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Background: Our objective is to better comprehend treatment considerations for urethral stricture disease
(USD) in patients requiring long-term clean intermittent catheterization (CIC). Patient characteristics,
surgical outcomes and complications are unknown in this population.

Methods: Six members of the Trauma and Urologic Reconstruction Network of Surgeons (TURNYS)
participated in a prospective (2009 to present) and retrospective (prior to 2009) database recording patient
demographics, surgical approach and outcomes. We included all patients undergoing urethroplasty who
perform CIC. Descriptive statistics were used to analyze results.

Results: A total of 37 patients with 39 strictures were included. Bladder dysfunction was characterized as
detrusor failure in 35% and neurogenic etiology in 65%. Median stricture length was 3 cm (IQR: 1.5-5.5)
with 28% repaired with dorsal onlay buccal mucosal graft, 26% excision and primary anastomosis, 8% dorsal
inlay, 8% ventral and dorsal, 8% flap based 8% non-transecting and 15% other. Functional success was
90%: 4 patients required DVIU or dilation due to recurrence, with 2 of those ultimately requiring repeat
urethroplasty. 86% of patients returned to CIC; no patients reported new pad use for urinary leakage after
urethroplasty. During a median follow-up period of 3.1 years (IQR: 1.0-5.3), no patients underwent urinary
diversion.

Conclusions: Urethroplasty is suitable, safe and effective for patients dependent on CIC suffering from

USD. The effect of continual CIC on long-term outcomes remains uncertain.
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Introduction

A functional outlet is pivotal for any patient with neurogenic
bladder or severe myogenic failure to allow for safe bladder
drainage. Neurogenic bladder results from spinal cord
injury, neurologic disease such as multiple sclerosis, or
severe diabetic nephropathy (1). Patients with neurogenic
bladder face increased risk of stone development, infection
and renal dysfunction (1). Similar sequelae may result
from myogenic failure and an acontractile detrusor (2).
To regularly drain the bladder and protect against renal
deterioration, clean intermittent catheterization (CIC)
is a mainstay of bladder management in patients with
neurogenic bladder or detrusor failure (3).

Unfortunately, urethral injury can result from improper,
difficult, or traumatic, repeated catheterization (4). In
patients requiring long-term CIC, particularly in those with
impaired dexterity, the risk of urethral injury may be higher
than that in the general population (5,6). Given increased
regular instrumentation, such patients face the possibility of
urethral erosion, fistula, and urethral stricture disease (USD)
(7). In particular for those patients with significant detrusor
sphincter dyssynergia, the urethra could be traumatized
when using force to pass through a spastic external
sphincter. When USD occurs concomitant with CIC, many
patients can be managed endoscopically: once the USD is
opened by urethrotomy or dilation, continued CIC multiple
times per day may help keep the stricture open.

Recalcitrant urethral strictures, or concurrent urethral
false passages may render endoscopic management
impossible in select men. When endoscopic management
fails, management options include urinary diversion,
catheterizable channel, permanent suprapubic tube (SPT)
or urethroplasty (1,5,8,9). Regarding urethroplasty in
this context, the definition of success is unique and must
consider how the reconstruction affects CIC. For instance,
an open lumen with a sacculation may negatively affect
catheter passage and urethral rest may especially impact
surgical success. Moreover, the ideal management strategy
for transitioning a patient back to CIC after urethroplasty is
unknown. Even though there are unique considerations for
urethroplasty in men on CIC, existing outcomes data are
limited to small series consisting of 6-7 patients each (7,10).
This paucity of data leads to severe limitations in pre-
operative counseling for patients selecting between bladder
management options. Hence, we present our experience of
urethral reconstruction for patients with USD in presence
of neurogenic bladder or detrusor failure requiring CIC.
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We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/tau-20-988).

Methods
Study population

Eligibility for this study included patients with neurogenic
bladder on CIC or non-neurogenic bladder patients who
CIC secondary to detrusor failure or other unknown cause.
Patients who were doing self-dilation for stricture disease
with a catheter or those solely with meatal pathology or
bladder neck stenosis were excluded. We examined patients
meeting criteria who underwent urethral reconstruction by
six members of the Trauma and Urologic Reconstruction
Network of Surgeons (TURNS). TURNS is a multi-
institutional group of specialty-trained urologists with
focus in reconstructive urology, many are also involved in
the clinical care and research of neurogenic bladder. We
reviewed the surgical records from a prospective (years
2009 to 2019) and retrospective (2006 to 2009) database for
patient demographics, surgical approach, and outcomes.
No differences in data collection or protocol existed
between groups. We also noted the typical perioperative
management strategy for bladder drainage and return to
CIC by the participating authors.

