulas may require more thorough rectal mobili-
zation to close tension free, whereas smaller 
fi stulas require less mobility. Small urethral 
defects are easily approximated over a Foley 
catheter in two layers. If the fi stula is suffi ciently 
large such that a primary closure is not possible, 
a tissue interposition is required. We prefer a buc-
cal mucosa graft (BMG) onlay in this scenario, 
which allows closure of nearly any size urethral 
defect. When using a BMG, a vascularized bed 
is necessary to support the graft [ 43 ]. Depending 
on the location of the graft, this is most often 
accomplished with a gracilis muscle fl ap, but 
ischiocavernosus muscle, Singapore fl ap, levator 
muscle, or other healthy local tissue fl ap may be 
used. In addition to reducing the chance for 
recurrent RUF, the fl ap functions to fi ll the cavity 
with healthy tissue to promote imbibition and 
inosculation of the graft. 

 A signifi cant advantage of the perineal 
approach is its versatility for men with concomi-
tant urethral strictures or urethrovesical anasto-
motic stenosis. Urethral strictures can be 
approached in the same fashion as a primary ure-
throplasty with a few important distinctions. We 
generally favor non-transecting techniques for 
repair of urethral strictures in this setting to pre-
serve urethral vascularity and promote healing. 
The proximal bulbourethral blood supply is 
often, if not always, sacrifi ced or damaged prior 
to or during fi stula repair. For this reason, retro-
grade distal arterial supply from the dorsal and 
cavernosal arteries is exquisitely important. 
Bulbomembranous strictures can be managed 
with a ventral urethrotomy, extending the fi stula 
tract through the strictured region. A longer 
BMG is then placed ventrally with a gracilis 
muscle fl ap for support. For strictures distant 
from the site of the fi stula this technique is not 
feasible and we favor urethral mobilization and a 
dorsal urethrotomy and BMG onlay technique. 
Men with concomitant urethrovesical anasto-
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motic stenosis may be managed with urethral 
mobilization, excision of the stricture segment 
and complete revision of the urethrovesical 
anastomosis. An inferior pubectomy may be 
required in these patients for adequate visualiza-
tion of the bladder neck for repair. Alternatively 
an abdominaoperineal approach may be chosen, 
but we have not found this necessary in the 
majority of cases. 

 The largest series of transperineal RUF sur-
gery was published by Vanni et al. in 2010 [ 6 ]. 
They retrospectively reported on 74 patients who 
underwent RUF repair at their institution. Of the 
74 patients, 35 were non-radiated surgical RUF 
and 39 were radiation induced fi stulas. An inter-
position fl ap was used in all patients, including a 
gracilis muscle fl ap in 92 % and a range of other 
fl aps in the remainder. Urethral strictures were 
concurrently treated with BMG onlay in 11 % 
and 28 % of men in the radiated and non-radiated 
groups, respectively. At a mean follow up of 20 
months, 100 % of the non-radiated men and 84 % 
of the radiated men were free of fi stula recur-
rence in a single stage. Thirty-one percent of 
radiated patients required permanent fecal diver-
sion secondary to permanent rectal damage or a 
noncompliant anal sphincter. 

 Several other centers have published results 
with transperineal repair of RUF (Table  8.1 ). 
Mundy and Andrich reported on 40 patients uti-
lizing this technique (23 surgical, 17 radiation 
fi stulas) [ 21 ]. A purely perineal approach was 
used in all surgical fi stulas, however for radiation 
induced fi stulas an abdominoperineal approach 
was performed in 14 of the 17 men. This allowed 
the fi stula surgery to be combined with a salvage 
radical prostatectomy in eight men. With a 
minimal of 1 year follow up on each patient, 
100 % of patient had resolution of their fi stula, 
though some did require prolonged catheter 
drainage before complete healing of the urethra 
on urethrography. 

 More recently, Voelzke and associates 
reviewed their outcomes with a perineal approach 
to RUF repair in 23 patients. Different from the 
dorsal lithotomy position used in most perineal 
surgery, they opted for a prone jackknife position 

in 15 of the 23 men. Their rationale for this tech-
nique alteration was to reduce the exposure limi-
tations, which are inevitable with the anterior 
pubic arch. As with transsphincteric procedures, 
however, this position limits ability to easily per-
form a gracilis muscle interposition fl ap. In this 
series a fl ap was utilized in only 7 of the 23 
patients. At a mean 13 months of follow up, they 
found 100 % success rate in the surgical fi stulas 
and 61.5 % with the radiation/ablation fi stulas. 

 Transperineal approaches to RUF repair have 
many advantages over transrectal, sphincter- 
preserving or splitting procedures. This technique 
allows concurrent treatment of both urethral 
strictures and bladder neck contractures, both of 
which are found commonly in RUF patients, 
especially those with a history of radiation. 
Recent publications report a 25–30 % risk for 
concomitant bulbomembranous or bladder neck 
strictures in men with a radiation induced RUF 
[ 6 ,  28 ]. With patients already in the appropriate 
position for repair of that pathology it can be per-
formed in the same setting without need for 
unnecessary repeat surgery through a compli-
cated surgical fi eld. The perineal approach is also 
the easiest with which to perform tissue interpo-
sition fl aps, specifi cally the gracilis fl ap that is 
most commonly used. While it is possible to use 
a gracilis fl ap in the prone position, this may 
require harvesting the fl ap ahead of time with 
subsequent patient repositioning, adding time 
and potential complications to an already diffi -
cult procedure [ 28 ]. Finally, a perineal approach 
in the lithotomy position offers the opportunity to 
easily progress to an abdominoperineal proce-
dure if a salvage prostatectomy or other concur-
rent procedures are necessary.  

    Gracilis Muscle Flap 

   The need for tissue interposition  during      RUF sur-
gery is debated. Some high-volume centers argue 
that in uncomplicated small surgical fi stulas a 
fl ap is unnecessary [ 21 ,  28 ]. Others suggest that 
fl aps offer an important protection against fi stula 
recurrence, even in a patient with a straightfor-
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ward RUF [ 6 ]. Most would agree, however, that 
for radiation or ablation induced fi stulas, tissue 
interposition reduces the risk for recurrence and 
is strongly recommended. 

 The gracilis muscle peninsular fl ap for use in 
rectourethral fi stula repair was initially described 
by Ryan et al. in 1979 [ 44 ]. Since the initial 
description it has been widely accepted and now 
represents the most common fl ap used during 
RUF surgery. It has been consistently proven to 
offer excellent outcomes compared with other 
local tissue fl aps [ 6 ,  27 ,  37 ,  38 ]. While no ran-
domized trials exist, small comparative studies 
do show an advantage with the addition of a grac-
ilis fl ap interposition compared with no fl ap for 
RUF repairs [ 23 ]. A primary reason for wide-
spread acceptance of this fl ap for perineal surgery 
is its versatility. It can be harvested from one or 
both legs without signifi cant morbidity or loss of 
function. It is consistently present in patients 
regardless of age or gender, and it easily rotates 
into the perineum without tension. Finally, the 
proximal pedicle off the profunda femoris is 
hardy and fl ap necrosis is rare as long as an ade-
quate tunnel is created. 

 The gracilis muscle is a long (25–30 cm), thin 
muscle originating at the ischiopubic ramus and 
inserting on the medial condyle of the tibia 
(Table  8.2 ). The predominant vascular pedicle is 
supplied by the medial circumfl ex femoral artery, 
which is a branch of the profunda femoris on the 
proximal aspect. The pedicle can usually be 
found about 10 cm from the gracilis muscle ori-
gin. Distal pedicles are small branches off the 
superfi cial femoral artery and can be sacrifi ced 
without concern for fl ap compromise. One or two 

vessels comprise the primary venous drainage 
and usually accompany the artery.

   With the patient in lithotomy position, the 
muscle belly can be palpated between two fi n-
gers at the medial thigh approximately 10 cm 
from the ischiopubic ramus, marking the approx-
imate point of the primary vascular pedicle 
(Fig.  8.3a ). A medial thigh incision is made from 
this point distally towards the site of insertion. 
The incision can either be extended all the way 
to the tendinous insertion or alternatively a 
counter-incision can be made at that point. The 
dominant vascular pedicle is prospectively 
identifi ed early, such that distal dissection can 
proceed quickly. A vascular Doppler can be used 
to aid in locating the vessel if it is diffi cult. 
Once the artery has been safely marked the mus-
cle is circumferentially controlled with a Penrose 
drain for retraction (Fig.  8.3b, c ). The distal 
attachments can be bluntly freed with selective 
use of electrocautery. With the muscle mobilized 
to its insertion, the proper tendinous attachment 
is confi rmed with gentle traction on the muscle 
while palpating the tendon. It can then be incised 
with cautery. The gracilis muscle is then rotated 
back 180° through the thigh incision towards 
the perineum (Fig.  8.3d ). Care must be taken not 
to twist the fl ap and occlude the arterial supply. 
A generous subcutaneous tunnel is created from 
the thigh incision into the perineal incision; the 
muscle is transposed and sutured in place 
(Fig.  8.3e ). The thigh is closed in layers and a 
closed suction drain is left for several days. A com-
pressive wrap on the leg may be placed to reduce 
the risk for hematoma formation.

   Though not well documented in the litera-
ture, complications following gracilis muscle 
harvest appear to be minimal and the procedure 
well tolerated. The gracilis muscle functions to 
medially rotate and adduct the hip as well as fl ex 
the knee. After the muscle is harvested the 
adductor longus and magnus replace the func-
tionality and motor defects have not been 
reported [ 38 ]. There is a small risk for hema-
toma formation with gracilis harvest, especially 
if a minimal incision is attempted with counter-
incision over the insertion site. This requires 

   Table 8.2    Gracilis muscle characteristics   

 Function  Medial hip rotation and 
adduction, knee fl exion 

 Size  4–8 cm width; 25–30 cm length 
(depending on leg size) 

 Arterial supply  Medial circumfl ex femoral artery 
(branch of profunda femoris) 

 Origin  Ischiopubic ramus 

 Insertion  Medial tibial condyle 

8 Rectourethral Fistula



122

blind dissection and vessels may not be ade-
quately controlled. The postoperative compres-
sive wrap should help to reduce this risk  .   

    Minimally Invasive Surgical 
Management 

  Minimally invasive approaches to  rectourethral   
fi stulas are in their infancy and have been 
described only in case reports and small series of 
three to four patients. Sotelo and colleagues 
 published their results with two patients perform-
ing a purely laparoscopic fi stula repair [ 45 ]. One 
patient developed a fi stula after a low anterior 
resection for rectal cancer and was managed with 
a simple laparoscopic prostatectomy and fi stula 
closure. The neurovascular bundles were used for 
tissue interposition. Another patient developed a 
RUF after radical prostatectomy with the fi stula 

near the urethrovesical anastomosis. This fi stula 
was managed with a laparoscopic, transvesical 
approach. The tract was excised, rectum closed 
and an omental fl ap was interposed. No fi stula 
recurrences were reported. 

 Gozen and colleagues have also reported on 
two patients undergoing laparoscopic RUF 
repair. In both cases, a laparoscopic prostatec-
tomy was performed followed by rectal closure 
and urethrovesical anastomosis. A peritoneal fl ap 
was used in one patient and a tunica vaginalis 
fl ap in another for interposition. No recurrences 
were noted at more than 8 months follow up. 

 Laparoscopic surgery is now widely accepted 
for many urologic procedures. Its use in rectoure-
thral fi stula repair, however, is only beginning to 
be described. While a technique utilizing robotic 
assistance has never been published, this technol-
ogy certainly has the potential to make a laparo-
scopic fi stula repair less daunting. However, the 

  Fig. 8.3    ( a – e ) Intraoperative photos during gracilis fl ap 
harvesting. Preoperative skin marking demonstrate the 
approximate location for the dominant vascular pedicle 
( a ). A skin incision overlying the muscle belly allows dis-

section of the muscle with a counter incision for transec-
tion of the tendon ( b ,  c ). The muscle is rotated 180° ( d ), 
tunneled and sutured in place in the perineum ( e )       
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merits of a minimally invasive approach to RUF 
repair has not, and may never be, adequately 
articulated. Morbidity associated with either 
transperineal or transrectal fi stula surgery is min-
imal, the risk for postoperative ileus is low, and 
there is no risk for damage to intra-abdominal 
structures. None of these can be stated confi -
dently with laparoscopic approaches for fi stula 
closure. Experienced laparoscopic surgeons must 
describe consistent results and a reliable 
 technique before it can be accepted as an option 
in the fi stula armamentarium .  

    Conclusions 

 Rectourethral fi stulas today are most often a rare 
complication from the treatment of prostate 
cancer. When they do occur, however, patients 
suffer signifi cant morbidity with negative effects 
on quality of life. Contemporary large series of 
RUF report a dramatic increase in the complexity 
of men presenting with RUF. While most RUF 
were formerly surgical fi stulas without associated 
radiation injury, patients with RUF presenting 
today are frequently caused by or complicated by 
a history of radiation and tissue ablation tech-
niques. Unfortunately, these complex fi stulas are 
often larger, more diffi cult to treat, and have 
proven to have worse outcomes following surgical 
correction compared with uncomplicated RUF. 
Liberal use of tissue interposition fl aps, such as the 
gracilis muscle fl ap, as well as judicious applica-
tion of fecal diversion will optimize patient out-
comes. While the vast majority of patients can be 
successfully cured, men with end-stage bladders 
and large complex fi stulas may be best managed 
with cystectomy and urinary diversion and should 
be counseled on that option.     
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           Introduction 

 Primary surgical management of men with per-
sistent stress urinary incontinence (SUI) follow-
ing defi nitive prostate cancer management, 
either with urethral sling placement or artifi cial 
urinary sphincter (AUS) placement, is typically 
highly successful [ 1 ,  2 ]. However, with either 
management option, patients may experience 
persistent or recurrent incontinence. A thorough 
evaluation of these patients is needed, as there is 
a broad range of potentially contributing etiolo-
gies. Additionally, given the technical consider-
ations inherent to reoperative surgery, including 
altered anatomy and potentially impaired tissue 
health, repeat anti-incontinence surgery pres-
ents a challenging clinical entity. Here in, we 
present our approach to management of the 
most common scenarios for repeat anti-inconti-
nence surgery.  

    Evaluation of Persistent 
or Recurrent Urinary Incontinence 
Following Anti-incontinence 
Surgery 

 Evaluation of persistent or recurrent stress urinary 
incontinence following anti-incontinence surgery 
requires careful consideration of various poten-
tial contributing factors and a stepwise approach 
to diagnosis. The workup for this issue varies 
based on the patient’s etiology for incontinence, 
comorbidities, initial anti-incontinence proce-
dure performed and the known risk factors for 
surgical failure. 

 With regard to artifi cial urinary sphincter 
placement, persistent/recurrent stress inconti-
nence can broadly be categorized into: improper 
device utilization, mechanical and non- 
mechanical failures, or non-device related causes. 
The evaluation of post-AUS incontinence begins 
with a thorough history, including timing and 
acuity of onset, concomitant lower urinary tract 
symptoms such as urinary urgency or frequency, 
dysuria, hematuria, or urinary tract infections, as 
well as a focused physical exam. As part of this 
exam, providers should evaluate the patient’s 
functional knowledge and ability to properly uti-
lize the device. If improper technique is encoun-
tered, patients may need reinstruction regarding 
device function. Additionally, non-device related 
causes, such as urinary tract infection and 
 overfl ow incontinence (from decreased bladder 
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contractility, urethral stricture or bladder neck 
contracture) should be assessed for with a uri-
nalysis/urine culture and post-void residual. 
Likewise, if de novo urinary urgency and urge 
incontinence are identifi ed in the setting of an 
otherwise normal evaluation, including cystos-
copy, they may be managed with behavioral 
modifi cation and pharmacotherapy [ 3 ]. 

 In the event the above tests are within normal 
limits, further evaluation is centered on delineat-
ing mechanical versus non-mechanical failures. 

Mechanical failure is typically determined by 
evaluating the presence/absence of fl uid present 
in the AUS device, as fl uid leakage may lead to 
inadequate pressure for mucosal copatation. 
Depending on the fl uid utilized during device 
implantation, normal saline versus dilute con-
trast, imaging with ultrasound or abdominal 
X-ray can be performed [ 4 ,  5 ]. We prefer the use 
of dilute contrast to fi ll the device as this allows 
for straightforward in-offi ce evaluation of a 
potential mechanical failure, as shown in Fig.  9.1 . 

