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The number of patients with prostate cancer and benign prostatic hyperplasia is on

the rise. As a result, the volume of prostate treatment and treatment-related complica-
tions is also increasing. Urethral strictures and stenoses are relatively common complica-
tions that require individualized management based on the length and location of the
obstruction, and the patient’s overall health, and goals of care. In general, less invasive
options such as dilation and urethrotomy are preferred as first-line therapy, followed by
more invasive substitution, flap, and anastomotic urethroplasty.
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ith an aging population and widespread
Wacceptance of prostate-specific antigen

(PSA) screening, benign prostatic hyper-
plasia (BPH) and prostate adenocarcinoma are
becoming more prevalent. According to autopsy
reports, at least half of men > 50 years have histo-
logic evidence of BPH, and men in their 80s have
a 90% chance of having BPH.! Although first-line
therapy for BPH is a blockade and 5-a reductase
inhibition, medically refractory BPH is treated
primarily with endoscopic incision, ablation, or
resection. For very large prostates, simple prosta-
tectomies or perhaps even better—staged trans-
urethral resection of the prostate (TURP)—can be
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performed. Known urethral complications from
these procedures include strictures and stenoses.
Bladder neck stenoses (also known as contrac-
tures) may also occur.

In 2010, the American Cancer Society estimated
that over 210,000 men were diagnosed with pros-
tate cancer; in 2013, over 230,000 were diagnosed.?
Prostate cancer therapies depend greatly on risk
stratification of both the disease and the patient.
In general, patients unfit for surgery are observed
or undergo radiation therapy. Young patients with
localized prostate cancer are often offered defini-
tive therapy such as radiation or surgery. Active
surveillance is an option for low-volume and
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low-risk disease. For intermediate-
and high-risk disease, treatment
options include radiation (brachy-
therapy [BT] and external beam
radiation therapy), cryotherapy,
high-intensity focused ultrasound
(HIFU) ablation, and radical pros-
tatectomy. Radiation and various
ablative therapies (prostate in situ
therapies) can cause urethral stric-
tures and stenoses. After removal of
the prostate, the bladder is anasto-
mosed to the membranous urethra,
which can lead to vesicourethral
anastomotic stenoses (VUAS).

In this review, stricture is the
term used for narrowing of the por-
tion of urethra surrounded by the
corpus spongiosum—specifically,
the fossa navicularis, penile ure-
thra, and bulbar urethra. Stenoses
occur in the membranous and
prostatic urethra, the bladder neck,
and at the anastomosis after prosta-
tectomy. Stenosis is the more patho-
logically descriptive and accurate
term and is used in place of con-
tracture.® This review covers the
epidemiology, risk factors, evalua-
tion, and management of urethral
strictures and stenoses identified
after treatment of prostatic hyper-
plasia and malignancy.

Benign Prostatic
Hyperplasia—associated

Strictures and Stenoses

Epidemiology and Etiology

BPH resistant to pharmacotherapy
is primarily managed with endo-
scopic incision, resection, or abla-
tion. Examples include thermal
ablative therapy (microwave, laser,
bipolar button, or mushroom),
transurethral incision of the pros-
tate (TUIP), TURP, holmium laser
enucleation of the prostate (HoLEP),
or the newer transurethral bipo-
lar enucleation (TUBE). Strictures
occur in 1.7% to 11.7% of patients,*”?
and the rate of bladder neck steno-
ses ranges from 0.3% to 9.7%, as

shown in Table 1. Various factors
may individually or cooperatively
lead to stricture/stenosis formation
in endoscopic prostatic surgery.
This includes excessive resection,
circumferential resection, mechani-
cal failure with stray current, uri-
nary extravasation, ischemia from
compression of a large resectoscope
on a narrow urethra, ischemia from
large urethral catheters, and infec-
tion. Obstruction from strictures or
stenoses usually occurs within the
tirst 6 to 12 months postoperatively.
However, open prostatectomy rarely
causes strictures.

Transurethral Resection of the
Prostate and Transurethral
Incision of the Prostate
Urethral stricture disease associated
with TURP may present anywhere
in the urethra. The most common
location is the bulbomembranous
urethra, followed by the fossa navic-
ularis and penile urethra.®8 The

prostatic urethra is rarely involved.
True prostatic urethral stenosis is
seldom encountered. A compre-
hensive review by Rassweiler and
colleagues® evaluated TURP-related
complications over the past three
decades. The risks of TURP syn-
drome, blood loss, and clot reten-
tion improved over time, but the
risk of urethral stricture remained
the same. This lack of improvement
is explained by the persistent need
for large-caliber sheaths for TURP.
The large-caliber endoscopic sheath
may cause pressure ischemia to the
tfixed bulbomembranous urethra
and narrow caliber fossa navicu-
laris, increasing stricture formation
in these regions. Penile urethral
strictures may be due to compres-
sion and to insufficient use of lubri-
cant, which can cause frictional
injury.® The TURP endoscope can

move back and forth within the
urethra hundreds of times during a
single procedure.!

