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ABSTRACT

Objective The use of minimally invasive endoluminal
treatment for urethral strictures has been a subject for
debate for several decades. The aim of this study was

to review and discuss the safety, efficacy and factors
influencing the clinical application of balloon dilation for
the treatment of male urethral strictures.

Design Systematic review and meta-analysis.

Data sources Embase, Medline, Web of Science,
Cochrane Library and Scopus were searched for
publications published before 17 July 2022.

Study selection Two independent researchers screened
and assessed the results, and all clinical studies on balloon
dilation for the treatment of urethral strictures in men were
included.

Data extraction and synthesis The success rate, rate of
adverse events, International Prostate Symptom Scores,
maximum uroflow (Qmax) and postvoid residual urine
volume were the main outcomes. Stata V.14.0 was used
for statistical analysis.

Results Fifteen studies with 715 patients were ultimately
included in this systematic review. The pooled results of
eight studies showed that the reported success rate of
simple balloon dilation for male urethral strictures was
67.07% (95% confidence interval [CI]: 55.92% to 77.36%).
The maximum urinary flow rate at 3 months (risk ratio
[RR]=2.6510, 95% Cl: 1.0681 to 4.2338, p<0.01) and the
maximum urinary flow rate at 1 year (RR= 1.6637, 95%
Cl: 1.1837 to 2.1437, p<0.05) were significantly different
after dilation. There is insufficient evidence to suggest that
balloon dilation is superior to optical internal urethrotomy
or direct visual internal urethrotomy (DVIU) (RR= 1.4754,
95% CI: 0.7306 to 2.9793, p=0.278).

Gonclusion Balloon dilation may be an intermediate

step before urethroplasty and is a promising alternative
therapy to simple dilation and DVIU. The balloon is a
promising drug delivery tool, and paclitaxel drug-coated
balloon dilation is effective in reducing retreatment rates
in patients with recurrent anterior urethral strictures. The
aetiology, location, length, previous treatment of urethral
stricture may be associated with the efficacy of balloon
dilation.

PROSPERO registration number CRD42022334403.

INTRODUCTION
Urethral stricture is a relatively common
disease in men and is described as any

,"2 Xing Ji,"* Zhenpeng Zhu,"? Tianyu Cai,"?

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study systematically reviewed the principle,
safety and efficacy of balloon dilatation and de-
scribed intermittent urethral balloon self-dilation.

= We provide a comprehensive analysis of factors
such as aetiology, stricture location, stricture length,
and prior management intervention and discuss the
clinical directions for balloon dilation.

= The quality of the included studies was relatively
low, and there was a considerable risk of bias.

= Most of the included studies were retrospective ob-
servational studies that lacked valid controls, and
the results need to be interpreted with caution.

abnormal narrowing of the anterior or poste-
rior urethra. In some susceptible popula-
tions, the incidence of male urethral stricture
disease is as high as 0.6%, with more than
5000 individuals hospitalised per year." The
most common symptoms in patients are weak-
ened urine flow and even urinary retention,
which seriously affects the quality of life.” The
aetiology of urethral stricture is complex,
is complex and includes trauma, infection,
iatrogenic, lichen sclerosus, idiopathic, etc.
Iatrogenic urethral injuryis the most common
type of urethral stricture in resource-rich
countries, whereas urethral injuries caused
by infection and trauma are more common
in developing countries.” * With continuous
developments in medical technology, the
rapid increase in the incidence of iatrogenic
urethral stricture warrants further investiga-
tion. Catheterisation, transurethral manip-
ulation, prostate surgery, radiotherapy and
chemotherapy can cause irreversible stricture
of the urethra.”™

Although  urethroplasty  has  been
recognised as a curative treatment for
urethral strictures, dilation and direct visual
internal urethrotomy (DVIU) are still widely
used and effective for single bulbar urethral
strictures <2 cm, for which the success rate
is 35%-70%." ¥ There is currently a lack of
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evidence evaluating whether dilation or DVIU is more
effective than the other methods, so both have the same
therapeutic indications."

Balloon dilation is a special type of dilation that has a
long history of treating urethral strictures in men. Russ-
inovich et al were first to report the outcomes of balloon
dilation performed in seven males with urethral stricture
in 1980; this type of dilation was painless compared with
traditional dilation methods and was not prone to cause
mucosal or periurethral injury.'" Subsequently, Pinot et
al dilated the urethra of 25 patients using an inflatable
balloon catheter, which included atraumatic catheteri-
sation through a vascular catheter under urethroscopy,
followed by inflation of the balloon catheter into a
flexible guidewire.'? Dilation was controlled under the
guidance of voiding urethrography and was much less
uncomfortable than conventional urethral dilation; only
3 of 25 patients needed to undergo a repeat procedure.
Immediately, Glesy et al designed a new coaxial balloon
dilator for the treatment of urethral stricture and noted
that the balloon dilator can expand slowly and gradu-
ally, which is better than traditional rapid and sudden
expansion."” Several studies have shown that balloon dila-
tion results in minimal trauma and immediate symptom
relief, with less patient discomfort and a lower compli-
cation rate.'*" Since there is some radiation exposure
with angiography, B-ultrasound has been used to facilitate
control of balloon dilation, and good clinical results have
been initially achieved.”” Further research revealed that
balloon dilation under the guidance of cystoscopy gently,
safely and effectively dilates the urethra.”'

Although balloon dilation is a well-tolerated minimally
invasive endoluminal surgical procedure widely used in
practice, its clinical significance has not been systemat-
ically and comprehensively reviewed. Our objective was
to assess the efficacy, safety and factors influencing the
clinical application of balloon dilation.

MATERIALS AND METHODS

Search strategy

Reporting in this study was in accordance with the guide-
lines of the PRISMA statement™ (online supplemental
table 1), and the specific protocol was registered on PROS-
PERO with the registration number CRD42022334403.
Using Medical Subject Headings and free text terms,
we searched for relevant articles published prior to 17
July 2022, in the following databases: Medline, Embase,
Cochrane Library, Web of Science and Scopus. The
search strategy is shown in online supplemental file.