  Fig. 9.1    Representative images in the evaluation of 
mechanical failure. These demonstrate: normal reservoir 
contour ( a ), early mechanical failure with deformation of 

the abdominal reservoir ( b ), late mechanical failure with 
loss of all contrast from the abdominal reservoir ( c )       
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It should be noted that without a baseline fi lm for 
comparison, roughly 50 % of the contrast would 
need to be extravasated from the abdominal res-
ervoir before changes in the reservoir contour 
may be detected on plain X-ray [ 4 ]. One benefi t 
to fi lling the system with contrast is that an 
immediate postoperative X-ray allows for prompt 
recognition inadequate device fi lling or issues 
with connectors.

   By comparison, non-mechanical failure, 
such as improper cuff sizing, urethral atrophy 
or erosion, is further evaluated with offi ce cys-
toscopy, including device cycling/manipula-
tion. Overall, urethral atrophy is the most 
common cause for revision surgery of AUS 
devices [ 6 ,  7 ]. Urethral atrophy is diagnosed 
when there is adequate fl uid in the system, yet 
incomplete mucosal coaptation with device 
cycling during cystoscopy (Fig.  9.2 ). Likewise, 
ischemic changes of the urethral tissue underly-
ing the cuff, such as tissue blanching, may be 
identifi ed. During cystoscopic evaluation for 
urethral atrophy it important to note the posi-

tion of the current urethral cuff and health of 
the surrounding urethral tissues as this may 
impact surgical planning. Similar to urethral 
atrophy, cystoscopic examination may identify 
urethral erosion, with visualization of the ure-
thral cuff (Fig.  9.3 ).

    In addition to consideration of the above 
factors, evaluation of recurrent/persistent 
incontinence following male urethral sling 
placement includes further evaluation of sling 
and bladder function. For instance, sling migra-
tion/slippage, from lack of fi xation or suture 
failure, may lead to recurrent/persistent incon-
tinence. This can be evaluated with a reposi-
tioning test during offi ce cystoscopy, which 
may help guide further management [ 8 ,  9 ]. 
Additionally, if not appreciated preoperatively, 
impaired bladder compliance or detrusor 
underactivity may also predispose to sling fail-
ure [ 8 ]. Thus, consideration can be given to 
performing a urodynamic evaluation if inconti-
nence persists/recurs after urethral sling 
placement.  

  Fig. 9.2    Cystoscopy demonstrating incomplete urethral 
mucosal coaptation secondary to urethral atrophy       

  Fig. 9.3    Cystoscopy demonstrating a 180° dorsal ure-
thral erosion       
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    Anti-incontinence Surgery 
Following a Failed Artifi cial Urinary 
Sphincter 

 While the AUS is the gold standard for surgical 
management of severe male stress urinary incon-
tinence, with 5 and 10-year device survival rates 
of roughly 75 % and 65 %, it is prone to failure 
over time [ 1 ,  7 ,  10 ,  11 ]. Of note, understanding 
the underlying cause of failure is crucial to opti-
mal patient management. Here, we will focus on 
specifi c causes for recurrent or persistent SUI 
following AUS placement and their surgical 
management. Notably, the mainstay of surgical 
therapy following a failed AUS, is a repeat AUS 
as there is limited evidence regarding the effi cacy 
of urethral sling placement in this setting [ 12 ,  13 ]. 
This is thought to be secondary to periurethral 
scarring following AUS placement which 
decreases the ability of the urethral sling to 
achieve adequate coaptation [ 12 ,  14 ]. 

    Urethral Atrophy 

 The AUS achieves urinary continence by apply-
ing circumferential compression of the spongy 
tissues surrounding the urethra. While this mech-
anism of action allows for excellent functional 
outcomes, even in cases of severe leakage, this 
chronic pressure can compromise the underlying 
urethral tissue health and lead to urethral atrophy. 
In fact, urethral atrophy is the most common 
cause for a non-mechanical failure or device revi-
sion [ 6 ,  7 ,  15 ]. Typically, patients with urethral 
atrophy will report a gradual recurrence of stress 
urinary incontinence. The diagnosis is confi rmed 
during cystoscopy, where incomplete urethral 
coaptation is visualized with device cycling (with 
adequate fl uid in the system). 

 The treatment of AUS failure secondary to ure-
thral atrophy is centered on device revision, though 
other strategies have been reported. Surgical 
options for AUS revision in cases of urethral atro-
phy include changing the location of the urethral 
cuff (moving proximally or distally), downsizing 
the urethral cuff, placement of a  tandem urethral 
cuff or revising the pressure- regulating balloon. 
The decision between these management options is 

based on the local tissue quality, location of the in 
situ urethral cuff and surgeon preference. 

 Initial management of submucosal urethral 
atrophy is typically with downsizing the urethral 
cuff [ 15 – 17 ]. An advantage to urethral cuff 
downsizing is that no additional periurethral dis-
section is necessary. Of note, while previously 
downsizing could only occur to a urethral cuff 
size of 4.0, more recently the 3.5 cm urethral cuff 
has been introduced. Early reports with this 
smaller cuff size have been encouraging, though 
long-term data is lacking [ 18 ]. Additionally, an 
increased rate of erosion has been reported in 
patients treated with this smaller cuff in the set-
ting of prior pelvic radiation, compared to those 
without this exposure (21 % versus 4 %) [ 19 ]. 

 In cases where the smallest available cuff is 
already in situ or cuff downsizing has previously 
failed, other options include: relocation of the ure-
thral cuff, placement of tandem urethral cuffs, or 
manipulation of the pressure-regulating balloon. 
Changing the location of the urethral cuff is an 
excellent option when an area of healthy urethra 
can be identifi ed in a more proximal or slightly 
more distal location that would allow for adequate 
tissue coaptation. Of note, as the caliber of the 
urethra tapers distally, careful attention must be 
given to appropriate cuff sizing in order to avoid 
persistent SUI. In order to account for urethral 
tapering distally, use of a transcorporal technique 
for added tissue bulk in the setting of revision for 
urethral atrophy has been described [ 20 ]. 

 Another management strategy for submucosal 
urethral atrophy is placement of a tandem ure-
thral cuff. Tandem urethral cuff placement 
attempts to avoid increasing the pressure on the 
atrophic urethra segment and instead distributes 
additional compression to a second area of the 
urethra [ 21 ]. With regard to the technique of tan-
dem urethral cuff placement, circumferential ure-
thral dissection roughly 2 cm distal to the primary 
cuff is needed (Fig.  9.4a ). In cases with diffi cult 
tissue planes, a transcorporal approach to tandem 
cuff placement can be utilized [ 22 ]. The device 
tubing emanating from the existing cuff is dis-
sected free, controlled with rubber shods and 
transected. Following this the new cuff is attached 
with the use of a Y-shaped adapter and Prolene 
free-ties (Fig.  9.4b ). We prefer to use this 
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approach, rather than additional Quick-Connect 
attachments in the perineum, as these are more 
bulky and have in some cases have led to cutane-
ous erosions. Notably, given the additional 
 urethral cuff, we typically add 3 cc of fl uid (nor-
mal saline or contrast) to the system. Notably, 
excellent surgical outcomes have been reported 
with a tandem cuff technique [ 21 ,  23 ]. However, 
compared to single cuff placement, tandem cuff 
placement may have higher rate of urinary 
retention and revision surgery [ 24 ]. Additionally, 
higher rates of erosion have been associated with 
distal urethral cuff placement [ 25 ].

   An additional option for AUS revision for 
recurrent incontinence secondary to urethral atro-
phy is exchange of the pressure-regulating bal-

loon. It is hypothesized that this may be successful 
due to laxity in the reservoir, which may develop 
over time [ 6 ]. One advantage to such an approach 
is avoidance of a repeat urethral dissection, which 
may risk urethral injury and device infection. 
Replacement of the reservoir with a higher- 
pressure reservoir is not recommended as this 
may increase the risk of erosion [ 15 ]. 

 Several further adjunctive techniques have 
also been described in the management of recur-
rent SUI secondary to urethral atrophy in patients 
with multiple prior AUS failures. One such strat-
egy is increasing the underlying urethral tissue 
bulk by placement of a small intestinal submucosal 
urethral wrap [ 26 ,  27 ] (Fig.  9.5 ). In two small 
series adequate outcomes were obtained, though 

  Fig. 9.4    Tandem urethral cuff placement ( a ), connection of tandem urethral cuff to in situ system ( b )       

  Fig. 9.5    Intraoperative 
image of urethral 
bulking with submucosal 
intestinal wrap prior to 
AUS cuff placement       
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patients remained at higher risk for erosion and 
device failure [ 26 ,  27 ]. Additionally, in a small 
series, placement of a urethral sling proximally 
for additional compression in cases of urethral 
atrophy from an AUS has been reported [ 13 ].

       Mechanical Failure 

 As with any prosthetic device, recurrent inconti-
nence secondary to device malfunction may occur 
over time. In one series, revision for malfunction 
cases accounted for 25 % of revision surgeries 
[ 15 ]. Device malfunction can be identifi ed on 
physical exam with improper device cycling and 
lack of coaptation of the urethral mucosa during 
cystoscopy. In addition, imaging with either an 
abdominal X-ray (if contrast was used to fi ll the 
system) or ultrasound (if normal saline was used) 
will confi rm the diagnosis [ 4 ,  5 ]. 

 Surgical management in these cases is depen-
dent on the timing of the initial AUS placement. 
While no universal consensus exists, most 
reports suggest that when undergoing surgery 
for device malfunction, removal and replace-
ment of an isolated component may be consid-
ered within 3 years of the initial implantation 
[ 6 ,  16 ]. If the device has been in situ longer than 
3 years, or there is concern about other compo-
nent function, removal and replacement of all 
components can be considered. Evaluation of 
additional components can be performed with 
intraoperative fl uoroscopy and contrast instilla-
tion, use of a pressure transducer or by aspirating 
and measuring the fl uid in the balloon [ 28 ]. 
Previous testing of methods for evaluating 
hydraulic leakage demonstrated inaccuracies 
with volume, pressure or electric conductance 
measurements for AUS devices and recom-
mended visual evaluation of the components. 
Notably, this series did not evaluate the use of 
contrast in the device and intraoperative fl uoros-
copy, which is our preferred method. 

 A few technical considerations during AUS 
revision for malfunction are worth noting. First, 
we typically begin these cases with the perineal 
dissection and evaluation of the indwelling ure-
thral cuff. This is performed fi rst as the urethral 

cuff is the most commonly reported site of device 
malfunction [ 7 ,  16 ]. Dissection is carried directly 
on to the urethral cuff in order to exposure the 
cuff in its entirety and the perineal portion of the 
tubing. The urethral cuff is removed and tested 
with saline injection. The periurethral dissection 
is preserved with a Penrose drain which is placed 
around the urethral. If a leak is found from the 
urethral cuff, this component is replaced and 
reconnected to the in situ pump and reservoir via 
the Quick-Connect fastener (Fig.  9.6a ). If no leak 
is detected the cuff is removed and dissection 
proceeds with evaluation of the abdominal reser-
voir and pump (Fig.  9.6b ). When the abdominal 
components are evaluated, we tend to replace the 
entire device as the dissection has already been 
completed. One important technical consider-
ation is ensuring the replacement of fl uid in the 
system when replacing a single component. In 
these cases, we determine the volume that needs 
to be added based on the preoperative X-ray 
(presence/absence of residual contrast) and con-
fi rm with intraoperative imaging.

   With regard to outcomes for revision for either 
mechanical failure or urethral atrophy, several 
series have found results comparable to primary 
AUS implantation [ 15 ,  29 ]. In the series by Raj 
et al. 5-year device durability was demonstrated 
in 80 % of primary and 88 % of secondary AUS 
implantations [ 15 ]. Likewise, excellent function 
outcomes were demonstrated, with 90 % of pri-
mary and 82 % of secondary AUS placements 
using zero to one pad [ 15 ].  

    Urethral Erosion/Device Infection 

 One of the most worrisome complications of AUS 
placement is device infection/erosion, which has 
been reported in 0.46–9.5 % of primary implanta-
tions [ 7 ,  30 ,  31 ]. Typically, these entities are iden-
tifi ed through a combination of history and 
physical exam demonstrating signs or symptoms 
concerning for underlying abscess/infection, and/
or evidence of urethral erosion on cystoscopy. 

 Device infection and erosion may be encoun-
tered from unrecognized intraoperative injury or 
contamination, postoperative wound infection, 
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compromised urethral tissues, hematogenous 
spread of bacteria during non-genitourinary pro-
cedures or other patient related factors. In one 
report, the most common organisms isolated at 
time of device explantation for infection were 
 Staphylococcus aureus ,  Staphylococcus epider-
midis , and gram-negative bacilli [ 32 ]. In these set-
tings, patients should undergo reoperation with 
explantation of all device components, as they are 
considered infected/contaminated. In cases of 
urethral erosion, management of the site of ure-
thral erosion has typically been via indwelling 
urethral Foley catheter, though recently ventral 
urethroplasty at the time of explantation, in an 
attempt to decrease stricture formation, has been 
reported [ 10 ,  33 – 35 ]. Following acute manage-
ment, the catheter is left in place for several weeks 
to allow for adequate healing. In these cases, we 
prefer 6 weeks of postoperative catheterization 
with peri-catheter retrograde urethral imaging 
performed prior to catheter removal, to rule out 
persistent urethral extravasation. Notably, imme-
diate AUS replacement following removal of an 
infection, non-eroded, AUS has been reported, 
but is not considered standard practice [ 36 ]. 

 Following repeat evaluation 4–6 months after 
device explantation for infection or erosion, sal-
vage AUS implantation may be considered. This 
evaluation should include history, physical exami-

nation, urinalysis, post-void residual and cystos-
copy to rule out urethral stricture. If adequate 
urethral healing has occurred and the patient 
wishes to proceed, reimplantation can be consid-
ered. Notably, these are diffi cult reoperative cases 
secondary to scarring and loss of tissue planes 
from the previous infl ammation and infection. 
With repeat perineal dissection we attempt to 
avoid excessive mobilization of the urethra in an 
effort to preserve already tenuous blood supply. 
Depending on the tissue quality, an adequate 
location for cuff placement is determined. In 
many of these cases, a transcorporal approach is 
needed secondary to compromised urethral tissue 
or obliterated dissection planes [ 10 ,  20 ,  22 ] 
(Fig.  9.7 ). Notably, preservation of erectile func-
tion with use of the transcorporal approach has 
been reported [ 37 ]. Lastly, as with all AUS 
placements, evaluation of urethral integrity fol-
lowing periurethral dissection (either via cystos-
copy or pericatheter fl uid injection) is needed.

   In contrast to cases of AUS revision for atro-
phy or mechanical failure, reimplantation follow-
ing device erosion or infection has been associated 
with an increased risk of repeat explantation [ 10 , 
 29 ,  38 ,  39 ]. This fi nding is intuitive given the 
technical challenges and typically poor tissue 
quality encountered in these cases. Notably, how-
ever, even in this setting, reasonable long-term 

  Fig. 9.6    Intraoperative image of device malfunction secondary to urethral cuff leak ( a ), abdominal reservoir leak ( b )       
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device survival has been reported [ 10 ,  29 ,  38 , 
 39 ]. In fact, in the largest series on salvage AUS 
reimplantation, similar 5-year device survival 
was found between primary and reimplantation 
cases after an infection or erosion event (76 % 
versus 68 %). One strategy to avoid further ure-
thral atrophy and potential repeat erosion in the 
setting of compromised urethral tissue is nightly 
device deactivation [ 40 ]. 

 Given that many patients experience severe 
recurrent urinary incontinence after device 
explantation, and the dramatic impact on quality 
of life this can have, salvage AUS reimplantation 
can be considered. However, patient counseling 
regarding the increased risk of recurrent infection/
erosion is needed.  