This study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the Institutional Review Board at each
participating site (UCSF NO.: 14-13650) and informed
consent was taken from all the patients.

Variables of interest

We collected data on stricture length, location (bulbar,
penile, membranous, panurethra), surgical approach
(dorsal onlay, ventral only, dorsal inlay, augmented dorsal
onlay, lateral onlay, multi-stage repairs, and perineal
urethrostomy), and complications. Complications were
characterized using Clavien Grade (11). The TURNS
urethroplasty follow up protocol involves a 3 month and
12 month cystoscopy (12). We defined anatomic success
as the ability to atraumatically advance a 17 Fr cystoscope
beyond the area where the urethroplasty took place at
most recent cystoscopic followup. Functional recurrence
was defined as any patient who underwent repeat surgical
treatment for recurrent stricture at the site of the original
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Table 1 Demographics of patients with neurogenic bladder or reconstruction during the follow up period, including:
bladder dysfunction undergoing urethroplasty (n=37) urethral dilation, direct vision internal urethrotomy, repeat
Characteristic Median [|nterquoartlle urethroplasty, creation of catheterizable channel, or urinary
range] or N [%] diversion.
Age 52 [39-67] We performed further chart review to ascertain the
BMI 27 [24-30] reasons for bladder dysfunction and determine the
patients’ bladder management strategies. We also captured
Follow up (years) 3.1[1.0-5.3] . . . . ..
history germane to patients with spinal cord injury such
Comorbidity as concomitant pressure ulcers and ambulatory status. We
Hypertension 10 [27] sought details of differences in pre-operative and post-
Diabetes mellitus 7 119] operative bladder management.
Hyperlipidemia 6 [16]
Coronary artery disease 5 [14] Statistical analysis
On anticoagulation 4[11] Pertinent clinical details of the cohort were described
Cancer 3 (8] Wlth descr.lptlve statistics as appropriate. Medians and
interquartile ranges were reported. Stata 15 (College
Chronic obstructive pulmonary disease 3 (8] Station, Texas) and Excel (Redmond, California) was used
Immuno-suppressed 2[5] for the analysis.

Smoking history

Current 6 [16] Results
Former 15 [41] Study population
Never 16 [43]

Out of 2,661 anterior urethroplasties in the database we

Reason for CIC identified a cohort of 37 male patients who met inclusion

Spinal cord injury 14 [38] criteria. They had with varied comorbid conditions with a
Detrusor failure 13 [35] median age of 52 years [interquartile range (IQR): 39-67].
Patient characteristics are described in detail in Table 1. A

Spina bifida 31[8] o . . o
total of 23 (62%) patients were ambulatory with 4 (10.8%)
Diabetes mellitus 2[3] reporting pressure ulcers. The median follow-up period
Multiple sclerosis 1[3] was 3.1 years (IQR: 1.0-5.3). Bladder dysfunction was

. . . o .
Gerebral palsy 103] characterized as d'etrusor fa1h%re in 35 'A), the remaining
65% had neurogenic bladder, with the etiology being spinal
Trauma 168 cord injury or spina bifida in the majority. Thirty-seven
Childhood disease 11[3] patients had one stricture, while two patients had strictures
Spinal malignancy 113] at separate time periods in non-overlapping areas within
Non-ambulatory 14 [38] the uret.hra; hence we descr.lbe 39 strictures. CIC itself was
the attributed cause of stricture development for at least
Use of upper extremities 36 196] 44% of patients, while the etiology in another 41% was
Bladder management strategy idiopathic. CIC as a cause was noted when patients reported
Pre-stricture use of CIC 32 [86] a recollection of an episode of difficult catheterization
i that resulted in trauma. 20/39 (51%) strictures had prior