Bipolar TURP has become
more popular given the reduc-
tion in symptomatic hyponatre-
mia. Numerous randomized trials
between bipolar and monopolar
resections have been performed
that showed equivalent efficacy
and an overall safer morbidity
profile for bipolar resection.!!!3
However, bipolar technology may
have a higher incidence of ure-
thral strictures.!13 Several reports
approximate twice as many ure-
thral strictures with bipolar TURP
compared with monopolar resec-
tions of 6.1% to 8.3% versus 1.9%
to 4.2%, respectively.!’!3 Follow-up
was limited at 12 to 24 months.
The increase in stricture rate may
be due to urethral thermal injury
associated with the higher cut-
ting current of the bipolar technol-
ogy (270W) than the conventional

monopolar technique (175W). As a
result, today’s bipolar cutting cur-
rent is set at 200W. Of note, a recent
study by Falahatkar and colleagues
report only a 2% (1/49) risk of ure-
thral stricture disease after bipo-
lar TURP with a cutting current
of 280W.1* The authors compared
bipolar transurethral ablation of
the prostate with bipolar TURP and
found that bipolar ablation had no
strictures (0/39), but higher risks
of urinary retention (3/39 vs 0/49)
and repeat surgery (1/39 vs 0/49).
Ablative techniques can decrease
operative time as it reduces bleeding
and eliminates the need to irrigate
out pieces of prostate. Given these
findings, it is unclear whether bipo-
lar TURP actually increases the risk
of urethra-related complications.
Bladder neck stenosis (BNS) is
a well-known late complication of
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TABLE 1
Incidence of Urethral Stricture and Stenosis for BPH Treatment
Mean or Median
Modality Study N Follow-up (y)
TURP
Varkarakis J et al4 577 10
Zwergel U et al’ 446 NA
Floratos DL et al'® 155 6.5
Michielsen and Coomans® 518 2.7
Balbay MD et al’ 103 NA
Lee YH et al'® 1135 3.2
0SP
Varkarakis | et al’ 232 3.5
Helfand B et al28 56 3.3
Serretta V et al?® 1804 2
HolLEP
Naspro R et al'0! 211 2
Gilling PJ et al02 38 1.6
Shah HN et al2 354 1
Gupta N et al103 150 NA
Kuo RL et al'04 206 1.6
PVP
Ruszat R et al'05 500 2.6
Te AE et al106 139 3
Heinrich E et al107 140 NA
TUMT
Floratos DL et al'® 155 6.5
Sall and Bruskewitz? 97 NA

\
Urethral and
Urethral Bladder Neck
Stricture (%) Stenosis (%)
1.7 24
1.7 2.7
3.2 4.8
2.4
1.7
9.7
0.6 3.3
5.3 5.3
4.82
2.8 5.4
1.4 0
4.2 0.28
2
4.4 3.6
4.4 3.6
0.7 1.4
0 2.6
0
13 0

alncludes both incidence of stricture and bladder neck stenosis.
BPH, benign prostatic hypertrophy; HoLEP, holmium enucleation of the prostate; NA, not available; OSP, open simple prostatectomy; PVP, photoselective vaporiza-

tion of the prostate; TUMT, transurethral microwave thermotherapy; TURP, transurethral resection of prostate.

TURP, with a reported incidence
ranging from 0.14% to 9.6%.° BNS
is more common after resection
of small prostate glands measur-
ing < 40 g.+>151¢ Given the higher
incidence of BNS in smaller glands
and fear of retrograde ejaculation
in younger patients, Orandi'” intro-
duced TUIP in 1973. TUIP does
not remove prostatic adenoma,

but it decreases flow resistance
by destroying the sympathetic
innervation of the prostatic fascia
through bilateral deep incisions.
Although ineffective in patients
with prostates > 40 g or with prom-
inent median lobes, TUIP provides
an effective treatment for symp-
tomatic patients with glands <40 g
with little to no risk of BNS.18

92 @ Vol. 18 No. 2 2016 ® Reviews in Urology

Holmium Laser Enucleation,
Photoselective Vaporization,
Transurethral Microwave
Thermotherapy, and Trans-
urethral Bipolar Enucleation
In an effort to minimize morbid-
ity further for BPH treatment,
other endoscopic techniques have
been developed, including HoLEP,
photoselective vaporization (PVP),
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TABLE 2
Incidence of Urethral Stricture and Stenosis for Prostate Cancer Treatment )
Mean or Median Urethral Urethral

Modality Study N Follow-up (y) Stricture (%) Stenosis (%)
BT

Zelefsky M) et al34 145 2 12

Zelefsky MJ et al3 248 4 10

Elliott SP et al3! 799 2.7 1.82
EBRT

Zelefsky M) et al34 137 3 2

Gardner BG et al#2 39 13 10

Elliott SP et al? 645 NA 1.72

Herschorn S et al40 NA <5 <7

Herschorn S et al40 NA 5-10 10-18
BT + EBRT

Elliott SP et al3! 231 2 5.22

Elliott SP et al3! 231 162
ART/SRT

Macdonald OK et al*3 65 5 3a
Cryo

Elliott SP et al3! 199 NA 2.52

Rodriguez SA et al% 108 5 5a
HIFU

Ahmed HU et al>! 172 0.9 30-40a
RP

Borboroglu PG et al®3 467 > 1 1"

Hu JC et al62 2292 <2 2.5

Elliott SP et al3! 3310 NA 8.4a
RALP

Carlsson S et al60 1253 NA 0.2
RRP

Erickson BA et al108 4132 3.7 2.5

Carlsson S et al60 485 NA 4.5

Gillitzer R et al®! 2048 4.3 5.5
RPP

Gillitzer R et al®! 863 4.3 3.8

alncludes stricture and stenoses.