Eligibility criteria

Two researchers (XL and CX) screened and assessed
the search results independently. The inclusion criteria
were as follows: (1) studies with male patients diagnosed
with urethral strictures; (2) studies in which balloon dila-
tion was applied as the main intervention, not including
patient self-dilation; (3) clinical studies, retrospective or

prospective and (4) studies reporting the success and
adverse event rates.

Conference abstracts were eligible for inclusion if they
reported sufficient outcome data. If several articles were
all related to the same study, the most recent publication
with the most complete data was included in the system-
atic review. A consensus was finally reached through
consultation and discussion in the event of any disagree-
ments or differences between the two researchers.

Quality assessment

The quality of the included studies was independently
assessed by two researchers (XL and CX). All observational
studies were assessed using the Newcastle-Ottawa Scale in
terms of population selection, comparability and outcome
evaluation.” Randomised controlled trials (RCTs) were
assessed using the Jadad Quality Scale, and articles with
a score >3 were considered high-quality research.** For
single-arm clinical trials, the first eight items of the Meth-
odological Index for Non-randomised Studies scale were
used for assessment.”” The ROBINS-I tool was used to
further assess the risk of bias in non-RCTs.*®

Data extraction

We extracted data on the success rate, adverse event
rate, International Prostate Symptom Score (IPSS),
maximum uroflow (Qmax, mL/s) and postvoid residual
urine volume (PVR). When disagreements arose, a third
reviewer participated in the discussions and mediated to
reach a consensus.

Statistical analysis

Stata V.14.0 (StataCorp) was used for statistical analysis,
and the success and adverse event rates were reported as
proportions. The I? index was used to test for between-
study heterogeneity. An 1*>50% was considered to indicate
significant heterogeneity, and the random effects model
was used for pooled analysis; otherwise, less heterogeneity
was considered, and the fixed effects model was used. By
excluding each study one by one, we performed a sensi-
tivity analysis of the balloon dilation success rate to assess
the stability and reliability of the pooled results. Subgroup
analyses were performed according to the results of the
meta-regression models.

Patient and public involvement
None.

RESULTS

Study selection

The flow chart of the study retrieval process is shown in
figure 1. Fifteen studies were included in the systematic
review, involving a total of 842 patients. Tables 1 and 2
present the main characteristics of the included studies.
Among these, there were 1 RCT,27 2 single-arm clinical
trials,”® * 2 case—control studies® *' and 10 retrospective
case studies.”*™*!
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~ 57 of full-text articles excluded, with reasons:
« 18 articles about duplicate clinical trials

:‘S | 72 of full-text articles assessed for eligibility |—> Robust I trial (NCT03014726): 12

2 Robust I1I trial (NCT03499964): 5

Eﬂ case control study (Kumano, Y. etal. 2019): 1
= * 13 articles with no full texts available

+ 12 articles with small cases (n<5)
- * 4articles about self urethral balloon dilation
15 articles included for meta-analysis * 3 articles about children

E 15 for functional or anatomical success rate

B (3 of them for controlled meta-analysis)

E * 5 for complication rate

| (4 for urinary tract infection, 3 for urinary retention)

Figure 1 Flow diagram of study selection.

Quality analysis and risk of bias

We evaluated the quality of the 15 studies included in the
systematic review, and the results are presented in online
supplemental table 2. Most of the current studies in this
article are retrospective, with inadequate study designs
and a lack of valid controls.

We further conducted a bias analysis of 14 non-RCTs
using the ROBINS-I tool, and the evaluation criteria and
results are shown in online supplemental table 3. Since
the operation is often influenced by the subjective pref-
erences of the surgeons and most of the included studies
are retrospective case studies, unavoidable selection bias
is one of the most prominent issues. Selection bias is
exacerbated in some small-sample studies of patients with
specific comorbid conditions, such as coexisting urinary
calculi. Some confounding factors such as age, body mass
index, aetiology of the stricture, location of the stricture,
length of the stricture, prior management and other
factors, such as patient baseline physical condition, were
presentin moststudies. Some of these confounding factors
were not appropriately controlled for in the multivariable
adjusted analysis. Some outcome measures of balloon
dilation are subjective, and researchers may also exag-
gerate the efficacy of the procedure to publicise its advan-
tages. Moreover, a funnel plot of eight studies included
in the evaluation of the conventional balloon dilation
success rate was generated, and there was no evidence
of publication bias (Egger’s test: t=—2.42, p=0.052>0.05)
(online supplemental figure 1). In addition, due to the
small sample sizes of some of the included studies, there
are some limitations in reflecting the overall clinical
situation.

The principle of balloon dilation

The principle of balloon dilation is to apply radial force
along the balloon span at the stricture site. The principle
of traditional optical internal urethrotomy (OIU) is to
achieve epithelial regeneration by incising scar tissue.

Compared with the parallel force applied by simple dila-
tion, balloon dilation applies less shear force and causes
less trauma, which can reduce the risk of cavernous
fibrosis development and cause less discomfort.” ** *
Balloon dilation can also cause the fibrous scar in the stric-
ture to more evenly fracture, resulting in 360° annular
expansion, thereby increasing the inner diameter of the
stenotic segment; during the balloon dilation process, the
urethral pressure gradually increases, and the balloon
is slowly and gently expanded to minimise damage to
blood vessels and urethral tissue.' Balloon dilation tends
to achieve extrusion moulding in a single pass, and the
high pressure of the balloon is effective in compressing
the bleeding point. In addition, the smooth surface of
balloon can prevent normal urethral mucosal damage.

Safety assessment and incidence of adverse events

Urinary tract infection, urinary retention, postopera-
tive haematuria and dysuria are the main complications
of balloon dilation. Therefore, strict aseptic and stan-
dardised operations are needed during surgery to prevent
and avoid the occurrence of adverse events as much as
possible.