Pre-stricture use of SPT 3 [8] . o . C e

treatment with urethral dilation or direct vision internal
Condom catheter use 38l urethrotomy (DVIU). Such patients underwent a median of
Temporary SPT (Urethral Rest) 15 [41] 1 [IQR: 1-3] endoscopic treatment prior to urethroplasty.
SPT, suprapubic tube; CIC, clean intermittent catheterization; One patient notably underwent over 30 prior endoscopic
NGB, neurogenic bladder; BMI, body mass index. procedures for a prostatic/membranous urethral stricture.
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Table 2 Study population surgical and stricture details”
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Table 3 Operative and functional outcomes

N [%] or median

Characteristic
(interquartile range)

Etiology of stricture

Directly related to CIC 17 [44]
Idiopathic 16 [41]
Traumatic 2 [5]
Other 4[10]
Location
Bulbar 17 [44]
Penile 11 [28]
Membranous 5[13]
Pan urethral 6 [15]
Repair type
Dorsal onlay 11 [28]
Anastomotic 10 [26]
Dorsal inlay buccal 31[8]
Ventral & dorsal 3[8]
Flap based 3[8]
Non-transecting 31[8]
Perineal urethrostomy 2 [5]
Other 4[10]
Graft/flap type
Buccal 18 [46]"
Fasciocutaneous 31[8]
None/Not specified 18 [46]
Concurrent urethrocutaneous fistula 1(2.7)
Concurrent urethral erosion 2 (5.4)
Length of stricture, cm 3 (1.5-5.5)
Maximum graft length, cm 6 (3.5-7.5)

“2 buccal grafts used for 2 cases when simultaneous ventral
and dorsal grafts were utilized; *39 distinct strictures corrected
in 37 patients, CIC, clean intermittent catheterization; other,
meatoplasty, combination repairs, or unspecified.

The balance of patients, after shared decision making
with their physicians, elected not to pursue endoscopic
management with the severity of their disease in mind.
Urethral rest with SPT was pursued in 15 (41%)
patients for a median of 2 months (IQR: 1.25-5) prior to

© Translational Andrology and Urology. All rights reserved.

Characteristic N [%]
Return to CIC 32 [86]
Voiding via urethra 5[14]
Using SPT 11[3]
Anatomic recurrence (by cystoscopy) 8 [22]
Functional recurrence (by secondary procedure) 4[10]
Repeat DVIU 410]
Repeat urethroplasty* 2 [5]
New pad use after urethroplasty 0[0]
Daytime incontinence 5(13.5)
Nighttime incontinence 5(13.5)

*2/2 underwent failed endoscopic management first. DVIU,
direct vision internal urethrotomy; SPT, suprapubic tube; CIC,
clean intermittent catheterization.

urethroplasty. Among included surgeons, 4 of 6 regularly
retain SPT tubes post-operatively for up to 2 months to
avoid CIC across a fresh urethroplasty whereas 2/6 restart
CIC after acceptable post-operative RUG. Patients presented
with a median stricture length of 3 cm (IQR: 1.5-5.5) with
diverse approaches to surgical repair (Table 2). There were
no differences between stricture length for those undergoing
pre-operative SPT vs. not P=0.16. Dorsal onlay buccal
mucosal graft repairs and excision and primary anastomosis
accounted for 28% and 26% of repair types, respectively.
Grafts were on average 6 cm long (IQR: 3.5-7.5 cm).

Outcomes

Ultimately, 4 patients required repeated surgical
intervention, which equates to a 90% functional success
rate. 32 (86%) patients returned to CIC for primary bladder
management (Table 3), 5 (14%) are spontaneous voiders, 4
by Credé and 1 by condom catheter and 1 (3%) continues
to use indwelling SPT by preference. The patient’s typical
post-surgical CIC catheter size was 14 Fr (IQR: 12-14).
Specific outcomes for patients with the longest strictures
(10, 15 and 16 cm) were a return to CIC per urethra (n=1)
and perineal urethrostomy with CIC (n=2) with 1 patient
requiring dilation of their urethrostomy. Eight patients had
an anatomic recurrence on cystoscopy, but no hindrance
of CIC. The initial surgery type (and stricture lengths) for

those requiring re-intervention were excision and primary
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Table 4 Detailed surgical complications