    Other Considerations 

 A potential etiology for persistent incontinence fol-
lowing AUS placement is improper location of cuff 
placement or inaccurate urethral sizing. Both of 
these can be identifi ed during evaluation with phys-
ical exam and offi ce cystoscopy. Optimal cuff 
location is at the proximal aspect of the bulbar 
urethra. In order to adequately expose this area, we 
prefer a perineal approach as opposed to a peno-
scrotal approach, which we feel may lead to a more 
distal placement. Appropriate cuff placement (fur-
ther proximal) is demonstrated in a patient referred 
for management of persistent incontinence after 
transscrotal AUS placement (Fig.  9.8 ).

   One additional unique scenario for recurrent 
incontinence following AUS placement is 
patients that have suffered a decrease in cognition 
or manual dexterity since their initial AUS place-
ment. These patients may have recurrent inconti-
nence secondary to improper device utilization 
and overfl ow incontinence. In certain instances, 
this may be managed with device deactivation 

  Fig. 9.8    Malpositioned urethral cuff in distal urethral 
location encountered during AUS revision. Seen is a pen-
rose drain placed around the new cuff location in the prox-
imal bulbar urethra       

  Fig. 9.7    Intraoperative 
image of transcorporal 
AUS cuff placement       
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and symptomatic management of the resultant 
incontinence. However, in some cases, device 
deactivation or removal with male urethral sling 
placement could be considered.   

    Anti-incontinence Surgery 
Following a Failed Urethral Sling 

 Due to a desire to avoid a mechanical device and 
the attendant risks of device malfunction or ero-
sion, as well as the need for device manipulation, 
many men prefer urethral sling placement, even 
when not considered ideal candidates [ 41 ]. 
However, for optimal outcomes for male urethral 
sling placement, patient selection is crucial. In that 
regard, several factors have been associated 
with increased rates of persistent stress urinary 
incontinence including pad weight greater than 
450 g per day, previous pelvic radiation therapy 
and a low detrusor leak point pressure [ 8 ]. 

 For patients with persistent or recurrent stress 
incontinence after male urethral sling placement, 
revision surgery either via repeat urethral sling or 
more commonly artifi cial urinary sphincter 
placement has been reported. In this setting, 
placement of an AUS is typically utilized as the 
presence of fi brosis hinders urethral compression 
and/or mobility, which are crucial for sling effi -
cacy [ 8 ,  12 ,  14 ]. 

 Several reports have demonstrated, albeit in 
small series, excellent outcomes for AUS place-
ment after a previous urethral sling [ 42 – 44 ]. For 
instance, in a series of 28 patients undergoing 
AUS after a failed urethral sling, similar high 
success rates with limited complications were 
seen when compared to a control group without 
prior urethral sling surgery [ 42 ]. In our experi-
ence, in the majority of cases of AUS placement 
in patients with a prior urethral sling, the sling 
can be left in situ without need for excision. If the 
sling is encountered we prefer to incise the sling 
rather than perform urethrolysis, as this risks ure-
thral injury, as well potentially compromising 
urethral blood supply. 

 Despite previous sling failure, for a variety of 
reasons, some patients opt for a repeat urethral 

sling placement rather than AUS implantation. In 
a series of 35 cases of repeat transobturator ure-
thral sling placement, 76 % of patients were dry 
or using a security pad at 6-month follow up [ 45 ]. 
In their experience, removal of the previous sling 
was unnecessary as the previous sling was not in 
the appropriate position, which may indicate 
prior sling slippage [ 45 ].  

    Conclusions 

 Regardless of the type of primary anti- 
incontinence surgery, revision surgery for post-
prostatectomy incontinence is a relatively 
common entity. For patients with a prior AUS, 
this may be in the form of revision for atrophy, 
malfunction or erosion. In the case of atrophy 
and malfunction, completed device exchange is 
typically performed if initial implantation was 3 
years or prior, with exchange of a single compo-
nent in other cases. When erosion is encountered, 
explantation of all components, with potential 
delayed reimplantation considered, though this 
can be technically challenging. In patients with 
persistent or recurrent SUI after male urethral 
sling placement, limited data is available. From 
the series available, AUS placement may provide 
excellent outcomes, though repeat urethral sling 
placement can be considered if the previous sling 
has slipped from initial placement as seen during 
repositioning on offi ce cystoscopy.     
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           Introduction 

 Prostate cancer is the most common solid organ 
malignancy in men with an estimated 220,800 
new diagnoses in the USA in 2015 (SEER data-
base seer.cancer.gov). Radiation therapy (RT) as 
a treatment for prostate cancer began in 1904 
when Imbert and Imbert used radiation to treat a 
patient with advanced disease. It has been used in 
the USA since 1915 [ 1 ]. Based on 2007 SEER 
database results, 20 % of men who are newly 
diagnosed with prostate cancer select external 
beam radiotherapy (EBRT), 10 % select brachy-
therapy (BT) and 4 % receive a combination of 
BT and EBRT (Elliot SP, Jarosek SA, Virnig BA, 
written communication, October 2011). The 
AUA guidelines offer radiotherapy as a treatment 
option for low, moderate and high risk prostate 
cancer, although recurrence rates increase when 
radiation is used as monotherapy for high risk 
disease [ 2 ]. While cure rates are excellent for low 
and moderate risk prostate cancer, there are sev-
eral known urinary complications that can result 

from the use of radiotherapy in treatment of 
prostate cancer. This chapter discusses post-RT 
urinary incontinence and post-RT urethral stric-
ture disease.  

    Section I: Post-RT Urinary 
Incontinence 

    Pathophysiology of Post-RT Urinary 
Incontinence 

  Urinary  incontinence   after the treatment of local-
ized prostate cancer is primarily discussed in the 
setting of post-prostatectomy stress urinary 
incontinence (SUI). Urinary incontinence associ-
ated with radiotherapy for localized prostate can-
cer is discussed much less frequently. 
Radiotherapy for  prostate cancer   can result in 
lower urinary tract symptoms (LUTS) that mani-
fest as both irritative symptoms and storage 
symptoms. In their severe form the storage symp-
toms can result in overactive bladder (OAB) and 
urgency urinary incontinence [ 3 ]. OAB is a com-
bination of storage symptoms including urgency, 
frequency and nocturia with or without urgency 
urinary incontinence [ 4 ]. OAB is caused by invol-
untary contractions of the detrusor muscle during 
the fi ling phase of the bladder, a time when the 
detrusor should be relaxed and compliant [ 5 ]. 

 Voiding dysfunction following radiotherapy 
for prostate cancer is divided into early and late 
phases. The pathophysiology of early bladder 
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dysfunction following radiation is not clearly 
understood. Two possible mechanisms for the 
early phase bladder dysfunction have been sug-
gested. The fi rst suggests smooth muscle edema 
may be the cause [ 6 ]. The second theory for early 
post-RT voiding dysfunction relates to infl amma-
tion and injury to the urothelium. On microscopic 
examination, hyperemia and scattered degenera-
tion is noted on urothelial biopsy specimens in 
the days to weeks following radiation [ 7 ]. 
Urodynamic studies performed in an animal 
model 14 days following irradiation show a 
decreased compliance, which resolved over the 
following 2–4 weeks. The severity of this 
decreased compliance is proportional to the 
radiotherapy dose [ 8 ]. Changes in innervation do 
not appear to be associated with this early phase 
bladder dysfunction [ 7 ]. 

 The late bladder dysfunction appears to be the 
result of vascular changes and fi brosis, which lead 
to a decrease in bladder capacity [ 7 ,  9 ]. After the 
initiation of radiotherapy, edema results, followed 
by fi brosis, and disorganization of the bladder wall 
during the 6–12 months that follow radiotherapy. 
At the bladder neck, perivascular fi brosis leads to 
vascular occlusion and ischemia, ultimately result-
ing in fi brosis at the bladder neck. This fi brosis 
may result in decreased compliance and functional 
as well as anatomic changes in bladder capacity 
[ 7 ]. Choo et al. performed urodyamic studies on 
17 patients both prior to EBRT and 18 months fol-
lowing EBRT. They found a signifi cant reduction 
in bladder capacity of an average of 100 mL at 18 
months following EBRT as well as a signifi cant 
reduction in the volume at fi rst sensation and the 
volume at which subjects desired to void [ 9 ]. 
During the late phase bladder sensation may also 
be altered due to changes in the innervation of the 
trigone [ 3 ]. 

 The OAB and urgency urinary incontinence 
that occurs after radiotherapy for prostate cancer 
may be the result of these changes to the bladder 
mucosa, detrusor innervation and bladder neck. 
In a minority of patients, post-RT urinary incon-
tinence is the result of overfl ow incontinence, due 
to prostatic obstruction, urethral stricture or 
detrusor under activity. Urethral stricture will be 
discussed later in this chapter .  

    Prevalence of Post-RT Urinary 
Incontinence 

  An understanding of  the   pretreatment prevalence 
of urinary incontinence is important in order to 
understand the posttreatment burden of disease. 
Markland et al. using the NHANES database 
found the overall risk of urinary incontinence was 
14 % in American men aged >20 years with time 
and race-dependent variation [ 10 ]. Litwin et al. 
found a 6 % rate of severe urinary incontinence, 
defi ned as no urinary control or frequent leakage 
in elderly men without prostate cancer [ 11 ]. 
Resnick et al. found between 5 and 9 % of prostate 
cancer patients report pretreatment severe urinary 
incontinence with 7 % reporting “frequent drib-
bling or no urinary control” and 17 % reporting 
urinary leakage at least once per day or more [ 12 ]. 
The risk of pretreatment urinary incontinence is 
directly related to patient comorbidities, with 6 % 
of patients with TIBI- CaP scores from 0 to 2 suf-
fering from urinary incontinence while 21 % of 
patients with a TIBI- CaP score >9 suffering from 
pretreatment urinary incontinence ( P  < 0.001) 
[ 12 ]. The EPIC study evaluated the baseline preva-
lence of OAB within fi ve western countries of 
urgency (19 %), frequency (11 %), urgency incon-
tinence (2.5 %) [ 13 ]. Based on these varied studies 
the prevalence of pretreatment urinary inconti-
nence varies dramatically by age and comorbidi-
ties from as low as 2.5 % to as high as 21 % in 
some populations. It should be noted, however, 
that most patients who are candidates for contem-
porary RT are well screened for LUTS and urinary 
incontinence and those that are at a high risk for 
urinary adverse events are often not offered RT. 

 The prevalence of post-RT urinary incontinence 
varies based on the defi nition of urinary inconti-
nence, treatment modality and time from therapy. 
The Prostate Cancer Outcomes Study estimated 
that the prevalence of urinary incontinence is 4 % 
and 9.4 % in all patients 5 years and 15 years after 
radiotherapy for prostate cancer [ 14 ]. While Sanda 
et al. found a patient-reported incidence of post-RT 
urinary incontinence in 4–6 % of men with persis-
tent incontinence at 1–2 years [ 15 ]. In a cross sec-
tional study of 102 patients, with a median follow 
up of 5.2 years post-brachytherapy, 45 % of men 
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reported incontinence. Only 16 % of those required 
daily pad usage, with 11 % reporting a few drops, 
and another 11 % reporting daily leakage not requir-
ing pad usage [ 16 ]. Blaivas et al. found an elevated 
incidence of OAB symptoms (79 %), detrusor over-
activity on urodynamics (85 %), and urinary incon-
tinence (71 %) in men with symptomatic LUTS 6 
months after brachytherapy for localized prostate 
cancer [ 17 ]. This predominance of DO and urgency 
urinary incontinence in post-RT patients is under-
scored by a SEER study of 5621 older men after BT 
for prostate cancer, 7.5 % reported urinary inconti-
nence greater than 2 years after therapy, while 0.2 % 
received an invasive procedure for the incontinence 
[ 18 ]. Choo et al., however, did not fi nd any differ-
ence in bladder compliance, bladder stability or 
bladder outlet fl ow on urodynamic evaluation 
before and 18 months after EBRT in their quantita-
tive study of 17 patients despite a measurable and 
signifi cant change in bladder capacity [ 9 ]. 

 Combination BT and EBRT is associated with 
a higher rate of urinary incontinence. In a review 
of the SEER database, 1915, 1893, and 555 
patients underwent external beam therapy, 
brachytherapy and combined therapy, respec-
tively. Combined modality therapy resulted in 
incontinence rates of 56.8 % versus 49.1 % for 
BT alone and 29.2 % for EBRT alone [ 19 ]. 

 There is some evidence that post-RT urinary 
incontinence may improve with time. Sanda et al. 
performed a prospective, multicenter analysis of 
men with localized prostate cancer who under-
went surgery, brachytherapy or external beam 
radiotherapy. 1201 patients were followed for 24 
months. In patients who received EBRT alone, 
urinary symptoms, including incontinence had 
resolved by 12 months, additionally patients 
reported LUTS were improved over baseline at 
24 months. In the BT cohort; however at 24 
months, patients had not returned to baseline 
[  15 ].  

    Evaluation of Post-RT Urinary 
Incontinence 

  The  evaluation   of post-RT urinary incontinence 
begins with a focused history, noting in particular: 
preoperative voiding dysfunction and urinary 

incontinence, the status of the current cancer 
treatment and plans for future therapy and surveil-
lance, medical comorbidities and prior pelvic sur-
gery. Validated questionnaires are a helpful 
adjunct to the medical history. The International 
Prostate Symptom Score (IPSS) can be used to 
objectively score and compare LUTS during ther-
apy for symptoms. The focused physical exami-
nation confi rms stress urinary incontinence and 
evaluates for anatomic or neurologic abnormali-
ties [ 20 ]. Diagnostic and laboratory evaluation 
should include urine analysis and urine culture 
with proper evaluation of hematuria (cystoscopy 
and CT or MR urogram) and treatment of urinary 
tract infection should they exist. Urofl owmetry 
and a post-void residual allow for the differentia-
tion of overfl ow incontinence due to bladder out-
let obstruction or urethral stricture, from stress or 
urgency urinary incontinence. A 72-h voiding 
diary and 24 h pad weight test allows for objective 
information on the volume and timing of leakage, 
functional bladder capacity and consumption of 
bladder irritants. The voiding diary is a useful tool 
for linking behavior to leakage. Urodynamic stud-
ies confi rm the diagnosis of urge and/or stress uri-
nary incontinence, detrusor overactivity, and 
bladder capacity. The study also quantifi es detru-
sor contraction strength which is often diminished 
with increasing age and pelvic radiation [ 21 ]. The 
AUA/SUFU guidelines recommend evaluation of 
urgency urinary incontinence to evaluate if there 
is a component of bladder outlet obstruction that 
may be exacerbating detrusor overactivity [ 22 ]. 
Cystoscopic evaluation rules out urethral stricture 
and confi rms sphincter contractility as well as 
intravesical disease.   

    Medical Management of Urgency 
Urinary Incontinence 

  Initial  managemen  t of OAB due to DO and 
resulting in urgency urinary incontinence in the 
post-RT patient should involve counseling 
regarding behavioral modifi cation based on 
information gained from the patient’s voiding 
diary. Once a reduction in bladder irritants and 
fl uid consumption in the hours prior to sleep has 
occurred medical therapy is initiated as needed. 
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 Multiple studies have demonstrated the effec-
tiveness of alpha-blockers in reducing urinary 
toxicity after radiotherapy treatment. Their pro-
posed mechanism of effi cacy is a reduction in 
trigonal hyperactivity and a decrease in overall 
bladder irritability [ 23 ]. Zelefsky et al. evaluated 
743 patients between 1988 and 1995 who under-
went EBRT. Grade 2 urinary toxicity was wit-
nessed in 37 % of patients (275).  Terazosin   was 
given to 119 of the 275 patients with bothersome 
symptoms. 79 reported a “signifi cant” response 
as compared to 11 reporting the same response 
after receiving NSAID treatment. Younger 
patients (less than 65) tended to report a greater 
improvement. Clinical stage and preoperative 
voiding dysfunction was not found to be signifi -
cantly different between the responders and non-
responders [ 24 ]. 

 Elshaikh et al. evaluated the use of  tamsulosin   
in patients undergoing BT for localized prostate 
cancer. 126 patients underwent a randomized, 
double-blinded study evaluating the use of tamsu-
losin 0.8 mg versus placebo. Patients were 
instructed to begin tamsulosin 4 days prior to seed 
implant.  AUA symptom score   was given weekly 
for the fi rst 8 weeks following implant to evaluate 
change in symptoms. 82 patients completed the 
trial. By week fi ve the tamsulosin group had a sig-
nifi cant reduction in AUA score versus placebo. 
This difference persisted throughout the remaining 
3 weeks. Peak urinary morbidity was reported 
between week 2 and 3, patients should be coun-
seled to expect this following BT [ 23 ]. 