ART, adjuvant radiation therapy; BT, brachytherapy; Cryo, cryotherapy; EBRT, external beam radiation therapy; HIFU, high-intensity focused ultrasound; NA, not
applicable; SRT, salvage radiation therapy; RALP, robotic-assisted laparoscopic radical prostatectomy; RP, radical prostatectomy, general; RPP, radical perineal prosta-

tectomy; RRP, radical retropubic prostatectomy.

transurethral microwave thermo-
therapy (TUMT), and TUBE. Of
these minimally invasive treat-
ments, HOLEP and PVP have been
the most popular and most studied.

Useofbothtechniqueshasincreased
because of their safety profile and
their versatility in treating prostate
glands of various sizes.! HoLEP
uses a holmium:yttrium aluminum

garnet (Ho:YAG) laser, which is
highly and rapidly absorbed by
water. Given that water constitutes
60% to 70% of the prostate, the
laser vaporizes prostatic tissue and
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simultaneously coagulates small
blood vessels via local heat dissi-
pation.!® The surgical technique in
HoLEP involves total nucleation
of the prostate by creating cleav-
age planes between adenoma and
capsule with the laser. The pros-
tatic pieces are then excised and
retrieved by using a cystoscopic
tissue morcellator. Urodynamic
assessment suggests that HoLEP
is superior to TURP and equiva-
lent to open prostatectomy for
the management of large prostate
glands (> 40).20 Urethral stric-
tures and bladder neck stenoses
are the most common long-term
complications of HOLEP. The rate

for catheterization, and shorter hos-
pital stays.!” In comparative studies
with long-term follow-up, patients
treated with PVP had overall
improved urinary symptoms, but
the maximum flow rates were higher
and reoperation rates lower after
TURP and open prostatectomy.!”
The most common complication of
PVP is irritative urinary symptoms,
which can occur in as many as 25%
of patients. These symptoms are
usually self-limiting and frequently
respond to anti-inflammatory or
anticholinergic pharmacotherapy.
Urethral strictures develop in 1.7%
to 5.2% of post-PVP patients; BNS
occurs in 1.4% to 3.6% of patients.

of urethral stricture disease ranges
between 1.4% and 3.0%, whereas
the incidence of bladder neck ste-
nosis is between 0.6% and 5.4%.2!
HoLEP-related complications are
also associated with prostate size.22
Prostates > 100 g had a higher inci-
dence of bulbar urethral strictures.
BNS was rarely seen after HoLEPs
performed for smaller glands.

PVP is generated by passing a
neodymium:yttrium  aluminum
garnet (Nd:YAG) laser through a
frequency doubling crystal com-
posed of potassium titanyl phos-
phate (80W) and lithium triborate
(120W), which reduces the wave-
length from 1054 nm to 532 nm.!® At
this wavelength, the laser is predom-
inantly absorbed by hemoglobin
rather than water, thus enhancing
coagulation. The improved coagu-
lation compared with TURP shows
a significant reduction in postoper-
ative blood transfusions and is ideal
for patients with bleeding disorders
or on anticoagulation medications.
When outcomes were compared
with TURP and open prostatec-
tomy, PVP had lower postoperative
complication rates, decreased need

W

TUBE is a newer method that
uses a technique very similar to
HoLEP. The prostatic lobes are
enucleated, often using the resec-
toscope in a blunt manner as one
would use a dissecting finger in an
open prostatectomy. The technique
has an advantage over HoLEP
because after the lobes are 90% dis-
sected the resectoscope can be used
to shave them out, eliminating the
need for morselization. This tech-
nique is new enough that the rate of
urethral and bladder neck compli-
cations has not been established.?

TUMT has been used in very
high-risk patients for the treatment
of BPH. This provides short-term
reliefand hasahigh reoperation rate.
Nevertheless, TUMT is an attrac-
tive treatment for BPH because it
is a 1-hour office procedure with a
high safety profile.?* The most com-
mon postoperative complications
include urinary retention and infec-
tion. What has been described as
“prostatic urethral stenoses” occur
approximately 10% of the time after
TUMT.?> This is likely from direct
thermal injury to the prostatic ure-
thra during adenoma treatment.
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Open Simple Prostatectomy
Open simple prostatectomy was
historically the primary treat-
ment for symptomatic BPH. It is
efficacious in treating BPH, with
excellent long-term control of
obstructive urinary symptoms
along with a low retreatment rate.?!
However, open prostatectomy has
a higher rate of morbidity and lon-
ger convalescence compared with
transurethral surgery. For this rea-
son, it has been largely abandoned
in developed countries as the main
treatment for BPH.26 We prefer to
treat large prostates with a single
bipolar TURP, resecting only the
median lobe and right lobe in the
first stage. Rarely, a second TURP
is required to resect the remaining
left lobe. In the past 10 years, three
large contemporary series evalu-
ated the use of open prostatectomy
for the treatment of BPH in western
countries.”? The most common
late complication was bladder neck
stenosis, which occurred at a rate of
3.3% to 5.3%. The rate of stricture
disease was low, at 0.6%.4