We performed a pooled analysis of reported adverse
event rates for urinary tract infection and urinary reten-
tion. The pooled incidence of infection in patients after
balloon dilation was 3.27% (95% CI: 1.2% to 8.86%;
heterogeneity: 1°=46.2589%, p=0.1338) (online supple-
mental figure 2A). However, the pooled incidence of
urinary retention was 8.31% (95% CI: 1.84% to 18.39%;
heterogeneity: 1°=84.6223%, p<0.05) (online supple-
mental figure 2B). Urinary tract infection is the most
common complication within 30 days of balloon dilation,
and some patients require antibiotic treatment.”® Some
patients also have transient haematuria after surgery,
but no further treatment, such as blood transfusion, is
needed.”" ¥ Furthermore, Yu et al ’s study also revealed
that the incidence of major postoperative complications,
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Table 1 Clinical characteristics and efficiency of balloon dilation (1)
Evaluable
Patients Location of the Length of
Study (n) Age (average) Aetiology strictures stricture Predilated state
Virasoro et al”® 43 50.7 (22.0- / Anterior urethra <2 cm 1-4 prior endoscopic
81.0) treatments (none
within 3 months of
enrolment)

Elliott et a/*’ 60 (79):15 60.6+16.0: latrogenic (21/78, 26.9%); Anterior urethra <3 cm >2 prior endoscopic

(48)* 58.7+15.5 idiopathic (42/78, 53.8%); treatments
inflammatory (1/78, 1.3%);
traumatic (14/78, 17.9%);
pelvic radiation (9/79, 11.4%)

Beederetal® 91 61 / Anterior urethra / Most (75/91, 82%)
(n=75, 82%); posterior had prior treatment
urethra (n=16, 18%) for USD (endoscopic

50/91 (55%), 51/91
(56%) urethroplasty)

Alibekov et al®® 7 52 (47-65) Idiopathic (4/7, 57.1%); Anterior urethra <1cm All patients had 1
inflammatory (1/7, 14.3%); urethral stone. The
traumatic (2/7, 28.6%) sizes of the stone

ranged from 4 to 9
mm (median—6 mm)

Yi et al®* 80 / / Anterior urethra <1.5cm  Over 75% of patients
(n=59, 74%); posterior had some form
urethra (n=21, 26%) of prior stricture

treatment, including
dilation (34/80,
42.5%), DVIU
(19/80, 23.8%) or
urethroplasty (48/80,
60%)

Kumano et a/®® 13:9 71:63 latrogenic (10/13, 76.9%); Anterior urethra / /
idiopathic (3/13, 23.1%) (n=9, 41%); posterior

urethra (n=13, 59%)

Zhou et af*® 45 46.6 (22-76) latrogenic (19/45, 42.2%); Anterior urethra <2 cm 5 patients had a
inflammatory (5/45, 11.1%);  (n=36, 80%); posterior prior suprapubic
traumatic (18/45, 40%); urethra (n=9, 20%) cystostomy
pelvic radiation (3/45, 6.7%)

Yu et a*’ 31:25 49 (32-67) : 44 latrogenic (7/31, 22.6%); Anterior urethra <1cm None received prior

(24-71) idiopathic (1/31, 3.2%); (n=45, 80%); posterior (n=48, endovascular therapy
inflammatory (2/31, 6.5%); urethra (n=11, 20%)  86%); >1
traumatic (21/31, 67.7%); cm (n=8,
14%)

Chhabra et al®® 134 (144)* 52 (18-85) latrogenic (59/144, 41.0%);  Anterior urethra <15cm /
idiopathic (84/144, 58.3%);  (n=110, 76%); (n=130,
pelvic radiation (1/144, 0.7%) posterior urethra (n=8, 90%) ;

6%); both (n=26, >1cm
18%) (n=14,
10%)

Ishii et al*” 10 70 (61-75) latrogenic Posterior urethra / All patients had
cystourethral
anastomotic
stricture after radical
prostatectomy

Mao et a/*® 37 (39 55 (24-84) / Anterior urethra <2 cm /

(n=17, 44%); posterior
urethra (n=20, 51%);
both (n=2, 5%)
Continued
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Table 1 Continued
Evaluable
Patients Location of the Length of
Study (n) Age (average) Aetiology strictures stricture Predilated state
Vyas et al*® 120 49.86 (30-85) / Anterior urethra <15cm /
(n=114, 95%);
posterior urethra (n=6,
5%)
Alguersuariet 65 63.17+16.9 / Anterior urethra <2 cm /
al*® (26.2%); posterior (86.2%)
urethra (73.8%) ;>2.cm
(13.8%)
MacDiarmid et 51 / latrogenic (27/51, 52.9%); Anterior urethra / /
al*’ idiopathic (11/51, 21.6%); (n=49, 96%); posterior
inflammatory (10/51, 19.6%); urethra (n=2, 4%)
traumatic (3/51, 5.9%)
Mohammed 6 (7)* 35 (16-67) latrogenic (1/6, 16.7%); Anterior urethra / /

and Wirima®®

idiopathic (2/6, 33.3%);
inflammatory (2/6, 33.3%);
traumatic (1/6, 16.7%)

(n=4, 57%); posterior
urethra (n=3, 43%)

*A number of people who were initially assessed at baseline in the study are in parentheses, and a number of people who could be
effectively assessed at the end of the follow-up are outside the brackets.
DVIU, direct visual internal urethrotomy; USD, urethral stricture disease.

such as urethral bleeding and urinary tract infection, in
the balloon dilation group was lower than that in the
DVIU group (urethral bleeding: 2/31 vs 8/25, p=0.017;
UTI: 1/31 vs 6/25 p=0.037).”"

Clinical efficacy of balloon dilation for male urethral strictures
Conventional balloon dilation success rate

For studies with conventional balloon dilation, we
defined the success of balloon dilation as no recurrence
or no further stricture treatment during the follow-up
period, excluding studies with a sample size of less than
30 on account of the potentially greater selection bias
and merging data from eight studies published in 2012-
2022.%1 72 90 3549 Reported success rates varied from
35.5% to 86.7%. The pooled balloon dilation success rate
was 67.07% (95% CI: 55.92% to 77.36%; heterogeneity:
1°=86.8683%, p<0.05) (figure 2A). Six of these studies
reported follow-up, with a median pooled follow-up time
of 13.50 months (95% CI: 12.86% to 14.14%; heteroge-
neity: 1’=99.2%, p<0.05). This result needs to be inter-
preted with caution and most likely overestimates the
efficacy of balloon dilation. Clinical data obtained during
long-term follow-ups are lacking, and the real-world
balloon dilation success rate should decline progressively
with longer follow-ups. Moreover, the assessment of the
success rate of balloon dilation involves significant subjec-
tive factors that may exaggerate efficacy.