 The DO and urgency urinary incontinence 
associated with radiotherapy for prostate cancer is 
associated with irritative lower urinary symptoms. 
Oral anticholinergic therapy has been evaluated 
for possible management of these urinary symp-
toms. Bittner et al. evaluated 69 patients who 
underwent brachytherapy from 1999 to 2005 and 
provided trospium for patients presenting with 
irritative symptoms. Patients received medication 
at a median of 23.4 months after implantation. 
Pre-implantation mean IPSS was 6.5. At the time 
of medication initiation, mean IPSS was 9.5. IPSS 
resolved to baseline in 55/69 patients (77 %) with 
anticholinergic therapy. Median follow- up was 38 
months. 22/69 discontinued trospium secondary 

to side effects or resolution of symptoms. Primary 
side effects included retention, constipation, and 
dry mouth [ 25 ]. In an appropriately selected 
patient, anticholinergics may help with irritative 
voiding symptoms. A post-void residual and uro-
fl owmetry should be performed prior to initiation 
of anticholinergic therapy due to the risk of uri-
nary retention with these medications. 

  Beta-3 agonists   are becoming increasingly 
common in the treatment of OAB and urgency 
urinary incontinence [ 26 ,  27 ]. However, their use 
has not been studied for post-RT LUTS. A trial of 
a beta-3 agonist is warranted in the patient with 
OAB and urgency urinary incontinence after RT 
in lieu of or addition to anticholinergic therapy.  

    Third-Line Therapies for Post-RT 
Urinary Incontinence 

 The OAB associated with RT for prostate cancer 
generally improves with time. For the minority of 
patients with persistent, severe post-RT LUTS, 
refractory to pharmacologic therapy, third-line 
therapies for OAB and urgency urinary inconti-
nence such as botulinum toxin A or sacral nerve 
stimulation can be considered. As a fi nal option, 
urinary diversion is offered to well-counseled 
patients who have failed all other options.   

    Conclusions 

 The reported prevalence of post-RT urinary 
incontinence is as high as 50–80 %, depending 
on the time from treatment and the treatment 
modality, with the majority being caused by 
detrusor overactivity. Pretreatment and posttreat-
ment with alpha-blockade can improve post-RT 
urinary symptoms. Persistent post-RT urinary 
incontinence is evaluated and managed in a simi-
lar fashion to patients with idiopathic urgency 
urinary incontinence. Particular attention is paid 
to the known changes in detrusor and bladder 
neck function that occur after radiotherapy, to the 
possibility of persistent or recurrent malignancy 
and to the possibility of anatomic obstruction 
secondary to a post-RT urethral stricture.   
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    Section II: Post- RT Urethral 
Stricture 

    Pathophysiology of Urethral Stricture 
Formation 

 The male urethra  passes   through the prostate 
making portions of the urethra susceptible to 
radiation-induced injury during RT for prostate 
cancer. Radiation damages the deoxyribonucleic 
acid in actively dividing cells causing oxidative 
stress and cell death, this leads to the therapeutic 
effect of radiation therapy but can also lead to the 
adverse effect of progressive endarteritis in sub-
mucosal and muscular tissues [ 28 ,  29 ]. In this 
setting wound healing becomes compromised 
leading to atrophy, contraction and permanent 
fi brosis [ 30 ]. The end product of this is post-RT 
urethral stricture disease.  

    Incidence of Urethral Stricture 
Formation by Modality 

  The  incidence   of post-RT urethral stricture dis-
ease varies by radiation modality and time from 
radiation administration leading to wide variabil-
ity in the reported incidence within the literature. 
Additionally, the reported incidence may under-
estimate rates of urethral stricture disease after 
radiotherapy as only those cases that cause 
enough symptoms to warrant urologic evaluation 
will be diagnosed [ 31 ,  32 ]. 

 The rates of urethral stricture after BT range 
from 0 to 10.2 % with 23–63 months of follow up 
[ 33 – 37 ]. Similar rates of urethral stricture are 
reported in several series of high-dose-rate brachy-
therapy with stricture rates of 7–8 % at 5 year fol-
low up [ 38 ,  39 ]. One series found a 30 % incidence 
of urethral stricture in patients who received 19Gy 
in two treatments vs. 3.4 % and 2.3 % for 18Gy/3 
and 20Gy/4 respectively. This fi nding prompted a 
change in BT administration technique. [ 40 ] The 
reported incidence of urethral stricture after EBRT 
increases depending on length of follow up with 
an incidence of less than 7 % with 5 years of fol-
low up and growing to 10–18 % when follow up is 
increased up to 10 years [ 36 ,  41 – 44 ]. The 

CaPSURE database presented urethral stricture 
rates by radiation modality as follows brachyther-
apy (1.8 %), EBRT (1.7 %), combination RT 
(5.2 %) with a median follow up of 2.7 years [ 32 ]. 

 In two small series the incidence of posterior 
urethral stricture after adjuvant or salvage EBRT 
was 3 and 9 % at 5 and 2 years of follow up 
respectively [ 45 ,  46 ]. This incidence would likely 
increase with further follow up .  

    Location of Radiation 
Therapy Induced Urethral 
Stricture Formation 

 Greater than 90 %  of   post-RT urethral strictures 
occur in the bulbomembranous urethra [ 35 ,  39 ]. 
While the bulbomembranous urethral is distal to 
the apex of the prostate it is relatively exposed 
resulting in its risk for injury. Several studies 
have demonstrated the incidence of radiotherapy 
induced bulbomembraous urethral stricture was 
related to the radiotherapy dose delivered to the 
prostatic apex. [ 33 ,  37 ] In a SEER study of 5621 
men who underwent BT from 1991 to 1999, 
Chen et al. found that while urinary morbidity 
following brachytherapy was common, the rate 
of post-RT procedures declined during the 1990s 
suggesting improvements in RT delivery during 
the decade that led to fewer cases of post-RT 
urinary obstruction [ 18 ].  

    Urethral Stricture: Presentation 
and Diagnosis 

  The   presentation of post-RT urethral stricture 
disease ranges from asymptomatic to acute uri-
nary retention and includes irritative lower urinary 
tract symptoms such as frequency, urgency and 
urge or stress urinary incontinence and obstructive 
lower urinary tract symptoms such as weak stream, 
incomplete emptying and overfl ow incontinence 
[ 47 ]. The diagnosis of post-RT urethral stricture 
disease is complicated by the incidence of post-RT 
LUTS unrelated to urethral stenosis. 

 Patients with persistent or worsening lower 
urinary tract symptoms after the completion of 
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radiotherapy, gross hematuria and acute urinary 
retention should be evaluated by an urologist. 
Given that post-RT urethral strictures occur in as 
many as a one in ten patients after older forms of 
radiotherapy for prostate cancer, urologists 
should keep the diagnosis in mind when evaluat-
ing post-RT patients with LUTS or an elevated 
post-void residual measurement.  

    Evaluation 

  The need for  the   evaluation of post-RT LUTS is 
determined by the severity and duration of the 
symptoms. [ 31 ] As indicated above, the history 
may include a worsening of irritative and/or 
obstructive LUTS symptoms as well as worsen-
ing urinary incontinence. 

 The evaluation of post-RT LUTS includes a 
medical history evaluating the progress of the 
prostate cancer treatment, pretreatment and post-
treatment LUTS and urinary incontinence as well 
as the patient’s goals of treatment. Validated 
questionnaires are a helpful adjunct to the medi-
cal history. The International Prostate Symptom 
Score (IPSS) can be used to objectively score and 
compare LUTS during therapy for symptoms. 

 The physical examination should include a 
general examination, as well as examination of 
the abdomen, genitals, digital rectal and perineum. 
Abdominal examination may reveal a distended 
bladder in the setting of urinary retention. Digital 
rectal examination typically reveals a small, fl at-
tened prostate. On genital examination the meatus 
is not typically involved in the post-RT related 
urethral stricture disease, however, meatal steno-
sis unrelated to treatment, can cause similar 
symptoms. Laboratory evaluation should include 
a PSA, urinalysis and urine culture with appropri-
ate evaluation and treatment of hematuria and/or 
urinary tract infection if present. Consider renal 
function testing, especially in the setting of an 
elevated post-void residual or urinary retention. 

 In offi ce diagnostic studies include urofl owm-
etry to assess for a blunted fl ow curve, suggesting 
urethral obstruction, a valsalva pattern suggest-
ing detrusor weakness, and a post-void residual 
measurement to assess for urinary retention due 

to obstruction or detrusor failure. Cystoscopy is 
indicated in patients with microscopic or gross 
hematuria and should be considered in the evalu-
ation of post-RT patients with an elevated post 
void residual, peak fl ow less than 12 cc/s with a 
fl attened urofl owmetry curve and LUTS that are 
markedly worse than pretreatment and unaffected 
by oral alpha-blockade. Flexible cystoscopy, 
using a 16Fr cystoscope, provides a defi nitive 
diagnosis of urethral stricture as well as bladder 
stones, bladder tumors, obstructing prostatic 
lobes and some measure of external sphincter 
coaptation and function. Urodynamic evaluation 
is less helpful in the setting of a urethral stricture, 
however, can be helpful in the evaluation of post-
 RT LUTS as described above .  

    Urethral Imaging Techniques 

  Urethral imaging can  be   performed via retro-
grade urethrogram (RUG) and voiding cystoure-
throgram (VCUG) or with urethral ultrasound. 
The combination of the RUG and VCUG allows 
for evaluation of the length, location and caliber 
of the urethral stricture, all factors important for 
preoperative planning (Fig.  10.1 ).

  Fig. 10.1    Diagnostic RUG/VCUG demonstrates bulbo-
membranous urethral stricture. Brachytherapy seeds are 
present within the prostate       
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   Urethral ultrasound is typically performed 
under anesthesia prior to urethral repair by placing 
the ultrasound probe on the perineum while instill-
ing normal saline into the meatus via a 60 mL 
catheter tip syringe and applying gentle suprapu-
bic pressure. Urethral ultrasound avoids radiation 
and allows for evaluation of the length, location 
and caliber of the urethral stricture as well as the 
degree of fi brosis within the corpus spongiosum .  

    Endoscopic Management of Radiated 
Urethral Stricture 

  Initial  management   of radiated strictures in the bul-
bomembranous and bulbar urethra is often similar 
to non-radiated urethral strictures in the same ana-
tomic location. In general, a trial of endoscopic 
management with dilation, direct vision internal 
urethrotomy (DVIU) or laser urethrotomy is per-
formed. Limited information is published on the 
outcomes of endoscopic management of post-RT 
urethral stricture disease. Merrick et al. described 
29 patients treated with either dilation or DVIU 
after the diagnosis of a brachytherapy induced 
urethral stricture, 31 % (9/29) required repeat 
endoscopic procedures with 10 % (3/29) eventu-
ally requiring a suprapubic tube and the other 21 % 
(6/29) maintaining urethral patency with intermit-
tent self catheterization (IC). Unfortunately, no fol-
low up information is available for the remaining 
patients in the series [ 35 ]. 

 Repeat endoscopic management of radiated 
urethral strictures can be performed. Patients 
should be counseled that repeat endoscopic treat-
ments are rarely a defi nitive treatment. Patients 
require continued surveillance in order to prevent 
bladder and eventually renal dysfunction from 
recurrent urethral stenosis. 

 Little is published on the recommended follow 
up for patients after either initial or repeat endo-
scopic management of post-RT urethral stricture 
disease. In practice, the patient generally removes 
the catheter between 24 and 72 h after the endo-
scopic procedure. A clinic visit is recommended at 
3 and 12 months postoperatively with evaluation of 
subjective voiding symptoms, urofl owmetry, post-
void residual urine measurement and cystoscopy. 

Thereafter, yearly visits to evaluate subjective 
voiding symptoms, urofl owmetry, post-void resid-
ual urine measurement and consideration for cys-
toscopy if any parameters are abnormal. 

 Endoscopic management of post-RT urethral 
strictures combined with a urethral stent has been 
described, however, currently no urethral stent 
available for clinical use  [ 48 ].  

    Operative Repair of Post-RT 
Urethral Strictures 

  The majority  of   post-RT urethral strictures occur 
in the bulbomembranous urethra. In this location, 
a urethroplasty is performed through a perineal 
incision. A midline perineal incision allows for 
excellent access to the bulbomembranous ure-
thra. In cases where the stenosis extends into the 
prostatic urethra a lambda incision may be pref-
erable as it improves visualization of the poste-
rior urethra and facilitates the placement of a 
gracilis muscle fl ap. 

 An anastomotic technique was performed in 
the majority of urethroplasties performed for post-
RT urethral stricture disease and described in the 
literature [ 49 ,  50 ]. In these cases, a circumferential 
dissection was performed at the level of the bulbo-
membranous urethra and the urethra was divided at 
the distal extent of the urethral stenosis. The dis-
section is carried proximally until the entire length 
of the stenosed urethra is resected and sent for 
pathologic evaluation. In some cases the stenosis 
extends into the apex of the prostate, necessitating 
a partial prostatectomy, in order to bring healthy 
urethral mucosa together. During this dissection 
brachytherapy seeds are often encountered and 
should be removed to facilitate the anastomosis. 
Signifi cant mucosal calcifi cation may be encoun-
tered once the urethral lumen is entered (Fig.  10.2 ). 
The scarred and calcifi ed tissue should be fully 
resected and the fresh distal and proximal edges 
spatulated prior to urethral reconstruction. Urethral 
mobilization, corporal body splitting, corporal 
rerouting, and partial pubectomy are surgical 
maneuvers that may be required to create a ten-
sion-free anastomosis. In cases where a large 
perineal defect exists or for severe radiation 
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damage a gracilis muscle fl ap can be brought into 
the perineum to improve tissue healing.

   The reported success of operative urethro-
plasty for post-RT urethral strictures ranges from 
69.7 to 90 % with the majority being completed 
using an anastomotic technique and a mean stric-
ture length of 2.3 cm and 2.6 cm respectively and 
follow up of greater than 40 months [ 49 ,  50 ]. 
A ventral onlay technique combined with a gracilis 
muscle fl ap was used in 20 patients including 9 
who received radiotherapy for prostate cancer 
with a 77.8 % success rate for the post-RT 
patients and a mean stricture length of 8.2 cm and 
median follow up of 26.5 months  [ 51 ].  

    Post-operative Considerations 

  Validated  questionnaires   to evaluate patient 
reported outcome measures (PROMS) are in devel-
opment though are not included in published post-
RT urethroplasty series. Two outcomes frequently 
evaluated in the post-operative setting after ure-
throplasty are continence and erectile function. 

 The majority of post-RT urethral strictures 
involve the external urinary sphincter. 
Anastomotic urethroplasty typically involves 
removal of this section of the uretha, while ven-
tral onlay may require incising the sphincter. In 
both situations the patient will be relying on an 
intact internal urinary sphincter as the primary 
post-operative continence mechanism. Patients 
whose internal sphincter is known to be compro-
mised by prior TURP or radical prostatectomy 
should be counseled of near certain stress uri-
nary incontinence after post-RT urethroplasty. 
Prostate radiotherapy alone likely leads to some 
internal urinary sphincter dysfunction. The pub-
lished incidence of de novo incontinence after 
post-RT urethroplasty is 18.5 % in one series and 
was associated with urethral strictures of greater 
than 2 cm in length [ 50 ] and 7 % in another with 
50 % rate of spontaneous resolution [ 49 ]. Using 
the ventral onlay technique the de novo stress 
urinary incontinence rate was 25 % [ 51 ]. Patients 
should be counseled regarding the possibility of 
new stress urinary incontinence after urethro-
plasty. De novo erectile dysfunction (ED) was 

  Fig. 10.2    Intraoperative 
photo of patient in 
lithotomy with perineal 
incision. The bulbar 
urethra is divided at the 
level of the calcifi ed 
post- RT urethral 
stricture. The distal 
urethral is mobilized to 
the level of the 
penoscrotal junction to 
allow for a tension- free 
anastomosis       
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reported in 7 % of one series with a 50.9 % rate 
of preoperative ED [ 50 ]. 