Prevention of BPH-
associated Strictures and

Stenoses

Sciarra and coworkers® investi-
gated the use of cyclooxygenase
(COX)-2 inhibitors for stricture
prevention after TURP. The theory
behind COX-2 inhibitor use was
the discovery of COX-2 messenger
RNA expression in prostatic and
urethral tissues. COX-2, a known
proinflammatory substance, can
theoretically decrease postopera-
tive inflammation and subsequent
scar formation. In their study, 96
men were randomized to COX-2
inhibitor (rofecoxib, 25 mg/d) or
placebo for 25 days following cath-
eter removal after TURP. The diag-
nosis of stricture was confirmed
cystoscopically if the patient pre-
sented with a maximum flow rate
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(Qua) < 15 mL/sec. At 12-month
follow-up, the overall stricture rate
was 8.3%, with all cases seen in
the placebo group and none in the
COX-2 inhibitor group (P < .0001).
Unfortunately, the use of COX-2
inhibitors for prevention of ure-
thral strictures has not been vali-
dated in other trials.

Other agents that have been studied
for the prevention of urethral stric-
tures include halofuginone, rapamy-
cin, and docetaxel. Of these, the most
investigated was halofuginone—a
plant alkaloid originally isolated from
Dichroa  febrifuga. Halofuginone
inhibits collagen type I deposition
and therefore decreases fibrosis.
Nagler and colleagues®® showed the
beneficial effect of halofuginone
in urethral stricture formation by
directly injecting 0.03% halofugi-

compared with 17.7% in the TURP
group. Mean time to BNS diagno-
sis was 18.5 months with 50% of
patients diagnosed by 6 months.

Strictures and Stenoses
Associated With Prostate

Cancer Therapy
Epidemiology

The incidence of urethral strictures
and stenoses requiring treatment
after prostate cancer therapy (sur-
gery and radiation) is 5.2% (344 of
6597 patients) based on the Cancer
of the Prostate Strategic Urologic
Research Endeavor (CaPSURE)
database.®  Radical prostatec-
tomy had a higher risk than
radiation therapy for stricture for-
mation within the first 24 months.
However, with longer follow-up,

Radical prostatectomy had a higher risk than radiation therapy for
stricture formation within the first 24 months. However, with longer
follow-up, radiation therapy had higher stricture rates than surgery.

none solution into rat urethras that
strictured. The study showed that it
prevented collagen type I deposition
at the urethrotomy site. To date there
have been no published human trials
on the use of halofuginone for ure-
thral stricture prevention.

Lee and coworkers!> introduced
the use of transurethral incision
of the capsule at the end of TURP
to decrease BNS rates. They per-
formed a retrospective review of
1135 patients, of whom 667 under-
went TURP and 468 underwent
TURP plus transurethral incision
(TUI), with a median follow-up of
38 months. The overall incidence of
bladder neck stenosis was 12.3% for
the TURP group versus 6.0% for the
TURP plus TUI group (P < .001). In
glands < 30 g, the incidence of BNS
in the TURP vs the TURP plus TUI
group was 19.3% and 7.7%, respec-
tively (P < .05). In prostate glands
> 30 g, the overall incidence of BNS
in the TURP plus TUI was zero

radiation therapy had higher stric-
ture rates than surgery. Curiously,
4 out of 378 (1.1%) patients under-
going watchful waiting developed
a urethral stricture. Table 2 sum-
marizes the etiology and associated
incidence of wurethral strictures
and stenoses after prostate cancer
therapy.

Radiation Therapy

Radiation treatments include BT
and external beam radiation ther-
apy (EBRT). Because the bladder
neck, prostatic urethra, and bul-
bomembranous urethra are inti-
mately associated with the prostate,
they become innocent bystanders
from purposeful destruction of
prostate cancer.

Brachytherapy

Physicians deliver BT by high-dose
nonpermanent seed implantation
or low-dose permanently implanted
seeds. Acute obstruction after BT is

related to urethral inflammation
and is usually self limited. Chronic
obstruction is associated with ure-
thral scarring. BT causes strictures
and/or stenoses in as many as 12%
of patients, with a higher percentage
of patients affected over time.32-34
The most common location of
stricture disease is the bulbomem-
branous urethra, with mean time
to development of approximately
2 years.?>3536 When combined with
EBRT, stricture and stenosis rates
increase.?>3” The CaPSURE data-
base revealed that strictures after
BT alone were 1.8% versus 5.2% for
combination BT and EBRT.3! With
longer follow-up of 4 years, the
stricture/stenosis rate for combina-
tion radiotherapy rose to 16%. Risk
factors for brachytherapy-associ-
ated stricture development include
combination therapy with EBRT,
higher radiation doses to the bul-
bomembranous urethra or prostate
apex (Figure 1), and prior history of
TURP.383