We performed a sensitivity analysis by excluding studies
one by one. The recalculated results are shown in online
supplemental table 4 and online supplemental figure 3.
Compared with the pooled results of all the studies, the
maximum deviation rate was 5.3%, indicating that the
final pooled result was relatively stable. We performed a
meta-regression analysis and found that factors such as

the location of the stricture (t=5.25, p<0.05), length of
the stricture (t=7.97, p<0.05) and age (t=7.97, p<0.05)
may be associated with high heterogeneity, and subgroup
analyses of these factors were performed as described in
the Clinical preference and efficacy influencing factors of
balloon dilation section.

Drug-coated balloon dilation success rate

Balloons coated with drugs such as paclitaxel have achieved
promising clinical results in recent years. Two studies on
paclitaxel-coated balloons for recurrent urethral stric-
tures revealed the considerable effect of these devices on
recurrent urethral strictures, with a relatively objective
functional success rate (67%) and an anatomical success
rate (74.6%).2”%® The functional success rate was defined
as the percentage of subjects with >50% improvement
in IPSS scores who did not require retreatment. The
anatomical success rate was defined as the proportion of
participants for whom a 16 Fr flexible cystoscope or a 14
Fr catheter could atraumatically pass through the treated
area at 6 months postoperatively. Both drug balloon
studies were performed in patients with recurrent ante-
rior urethral strictures who had received at least one prior
endoscopic treatment. The patients had urethral stric-
tures <12 F, all less than 3 cm in length. The IPSS scores
were greater than 11, and all the patients had urinary flow
rates of at least 15 mL/s or less. These studies excluded
patients with prior urethroplasty, lichen sclerosus, neuro-
genic bladder, bladder neck contracture, artificial urinary
sphincter or other confounding aetiologies.

Assessment of patient’s clinical symptoms
The changes in the urinary flow rate, PVR and IPSS are
summarised in table 3. Compared with that preoperatively,
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Table 2 Clinical characteristics and efficiency of balloon dilation (11)

Reported
Study Balloon types Control Definition of success rate success rate (%) Follow-up
Virasoro et al*® Optilume drug- / Functional success was defined 67 3 years
coated balloon as >50% reduction in International
(DCB) Prostate Symptom Score without
need for retreatment.
Elliott et a/*” Optilume DCB dilation/DVIU  Anatomical success: the 74.6:26.8 1 year
proportion of participants in
whom the surgeons could
atraumatically pass a 16-French
flexible cystoscope or a 14-French
catheter through the treated area
at 6 months
Beeder et al* 8 cm, 24-French / Proportion of patients who 50 12 months (3-40)
UroMax Ultra reported no recurrence of lower
balloon dilator urinary tract symptoms or did not
need further stricture treatment
Alibekov et a/* / / Proportion of patients without 85.7 14 months (3-24)
recurrence of urethral stricture 18
months of dilation
Yi et al** 8 cm, 24-French / Proportion of patients with no 66.3 8.4 months (IQR,
UroMax Ultra postoperative recurrence of 3.9-22)
balloon dilator urethral stricture or who did not
need further stricture treatment
Kumano et al*° Balloon dilation (0]]V] Proportion of patients with no 84:22 /
catheter (X-FORCE; recurrence of stricture during the
BARD Medical, follow-up period
Murray Hill, New
Jersey, USA)
Zhou et al*® Balloon catheter / Proportion of patients who did not 86.7 6-24 months
(X-Force, C.R. Bard, need further stricture treatment
USA) during the follow-up period
Yu et af*! 6 cm, 7-French DVIU Proportion of patients with no 35.5 14.75 months (5-36)
balloon catheter postoperative recurrent urethral
(X-Force, C.R. Bard, stricture or who did not need
USA) further stricture treatment
Chhabra et al*® 8 cm, 24-French / Proportion of patients who did not 84.4 24 months (3-52)
urethral Balloon need further stricture treatment
catheter set (Cook during the follow-up period
Urological, Spencer,
Indiana, USA)
Ishii et al*” 6 cm, 6-French / Proportion of patients with no 80 24 months (7-67)
Balloon catheter, the recurrence of strictureduring the
X Force follow-up period
Mao et al*® 24-French / Proportion of patients who did not 64.9 /
Nephrostomy need further stricture treatment
balloon dilation during the follow-up period
catheter, the X Force
Vyas et a/*® 8 cm, 24-French / Proportion of patients who did not 68 6 months (2-60)
urethral Balloon need further stricture treatment
catheter set (Cook during the follow-up period
Urological, Spencer)
Alguersuari et al*®  Fluoroscopic-guided / Proportion of patients who did not 69 /

balloon dilation

need further stricture treatment
during the follow-up period

Continued
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Table 2 Continued

Reported

Study Balloon types Control Definition of success rate success rate (%) Follow-up
MacDiarmid et a/*' The UrethraMax / Proportion of patients who did not 55 9 months (1-16)

(4,6 0or 8 cm; need further stricture treatment

24-French) or a during the follow-up period

coude tip balloon

dilation catheter
Mohammed and Olbert balloon / Proportion of patients who did not 66.7 12 months (6-26)

Wirima®® catheter

need further stricture treatment

during the follow-up period

DVIU, direct vision internal urethrotomy; OIU, optical internal urethrotomy.

the postoperative maximum urinary flow rate was greatly
improved at 3 months (risk ratio [RR]=2.6510, 95% CI:
1.0681 to 4.2338; 2=3.282, p<0.01; I’=96.5%, p<0.05), and
the significant difference remained at l-year postoper-
atively (RR=1.6637, 95% CI: 1.1837 to 2.1437; z=6.794,
p<0.01; I°=78.8%), p<0.05). The patient’s IPSS scores and
PVR also decreased accordingly.