 The stress urinary incontinence that results 
from a post-RT urethroplasty can be managed 
with the placement of the artifi cial urinary 
sphincter (AUS). Typically, the device is placed 
3–6 months after the urethroplasty to allow for 
adequate anastomotic healing and to ensure ure-
thral patency on cystoscopic evaluation at the ini-
tial follow up visit. Radiotherapy appears to 
increase the risk of AUS revision. Bates et al. 
published a meta-analysis of 1886 patients who 
underwent AUS after radical prostatectomy ver-
sus radical prostatectomy and EBRT. The revi-
sion rate was 16 % higher with a risk ratio of 
1.56 in the RP+EBRT group with infection/ero-
sion being the major contributors to the increased 
revision rate [ 52 ]. Brant et al. performed a pro-
spective analysis of 386 patients undergoing 
AUS and found that pelvic radiotherapy signifi -
cantly increased the risk of device erosion from 
3 % in the non-radiated patients to 15 % in those 
with a history of radiotherapy. A history of prior 
urethroplasty did not change the erosion rates 
[ 53 ]. The male urethral sling is not recommended 
in patients after radiotherapy .  

    Post-operative Surveillance 

 Due to higher  rates   of urethral stricture recurrence 
in the radiated patient, post-operative surveillance 
after urethroplasty is important. The median time to 
stricture recurrence in the post- RT urethroplasty 
series is 10–12 months [ 49 – 51 ]. For this reason 
surveillance must continue beyond 1 year after 
reconstruction and patients should be counseled to 
follow up if obstructive voiding symptoms return. 

 Several series include their follow up proto-
cols. Palmer et al. recommend follow up at 3–6 
months and 1 year postoperatively with evalua-
tion of subjective voiding symptoms, urofl owme-
try, post-void residual urine measurement and 
cystoscopy [ 51 ]. Thereafter patients are generally 
followed annually with assessment of subjective 
voiding symptoms, urofl owmetry, post-void 
residual urine measurement and cystoscopy if any 
of the above measurements are abnormal. Stricture 
recurrence is defi ned as the inability to pass a 
16Fr cystoscope [ 51 ]. Glass et al. recommend a 
similar follow up protocol with a RUG and VCUG 
at 3 and 12 months and with urofl owmetry annu-
ally afterwards with a peak fl ow of 15 cc/s prompt-
ing further urethral imaging [ 49 ] (Fig.  10.3 ).

  Fig. 10.3    Post-operative RUG/VCUG after anastomotic urethroplasty for bulbomembranous urethral stricture. The 
anastomosis is widely patent       
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       Conclusion 

 Post-RT urinary incontinence and urethral stric-
ture disease represent relatively uncommon com-
plications of radiotherapy for prostate cancer 
however both have the potential to signifi cantly 
impact the patient’s post-treatment health and 
quality of life. For these reasons a urologic evalu-
ation should be undertaken in patients with per-
sistent or worsening LUTS or urinary 
incontinence after all modalities of radiotherapy. 
Medical and surgical interventions can lead to 
resolution or improvement in both of these post- 
treatment urinary complications.      
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of Urinary Symptoms Following 
Radiation Therapy for Prostate 
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            Lower Urinary Tract Symptoms 
following Radiation 

    Case 1 (This Patient Is 1 Month 
Post-brachytherapy) 

   Mr. L is a 72-year-old man with a history of 
Gleason 3 + 3 = 6 prostate cancer (4 of 12 cores, 
15 % greatest volume in single core) with a 
pretreatment prostate volume of 35 cm   3   and 
PSA of 4.8 ng/mL. His International Prostate 
Symptom Score (IPSS) score at baseline was 3. 
He discussed his options with his urologist and 
elected for brachytherapy without neoadju-
vant hormonal therapy. He completed   125   I 
brachytherapy 1 month ago, with a minimal 
dose to 90 % of the prostate volume (D   90   ) of 
186 Gy. He presents with complaints of uri-
nary urgency and dysuria.  

 Lower urinary tract symptoms (LUTS) are 
 categorized   as storage, voiding and post- 

micturition symptoms. Storage symptoms 
include urgency (a sudden compelling desire to 
urinate), frequency (a perception of voiding too 
often), nocturia (the need to wake up at night to 
void), and urge incontinence (involuntary leak-
age of urine accompanied by urgency). Voiding 
symptoms   include slow stream (as perceived by 
the patient or measured on urine fl ow rate stud-
ies), intermittent stream (fl ow that stops and 
starts during urination), hesitancy (delay in the 
onset of voiding), straining (use of abdominal 
muscles to initiate, maintain or improve stream), 
and dysuria (pain or burning while passing urine). 
Post-micturition symptoms include a sensation 
of incomplete emptying after void and post-void 
dribbling of urine. 

 Because patients often experience a combina-
tion of these symptoms, urinary symptoms are 
most often assessed with use of a structured 
questionnaire. The  International Prostate 
Symptom Score (IPSS)   is a reproducible, vali-
dated index designed to determine symptom 
severity. It consists of seven questions related to 
voiding symptoms. Scores of 0–7, 8–19, and 
20–35 signify mild, moderate, and severe symp-
toms, respectively. In addition, the IPSS includes 
a quality of life score as a single 7-point scale 
question asking the patient how he would feel if 
he were to spend the rest of his life with his cur-
rent urinary condition (Fig.  11.1 ). While the IPSS 
can be used to gauge the symptoms, other pri-
mary and secondary tests are often carried out, 
such as a PSA (Prostate-specifi c antigen) test, 
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urinalysis, ultrasound, urinary fl ow studies, 
imaging, and cystoscopy. Although cystoscopy is 
not routinely performed for LUTS after brachy-
therapy, it can be valuable in evaluating refrac-
tory urinary symptoms. In a cohort of 2532 men 
who had brachytherapy of which 185 men under-
went cystoscopy for hematuria or urinary symp-
toms, while the majority had negative fi ndings, 
18 (27 %) had bladder tumors, 18 (27 %) had 

hypervascularity, 13 (19.4 %) had radiation cysti-
tis, 7 (10.4 %) had infl ammation, 5 (7.5 %) had 
urethral strictures, and 6 (8.9 %) had calculus dis-
ease [ 1 ]. Bladder tumors were identifi ed in 
similar proportions among men with gross hema-
turia (9.6 %) and refractory urinary symptoms 
(10.3 %,  p  = 0.840).

   Changes in subjective parameters have been 
shown to correlate with changes in objective 

In the pase
month:

Quality of Life Due to
Urinary Symptoms

1. Incomplete Emptying
How often have you had the
sensation of not emptying
your bladder?

0 1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5

0

None 1 Time 2 Times 3 Times 4 Times 5 Times

1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5 6

2. Frequency
How often have you had to
urinate less than every two
hours?

3. Intermittency
How often have you found
you stopped and started again
several times when you
urinated?

4. Urgency
How often have you found it
difficult to postpone
Urination?

5. Weak Stream
How often have you had a
weak urinary stream?

6. Straining
How often have you had to
strain to start urination?

7. Nocturia
How many times did you
typically get up at night to
urinate?

If you were to spend the rest of
your life with your urinary
condition just the way it is now,
how would you feel about that?

Total I–PSS
Score

Score: 1–7 : Mild 8–19: Moderate 20–35: Severe

Patient Name:

International Prostate Symptom Score (I-PSS)

Date of birth: Date completed

Not at
All

Delighted Pleased Mostly
Satisfied Mixed Mostly

Dissatisfied Unhappy Terrible

Less than
1 in 5
Times

Less than
Half the

Time

About
Half the

Time

More
than Half
the Time

Almost
Always

Your
score

  Fig. 11.1    International Prostate Symptom Score (IPSS) questionnaire       
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parameters after brachytherapy [ 2 ]. Maximum 
fl ow rate, voided volume, and post-void residual 
urine volume are decreased at 1 and 6 months 
after implantation and return to baseline by 1 
year. Prostate volume as measured on transrectal 
ultrasound has been shown to decrease at a year 
after brachytherapy, although this change is not 
seen in patients treated with neoadjuvant hor-
mones [ 2 ].  Dysuria   has been shown to peak at 1 
month after brachytherapy. In a series of 581 
patients with preimplantation alpha blocker ther-
apy, the frequency and severity of dysuria were 
found to improve steadily over time with near 
complete resolution at 45 months [ 3 ]. Of the 7 
IPSS questions, nocturia and incomplete voiding 
were found to be the best surrogates for dysuria. 
Neither clinical nor implant related factors were 
predictive of dysuria. In a study of 1932 patients 
treated with brachytherapy alone or with external 
beam radiotherapy, at 10 years after brachyther-
apy, minimal change was seen in the American 
Urological Association Symptoms Score 
(AUASS), a questionnaire similar to the 
IPSS. Patients presenting with high initial scores 
had the greatest improvement from baseline (Fig. 
 11.2 ) [ 4 ]. Biological effective dose, external 
beam radiotherapy, hormonal therapy, isotope, 

patient age, and prostate size were not found to 
affect long-term urinary symptoms .

    Mr. L had an IPSS score of 18, a maximum 
fl ow rate of 8, and a post-void residual (PVR) 
of 120 mL. He was counseled that his symp-
toms would likely improve with time and 
agreed to observation. At 6 months after 
brachytherapy he had an IPSS score of 8 and 
at a year after brachytherapy, his IPSS 
returned to his baseline of 3.   

    Case 2 (This Patient Is 2 Years Post 
Brachytherapy/EBRT) 

  Mr. B is a 68-year-old man who was treated 
with brachytherapy and external beam radio-
therapy for Gleason 4 + 4 = 8. He initially had 
signifi cant dysuria which was managed con-
servatively and resolved. Two years after com-
pletion of brachytherapy his symptoms 
returned.  

  Patients treated by brachytherapy have more 
symptoms soon after the procedure than those 
treated by external beam irradiation (EBRT)    sec-
ondary to the trauma of the needle punctures. 
Early urinary morbidity does not necessarily 
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predict worsened long term urinary function [ 5 ]. 
Urinary morbidity peaks immediately following 
radiation and then slowly returns to baseline. In a 
cohort of 1932 men treated with prostate brachy-
therapy alone or with external beam radiation 
followed a mean of 6.8 years, AUASS peaked at 
0–3 months after brachytherapy implant. This 
was followed by a steady return to within 1 point 
of baseline by 3 years (Fig.  11.2 ) [ 4 ]. This study 
also found that patients presenting with high ini-
tial symptom scores had the greatest improve-
ment with an average 11-point reduction in 
symptoms at 10 years. While many patients have 
resolution of symptoms after the initial peak, a 
late worsening or “fl are” in symptoms has also 
been described. This transient late exacerbation 
of urinary symptoms occurs in over a third of 
patients by 5 years, most commonly 2 years after 
treatment. Flare has been defi ned as a rise in IPSS 
from the nadir symptom score of at least fi ve 
points. Neither clinical nor implant related fac-
tors have been shown to be predictive of fl are [ 6 ]. 
A “PSA bounce” has also not been found to be 
associated with urinary symptom fl are. The 
patient’s symptoms resolved over the following 
3–6 months.   

    Case 3 (This Patient with a Large 
Prostate is Being Counseled 
about Brachytherapy) 

  Mr. P is a 69-year-old man who presented to 
his urologist with LUTS. The urologist per-
formed a digital rectal exam and found a large 
prostate approximately 60 g with a nodule 
 suspicious for cancer. Mr. P underwent biopsy 
which showed Gleason 3 + 4 = 7 with a prostate 
volume of 60 cc. He was interested in radiation 
therapy and was curious to know how it might 
affect his urinary symptoms and quality of 
life.  

 Patients receiving radiation therapy may expe-
rience urinary symptoms resulting from patient 
or treatment specifi c factors. Patient specifi c fac-
tors which can affect voiding symptoms include 
pretreatment symptom score, androgen depriva-
tion, prostate volume and transition zone index. 

Pretreatment IPSS has been shown to be predic-
tive of posttreatment symptoms in a number of 
studies [ 6 ]. Neoadjuvant-hormonal therapy is 
associated with decreased rate of retention in 
patients with large prostate glands and IPSS 
greater than 15 [ 7 ]. Prostate volume has also been 
shown to be predictive of symptoms and hor-
monal therapy can affect prostate volume [ 8 ]. 
The  transition zone index (TZI)   is calculated as 
transition zone volume/prostate gland volume. 
   Transition zone volume may affect LUTS; the 
TZI has been shown to be associated with urinary 
symptoms [ 9 ]. 

 The most fundamental treatment specifi c fac-
tor is type of radiation. Lower urinary tract symp-
toms can occur after external beam radiotherapy 
(EBRT) as well as after brachytherapy. Zelefsky 
et al. compared men who were treated with EBRT 
with men who were treated with brachytherapy 
[ 10 ]. In the short term, those who received 
brachytherapy had slightly higher urinary toxic-
ity (e.g., urethral stricture) compared with those 
who were treated with EBRT, although urinary 
symptoms subsequently resolved or improved in 
most patients. A study of the CaPSURE data-
base, looking at locally advanced prostate cancer 
found no treatment modality was superior to oth-
ers based on quality of life outcomes [ 11 ]. 

 For patients undergoing brachytherapy there 
are a number of procedure specifi c factors that 
can affect urinary function including isotope 
type, delivery approach, total prostate and ure-
thral dose, and number of needles and seeds 
implanted. The two commonly used isotopes for 
permanent prostate seed brachytherapy are 
iodine-125 ( 125 I) and palladium-103 ( 103 Pd).  125 I 
has a half-life of 60 days with an average energy 
of 28 KeV.  103 Pd has a half-life of 17 days with an 
average energy of 21 KeV. There is a theoretical 
concern that the rapid dose delivery associated 
with  103 Pd could cause increased morbidity in 
large prostate glands. However in a study of 
almost 1000 patients, regardless of prostate size, 
isotope ( 125 I versus  103 Pd) did not impact IPSS 
resolution, catheter dependency, or the need for 
surgical intervention. Cesium-131, a newer iso-
tope, has a half-life of 9.7 days with an energy of 
29 KeV. Cesium-131 delivers 90 % of its thera-
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peutic dose within 1 month. Because it was 
approved in 2003, there are no long-term studies 
of the urinary effects of this isotope, but theoreti-
cally the faster dose rate could result in a faster 
resolution of urinary symptoms [ 12 ]. 

 There are two main approaches to delivery of 
prostate brachytherapy: preplanning, in which all 
calculations are made ahead of the implant date 
and preloaded needles are used, and intraopera-
tive real-time dose calculation. Intraoperative 
dose calculation has been shown to result in bet-
ter gland isodose coverage but is associated with 
higher IPSS scores after implantation which 
remain elevated for longer [ 13 ]. Total dose and 
dose-volume factors have also been shown to be 
correlated with IPSS and within the IPSS, spe-
cifi cally with frequency [ 14 ]. Dose to the urethra 
was found to affect frequency most signifi cantly. 
The number of seeds inserted has been shown to 
correlate with increased need for catheterization, 
although it was not found to be predictive of ele-
vated IPSS [ 8 ]. Diffi culty of implant, as mea-
sured by the number of needles which had to 
unexpectedly be placed in unassigned coordi-
nates, has also been shown to be associated with 
need for catheterization, but not with high post-
treatment IPSS [ 8 ]. 

 Given that the majority of patients with pros-
tate cancer do not die of the disease and there are 
a number of treatment options for prostate can-
cer, quality of life after treatment can affect 
patient decision-making regarding treatment 
options. In a study looking at the early posttreat-
ment period using the Short Form (36) Health 
Survey (SF-36), the best general physical func-
tioning was reported by patients who underwent 
brachytherapy followed by external beam radia-
tion and radical prostatectomy (RP) [ 15 ]. With 
time, quality of life differences between groups 
lessened. At an average of 7.5 months after treat-
ment the general health related quality of life of 
patients undergoing brachytherapy with and 
without pretreatment external beam radiation 
was similar to age matched controls [ 16 ]. At a 
mean follow-up of 66.3 months after brachyther-
apy, patients were found to have urinary quality 
of life scores similar to newly diagnosed prostate 
cancer patients of comparable demographics 
[ 17 ]. Use of neoadjuvant or adjuvant hormonal 

therapy has been shown to have no signifi cant 
impact on quality of life with no difference in the 
irritative or obstructive subscales of the AUASS 
at 24 months after implantation [ 18 ].  