External Beam Radiation
Therapy

External beam radiation therapy
causes strictures and stenoses in
1% to 13% of patients.*0 As with BT,
the risk of EBRT-related strictures/
stenoses rises with time: < 10%
occur within 5 years of follow-up;

Figure 1. Brachytherapy overdosage to the bulbar
and membranous urethra can result in strictures
and stenoses in these areas.
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this increases to 10% to 18% within
5 to 10 years.#42 Radiation in the
adjuvant or salvage setting after
radical  prostatectomy  causes
strictures in approximately 3% of
patients.#> This rate can be mini-
mized by delaying adjuvant radia-
tion therapy delivery > 9 months.#4
However, postponing adjuvant
treatment for high-risk prostate
cancer may increase the risks of
bone-related events and prostate
cancer-specific mortality.

Cryotherapy

Freezing temperatures cause cyto-
toxicity via protein denaturation,
cell membrane rupture, intracellular
concentration of toxic substances,
and other cellular changes that
induce apoptosis and necrosis.*546
With improved delivery systems
and lack of lifetime dose limitations,
cryotherapy has emerged as both a
primary treatment alternative and a
salvage therapy for prostate cancer.*’
Before urethral warming proto-
cols were used during cryotherapy,
urethral-associated ~ complication
rates were high and included pros-
tatic urethral sloughing and steno-
sis, causing obstruction in up to 55%
of patients.#> Adding a continuous
infusion of warm saline through the
urethra to keep the neighboring tis-
sue at 38°C has decreased sloughing
risk to approximately 5%, and now
stenoses are rare.*48 When steno-
ses occur, they affect the bladder
neck and/or the prostatic urethra.
Approximately 5% of patients will
require transurethral therapies for
bladder outlet obstruction caused
by cryotherapy, which include dila-
tions, urethrotomies, bladder neck
incisions, and resections.4>

High-intensity Focused
Ultrasound

HIFU technology heats the
target tissue, causing coagula-
tive necrosis and thermal tissue
ablation.#® Transrectal HIFU, like

cryotherapy, has no dose limita-
tions and has been used for salvage
or primary therapy for prostate
cancer. Primary HIFU therapy for
prostate cancer has an obstruc-
tion rate near 25%. Common
complications of primary and
adjuvant HIFU include urinary
retention (1%-20%), urinary tract
infections  (2%-48%), urinary
incontinence  (1%-34%),  erec-
tile dysfunction (20%-82%), and
rectourethral fistulas (< 2%).50
Prostatic urethral stenosis occurs
in up to 40% of patients.>! This high
rate is secondary to edema and
sloughing of necrotic tissue in the
prostatic urethra, prompting some
urologists to leave postprocedure
catheters (suprapubic and urethral)
for prolonged periods (> 2 wk);
others  perform  concomitant
TURP.?2 Long-term follow-up is
required because outlet obstruction
can present years later, with bladder
neck stenosis occurring in as many

as 5% of patients. Concomitant
TURP does not decrease BNS
rates.40

Radical Prostatectomy

Radical retropubic prostatectomy
(RRP) causes VUAS in 0.5% to
30% of patients.3-5¢ Some believe
that robotic assisted laparoscopic
radical prostatectomy (RALP) can
yield overall lower VUAS rates.5”
60 Radical perineal prostatecto-
mies are also thought to have less
postoperative VUAS.®! However,
no matter which modality is used
(RRP, RALP, RPP), surgeon expe-
rience remains the most important
factor in minimizing anastomotic
stenosis rates.®? Other risk factors
include obesity, prior TURP, ciga-
rette smoking, older age, excess
blood loss, postoperative urinary
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extravasation, and adjuvant radia-
tion therapy.*6266 Data from
CaPSURE showed that age, lower
PSA, lower clinical risk cancer, and
higher body mass index increased
the risk of VUAS.3! CapSURE also
showed that when stenoses occur,
most develop within 6 months
postoperatively, and rarely after
24 months. In general, radical pros-
tatectomies performed before the
PSA screening era yielded higher
anastomotic stenosis rates of at
least 10% due to higher-grade pros-
tate cancer.6263 Subsequent studies
of prostatectomies performed on
lower-risk cancer revealed stenosis
rates << 5.59%.60.61,67

Prevention of Prostate Cancer
Therapy-related Strictures and
Stenoses

There are several ways to mini-
mize the risk of urethral strictures
and stenoses. For EBRT and BT,
decreasing the radiation dose to the

prostate and delaying the adminis-
tration of adjuvant radiation after
prostatectomy decreases the inci-
dence of stricture disease.’>** For
prostatectomy, everting the blad-
der neck mucosa may theoretically
prevent VUAS formation, but no
clear difference was noted.®® Only
surgeon volume and experience
improved outcomes.®2 For cryo-
therapy, urethral warming devices
have drastically decreased stenoses
rates.*> Concomitant TURP may be
helpful for HIFU.