Patients’ subjective perception of improvement in
voiding symptoms is a crucial indicator of the true effi-
cacy of urethral stricture treatment, and the results are
summarised in table 4. The ROBUST III study®® revealed
that patients’ International Prostate Symptom Score-
Quality of Life scores increased significantly by 30 days
after balloon dilation, indicating outstanding short-term
efficacy. Moreover, 3-year follow-up results from the
ROBUST 1 trial study”’ indicated significant improve-
ments in both QoL scores and Patient-Reported Outcome

%
Study ES (95% Cl) Weight
i
Beeder, L. A. etal. 2022 —_— 0.5055 (0.3986, 0.6120) 13.15
Yi, Y.A. etal. 2020 —0:— 0.6625 (0.5481,0.7645) 12.96
Zhou, Y. etal. 2016 E ——*—— 0.8667 (0.7321,0.9495) 11.86
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Figure 2 Forest plots showing the efficacy of balloon
dilation. (A) Success rate of conventional balloon dilation;

(B) balloon dilation (drug-coated balloons excluded)
compared with simple dilation, DVIU and OIU. DVIU, direct
visual internal urethrotomy; OIU, optical internal urethrotomy.
Weights are from random effects model. DL, DerSimonian-
Laird method.

Measure for Urethral Stricture Surgery scores for patients
who underwent balloon dilation compared with base-
line status (p<0.0001). With the extension of follow-up
time, the quality of life of the patients remained good,
reflecting the long-term effectiveness of balloon dilation.

Comparison of balloon dilation with other endoluminal treatments

We conducted an analysis of two studies comparing
DVIU and OIU and found no significant difference
in efficacy between conventional balloon dilation and
internal urethrotomy (RR=1.4754, 95% CI: 0.7306 to
2.9793; z=1.085, p=0.278; heterogeneity: ’=0%, p=0.351)
(figure 2B). Even though fewer comparative studies are
currently available, the balloon dilation may have poten-
tially favourable long-term results by virtue of its smaller
shear force and uniform 360° circumferential dilation.
Yu et al reported that the estimated stricture-free survival
rate at 12 months was 77.42% after balloon dilation and
48.00% after DVIU; moreover, a significantly higher
stricture-free survival rate was observed in the balloon
dilation group (p=0.02<0.05, hazard ratio [HR]=0.35,
95% CI: 0.14 to 0.87).*' In Kumano et al’s study, the
balloon dilation group had significantly longer stricture-
free times than the OIU group (p<0.01), with median
(mean) stricture-free times of 1675 (1673) and 244
(599) days, respectively.30 Currently, there are no studies
comparing the clinical outcomes of simple dilation versus
balloon dilation. Due to the paucity of current studies, no
adequate evidence exists to suggest that balloon dilation
is superior to other conventional endoluminal therapies.

Clinical preference and efficacy influencing factors of balloon
dilation

Aetiology

We pooled eight studies of simple balloon dilation that
addressed specific aetiologies® ' ¥4 jnyolying a total
of 307 patients. Iatrogenic urethral strictures (43.32%,
133/307) and idiopathic urethral strictures (34.20%,
105/307) accounted for the vast majority of cases. Stric-
ture caused by trauma or inflammation accounted for
14.66% (45/307) and 6.51% (20/307), respectively. Four
patients also suffered from radiation. Although this is
only a one-sided epitome, it follows that iatrogenic injury
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Table 3 Changes in the urinary flow rate, PVR and IPSS after balloon dilation

Study Location of the strictures Length of strictures

Virasoro et al?® Anterior urethra <2cm

Elliott et al*” Anterior urethra <3cm

Zhou et al*® Anterior urethra (n=36, 80%); posterior urethra (n=9, 20%) <2cm

Chhabra et al*® Anterior urethra (n=110, 76%); posterior urethra (n=8, 6%); both (n=26, 18%) < 1.5 cm (n=130, 90%);
>1cm (n=14, 10%)

Vyas et al*® Anterior urethra (n=114, 95%); posterior urethra (n=6, 5%) <1.5cm

MacDiarmid et al*'  Anterior urethra (n=49, 96%); posterior urethra (n=2, 4%) /

IPSS

Before surgery 3 months 6 months 1 year 2 years 3 years

25.2+4.5 ( n=53) 6.1+7.6 (n=51) 4.6+5.2 (n=45) 4.5+3.9 (n=40) 6.9+7.7 (n=38) 5.5+6.9 (n=33)

22.0+6.8 ( n=79) 7.4+5.8 (n=74) 8.3+6.2 (n=71) 9.0+7.1 (n=67) / /

/ / / / / /

/ / 12.7 (n=112) 12.6 (n=112) / /

21.6 (n=120) 11.4 (n=120) 12.6 (n=120) / / /

/ / / / / /

Qmax (mL/s)

Before surgery 3 months 6 months 1 year 2 years 3 years

5.0+2.6 (n=46) 2224125 (n=51)  19.8+10.8 (n=45)

20.1£10.0 (n=39)  17.5+10.4 (=38)  15.1+8.3 (=33)

7.6+3.4 (n=78) 18.6+10.9 (n=71) 16.6+8.9 (n=69) 15.5+9.0 (n=65) / /
5.6+1.4 (n=45) 19.8+3.9 (n=45) / / / /
5.2+2.7 (n=144) / 15.4+7.2 (n=112) 12.6+5.7 (n=112) / /

5.7 (n=120) 14.3 (n=120) 12.7 (n=120) / / /

10.4 (n=48) 15.3 (n=43) 17.7 (n=27) 15.2 (n=5) / /

PVR (mL)

Before surgery 3 months 6 months 1 year 2 years 3 years
141.4+£105.1 (n=43)  141.4£105.1 (n=51) 30.0+42.8 (n=45) 24.6+32.1 (n=39)  45.5£49.5 (n=38)  50.2+62.5 (n=33)
109.8+116.9 (n=77)  103.4+134.4 (n=70) 73.1+£117.7 (n=67) 94.6+121.8 (n=66) / /

/ / / / / /

/ / / / / /

90.2 (n=120) 34.2 (n=120) 20.2 (n=120) / / /

/ / / / / /

IPSS, International Prostate Symptom Scores; PVR, postvoid residual urine volume; Qmax, maximum uroflow.

may become the main aetiology of urethral stricture in
males in the future.