Grade Event N [%]
Grade | 2 [5]
Scrotal Abscess 11[3]
Paraphimosis 11[3]
Grade |l - -
Grade lll a - -
Grade lll b 4[10]
Balloon Dilation followed by EPA 1[3]
DVIU followed by urethroplasty 11[3]
Balloon dilation 11[3]
DVIU 113]
Grade IVV - -

EPA, excision and primary anastomosis; DVIU, direct vision
internal urethrotomy.

anastamosis (2.5 and 1 cm), non-transecting urethroplasty
(3 cm), and perineal urethrostomy (15 cm). No patients
undergoing urethroplasty with graft placements required
subsequent reoperation. Urethral rest did not impact
outcomes.

Among the 5 (14%) patients noting incontinence post-
urethroplasty, 2 (40%) experienced this de novo after
surgery. Neither of these patients found the symptoms
severe enough to regularly use pads. For 6 (16%)
patients, incontinence improved after urethroplasty.
No patients in this cohort underwent urinary diversion.
Complications occurred in 6 (16%) patients (Table 4). Grade
I complications included post-operative scrotal abscess and
paraphimosis. The 4 patients that required repeated surgery
for recurrent stricture were classified as long-term grade III
b complications.

Discussion

Our results show that urethroplasty can be successful during
medium-term follow-up in patients requiring CIC. The
literature lacks data regarding urethral reconstruction in
this patient population and this paper represents the largest
multicenter study to date. Our functional success rate of
90% is comparable to those previously described in the
non-neurogenic population, which ranges from 75-93%
(12-15). Historically, it was believed that the success rate
for urethroplasty in this patient population was lower, and
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thus, some urologists believed these patients may be better
candidates for urinary diversion (10). It should be noted that
most of our population was ambulatory and nearly all had
functional upper extremities. Given the inherent complexity
of the CIC patient population, shared decision making
regarding early urinary diversion versus urethroplasty
should likely involve high-volume, expert reconstructive
surgeons (14). Our study suggests for well selected patients,
urinary diversion can often be delayed or avoided with
urethroplasty. No patient in this cohort required urinary
diversion at a median follow up of 3.1 years.

The effect of CIC on recurrence after anastomotic or
substitution urethroplasty rates remain unknown. There
is some data evaluating USD recurrence after endoscopic
management combined with self-dilation. Such studies have
shown that DVIU followed by self-catheterization reduces
USD recurrence by approximately half and longer duration
of CIC after DVIU may lead to further risk reduction
(16,17). Notably, the urethral strictures in our study are
considerably longer than those typically treated with DVIU
(17,18). Self-dilation after DVIU is often performed daily,
every other day, or even weekly. For patients dependent
on CIC, catheterization occurs 3-8 x per day to empty
the bladder and may require irrigation of fluid or other
maneuvers which lead to more contact time or microtrauma
to the urethra.

Additionally, 44% of patients in this cohort developed
strictures as a direct result of (self-reported) catheter
trauma, a known risk factor for USD (5). In one study,
Perrouin-Verbe et al. found that 19% of male patients
doing CIC for a median of 9 years developed USD (19).
Cornejo-Davila recently described 4.2% of 250 men with
neurogenic bladder developed a 14 Fr stricture or worse
over a mean follow-up of 19.8 months after commencing
CIC (6). Attempts to improve the safety of CIC include use
of hydrophilic catheters, patient education in technique,
and continued evaluation of patient dexterity (20,21). The
data surrounding CIC is paradoxical as CIC may be used
to decrease USD recurrence after DVIU but conversely
may increase the risk of USD in the context of CIC for
neurogenic bladder.

In our cohort, 41% of patients underwent a preoperative
SPT placement. The literature supports SPT in lieu of
downsizing the CIC catheter when a formal repair is planned
(22,23). While continuing CIC may maintain luminal
patency, repeated CIC attempts in the face of a developing
stricture may lead to hematuria, patient discomfort,
urethral trauma and creation of false passages (22).
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Furthermore, allowing the scar to mature improves
staging of USD and may improve the ability to perform
urethroplasty (23). Indeed, it has been shown that a period
of ‘urethral rest’, via placement of an SPT, altered the
planned operative repair for urethroplasty almost half
the time amongst expert reconstructive surgeons (24).
Nonetheless, for the 59% of patients herein that did not
have urethral rest, outcomes were still excellent. SPT
management post-operatively remains an open question.
Some surgeons in our study left a SPT post-operatively up
to 2 months to avoid any temporary difficulty with CIC
due to new angle or edema which may resolve in time.
In our series, no particular post-operative management
strategy was associated with a decreased risk of failure. It
has been postulated the use of grafts might incur sacculation
rendering CIC problematic or prone to failure; in this
cohort all cases of failure occurred in cases without grafts.