    Case 4 (This Patient Is Being 
Counseled about Brachytherapy) 

  Mr. F is a 66-year-old man diagnosed with 
Gleason 3 + 3 = 6. He is interested in brachy-
therapy but is concerned about developing 
LUTS. He wants to know if there is anything 
he can do to prevent the development of these 
symptoms.  

 In many  reported   series, an alpha blocker is 
initiated before brachytherapy [ 3 ].  Alpha-blocker 
therapy   has been shown to affect temporal resolu-
tion of urinary morbidity following prostate 
brachytherapy [ 19 ]. A double-blind, placebo- 
controlled, randomized trial found prophylactic 
tamsulosin (0.8 mg/day) did not signifi cantly 
affect urinary retention rates, but had a positive 
effect on urinary morbidity at week 5 after 
brachytherapy implant as measured by AUASS 
[ 19 ]. The use of prophylactic alpha blocker ther-
apy was examined in 234 patients including 142 
who received therapy prior to implantation and 
until the return to baseline IPSS levels, as well as 
92 who received alpha-blocker therapy only for 
the occurrence of obstructive urinary symptoms. 
While patients receiving prophylactic alpha 
blockers experienced a faster return to baseline 
IPSS levels, there was no observed difference in 
the incidence of urinary retention [ 20 ].  

    Case 5 (This Patient with a Prior TURP 
is 2 Years Post-brachytherapy) 

  Mr. W is a 71-year-old male with history of 
clinical T2a, Gleason 3 + 3 = 6 prostate cancer, 
pretreatment PSA 3.9 ng/mL, who received 
treatment with   125   I monotherapy 2 years ago. 
Two years prior to implantation he had a 
transurethral resection of the prostate with 20 
g of tissue resected. His PSA is still decreasing 
at 1.5 ng/mL, but he has experienced progres-
sive weakening of his urinary stream. His 
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IPSS is 20 and his PVR is 100 mL. A cystos-
copy reveals a circumferential proximal (pros-
tatic) urethral stricture.  

 The occurrence of urethral stricture disease 
following brachytherapy has been reported in the 
range of 0–12 % [ 21 – 24 ]. Merrick and colleagues 
reported a 5.3 % 5-year actuarial urethral stric-
ture rate, which occurred at a median time of 26.6 
months [ 25 ]. A similar incidence of scarring has 
been noted following high dose rate brachyther-
apy, occurring most commonly in the bulbomem-
branous urethra [ 26 ]. Jarosek et al. compared 
long-term risks of adverse urinary events follow-
ing prostate cancer treatment, including 14,259 
patients with brachytherapy monotherapy using 
the  Surveillance, Epidemiology and End Results 
(SEER)-Medicare database  . The 10-year 
propensity- weighted cumulative incidence of 
urethral stricture or bladder neck contracture was 
11.9 % (95 % CI 11–12.95) among patients 
treated with brachytherapy alone, compared with 
19.4 % (95 % CI 18.23–20.62) for combination 
brachytherapy and external beam radiotherapy, 
as well as 19.3 % (95 % CI 18.74–19.96) for radi-
cal prostatectomy [ 27 ]. Similarly, a Cochrane 
systematic database review identifi ed a pooled 
incidence of stricture in 2/85 (2.4 %) compared 
with 6/89 (6.7 %) of patients treated with prosta-
tectomy ( p  = 0.221) [ 28 ]. 

 The appearance of urethral stricture following 
implantation appears to be infl uenced by several 
dosimetric factors including the dose delivered to 
the membranous urethra. In one study of 1186 
patients treated with brachytherapy, 29 devel-
oped urethral strictures, this adverse outcome 
was associated with higher dose to the bulbo-
membranous urethra (105.6 % versus 85.5 % of 
planned dose,  p  = 0.002) [ 29 ]. Patients with radia-
tion induced strictures have been conventionally 
approached with initial dilation and/or endo-
scopic urethrotomy. Reconstruction with urethro-
plasty may be performed for post-radiation 
strictures with and without tissue transfer. Glass 
et al. reported on 29 patients with radiation- 
induced stricture in the bulbous (41 %) and mem-
branous (41 %) urethra using anastomotic, buccal 
mucosal graft and perineal fl ap techniques with 
an overall success rate of 90 % [ 30 ]. In a multi- 
institutional review of 72 cases from 3 academic 

sites treated primarily with anastomotic urethro-
plasty, successful reconstruction was achieved in 
69.7 %, and incontinence developed in 18.5 %, 
and was associated with longer stricture length 
(>2 cm) [ 31 ]. 

 There is a distinct difference between post- 
TURP prostatic urethral strictures and those 
occurring in the membranous or bulbar urethra. 
In the former, extra care needs to be taken not to 
place seeds too close to the TUR defect or blad-
der neck, while still maintaining adequate dose 
distribution. In the latter, stricture occurs because 
of errant seed placement inferior to the prostate 
apex. This occurs when physicians do not use 
real-time placement and overcompensated apical 
coverage. 

  Mr. W had an incision of the stricture and 
was placed on CIC daily. Over a 3 month 
period the frequency of CIC was reduced with 
complete resolution of symptoms and residual 
urine.  Patients experiencing prostatic urethral 
strictures with a history of TURP after brachy-
therapy often redeveloped their strictures follow-
ing urethrotomy. This is a result of the 
compromised blood supply from both proce-
dures. A proactive course combining urethrot-
omy with CIC has been found to be most effective 
at long term resolution.   

     Hematuria Following Radiation 

    Case 1 (This Patient Is 3 Years Post 
Brachytherapy with Microhematuria) 

  Mr. O is a 67-year-old male with history of 
clinical T1c, Gleason 3 + 4 = 7 prostate cancer 
(2 out of 12 cores, 15 % greatest volume in 
single core), pretreatment PSA 5.3 ng/mL sta-
tus post   125   I monotherapy 3 years ago. He takes 
tamsulosin 0.4 mg daily for mildly bothersome 
LUTS (IPSS 9), and urinalysis sent on workup 
for urinary symptoms demonstrates 5–10 red 
blood cells per high power microscopy fi eld 
(RBC/hpf) without casts, nitrites or leukocyte 
esterase positivity. He denies gross hematuria. 
A urine culture is negative. His most recent 
PSA is 0.4 ng/mL, and digital rectal examina-
tion is unremarkable.  
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 Gross  hematuria   occurring following an 
interval of normal function post-implantation is 
a clinically signifi cant event that warrants thor-
ough evaluation. Therefore, most authors agree 
that patients with any degree of hematuria fol-
lowing implantation should proceed with com-
plete hematuria evaluation. With longitudinal 
follow, the appreciation for delayed hematu-
ria—both gross and microscopic among men 
treated with prostate brachytherapy has been 
described. Hematuria following implantation 
can be classifi ed by temporal onset: bleeding 
occurring in the immediate peri-procedural 
period, and that occurring following a period of 
normal urinary function (late hematuria). The 
concern for secondary in-fi eld pelvic malig-
nancy—particularly bladder—following pros-
tate radiation weighs considerably on the 
occurrence of late hematuria [ 32 ]. 

 Refl ecting long-standing expert opinion, the 
American Urological Association practice state-
ment defi nes microscopic hematuria as three or 
greater red blood cells seen per high power 
microscopy fi eld in the absence of a benign cause 
[ 33 ]. Following the immediate post-implantation 
period, however, it is widely regarded that new 
onset hematuria should not be merely attributed 
to an antecedent history of brachytherapy. 
According to the Radiation Therapy Oncology 
Group (RTOG), acute gross hematuria with or 
without clot passage is classifi ed as a grade III 
toxicity, while hematuria requiring transfusion or 
bladder obstruction is regarded as grade 
IV. Similarly, cooperative group common toxic-
ity criteria defi ne microscopic hematuria as a 
grade I toxicity; gross hematuria without clots as 
grade II, hematuria with clots as grade III, and 
hematuria requiring transfusion as grade IV [ 34 ]. 

 Barker and colleagues reported on their series 
from the University of Washington including 215 
patients treated with permanent prostate intersti-
tial brachytherapy ( 103 Pd or  125 I isotopes) fol-
lowed for a median of 20 months [ 35 ]. 
Twenty-seven patients were identifi ed (13 %) 
who experienced gross hematuria occurring 1 
week post-implantation. Eleven patients reported 
one single isolated episode, while the remaining 
16 reported multiple episodes. Other publications 
with longitudinal follow have identifi ed bleeding 

occurring at later interval. Anderson et al. 
reported on 263 consecutive patients who 
received low dose rate (LDR) brachytherapy 
monotherapy and minimum of 1 year follow-up 
between 1998 and 2006 at the MD Anderson 
Cancer Center, noting hematuria in 13 (10 grade 
I, 3 grade II) [ 36 ]. Larger series with longitudinal 
follow have similarly identifi ed signifi cant gross 
hematuria (RTOG ≥ 3) as a rare complication. 
Keyes et al. reported on 712 consecutive patients 
receiving permanent prostate brachytherapy 
between 1998 and 2003 with median follow of 57 
months, noting severe hematuria in 0.1 % [ 37 , 
 38 ]. However the defi nition employed in this 
series addresses only late RTOG grade 3 hematu-
ria, and does not capture the number of patients 
experiencing lesser degrees of late gross or 
microscopic hematuria. 

 We recently published our clinical experience 
and evaluation of patients receiving cystoscopy 
for gross or microscopic hematuria. Of 2532 
patients, 185 (7.3 %) underwent cystoscopy for 
hematuria at a median time of 2.7 years following 
implantation [ 1 ]. Most patients presenting with 
gross or microscopic hematuria had no identifi -
able pathology on cystoscopy (118, 63 %). The 
most common fi ndings included bladder tumors 
in 18 (9.7 %), radiation cystitis in 13 (7 %), and 
hypervascularity or telangiectasias of the bladder 
in 18 (9.7 %). Our group has previously reported 
on a cohort of 2454 men treated at the Mount 
Sinai Hospital with 5.9 year median follow-up. 
We identifi ed 218 (8.9 %) who experienced gross 
hematuria at a median time of 2.1 years, which 
refl ects the latency with which delayed hematuria 
can be observed [ 39 ]. 

 It is not clear whether the incidence of hematu-
ria following brachytherapy implantation is sig-
nifi cantly different from observational studies of 
individuals participating in health screening, 
which has been cited between 2 and 31 % [ 33 , 
 40 – 42 ]. There is a considerable investigational 
interest in the factors that predict biological 
response to radiotherapy, and as a corollary, the 
factors which predispose to the development of 
treatment related toxicities. In their 2003 study, 
Barker et al. reported that hematuria was not asso-
ciated with patient age ( p  = 0.4), pre-implant pros-
tate volume ( p  = 0.46), pre-implant American 
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Urological Association symptom score ( p  = 0.66), 
or maximal or mean urethral dose [ 35 ]. However, 
among our cohort, the development of late gross 
hematuria was signifi cantly associated with larger 
prostate size (>40 cm 3 ), external beam radiation, 
and freedom from biochemical failure [ 39 ]. 

 The occurrence of hematuria following high 
dose rate (HDR) brachytherapy with 192-iridium 
has also been compared with LDR implantation 
using iodine-125 or palladium-103. Grills et al. 
compared urinary toxicity among patients treated 
with HDR vs. LDR modalities in 149 patients 
receiving treatment between 1999 and 2001 [ 43 ]. 
In their study with median follow of 35 months, 
hematuria occurred with similar frequency in 
both groups ( p  = 0.168), and did not vary by 
receipt of neoadjuvant androgen deprivation ther-
apy ( p  = 0.164). Among 13 of 84 patients experi-
encing hematuria, all were grade I or II within the 
HDR group, while all 6 receiving 103-Pd alone 
experienced only grade I hematuria (Table  11.1 ).

       Case 2 (This Patient Developed 
Severe Unremitting Hematuria 
following Combination Therapy) 

  Mr. B is a 63-year-old male with history of 
Gleason 4 + 3 = 7 prostate adenocarcinoma in 
four out of 12 cores (60 % single greatest core) 
and a pretreatment PSA of 11.1 ng/mL. He 
elected treatment with neoadjuvant androgen 
deprivation therapy (ADT), and palladium-
 103 implantation with a boost dose of external 
beam radiation. Following treatment, his PSA 
nadir is undetectable, and remained stable at 
0.08 ng/mL with cessation of androgen depri-
vation 2 years later. He presented to the emer-
gency room with signifi cant pain and 
hematuria. A cystoscopy and clot evacuation 
was performed demonstrating an erythema-
tous, friable mucosa diffusely throughout the 
bladder mucosa with telangiectasias noted at 
the bladder neck and trigone area. A biopsy 
was negative for malignancy but demonstrated 
obliterative endarteritis, fi brosis, amidst a 
hypovascular and hypocellular stroma. The 
bleeding persisted despite continuous irriga-
tion of alum and he required numerous blood 
transfusions. He returned to the operating 
room where a cystogram was negative and was 
infused with 2.5 % formalin solution under 
general anesthesia. After a 1 month period of 
response, bleeding continued was refractory to 
a 10 % formalin installation, and a subsequent 
40-treatment course of hyperbaric oxygen 
therapy. Ultimately he elected a cystectomy 
with ileal conduit for defi nitive therapy.  

 Severe hemorrhagic radiation cystitis follow-
ing prostate radiotherapy is a rare and challeng-
ing complication. In contrast to the acute cellular 
injury mediated by the delivery of ionizing radia-
tion leading to infl ammation and edema, the clin-
ical onset of late radiation cystitis refl ects the 
irreversible damage to vascular and connective 
tissue [ 45 ,  46 ]. The histological characteristics 
include obliterative endarteritis resulting in atro-
phy and fi brosis which is hypovascular, hypocel-
lular and hypoxic. It is thought that hematuria 
subsequently occurs as the result of necrosis of 
the hypoxic bladder mucosa, and may also be 

   Table 11.1    Radiation Therapy Oncology Group (RTOG) 
cooperative group common toxicity grading scale for 
hematuria   

 RTOG [ 34 ]  EORTC [ 44 ] 

 Grade 
I 

 Microscopic 
hematuria only 

 Asymptomatic; clinical or 
diagnostic observations 
only; intervention not 
indicated 

 Grade 
II 

 Gross hematuria 
without clot 
passage 

 Symptomatic; urinary 
catheter or bladder 
irrigation indicated; 
limiting instrumental 
ADL 

 Grade 
III 

 Gross hematuria 
with clot passage 

 Gross hematuria; 
transfusion, IV 
medications or 
hospitalization indicated; 
elective endoscopic, 
radiologic or operative 
intervention indicated; 
limiting self-care ADL 

 Grade 
IV 

 Gross hematuria 
with or without 
clot passage 
requiring 
transfusion 

 Life-threatening 
consequences; urgent 
radiologic or operative 
intervention indicated 

 Grade 
V 

 Death resulting 
from 
uncontrolled 
hematuria 

 Death 
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contributed by the rupture of superimposed 
dilated blood vessels (telangiectasias). Refl ecting 
the latency of this onset, hemorrhagic cystitis has 
been observed between 6 months to 10 years fol-
lowing pelvic radiation and the severity classifi -
cation of hemorrhagic cystitis exists within the 
RTOG and EORTC genitourinary toxicity crite-
ria for hematuria. At presentation the perfor-
mance of cystoscopy and biopsy is often required 
to facilitate evacuation of clot, and exclude the 
possibility of malignancy. 