Due to the lack of meticulous subgroup analysis in the
included studies, it was difficult for us to directly compare
the differences in efficacy among strictures caused by
different aetiologies. The influence of aetiology on the
efficacy of balloon dilation depends primarily on the type
of stenotic pathology it creates and the specific stenotic
segment length and location. The essence of balloon dila-
tion is the efficient expansion of the targeted site, taking
care to avoid causing additional fibrosis of scar tissue in
the narrow segment. If additional fibrosis occurs, stric-
tures are highly likely to recur. Therefore, balloon dila-
tion may not be suitable for strictures with a high degree

of fibrosis. Lichen sclerosus is a specific cause of urethral
stricture. The pathological features of lichen sclerosus
include hyperkeratosis or epithelial atrophy, basal cell
vacuolar degeneration, lichenoid lymphocytic infiltration
and upper epithelial sclerosis.* This epithelial stromal
lesion characterised by squamous atrophy or hyperplasia
is distinct from the fibrotic pathological characterisa-
tion of most urethral strictures. A recent review pooling
expert opinions in urology stated that dilation is unlikely
to be a successful long-term solution for lichenoid scle-
rosing urethral stricture, potentially triggering adverse
outcomes in the long term.” Balloon dilation is essen-
tially a physical treatment method that cannot pathologi-
cally or fundamentally improve the condition of patients
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Table 4 Changes in the USS-PROM score, IPSS-QOL and IIEF score after balloon dilation

Study: Virasoro et a/®

Scoring items Before surgery 3 months

6 months

1 year 2 years 3 years

USS-PROM 15.9+4.7 (n=53) 3.2+5.5 (n=51) 1.9£2.9 (n=45) 1.4+1.8 (n=40) 3.6+5.8 (n=38) 2.0+3.5 (n=33)

IPSS QoL 4.9+0.9 (n=53) 0.8+1.3 (n=51) 0.7+0.9 (n=45) 0.7+0.9 (n=40) 0.9+1.5 (n=38) 0.7+1.2 (n=33)

IIEF-OS 6.5+2.6 (n=53) 7.9+2.5 (n=51) 7.9£2.5 (n=45 8.1+2.5 (n=40) 7.6+2.5 (n=38) 8.2+2.2 (n=33)

lIIEF-EF 16.0£12.2 (n=53) 20.7+12.0 (n=51) 21.0+£11.8 (n=45) 22.1£10.9 (h=40) 21.1+11.9 (n=38) 22.5+11.2
(n=33)

Study: Elliott et al*’

Scoring items Before surgery 30 days 3 months 6 months 1 year /

IPSS QoL 4.5+1.3 (n=79)
IIEF 5.8+2.9 (n=72)

1.741.4 (n=78)
5.9+2.8 (n=75)

1.6+1.4 (n=74)
6.6+2.7 (n=71)

1.7+1.3 (n=71)
6.5+2.8 (n=68)

1.9+1.5 (n=67)  /
6.9+3.0 (n=59)  /

lIEF, International Index of Erectile Function; IIEF, International Index of Erectile Function-overall satisfaction domain; IIEF, International
Index of Erectile Function-erectile function domain; IPSS QoL, International Prostate Symptom Score-Quality of Life; USS-PROM,

Patient-Reported Outcome Measure for Urethral Stricture Surgery.

with specific urethral strictures, and its clinical indica-
tions need to be strictly controlled.

Location of the urethral stricture

We combined 11 studies that identified the location of
the stricture® **™*'; 74.98% (488/657) were anterior
urethral stricture, 21.77% (143/657) were posterior
urethral stricture and 3.95% (26/657) were both. Most
patients who undergo balloon dilation have an anterior
urethral stricture.

Most of the current studies have not further categorised
comparisons of balloon dilation based on differences in
stricture location, and the data of patients with stricture
at different sites were analysed together. A subgroup anal-
ysis of eight conventional balloon dilation studies that
involved the combination of success rates®! 32 3456 38-40
was performed according to the percentage of anterior
urethral strictures, and the results are shown in online
supplemental figure 4. The combined results of studies
with mostly anterior urethral strictures (70%-90%)
reported a success rate of 66.45% (95% CI: 47.58% to
83.01%) for balloon dilation.

Moreover, we combined data from two studies that
included a subgroup analysis of stricture location and
did not find any significant difference in the efficacy of
balloon dilation between anterior and posterior urethral
strictures (RR=0.9568, 95% CI: 0.6618 to 1.3832, p=0.814)
(figure 3A).

32 34

Length of urethral stricture

We previously performed a subgroup analysis of the pooled
conventional balloon dilation success rate®! ** 3470 3840
according to the length of the urethral stricture, and the
results are shown in figure 3B. For shorter strictures (<2
cm), the success rate of balloon dilation reached 71.58%
(95% CI: 61.93% to 80.35%), and heterogeneity was also
reduced (I°=63.2342%, p<0.05) (figure 3B). In a study
of patients with anterior urethral strictures less than
1 cm in length, the success rate was as high as 85.7%.%

The reduction in heterogeneity of the pooled results
suggested that the stenotic segment length is a prognostic
factor, and balloon dilation for shortsegment urethral
strictures may have a higher success rate.

Age

We further stratified the previous eight studies
according to age group, and the results are shown in
figure 3C. In the 50-60 years age group, the success rate
of balloon dilation was 80.79% (95% CI: 74.42% to
86.47%). However, for patients older than 60 years, the
success rate decreased to 58.49% (95% CI: 50.61% to
66.17%). Interestingly, the combined success rate was
65.39% (95% CI: 39.61% to 87.22%) in relatively young
patients, probably because some of the reported younger
patients had more severe strictures. The aetiology of stric-
tures in elderly patients is often iatrogenic, whereas in
younger patients, more complex urethral strictures can
be caused by relatively specific factors such as trauma and
lichenoid sclerosis gonorrhoea. Even though the success
rate is unclear, we can see a decreasing trend in the effi-
cacy of balloon dilation in elderly patients.