Diagnosis and Evaluation

Urinary symptoms associated with
urethral strictures and stenoses
are primarily obstructive, with
weak stream, straining to void,
hesitancy, and incomplete bladder
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emptying. Irritative symptoms
such as dysuria and frequency
often accompany obstructive
symptoms,  especially  when
patients are treated with radiation.
More serious sequelae include
urinary tract infections and uri-
nary retention. Rarely, strictures
and stenoses can lead to renal
failure. In postradiation therapy
patients or patients with a history
of several previous TURPs, who
have persistent pelvic, suprapu-
bic, groin, and/or thigh pain with
recurrent urinary tract infections,
pubic osteomyelitis must be con-
sidered. A thorough history and
physical examination will help
identify strictures and stenoses.
Postbrachytherapy patients with
new obstructive urinary symptoms
several years after treatment are
predicted to have a bulbomembra-
nous stricture. Stenoses that truly
affect the membranous urethra are
rare in the absence of radiation.
The radiation field aimed at the
prostate can damage surrounding
tissue, with the membranous ure-
thra affected first, followed by the
bulbar urethra. Patients treated
with HIFU or cryotherapy may
develop symptoms immediately
after catheter removal from ure-

and urodynamics are useful tests
for specific cases. PSA helps assess
for cancer recurrence. Cystoscopy
rules out penile/bulbar stricture
disease and confirms the location of
urethral obstruction. Urethroscopy
with a narrow-caliber rigid ure-
teroscope can be helpful with navi-
gating through small openings to
confirm length and location of the
stricture, especially in relation to
the striated sphincter. Additionally,
it facilitates luminal placement of
a guidewire for subsequent dila-
tion if required. Renal sonography
is helpful for patients with incom-
plete bladder emptying and azote-
mia. CT and MRI can assess for a
urinary tract abscess, fistula, and
osteomyelitis. Urodynamics can
elucidate the cause of irritative and
obstructive voiding symptoms.
Sonography may be used to assess
for urethral fibrosis in the penile
urethra but has a limited role for
the more proximal strictures and
stenosis.

Treament Overview

The management of prostate
therapy-related strictures and ste-
noses requires a flexible and indi-
vidualized approach. The various
treatment modalities lead to vary-

thral sloughing, or within the first
year after treatment from develop-
ment of prostatic urethral steno-
ses.t0 Postprostatectomy patients
may have anastomotic stenoses.
Additional  diagnostic  tools
include urinalysis and urine cul-
ture, uroflowometry, bladder scan-
ner postvoid residual, retrograde
urethrogram, serum PSA level,
and cystoscopy. Renal ultrasound,
computed tomography (CT), mag-
netic resonance imaging (MRI),

ing obstructive diseases from
short, mild annular strictures and
stenoses to panurethral strictures
and obliterative panprostatic ure-
thral stenoses. Furthermore, the
proximity to the striated sphincter
and compromised tissue vascular-
ity inevitably complicate surgical
repair and threaten urinary conti-
nence. Patients are initially man-
aged endoscopically. The most
severe prostate-related strictures
that fail endoscopic management

are temporized with suprapubic
catheter drainage followed by open
surgical reconstruction.

The first step is to understand the
anatomy perfectly, as patients may
have any mix of bladder neck steno-
ses, postprostatectomy anastomotic
stenosis, true bulbar strictures with
sparing of the membranous ure-
thra, bulbomembranous strictures,
or even the very rare prostatic ure-
thra stenosis. The treatments for
these various entities are all differ-
ent (Table 3).

Endoscopic Management

The management of BPH-related
strictures and stenoses begin
with dilation, direct visual inter-
nal urethrotomy (DVIU), and/
or bladder neck incision or resec-
tion. Pansadoro and Emiliozzi®
showed a 92% overall success rate
with median 63-month follow-
up in endoscopic management of
122 patients with iatrogenic pros-
tatic urethral and bladder neck
stenoses. Success rates were higher
(98%; 45/46) in patients with mid-
prostatic urethral stenosis; they
were lower in patients with blad-
der neck stenosis (91%; 54/59) and
complete stenosis of the prostatic
urethra (76%; 13/17). We have dif-
ficulty reconciling these and other
very high success rates with the
much lower success rates seen in
our own North American refer-
ral population. If the real world
success rates of simple treatments
were truly over 90%, we would not
see such a large number of referral
patients with multiple failed treat-
ments at our hospital (may reflect
definition of stricture).

A separate study by Ramirez
and colleagues® looked at recur-
rent BNS treated with deep lat-
eral TUL® The reporting surgeons
balloon dilated the stenosis fol-
lowed by deep bipolar cuts at the
3- and 9-oclock positions until
circular bladder muscle fibers and
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TABLE 3

Anatomic Location

Bladder neck stenosis

Vesicourethral anastomotic
stenosis

Bulbar stricture with
membranous sparing

Bulbomembranous stricture

Treatment Summary for Prostate Therapy-related Strictures and Stenoses

Treatment

Deep incisions with mitomycin C injection
Deep incisions with mitomycin C injection (careful not to injure striated sphincter)

Standard urethral stricture techniques (eg, dilation, DVIU, urethroplasty)

1. Favor dilation, avoid DVIU due to risk of sphincteric damage; patients may need
recurrent dilation, but if not required too often, may be an acceptable low-impact
treatment for a very difficult problem