 As illustrated in the preceding case, in addi-
tion to supportive care and cystoscopy with elec-
trofulguration, the initial management typically 
proceeds with instillation of astringent agents to 
attempt blockage of the site of vascular insult. 
Aluminum salts (alum) may be administered 
intravesically following complete evacuation of 
organized clot at a concentration of 1 %. 
Aluminum toxicity (encephalopathy and cardio-
myopathy) have been reported in patients receiv-
ing intravesical infusion, and therefore warrant 
the monitoring of serum aluminum levels, par-
ticularly in patients with renal impairment [ 47 ]. 
Concomitantly, control of bladder discomfort has 
been approached by many means including intra-
vesical botulinum toxin administration, anticho-
linergics, sodium pentosan polysulfate, and 
conjugated estrogens [ 48 ,  49 ]. Formalin, a tissue 
fi xative, has been used after failure of initial 
agents and following cystographic confi rmation 
indicating the absence of vesicoureteral refl ux. If 
refl ux is demonstrated, the ureteral orifi ces may 
be fi rst occluded with Fogarty-style catheters. 
Typical dilutions begin at 1 % and may be 
sequentially increased to a maximal concentra-
tion of 10 % [ 50 ,  51 ]. Irreversible fi xation of the 
urothelium and underlying stromal and muscular 
architecture can lead to a signifi cant reduction in 
bladder volume and contractility. 

 Hyperbaric oxygen is an effi cacious therapy 
with good response rates in cases of recalcitrant 
radiation cystitis. In-vivo studies of irradiated tis-
sues exposed to hyperbaric conditions demon-
strated a signifi cant increase in vascular density 
which may refl ect a macrophage response 
induced at marked oxygen gradients [ 52 ]. In a 

series of 62 patients treated between 1988 and 
2001, 86 % experienced signifi cant improvement 
or complete resolution [ 53 ]. Prompt initiation of 
therapy following the onset of hematuria also 
appears to be a signifi cant factor in response. In a 
study of 60 patients, 27/28 (96 %) of those treated 
within 6 months of onset experienced complete 
or partial resolution of hematuria, compared with 
21/32 (66 %) treated at a longer interval 
( p  = 0.003) [ 54 ]. While complete resolution can 
be achieved in many patients, the durability of 
these outcomes appears more modest. In a longi-
tudinal follow-up of 11 patients only 3 had com-
plete and sustained response, while the remaining 
8 ultimately required urinary diversion as defi ni-
tive therapy [ 55 ]. 

 Following failure of initial conservative 
approaches, cystectomy with urinary diversion 
offers defi nitive therapy by excising the damaged 
urothelium. The perioperative morbidity and 
mortality is considerable however, with severe 
complications (Clavien grade III to V) occurring 
in 8 of 19 patients, and mortality occurring in 16 
% of patients in a series of 21 patients [ 56 ]. 
Supravesical diversions, while sparing the added 
morbidity of cystectomy, leave the bladder in situ 
and pose a continued theoretical risk of pyocystis 
and secondary malignancy and are less 
favorable.  

    Case 3 (This Patients Developed 
a Bladder Tumor following Implant 
plus EBRT) 

  Mr. K is a 65-year-old African-American male 
non-smoker with a signifi cant family history of 
prostate cancer, biopsy Gleason 4 + 4 prostate 
adenocarcinoma (six out of 12 cores, 50 % core 
positivity), and a pretreatment PSA of 12.7 ng/
mL. He elected treatment with trimodal ther-
apy including palladium-103 brachytherapy, 
neoadjuvant androgen deprivation, and com-
bination external beam radiotherapy. His PSA 
nadir was 0.01 ng/mL, and is unchanged at 4 
years post-implantation. He returns for evalu-
ation following a 1-month history of intermit-
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tent gross hematuria; a voided urine cytology 
is positive. He undergoes cystoscopy with 
transurethral resection of a papillary bladder 
tumor. The pathology demonstrates high grade 
noninvasive urothelial carcinoma and he 
receives a 6 week course of BCG. He is recur-
rence-free for 2 years subsequently on surveil-
lance cystoscopy and urinary cytology.  

 The incremental risk associated with brachy-
therapy and EBRT on the development of in-fi eld 
secondary malignancies, particularly bladder can-
cer, is controversial. Owing to detection biases of 
patients receiving routine urological care, com-
parisons to untreated populations may not fully 
account for the impact of screening. Several 
recent publications with longitudinal follow- up 
appear to suggest that pelvic secondary malignan-
cies do occur, but that the risk appears similar to 
that of surgically treated men. Investigators have 
compared cohorts of patients treated with radical 
prostatectomy to matched groups of men treated 
with intensity-modulated radiotherapy (IMRT) 
and brachytherapy [ 57 ]. Zelefsky and colleagues 
reported on 2658 men treated with either of these 
modalities between 1998 and 2001 at the 
Memorial Sloan Kettering Cancer Center. When 
compared to radical prostatectomy (RP), brachy-
therapy was not associated with an increased risk 
of 10-year any secondary malignancy (89 % ver-
sus 87 %  p  = 0.37). Among bladder cancers, 4 
were detected among 413 brachytherapy patients 
compared with 16 of 1348 radical prostatectomy 
patients. In a multivariate analysis adjusting for 
smoking status, age, and secondary malignancy 
(SM) stage, brachytherapy as compared with RP 
was not a signifi cant risk factor for the develop-
ment of SM ( p  = 0.83) [ 32 ]. 

 Moreover, the long-term experience has not 
suggested that bladder cancers that arise follow-
ing prostate brachytherapy—with or without 
external beam radiotherapy—are substantively 
worse or exhibit higher grade features. Of 18 indi-
viduals who were subsequently diagnosed with 
bladder cancer from our cohort of 2532 at a 
median time of 3.1 years, the majority (72.2 %) of 
patients had low grade urothelial carcinoma, only 
two demonstrated muscle-invasive disease man-
aged with cystoprostatectomy. Consequently, 
there is no current suggestion that patients pre-

senting with newly diagnosed bladder cancers fol-
lowing brachytherapy should receive therapy that 
differs based on their prior radiation exposure.   

    Urinary Retention 
and Transurethral Resection 
of the Prostate after Brachytherapy 

    Case 1 (This Patient with a Large 
Prostate Developed Post-implant 
Urinary Retention) 

  Mr. U is a 66-year-old male with clinical T1c, 
Gleason 4 + 3 = 7 prostate cancer in four of 12 
cores, pretreatment PSA of 5.5 ng/mL. On his 
diagnostic transrectal ultrasound-guided 
(TRUS) biopsy, his prostate volume was 
64 cm   3   and his pre-implantation IPSS score 
was 18 with a quality of life score of 3. He 
elected for iodine-125 monotherapy and was 
placed on 6 months of neoadjuvant androgen 
deprivation with an LHRH agonist. At the 
time of implantation his prostate volume was 
40 cm   3   . The procedure was uneventful and the 
post-procedure cystogram normal. He voided 
spontaneously in the recovery room prior to 
discharge but returned to the emergency room 
with urinary retention 24 h later. A Foley cath-
eter was placed and he was started on an oral 
alpha-blocker. After 1 week of catheter drain-
age, he voided spontaneously and had a post- 
void residual of 10 mL.  

  Acute urinary retention (AUR)   is a common 
event following prostate brachytherapy, occur-
ring in as many as 34 % of patients in some series, 
though the onset and duration may vary [ 58 – 61 ]. 
The etiology of AUR is generally attributed to 
obstructive edema of the prostatic urethra, where 
prostatic volume may increase by as much as 18 
% post-implantation [ 62 ]. Many clinical risk fac-
tors appear to contribute to this outcome includ-
ing diabetes, larger prostate size, transition zone 
volume and higher urinary symptom score [ 63 ]. 
Practitioner experience also appears to affect 
retention rates, possibly refl ecting a learning 
curve in minimizing urethral infl ammation [ 64 ]. 
Following catheter placement, the majority of 
patients experiencing retention will spontane-
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ously void after a short interval of drainage. The 
addition of alpha blocker therapy, particularly in 
men with high baseline urinary symptom scores, 
seems warranted. 

 The administration of neoadjuvant androgen 
deprivation in this patient refl ects the oncologic 
benefi t born out of randomized evidence in sup-
port of a synergistic effect with radiation [ 65 ,  66 ]. 
In addition to patients with intermediate and high 
risk disease, we have opted for a risk adapted 
approach to neoadjuvant ADT. Based on our 
fi ndings that ADT confers a fourfold risk reduc-
tion of retention in patients with prostate volume 
greater than 50 cm 3  and IPSS >15, it has become 
our practice to give ADT to these patients [ 7 ]. 
Investigators have also attempted to target the 
infl ammatory response that may underlie post- 
brachytherapy retention with peri-procedural 
meloxicam in a randomized trial of 300 patients; 
however no differences were observed [ 67 ]. 

 Patients with persistent urinary retention may 
be managed with extended catheter drainage, 
suprapubic tube placement, or clean intermittent 
catheterization while awaiting resolution of 
infl ammation. The impact on  health related qual-
ity of life (HRQoL)   associated with extended 
periods of catheter drainage is not trivial. In one 
study of 127 patients undergoing low dose rate 
iodine-125 implantation in which AUR occurred 
in 13 patients, quality of life scores in these 
patients were lower at study endpoints [ 68 ]. Three 
patients were managed with suprapubic tube 
drainage and nine ultimately received transure-
thral resection of the prostate. For men with reten-
tion refractory to catheter drainage and medical 
therapy, transurethral resection of the prostate 
may be warranted but is associated with a consid-
erable risk of urinary incontinence [ 69 – 71 ].  

    Case 2 (This Patient Developed 
Post-implant Retention and Required 
a TURP) 

  Mr. G is a 70-year-old male with history of 
Gleason 3 + 3 prostate cancer in six out of 12 
biopsy cores (50 % in a single highest core), 
pretreatment PSA 6.1 ng/mL. On TRUS biopsy 

his prostate volume was 45 cm   3   and a multipa-
rametric prostate MRI demonstrated no evi-
dence of T2 signal abnormality, extra- prostatic 
extension or restricted diffusion however an 
intravesical median prostatic lobe was noted. 
His baseline IPSS score was 8. He elected treat-
ment with brachytherapy monotherapy 
(iodine-125). His procedure was uneventful, 
however he was unable to void after catheter 
removal. No improvement was seen after a 
trial of alpha-blockers, and a suprapubic tube 
was placed after 6 weeks of catheter drainage. 
A urologist performed a limited transurethral 
resection of the prostate (TURP) (Fig.   11.3   ) and 
the patient did well after the procedure. 

   In contrast to transient urinary retention in the 
immediate post-implantation period, prolonged 
periods of complete bladder outlet obstruction 
are less common. Among 3600 patients treated 
with prostate brachytherapy at the Cleveland 
Clinic, 60 (1.7 %) required a bladder outlet pro-
cedure which included photoselective vaporiza-
tion of the prostate (PVP) or TURP. Controversy 
exists in the initial management strategy for men 
presenting with refractory retention with some 
authors favoring clean intermittent catheteriza-
tion as long as possible, while others have advo-
cated for early limited resection in patients 
unlikely to resume spontaneous voiding [ 72 ,  73 ]. 
To allow for complete delivery of the prescribed 
dose, we have recommended a minimum interval 
of fi ve half-lives prior to surgical intervention 
which varies depending on the isotope used: 
roughly 10 months for iodine-125 and 3 months 
for palladium-103. In our series of 2495 patients 
from Mount Sinai updated in 2013, there were 79 
(3.2 %) men who received TURP at a median 
time of 14.8 months post-implant [ 70 ]. 

 The risk of genitourinary morbidity following 
post-brachytherapy TURP is not trivial, and may 
vary by many factors including the volume of tis-
sue resected, number of procedures and surgical 
technique [ 74 ]. The incidence of urinary inconti-
nence has been reported to range from 0 to 70 % 
[ 75 ,  76 ]. Among more recent series, including 
our own, rates have been in the approximate 
range of 25 %–39 %. It is clear, however, that 
resection should be as minimal as possible with 
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special taken to preserve the blood supply at the 
lateral and posterior bladder neck. We advocate a 
very restricted use of cautery and minimal apical 
resection.    

    Incontinence Following Radiation 

    Case 1 (This Patient Had Bothersome 
Leakage after Seed Implantation) 

  Mr. M is a 65-year-old male with Gleason 
3 + 4 = 7 who had undergone iodine-125 
brachytherapy 2 years earlier. He presented 
with urgency and frequency in the morning. 
He was initially hesitant to discuss it, but after 
further conversation he also reported leakage 
of urine.  

 Urinary incontinence is consistently under- 
reported by patients, and in some cases denied. In 
a study of 245 men with early stage prostate can-
cer awaiting prostatectomy who denied urinary 
incontinence, a 24-h pad weight test found a 
mean weight of 4 g (0–35 g) [ 77 ]. A history in 
these patients should include precipitating factors 
(coughing, sneezing, lifting, straining, changes in 
body position, alcohol, caffeine, and immobil-
ity). It is important to ask about the severity of 
incontinence which can be measured in number 
of pads per day and wetness of pads.  Mr. M 
reported leaking on his way to the restroom in 
the setting of a strong desire to urinate. 
Because of this he had begun wearing a pad in 
his underpants and changed it once each day.  

 Urinary incontinence is not a single entity but 
rather has multiple subtypes with varying causes 

  Fig. 11.3    Cystoscopic 
view of TURP with 
limited resection       
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classifi ed based on symptomatology.  Stress uri-
nary incontinence (SUI)   is the episodic loss of 
urine due to increased abdominal pressure as 
occurs during coughing, sneezing, straining or 
exercise. SUI may have varying underlying 
causes including intrinsic sphincter defi ciency as 
may occur with inadvertent damage to the exter-
nal urinary sphincter during TURP, overfl ow and 
detrusor overactivity in which stress triggers an 
involuntary contraction. Urge urinary inconti-
nence (UUI) is the episodic loss of urine accom-
panied by a sense of urgency. This may be due to 
detrusor overactivity; however, low bladder com-
pliance, urinary retention, and irritation due to 
urinary tract infection may cause it as well. 
Mixed urinary incontinence is a combination of 
stress and urge incontinence [ 78 ]. Overfl ow 
incontinence occurs when a patient is obstructed 
and cannot effectively empty the bladder; urine 
may leak out of a full bladder in these patients. 

 Physical exam in patients with incontinence 
should start with the genitourinary exam. An 
uncommon cause of urinary incontinence after 
radiation therapy to the prostate is continuous 
incontinence through a urethrocutaneous fi stula. 
In a retrospective study of patients who received 
radiation therapy from 1977 to 2002, 20 devel-
oped urinary fi stulae which were presumed to be 
due to radiation [ 79 ]. The majority of fi stulae 
were from the rectum to the urinary tract however 
three were cutaneous fi stulae, all of these patients 
required urinary diversion for management. 
Physical should also include a neurological exam 
to check anal sphincter tone and the bulbocaver-
nosus refl ex. Rectal exam may reveal stool 
impaction. It is also valuable to examine the 
lower extremities as edema of the lower extremi-
ties may create excess urine production leading 
to incontinence specifi cally at night when the 
patient is supine.  Physical exam in Mr. M 
revealed no suprapubic fullness, rectal exam 
was normal, and there was no lower extremity 
edema.  

 Initial laboratory studies should include a uri-
nalysis, to check for glucosuria and a urine cul-
ture to check for infection. A post-void residual 
measurement can assess for retention leading to 
overfl ow incontinence. A voiding diary, in which 

the patient records voiding patterns, as well as 
fl uid consumption, may be helpful. Cystoscopy is 
often unnecessary but could be considered in 
patients at risk for urethral stricture or bladder 
cancer, or in those patients in whom surgical 
therapy is being considered. Urodynamics is also 
often unnecessary but may be helpful when the 
diagnosis is unclear. A urodynamic evaluation is 
often warranted to assess detrusor activity in 
patients who will undergo reconstructive efforts 
with artifi cial urinary sphincter (AUS) or urethral 
sling. In select cases, a voiding cystourethrogram 
or spinal imaging may be considered. 

 The fi rst step in management of incontinence 
is treatment of possible transient causes. If the 
incontinence developed in the setting of a urinary 
tract infection, the infection should be treated. 
Pharmaceuticals, such as diuretics, should be 
eliminated if possible. Additionally medical con-
ditions that cause polyuria, such as uncontrolled 
diabetes, congestive heart failure and lower 
extremity edema, should be treated. Behavioral 
modifi cations such as restricting fl uid, avoiding 
bladder irritants (such as caffeine and alcohol), 
and elevating legs before bed for patients with 
lower extremity edema and use of a hand-held 
urinal for patients with mobility issues may be 
helpful. Timed voiding may also benefi t these 
patients. 