31 32 34-36 38—40

Prior intervention management

A separate analysis of patients who had received prior
endoscopic management (catheter/balloon dilation,
DVIU) was performed in two studies,32 3 and we found
that balloon dilation had a pooled success rate of 49.51%
(95% CI: 39.79% to 59.26%) (figure 3D). In patients who
previously underwent surgical intervention, the efficacy
of balloon dilation may be lower. Based on the limited
data available in these two studies,”® ** we compared the
success rates of conventional balloon dilation in patients
who did and did not undergo previous urethroplasty and
found no significant difference (RR=1.1682, 95% CI:
0.6160 to 2.2153, p=0.634) (online supplemental figure
5A). The prevailing clinical view is that repeated endo-
luminal intervention may render further endoluminal
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Figure 3 Forest plots showing the possible influencing
factors of balloon dilation. (A) location of the urethral stricture;
(B) length of urethral stricture; (C) age; (D) prior endoscopic
management. Weights are from random effects model. DL,
DerSimonian-Laird method.

treatment less effective, but this needs to be confirmed by
clinical studies with larger sample sizes.

Other patient status

We performed a more nuanced subgroup analysis of
the two studies™ ** that provided some patient base-
line details. There was no statistically significant differ-
ence in balloon dilation efficacy between patients with
and without a smoking history (RR=1.1052, 95% CI:

3

0.8083 to 1.5112, p=0.531) (online supplemental figure
5B). Chronic diseases such as coronary artery disease
(RR=1.0714, 95% CI: 0.7618 to 1.5069, p=0.692), diabetes
mellitus (RR=0.9144, 95% CI: 0.6118 to 1.3666, p=0.662),
hypertension (RR=0.8377, 95% CI: 0.6121 to 1.1464,
p=0.269) and chronic obstructive pulmonary disease
(RR=1.3515, 95% CI: 0.7495 to 2.4374, p=0.317) did not
significantly affect the efficacy of balloon dilation (online
supplemental figure 5C-F). Our preliminary analysis
suggested that patient status, such as poor lifestyle habits
and chronic diseases, may not significantly impact the
efficacy of balloon dilation.

Intermittent urethral balloon self-dilation
Patient self-balloon dilation is a specific form of balloon
dilation, and we also briefly review its clinical evaluation.
Urethral dilation is easy to perform and can be performed
by the patient at home, thereby avoiding the need for
repeated hospitalisations and frequent general anaes-
thesia.”® A study by Levine and Engebrecht'’ suggested
that adjuvant balloon self-dilation at home may be a
potential option for patients at high risk of recurrence.
In this study of 25 eligible patients, most patients noted
that balloon dilation improved voiding and maintained
or improved the peak urinary flow rate at an average of
18.7 months after the initial procedure. Nonetheless, 6
patients (19%) complained of balloon placement discom-
fort, 3 (10%) noted minor bleeding during dilation and
4 (13%) developed urinary tract infections during the
follow-up period. Hennessey et al’s initial experience with
self-expanding balloon dilation in the outpatient setting
was encouraging, with all 11 patients reporting that they
were very satisfied or satisfied with their overall outcomes
and quality of life.*® A recent study reported in 2021
stated that self-urethral balloon dilation offers patients
with complex strictures, especially those with a history of
radiation, an opportunity to avoid surgical intervention.*
However, the imprecision of patient self-balloon dila-
tion may cause complications and even aggravate injury.
As early as the last century, scholars have shown that
short-term postoperative self-dilation techniques do not
appear to prevent stricture recurrence in patients treated
with endourethral incisions.”’ A meta-analysis of patient
self-dilation also indicated that the quality of evidence
for this approach to reduce the risk of recurrent urethral
strictures is very low.”' Although self-dilation is very conve-
nient and avoids surgical complications, it is not suitable
for all patients, and not all patients can master the skills
and techniques of self-dilation. Self-dilation needs to be
further weighed against surgery, and well-designed RCTs
are needed to determine whether this benefit of conve-
nience is sufficient to make this intervention worthwhile.

DISCUSSION

With the gradual increase in the incidence of iatrogenic
urethral strictures, surgeons should choose the appro-
priate treatment method according to the aetiology of the
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urethral stricture, the location and length of the stricture
and the degree of urethral fibrosis. Even though there is
no clear evidence that the clinical efficacy of balloon dila-
tion is significantly better than that of other endoluminal
treatments, such as simple dilation and DVIU, balloon
dilation still has high clinical plasticity.

Both balloon dilation and simple dilation are essentially
dilatation, causing tearing of scar tissue and scar remod-
elling at the site of the stricture. Balloon dilation involves
the application of a 360° circumferential radial force at
the stricture site, providing a more uniform force than
simple dilation. Moreover, for harder scars that cannot
be torn by simple dilation, the pressure of the balloon
can be gradually increased to achieve dilatation, which
has broader clinical indications.

Urethrotomy requires a radial incision at the site of the
stricture. The main disadvantage of internal urethrotomy
is the inability to accurately estimate the depth of scar
tissue during the procedure, resulting in imprecise scar
tissue incisions. There may also be damage to the corpus
cavernosum below the urethra, and vascular disruption
in the corpus cavernosum and localised extravasation of
urine through mucosal fissures may exacerbate corpus
cavernosum fibrosis, eventually leading to stricture recur-
rence.” ** Some scholars believe that balloon dilation
tends to be performed in fewer fibrotic cases without
urethral cavernous fibrosis, suggesting that balloon dila-
tion will not invade the deep urethral membrane; there-
fore, even if the dilation time is longer, the restenosis
rate of balloon dilation is lower than that of OIU.* Thus,
DVIU is commonly used for posterior urethral strictures
and is avoided in the penile urethra to prevent leakage
of the cavernous penile veins to circumvent the risk of
causing impotence. Balloon dilation has no definitive
stricture site limitations and can be effective in the dila-
tation of hard-textured scars that cannot be incised by
DVIU. Yu et alreported that the operation time of balloon
dilation was much shorter than that of DVIU (13.19+2.68
min vs 18.44+3.29 min, p<0.01),” highlighting the oper-
ational simplicity of balloon dilation. Compared with
urethrotomy, balloon dilation has a lower cost and can
improve the efficiency of hospital bed turnover.”®