Development of a urethral stricture in a patient
dependent on CIC may represent an unwelcome
opportunity to reflect on the patient’s long-term bladder
management plan. Specifically for patients with neurogenic
bladder after spinal cord injury, CIC may be associate with
lower patient satisfaction as compared to other management
strategies such as surgery (25). Continuous SPT drainage
is one option, but it may lead to a significant reduction in
bladder capacity and is associated with increased risk of
urinary tract infections, urosepsis, hydronephrosis, urinary
calculi, renal insufficiency, all cause hospitalizations,
and even a higher incidence of pressure ulcers (5,26,27).
Nonetheless, temporary SPT placement may enable patients
to consider an alternate bladder management strategy and
ensure that resumption of CIC after urethroplasty matches
their preferences and goals.

The well selected patients in this cohort were able to at
least delay urinary diversion as no patient require diversion
during median 3 year follow up. In prior series from the
early 2000%, 11 (64%) patients who presented with varied
urethral pathology (stricture, erosion, and/or fistula)
ultimately underwent urinary diversion at a mean time of
3.3 years (10). Given development of botulinum toxin and
improved surveillance, rates of augmentation cystoplasty
or other invasive reconstructive options are on the decline
(28,29). In well selected patients, our results support the
use of urethroplasty prior to creation of a catheterizable
channel like mitrofanoff, given reported revision rates up
to 38% for channels (30). The literature also suggests that
patients with neurogenic bladder may incur higher peri-
operative risk for abdominal surgery, particularly because

© Translational Andrology and Urology. All rights reserved.

Cohen et al. Neurogenic bladder

these patients often have an altered sensorium, which
may lead to delayed recognition of complications (31).
Increasing confidence in urethroplasty outcomes in this
population may allow patients to quickly return to CIC and
avoid long-term consequences of a devastated outlet such as
major abdominal surgery or chronic SPT.

Limitations

The study represents a heterogeneous group of patients
with varied reasons for being dependent on CIC presenting
to genitourinary reconstructive experts. This represents
a retrospective analysis with inherent bias, small sample
size, without protocol for analyzing pre and postoperative
continence or patient reported outcomes. The results may
not be generalizable to all patients who CIC and develop
USD. Importantly, many patients with NGB undergo
immediate urinary diversion, and such patients were not
captured by this study. Diagnosis and chronic management
of bladder dysfunction was typically done prior to referral
for stricture management; thus, urodynamics were not
readily available in these patients. Furthermore, performing
urodynamics in patients with USD is technically
challenging. For that reason we lack data on presence
or absence of detrusor sphincter dyssynergia, ranges of
bladder pressures, and formal definition of underactive vs.
neurogenic bladder in these patients. We acknowledge it
can be difficult to pre-operatively differentiate between a
stricture secondary to CIC wvs. an idiopathic etiology as this
is based on patient report. Any errors of omission from
chart review, if present, would be non-differential to our
results. In the case of the 2 patients with non-overlapping
strictures, we strongly suspect the second occurrence did
not result from the first reconstruction given the disparent
regions and time intervals involved, hence they were not
excluded or counted as ‘failures’. Future work would be
strengthened by including more pertinent patient-reported
outcome measures for this patient population. Currently,
bladder specific quality of life measurement tools for
patients with neurologic conditions are heterogeneous
and lack attention to the symptomatology of concomitant
urethral stricture disease (25,32). Details on methods
and timing of the return to CIC after urethroplasty were
heterogeneous and poorly recorded in the medical record.

Conclusions

For patients who are dependent on CIC and develop USD,
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urethroplasty is suitable and safe. Urethroplasty allows men
to continue urethral CIC with high rates of success and low
morbidity in the medium term. It avoids or at least delays
urinary diversion for the well selected patient.
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