  Mr. M had a normal urinalysis and urine 
culture. After discussing bladder irritants he 
realized he drank three cups of coffee over the 
course of each morning. Elimination of these 
resolved the incontinence.   

    Case 2 (This Patient Incontinence 5 
Years after Brachytherapy) 

  Mr. T. is a 61-year-old male who had high vol-
ume Gleason 3 + 3 = 6 and underwent brachy-
therapy 5 years earlier. He presented with 
complaints of urgency, frequency and inconti-
nence. He reported feeling a strong desire to 
void and was occasionally unable to hold his 
urine as he rushed to the bathroom. His only 
other complaint was erectile dysfunction for 
which he took sildenafi l as needed. His physi-
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cal exam revealed no abnormalities, urine cul-
ture was negative and post-void residual was 
minimal. He was not interested in medical 
therapy at this time and was curious to know 
if there were other options.  

 Bladder training which involves modifi cation 
of the voiding interval and urge control can be 
effective for a motivated patient with suffi cient 
cognitive function to participate in the program. 
A 2004 Cochrane review found that “bladder 
training may be helpful for the treatment of uri-
nary incontinence” [ 80 ].  Mr. T tried to void 
every 2 to 3 h during the day. He also prac-
ticed urge control with “quick fl icks,” con-
tracting the muscles he would use to stop the 
fl ow of urine ten times in a row, holding each 
contraction for 1 s. He returned to the urolo-
gist and reported minimal improvement and 
felt that he was now interested in medical 
therapy.  

  Antimuscarinic agents   are the most widely 
prescribed medication for OAB. They inhibit 
muscarinic receptors, thereby reducing the 
response to cholinergic stimulation with resultant 
suppression of bladder contractions and reduced 
pressure during bladder fi lling. M3 receptors are 
a subtype of muscarinic receptors which mediate 
smooth muscle relaxation for voiding. There are 
multiple orally available antimuscarinics. The 
most commonly used are oxybutynin, toltero-
dine, fesoterodine, solifenacin, darifenacin, and 
trospium.  Oxybutynin   is a nonselective antimus-
carinic agent which is also available as a trans-
dermal gel or patch. The main metabolite of 
oxybutynin, N-desethyloxybutynin (N-DEO), 
which occurs in high concentration after oral 
administration, is considered to be the chief cause 
of side effects such as dry mouth. Extended 
release formulations and transdermal prepara-
tions reduce N-DEO formulation, resulting in 
decreased systemic adverse effects [ 81 ]. 
 Tolterodine   is a non-selective antimuscarinic 
with high bladder selectivity. Fesoterodine is a 
prodrug that shares its active metabolite with tolt-
erodine but has lower central nervous system 
(CNS) penetration and less variability in drug 
availability based on the patient’s enzyme activ-
ity [ 82 ]. Darifenacin and solifenacin are M3 

selective agents.  Darifenacin   has the highest M3 
selectivity and does not cause QT interval pro-
longation which may be a specifi c concern in cer-
tain patients. Oxybutynin, tolterodine, 
fesoterodine, solifenacin, and darifenacin are all 
tertiary amines.  Trospium   is the only FDA 
approved quaternary amine; it is more hydro-
philic than tertiary amines resulting in decreased 
CNS penetrance [ 83 ].  Imipramine   is a tricyclic 
antidepressant which has antimuscarinic activity 
and directly causes smooth muscle relaxation. It 
is commonly used for nocturnal enuresis. 

  Mirabegro  n is a β agonist that is FDA approved 
for OAB. It induces bladder relaxation resulting 
in decreased intravesical pressure during fi lling 
and increased bladder capacity, without impair-
ing bladder contraction during voiding. It has 
been shown to decrease micturition frequency 
and incontinence episodes. 

  Phosphodiesterase type 5 (PDE5) inhibitors  , 
such as sildenafi l, vardenafi l and tadalafi l, which 
are commonly used for erectile dysfunction, have 
shown symptomatic benefi t as compared to pla-
cebo in men with lower urinary tract obstruction 
and resultant lower urinary tract symptoms, such 
as urge incontinence. They do not affect bladder 
smooth muscle contractility [ 84 ]. 

  Mr. T. was switched from sildenafi l as 
needed to tadalafi l 5 mg daily. He was content 
with his erectile function but still felt that his 
urgency was not well controlled. He was 
started on oxybutynin and dosage was titrated 
up. He denied side effects such as dry mouth 
and constipation. At 30 mg daily his still com-
plained of urgency and episodes of urge incon-
tinence. He was tried on another antimuscarinic 
but had no improvement. He considered mira-
begron but it was not covered by his insur-
ance. At this point Mr. T was frustrated with 
his ongoing symptoms despite maximal medi-
cal therapy and he was interested to know 
what other options he might have.  

  Botulinum toxin   acts by inhibiting vesicular 
release of acetylcholine from the presynaptic 
membrane in cholinergic nerves resulting in 
long-term neuronal blockage. Botulinum toxin 
has been shown to improve urgency, frequency, 
and cystometric capacity [ 85 ]. It is delivered via 
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cystoscopic injection into the detrusor muscle. It 
is FDA approved for patients with inadequate 
response or intolerance to anticholinergics, as 
well as for patients with neurogenic bladder. 
While there is a growing body of literature 
regarding use of botulinum toxin in non- 
neurogenic patients, there currently is no litera-
ture addressing its use in the post-radiation 
population.  Mr. T underwent injection with a 
total dose of 100 Units, as 0.5 mL (5 Units) 
injections across 20 sites into the detrusor. His 
symptoms resolved and he was scheduled for 
follow-up in 6 months to reassess symptoms at 
that time.   

    Case 3 (This Patient with Irritative 
Voiding Symptoms Underwent 
Several  TURPs  ) 

  Mr. N is a 70-year-old man with Gleason 
3 + 4 = 7 treated with I-125 brachytherapy 
implant 3 years earlier. He developed lower 
urinary tract symptoms including bothersome 
urgency, frequency, nocturia and inconti-
nence. When questioned further Mr. N speci-
fi ed he had urge incontinence.  

 While approximately one third of normal older 
men report some degree of urinary leakage, it is 
important to determine the cause of the inconti-
nence [ 86 ]. Incontinence following brachyther-
apy is uncommon. A longitudinal study of 
patients treated with brachytherapy alone found a 
1 % incidence of new pad use at 1 year post-treat-
ment [ 87 ]. Some patients may develop inconti-
nence immediately after brachytherapy which 
resolves with time. Anderson et al. found that the 
number of urinary pads required at 4 months after 
implantation was no different than baseline, and 
that incontinence as measured by the Expanded 
Prostate Cancer Index Composite questionnaire 
returned to baseline within 8 months of seed 
implantation [ 36 ]. At a median follow-up of over 
fi ve years, only three patients in the cohort of 263 
had incontinence requiring daily pads. Specifi c 
risk factors for long-term incontinence in post-
radiation patients have not yet been well defi ned. 

  Mr. N presented to an outside urologist who 
performed an aggressive TURP 18 months 
after implant. He then presented 18 months 
after this, again with obstructive symptoms 
and now with mixed incontinence.  
Brachytherapy in association with  TURP   has 
been reported to have varied incidence of incon-
tinence. A literature review found that for patients 
who had undergone TURP prior to brachyther-
apy, 0–85 % developed incontinence while for 
patients who underwent TURP after brachyther-
apy 0–17 % developed incontinence [ 88 ]. In a 
cohort study of 2050 patients who underwent 
brachytherapy with or without external beam 
radiotherapy between June 1990 and February 
2004, 38 patients required TURP and seven of 
those patients (18 %) developed incontinence at a 
median follow-up of 38 months [ 69 ]. Mock and 
colleagues using the same series of patients with 
a longer follow-up of 7.2 years found that 20 of 
79 patients (25.3 %) developed incontinence 
after TURP [ 70 ]. They found that hormone ther-
apy and number of transurethral resection proce-
dures after implantation of brachytherapy were 
signifi cant predictors of incontinence on multi-
variate analysis which included cancer stage, 
prostate volume by transurethral ultrasound, 
prostate volume by computerized tomography 
and total biologically effective dose [ 70 ]. In that 
series, of the 15 patients who required multiple 
TURP procedures, 8 (53 %) developed 
incontinence. 

  Mr. N underwent repeat TURP which 
showed obstructive scar tissue at apex, which 
was carefully resected (Fig.   11.4   ). The fl uffy 
yellow tissue seen in the fi gure, which contains 
necrotic debris and calcifi cations, is superfi -
cial urethral necrosis that results from over 
resection and fulguration after high urethral 
doses of brachytherapy.  In the past urologists 
tended to re-resect this tissue which increased the 
amount of devascularized tissue. Before recogni-
tion of this phenomenon, incontinence rates were 
as high as 85 % [ 88 ]. Understanding this phe-
nomenon has led to lower incontinence rates.  Mr. 
N tolerated the procedure well and had resolu-
tion of his incontinence. 
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       Case 4 (This Patient Sought 
Management of Minor Incontinence 
following TURP) 

  Mr. G is a 62-year-old man who underwent 
palladium-103 implant a year earlier and had 
developed severe obstructive symptoms for 
which he underwent TURP. Three years later 
he developed minor stress incontinence when 
exercising. This bothered him. He had heard 
about Kegel exercises from his wife and 
wanted to learn more about them.  

  Pelvic Floor Muscle Training (PFMT)   is a 
regimen of repeated voluntary pelvic fl oor mus-
cle contractions also known as Kegel exercises. 
The mechanism by which these exercises work is 
unknown although theories include pelvic mus-
cle strengthening and suppression of involuntary 
contractions. Patients perform isometric contrac-
tions of the pelvic fl oor muscles, holding each 

contraction for 6–8 s. A common regimen is a set 
of 10 contractions three times per day. Patients 
may have diffi culty identifying the muscles to 
contract, in this case it is helpful to tell them to 
practice halting urination mid-void which will 
activate the correct muscles. Biofeedback can be 
valuable for patients who have diffi culty isolating 
the correct muscles. Sensors are applied to the 
patient which detect the degree of pelvic fl oor 
muscle activity and provide feedback. Other non- 
surgical options include condom catheters and 
the penile clamp. Patients who chose to wear a 
penile clamp should be encouraged to remove the 
clamp at night as the bladder may become over 
distended during sleep and excessive compres-
sion can cause skin breakdown or tissue necrosis. 
 Mr. G was not interested in external devices 
and he did not have success with Kegels. He 
underwent biofeedback to learn to identify the 
correct muscles but had no improvement. He 

  Fig. 11.4    The fl uffy yellow tissue seen in the fi gure, which contains necrotic debris and calcifi cations, is superfi cial 
urethral necrosis that results from over resection and fulguration after high urethral doses of brachytherapy       
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returned to the urologist and underwent cys-
toscopy. Cystoscopy showed mostly intact but 
weak sphincter. After discussion of the risks 
and benefi ts, Mr. G chose to proceed with 
bulking agent injection.  

 Bulking agents are a minimally invasive surgi-
cal option. Contigen® (gluteraldehyde cross- 
linked bovine collagen) is FDA approved for use 
in men. The ideal patient is one with mild-to- 
moderate SUI. Patients who have undergone 
radiation do not respond as well as patients who 
have not undergone radiation; furthermore conti-
nence rates decline over time [ 89 ].  In the case of 
Mr. G, the tissue below the mucosa was pliable 
and accepted the collagen injection (Fig.   11.5   ). 
His incontinence resolved after injection. 

       Case 5 (This Patient with T4 Disease 
Developed Severe Post-implant 
Incontinence) 

  Mr. P is a 70-year-old male who initially pre-
sented with T4 Gleason 4 + 5 = 9, invading the 
left levator ani muscle. He underwent a lapa-
roscopic pelvic lymph node dissection which 
was negative for metastasis. The patient was 
treated with 3 months of docetaxel and estra-
mustine. He then underwent palladium-103 
brachytherapy which included seed implant in 
the levator ani. Many brachytherapists place 
implants in the area of the sphincter because 
of fear of low dose delivery at the apex, this is 
often not necessary except in the case of locally 
advanced disease, as in this patient. This was 
followed by EBRT 2 months later. The patient 
then received three additional months of che-
motherapy after completion of EBRT. He PSA 
remained undetectable at 10 years after treat-
ment, but he developed stress incontinence. 
He tried Kegels without improvement.  

  Mr. P then underwent cystoscopy by an 
outside urologist which demonstrated a widely 
patent sphincter due to the high dose delivery 
to the sphincter which resulted from implant-
ing near this area (Fig.   11.6   ). 

   Acute urinary symptoms after radiation have 
been linked to urethral dose, because most pros-

tate cancers occur in the peripheral zone it was at 
one point hypothesized that urethral sparing ther-
apy could improve health-related quality of life 
while maintaining prostate cancer control. 
However a randomized trial demonstrated that 
urethral sparing radiation therapy failed to 
improve health-related quality of life and resulted 
in higher PSA nadir and inferior biochemical 
control [ 90 ]. 

  Noting the wide open sphincter the urolo-
gist, who had little experience with post- 
brachytherapy patients, offered Mr. P 
 injection with a bulking agent. Post-injection 
images are seen in Fig.   11.7   . Because the tissue 
was over-irradiated, it had become stiff and 
would not accept the collagen, resulting in bal-
looning of the mucosa alone. Mr. P had no 
improvement with his symptoms. He was frus-
trated with the lack of effi cacy of the mini-
mally invasive therapy and wanted to know 
what his surgical options were. A friend of his 
who had undergone a prostatectomy for his 
prostate cancer had a sling placed and Mr. P 
wanted to know if he would be a candidate for 
this. 

   Male slings are ideal for men with mild to 
moderate stress urinary incontinence. Patients 
who have undergone radiation have higher treat-
ment failure rates [ 91 ]. There are two types of 
male slings, anchored slings, which are sutured 
to the pubic bone or suprapubic tissue, and non-
anchored slings. Men with poor detrusor function 
who undergo sling placement may have a higher 
risk of urinary retention than men who undergo 
artifi cial urinary sphincter placement. 
Complications of sling placement include scrotal 
or perineal pain, urinary retention and sling infec-
tion or erosion. 

 The  artifi cial urinary sphincter (AUS)   is an 
implantable device that keeps urine from leaking 
by compressing the urethra with a defl atable cuff, 
thereby preventing the fl ow of urine. The implant 
has three main components, a reservoir, a cuff 
and a pump. When the pump is squeezed fl uid is 
transferred from the cuff to the reservoir, defl at-
ing the cuff and allowing for urination. After the 
period of time required to void, fl uid automati-
cally returns to the cuff and restores urethral 
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  Fig. 11.5    Cystoscopic view of intact but weak sphincter, tissue below the mucosa is pliable and accepts collagen       
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compression. Contraindications to AUS place-
ment include impaired cognitive or manual func-
tion impeding ability to operate the AUS, 
unresolved urethral stricture or bladder outlet 
obstruction, or detrusor overactivity. AUS place-
ment can be performed after bulking agent injec-
tion or sling placement. For patients with 
comorbid erectile dysfunction, a penile prosthe-
sis and AUS may be placed under the same anes-
thetic. There are few studies discussing placement 
of an artifi cial urinary sphincter in post-radiation 
patients with greatly varied outcomes. AUS or 
sling placement following prostate radiation 
increases surgical complexity and evaluation for 
concomitant urethral stricture disease is also rec-
ommended. Rates of cuff erosion and need for 
revision surgery may be higher in patients with 
prior radiation, though few studies have specifi -

cally addressed this question in a large brachy-
therapy cohort [ 92 ]. Despite this, it appears that 
eventual continence and satisfaction rates are 
similar to non-radiated patients.   

    Conclusion 

 Radiation therapy is a valuable tool in the arma-
mentarium of treatment options for prostate can-
cer. Lower urinary tract symptoms are not 
uncommon after radiation therapy but often 
resolve. Hematuria is rarely seen but requires thor-
ough evaluation. Incontinence may be due to stress 
or urgency and there are multiple treatment options 
available for each. Understanding the  urinary 
effects of radiation can help us in counseling our 
patients to better prepare them for their treatment.     

  Fig. 11.6    Cystoscopic view of widely patent sphincter       
  Fig. 11.7    Tissue is over-irradiated and so does not accept 
collagen injection       
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