To reduce the high recurrence rate after endolu-
minal treatment, intraurethral lesion injections of drugs
such as steroids and mitomycin C are commonly used,
and balloons are considered promising forms of drug
delivery.”* The advent and use of drug-coated balloons
(DCBs) can reduce inflammation and relapse rates by
releasing drugs such as immunosuppressants during
expansion. Barbalias et al conducted animal experiments
using paclitaxel-coated balloons and reported that pacl-
itaxel could pass through the urothelial barrier and
immediately distribute to the urothelium, submucosa and
smooth muscle layers of the normal rabbit urethra after
dilation.” The drug can penetrate the epithelium and act
on deep urethral tissue, effectively reducing inflammation
and inhibiting urethral fibrosis. In the recent ROBUST I
study,” an optilume DCB was shown to maintain symptom

relief for 3 years after treatment in a highly susceptible
population with recurrent urethral strictures. Foorty-
three patients in this trial had a functional success rate of
67%, a retreatment-free rate of 77% and an improvement
in the mean IPSS from 25.2 at baseline to 5.5 at 3 years
(p<0.0001). The l-year results from another RCT (the
ROBUST 1II study)®” showed that patients dilated with
an optilume DCB had a significantly higher anatomical
success rate at 6 months than those in the DVIU group
(75% vs 27%, p<0.001). Both the symptoms and urinary
flow rates improved significantly in both groups, but
these effects were significantly more pronounced in the
Optilume DCB group. The US Food and Drug Adminis-
tration has approved the use of the Optilume DCB for the
treatment of male urethral strictures.’® Nevertheless, in
the ROBUST III study,?’ the incidences of serious adverse
events in the control group (DVIU/simple dilation) and
DCB group were 16.7% and 10.1%, respectively. The
types and incidences of adverse events in the two groups
were closely matched, but the incidences of postoperative
haematuria and dysuria were higher in the DCB group
than in the control group (11.4% and 2.1%, respectively).
In addition, rhenium-188 mercaptoacetyltriglycine-filled
balloon dilation is expected to delay stricture recurrence
in patients with urethral strictures. A clinical report of five
patients revealed that the mean treatment interval was
prolonged from 2.2 months to 10.7 months after rheni-
um-188 mercaptoacetyltriglycine-filled balloon dilation.”’
Further consideration needs to be given to factors such as
the local drug concentration achievable in dilation and
the reliability of the therapeutic dose. The design of new
balloons, such as cutting balloons, and the exploration
of new expansion techniques may be research directions
in the future.”®* The new type of balloon should meet
the biomechanical requirements to better fit the narrow
urethra.

The timing of balloon dilation is closely related to the
location, length and scar thickness of the stricture, and
appropriate case selection is critical. Balloon dilation
may be an intermediate step before urethroplasty and
is a promising alternative therapy to simple dilation and
urethrotomy. Like simple dilation and DVIU, balloon dila-
tion is indicated for patients with short-segment urethral
strictures. Although balloon dilatation is currently not
definitively superior to simple dilation or DVIU due to
the lack of long-term follow-up studies, balloon dilation
has the following advantages: (1) In principle, the balloon
expands with less shear force, presenting a gradual
uniform 360° circular dilation to minimise the non-
therapeutic urethral injuries; (2) In the penile urethra
where DVIU is not recommended, simple dilation and
balloon dilation can be used; (3) As long as the guide-
wire can be passed, simple dilation and balloon dilation
can be attempted in stenotic segments in which the endo-
scope of the DVIU cannot pass; (4) The balloon, with
its high pressure, can dilate some urethras with harder
scars that are difficult to dilate with simple dilation and
DVIU; (5) The balloon can be used as a promising drug
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delivery tool and has achieved favourable clinical results.
For some patients with long complex urethral strictures,
balloon dilation may even be used as an initial therapy. In
patients with recurrent strictures, urethrotomy or urethral
dilation followed by urethroplasty is the most cost-
effective strategy.”’ The use of endoscopic urethroplasty
combined with balloon dilation for traumatic destruction
of the prostatic membranous urethra has been previously
reported.®” Balloon dilation can also be used in conjunc-
tion with repeat simple dilation, endourethrotomy and
urethroplasty. If urethroplasty is not feasible, patients can
undergo intermittent self-dilation to stabilise the results
after endoluminal therapy. Intermittent urethral balloon
self-dilation may be an option, but its safety is difficult to
ensure due to the lack of direct visualisation control and
difficulty in achieving the appropriate therapeutic pres-
sure of the balloon. There is no standardised schedule
for self-dilation, and the exact dilation schedule depends
on the condition and the treatment recommended by
the doctor. Patients are usually advised to start with more
frequent dilation, even daily and then gradually increase
the interval. Intermittent self-dilation can continue for a
fixed period of time or indefinitely. Nevertheless, inter-
mittent self-dilation tends to stabilise the stricture and
prolong recurrence rather than keep the patient stricture
free.® The emergence of a new, safer, DCB suitable for
at-home use may prolong the patient self-dilation interval
and bring new hope for future treatments.

We recognise the limitations of our research. There is
a considerable risk of bias in this meta-analysis, most of
which stems from the retrospective design of the studies
and the lack of valid controls. Evidence from retrospective
observational studies needs to be interpreted with caution
because of the susceptibility to selection bias, recall bias
and exaggerated efficacy of balloon dilation. The assess-
ment of the efficacy of balloon dilation is often subjective,
and it is difficult to use a clear objective measure. Patients
have different perceptions of their voiding status, and
patients’ subjective feelings can influence their choice of
therapeutic intervention. The efficacy of balloon dilation
is also affected by confounding factors such as aetiology,
stricture location, stricture length, prior management
intervention, comorbidities and socioeconomic status.
The long-term outcomes of balloon dilation need to be
further investigated. RCTs with larger sample sizes and
more comparable control groups are needed to further
prove the efficacy and safety of balloon dilation in the
future.

CONCLUSION

Balloon dilation may be an intermediate step before
urethroplasty and a promising alternative to simple
dilation and DVIU. The balloon is a promising drug
delivery tool, and paclitaxel DCB dilation is effective in
reducing retreatment rates in patients with recurrent
anterior urethral strictures. Due to the low quality of the
evidence, we have little confidence in our estimates of

effects. Evidence for other comparisons and outcomes
is also limited. The stricture aetiology, stricture location,
stricture length and previous treatment may be associated
with the efficacy of balloon dilation. However, additional
high-quality studies are needed for further investigation.
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