2. Some patients/doctors prefer anastomotic urethroplasty with follow-up AUS for
50%-+ who will have profound stress incontinence after urethroplasty; note the
high reported AUS explantation rates in post-XRT patients

3. Fasciocutaneous urethroplasty is described, with low new incontinence rates but

True prostatic stenoses (not
bladder neck stenoses, not
bulbomembranous strictures)

only has 50% success rate
. Some patients prefer SP diversion with SP tube over multiple dilations/
urethroplasty + AUS or other more invasive treatments

Rare; individualized treatment required; we have used dilation, incision, and
anastomotic urethroplasty for cases of total obliteration

AUS, artificial urinary sphincter; DVIU, direct visual internal urethrotomy; SP, suprapubic; XRT, external beam radiation therapy.

perivesical fat were visible. Of 15
total BPH patients, 3 (20%) failed
during a mean follow-up of 13
months.

Radiation-associated  urethral
strictures and stenoses are diffi-
cult to manage, primarily because
of poor tissue vascularization and
proximity to the striated sphinc-
ter. These patients can be managed
endoscopically with dilation with
a recurrence rate of approximately
50% within the first 16 to 60 months
after treatment.367071 We avoid
DVIU because of concern for dam-
age to the nearby/involved striated
sphincter. Approximately 10% of
patients are eventually placed on
intermittent self-catheterization for
recalcitrant disease, and another
10% develop new urinary inconti-
nence. For brachytherapy patients
who develop urinary retention or
obstructive urinary symptoms,
approximately 3% (79/2495) will

require channel TURP.”2 Of those
79 patients, 20 (25%) will develop
urinary incontinence regardless of
TURP timing after brachytherapy.

Prostatectomy-related VUAS
are also preferentially managed
endoscopically due to the morbid-
ity of open repair. Most VUASs
occur within 6 months and suc-
cess rates of dilation/DVIU with
minimal follow-up range from 38%
to 100%.56:636473-80 Ramirez and
associates®® describe their 5-year
follow-up data for endoscopic man-
agement of recurrent VUASs with
deep lateral transurethral inci-
sions. VUASs treated with this
technique had an approximately
70% (24/33) stenosis-free rate with
mean 13-month follow-up. Brede
and coworkers8! treated 63 post-
prostatectomy VUAS patients with
bladder neck incisions, resulting in
46 patients (73%) remaining steno-
sis free after 11 months of follow-up.
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For stenoses that fail dilation/
DVIU/TUI, transurethral resec-
tion of scar tissue may be of benefit
at the cost of higher incontinence
rates.’2 In general, we favor multi-
ple attempts of endoscopic manage-
ment/mitomycin C of VAUSs prior
to consideration for complex open
repair.

Attempts to decrease stricture
and stenosis rates after endoscopic
dilation/DVIU/TUI/TUR include
adjunct injection of scar modula-
tors including mitomycin C, ste-
roids, and onabotulinum toxin.
Mitomycin C is an antiproliferative
agent that can beinjected into DVIU
sites for urethral strictures and ste-
noses.> Vanni and coauthorss
noted a 72% 1-year patency rate for
radial urethrotomy of VUAS with
intralesional injection of mitomy-
cin C. Repeat radial urethrotomy
with mitomycin C injection yielded
an overall higher stenosis-free
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rate. Steroid injection was used in
conjunction with laser DVIU by
Eltahawy and colleagues®> with
favorable results. Of the 24 patients
with VUAS, 19 (79%) followed for
a mean of 24 months remained
stenosis free after holmium laser
deep urethrotomy at the 3- and
9-o’clock positions with subsequent
triamcinolone injection at the inci-
sion sites. Other investigators noted
anecdotal improvement after DVIU
if concomitant onabotulinum toxin
A injection is used.’¢ We found a
doubling of the stricture-free inter-
val when 100 U of onabotulinum
toxin A were injected into the ure-
thra after DVIU in six patients who
were not candidates for urethro-
plasty (R. Santucci, unpublished
data, 2016).

Prostatic urethral stents were
introduced by Fabian®” in 1980. The
initial experience with prostatic
stents was plagued with complica-
tions including stent migration,
recurrent urinary tract infections,
and urethral lumen obstruction.88
The newer biocompatible stent
systems have been more promis-
ing, the most studied of which
is the Memotherm stent (Bard,
Murray Hill, NJ) in Europe and the
UroLume stent (American Medical
Systems, Minnetonka, MN) in the
United States. Both are permanent
stents that have been used for the
management of BPH in high-risk
patients. In a review by Armitage
and colleagues, it was concluded
that stent systems provide good
short-term relief of bladder outlet
obstruction symptoms from BPH
with minimal immediate postop-
erative complications. However,
long-term, complication rates rise,
prompting high stent explantation
rates. Shah and coworkers®® ana-
lyzed their stent explantation expe-
rience over a 7-year period. Of the
126 patients who underwent stent
placement for treatment of BPH, 29
(23%) required stent explanation.

The most common reasons were
worsening voiding symptoms in
13 (45%) followed by stent migra-
tion in 7 (24%). All 29 stents were
removed using a monopolar cut-
ting current to transurethrally
excise epithelialized tissue fol-
lowed by gentle extraction into the
cystoscope sheath with the use of
alligator forceps. We no longer use
prostatic stents.

Despite their problems, urethral
stents remain a reasonable option
for recalcitrant VUAS. Magera

and colleagues®® studied their
experience with urethral stents for
VUAS failing a median of three
endoscopic treatments. Patency
rates after stent placement were
> 50% with a median follow-up
of 2.9 years, and the need to place
additional stents to obtain patency
was seen in 6 of 25 patients (24%).
Due to concurrent or resultant
stress urinary incontinence in
stented patients, artificial urinary
sphincter placement was often
offered after confirmation of stent
epithelialization and lack of ste-
nosis.”*2 Urethral stents cause
many problems, including peri-
neal pain, stent migration, stone
formation, and tissue ingrowth.
Consequently, stents are rarely
offered for long-term manage-
ment, although some authors
find utility in stent placement for
patients unfit for or refusing open
reconstruction.6”93
Endourethroplasty involves
transurethral resection of the
VUAS scar tissue with subsequent
graft harvest and placement with a
combined percutaneous and endo-
scopic approach.”29495 This option
requires specialized equipment and
training, with success rates < 60%,
making it an unattractive treatment

modality. Innovations may make
this a better option in the future.

Open Surgical Management

For the most recalcitrant prostatic
urethral obstruction, open recon-
struction with prostatectomy and
anastomotic urethroplasty to the
bladder neck may be necessary.
Postprostatectomy patients with
recurrent anastomotic stenoses are
offered scar excision and anasto-
motic urethroplasty with or without
pubectomy and bladder neck recon-

struction. Occasionally, local fas-
ciocutaneous, muscle, and omental
pedicle flaps are required.”® These
techniques can vary from patient to
patient and depend largely on prior
interventions, radiation history,
and amount of scar tissue encoun-
tered. Due to the high risk of
urinary incontinence, artificial uri-
nary sphincters may subsequently
be required. Some patients opt out
of surgery altogether and accept
chronic suprapubic catheter blad-
der drainage or self-catheterization
regimens. Urinary diversion or
catheterizable stomas are offered as
last resorts.

For patients with radiation-
induced urethral strictures, ure-
throplasty may be a viable therapy
(Figure 2).%7 Hofer and colleagues
performed transecting anasto-
motic urethroplasties in 72 men
with these radiation strictures
and successfully repaired 46 men
(69.7%).98 Time to recurrence was
often within 1 year and incon-
tinence occurred in 12 patients
(18.5%). Various urethroplasties
(anastomotic, buccal graft, perineal
flap) were reported by Glass and
colleagues® for radiation therapy-
related strictures and stenoses. The
investigators noted a 90% success
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Figure 2. Urethroplasty for bulbomembranous ure-
thral stricture can be technically challenging, requir-
ing deep dissection and anastomosis to the prostatic
apex. The figure shows interrupted sutures placed
in the proximal urethral segment during an anas-
tomotic urethroplasty. Posturethroplasty stress
incontinence should be expected. We often avoid
this surgery because of unwillingness by the patient
to be rendered profoundly incontinent, and prefer-
ence for either suprapubic diversion or repeat dila-
tions is acknowledged.

rate over a median 40 months of
follow-up with new incontinence in
7% of patients.

Another study by Elliott and
associates!? looked at 32 patients
with urethral strictures after treat-
ment for prostate cancer'®; 11
had radical prostatectomy and 21
received radiation, with urethro-
plasty type depending on disease
location and length. For patients
with short bulbar strictures, an
anastomotic urethroplasty or buc-
cal mucosa graft onlay proce-
dure was performed. For long or
penile urethral strictures, man-
agement depended on whether
patients received radiation; those
who had radiation underwent a
perineal urethrostomy and those
with healthier nonirradiated tis-
sue had a staged urethroplasty
or a fasciocutaneous graft repair.
Their overall success rate given
this treatment algorithm was
73% (23/32). Although the incon-
tinence rates are overall low for

urethroplasty, we must emphasize
that periodic dilation and/or con-
servative DVIUs for membranous
urethral or anastomotic stenoses
are preferred over open repair to
minimize postoperative morbidity
and incontinence.

Conclusions

There are numerous types of ure-
thral strictures and stenoses, with
their associated etiologies, that
must all be taken into account
when planning for reconstruction.
Management can vary from mini-
mally invasive dilation and ure-
throtomy to complicated open
reconstruction. Critical to patient
and practitioner satisfaction is an
adaptable and individualized out-
look on treatment of each type of
urethral stricture and stenosis
because life expectancy, treatment
goals, and expectations will vary
from patient to patient. Avoiding
iatrogenic new or worsening
incontinence should be a major
treatment goal. Although repeti-
tive and ultimately hopeless dila-
tion and DVIU should be avoided
in preference to potentially cura-
tive urethroplasty, we must be
aware that repeat dilations one to
two times a year in some radiated
patients may be the best treatment.
Patients seeking permanent solu-
tions with lower restenosis rates
benefit from open urethral recon-
struction but risk higher inconti-
nence rates. Strictures and stenoses
that occur after treatment of pros-
tate diseases are often complex and
should be managed by experts in
the field. [ ]
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